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OF
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Erratum and Omissions.

Page 316 insert SSOGEXTOITS. A botanical term. See Brande's 'Dictionary of

Science, Literature, and Art.'

„ 325 for Port read Post.

„ 534 insert G-AIiVANZSia OP PXiATSS. The coating of iron plates with

zinc, &c.

— -wv vr* u^ouaxxix^ vfjijuco , aiiu 111 anotner ne wntes, * A decoction of Thtaspi (Shep-
herd's purse), fames of phosphorus, and particularly of sulphur, as acting on silver in

the sarne way as iodine, and caloric, produce the same effect by oxidising the metal, for

from this cause proceeded in all these instances their extreme sensibility to lightJ Niepce
died in July 1833. Daguerre proceeded with his experiments for nearly six years,

before he succeeded in producing the desired results. The Daguerreotype process

depends on the production of a very delicate chemical compound of iodine and silver

on the surface of a carefully-prepared silver plate. The image is developed by
the action of mercurial vapour, and lastly rendered permanent, so far as the action

of light is concerned, by dissolving off the iodide of silver by hyposulphite of soda.

According to the first published description by Daguerre, the process is divided
into five operations. The first consists in polishing and cleaning the silver surface,

by friction, with cotton fleece imbued with olive-oil, upon the plate previously dusted

over with very finely-ground dry pumice-stone out of a muslin bag. The hand of the

operator should be moved round in circles of various dimensions. The plates should
be laid upon a sheet of paper solidly supported. The pumice must be ground to an
impalpable powder upon a porphyry slab with water, and then dried. The surface

is next to be rubbed with a dossil of cotton, slightly moistened with nitric acid,

diluted with sixteen parts of water, by applying the tuft to the mouth of the phial

of acid, and inverting it for a moment. Two or three such dossils should be used
in succession. The plate is lastly to be sprinkled with pumice-powder or Venetian
tripoli, and rubbed clean with cotton.

The plate is then placed in a wire frame, with the silver surface uppermost, over a
spirit-lamp, meanwhile moving it so as to act equally on every part of the plate. In
about five minutes a whitish coating will indicate that this operation is completed.
The plate must now be laid upon a flat metal or marble slab to cool it quickly. The
white surface is to be brightened by rubbing it with cotton and pumice-powder. It

must be once more rubbed with the cotton imbued with acid, apd afterwards dried by
Vol. II. B
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DAGITBRI&EOTYP&i Although this beautiful photographic process is entirely

superseded by other processes, a description of it is preserved, on account of the

interesting conditions involved in the production of the picture. It -was discovered

by M. Daguerre, a celebrated French dioramic painter, •with whoni was associated

M. NicephoreNiepce, and published in July 1839 ; the French Governmenthaving secured
a pension for life of 6,000 francs on M. Daguerre, and of 4,000 francs on M. Isidore

Niepce, the son of M. Nicephore Niepce.

It is rendered clear from some of Niepce's letters, that he had abandoned all hope
of succeeding by his methods (named by him Heliography), and in a letter to Daguerre,
he says, ' I repeat it, sir, I do not see that we can hope to derive any advantage from
this process—the use of iodine—more than from any other method which depends on
the use of metallic oxides ; ' and in another he writes, ' A decoction of Thlasjpi (Shep-
herd's purse), fames of phosphorus, and particularly of sulphur, as acting on silver in

the same way as iodine, and caloric, produce the same effect by oxidising the metal, for

from this cause proceeded in all these instances their extreme sensibility to lights Niepce
died in July 1833. Daguerre proceeded with his experiments for nearly six years,

before he succeeded in producing the desired results. The Daguerreotype process

depends on the production of a very delicate chemical compound of iodine and silver

on the surface of a carefully-prepared silver plate. The image is developed by
the action of mercurial vapour, and lastly rendered permanent, so far as the action

of light is concerned, by dissolving off the iodide of silver by hyposulphite of soda.

According to the first published description by Daguerre, the process is divided
into five operations. The first consists in polishing and cleaning the silver surface,

by friction, vidth cotton fleece imbued with olive-oil, upon the plate previously dusted
over with very finely-ground dry pumice-stone out of a muslin bag. The hand of the

operator should be moved round in circles of various dimensions. The plates should
be laid upon a sheet of paper solidly supported. The pumice must be ground to an
impalpable powder upon a porphyry slab with water, and then dried. The surface

is next to be rubbed with a dossil of cotton, slightly moistened with nitric acid,

diluted with sixteen parts of water, by applying the tuft to the mouth of the phial

of acid, and inverting it for a moment. Two or three such dossils should be used
in succession. The plate is lastly to be sprinkled with pumice-powder or Venetian
tripoli, and rubbed clean with cotton.

The plate is then placed in a wire frame, with the silver surface uppermost, over a
spirit-lamp, meanwhile moving it so as to act equally on every part of the plate. In
about five minutes a whitish coating will indicate that this operation is completed.
The plate must now be laid upon a flat metal or marble slab to cool it quickly. The
white surface is to be brightened by rubbing it with cotton and pumice-powder. It

must be once more rubbed with the cotton imbued with acid, and afterwards dried by
Vol. II. B
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friction with cotton nnd pnmice ; avoiding to touch the plato with the fingers, or with
the part of the cotton held iu them, or to breathe upon the plate, since spots would
tliereby be produced. After cleaning with cotton alone, the plato is ready for the next
operation.

The second stage is that of iodising the plate. A box is prepared, having iodine

strewed over its bottom, and the silver plato, face downwards, is placed a few inches

above the iodine, and the lid of the box being closed, all is left at rest for a short

time. The plate must be left in this position till the surface of the silver acquires a
fine golden hue, caused by the vapours of the iodine rising and condensing upon it

;

but it should not be allowed to assume a violet tint. The room should be darkened,

and no heat should be employed. "When the box is in constant use it gets impreg-

nated with iodine, and acts more uniformly and rapidly ; but in general states of the

atmospheric temperature this operation will be eflfected in about twenty minutes. If

the purple colour be produced, the plate must be repolished, and the whole process

repeated.

The plate with its golden hue is to be introduced, with its frame, to the camera
obscura. During this transfer the light must not be suffered to strike upon the

surface of the plate ; on which account, the camera obscura may be lighted briefly

with a small wax taper.

The plate is now submitted to the' third operation, that of the camera obscura, and
with the least possible delay. The action of the solar radiations is obviously quicker

the brighter the radiations which act upon it ; and the more correct, according as

the focus of the camera is previously accurately adjusted to the place of the plate,

by moving backwards and forwards a roughened pane of glass, till the focal point be

found ; and the plate is to bo inserted precisely there. This silver plate exactly re-

places the ground glass. While the prepared plate is being fastened, the camera must
be closed. The plate is now in a proper position to receive and retain the impression

of the image of the objects presents! the moment that the camera is opened. Ex-
perience alone can teach the proper length of time for submitting the plate to the

concentrated rays of light ; because that time varies with the climate, the seasons,

and the time of day. More time should not be allowed to pass than what is necessary

for fixing a distinct impression, because the parts meant to be clear would be apt to

become clouded. The impression of the image of nature is now actually made upon the

plate ; but it is as yet invisible ; and it is only after a lapse of several minutes, during

which it is exposed to mercurial vapour, that faint tracings of the objects begin to be

seen.

The fourth is the operation with quicksilver, which must follow as soon as possible

the completion of the third. Here a phial of quicksilver, a spirit-lamp, and a glass

funnel with a long neck, are required. The funnel is used for pouring the mercury
into a cup, placed in the bottom of an apparatus which vdll allow of the application

of heat. No daylight must be admitted to the mercury box, a small taper only being

used to examine, from time to time, the effects. The plate with the dormant image
is placed some distance above the mercury, which vaporising, evokes in a truly

magical manner, the delicate lines which the solar pencil has traced.

After each operation, the interior of the apparatus and the black board or frame

should be carefully wiped, in order to remove every particle of mercury. The
picture may now bo inspected in a feeble light, to see how far the process has suc-

ceeded. The plate, freed from the metallic bands, is to be placed in a box, provided

with a cover and grooves, to exclude the light, till it is made to undergo the last

operation. For the fifth and last operation the following articles are now required :

—

strong brine, or a weak solution of hyposulphite of soda ; two troughs of tin plato, and
a jug of distilled water. The object of this process is to fix the photographic picture.

One of the troughs is to be filled with brine to the depth of an inch, and the other

with pure water, both liquids being heated somewhat under the boiling point. The
solution of hyposulphite of soda is preferable, and does not need to be warm. The
plate is to bo first immersed in the pure water for a moment, and transferred imme-
diately to the saline solution, and moved to and fro in it to equalise the action of the

liquor. Whenever the yellow tint of the iodine is removed, the plato is to bo lifted

out by the edges, and dipped straightway in the water-trough. The plato, when
lifted out of the water-trough, is to bo placed immediately on an inclined plane ; and
without allo\ving it time to dry, is to bo floated over with hot distilled water from the

top, so as to carry off all the saline matter. As the qxiicksilver which traces tho images

will not bear touching, the silvered plate should be secured by a cover of glass, made
tight at the edges by pasting paper round them.
The Daguerreotype process as thus published, although even then an exceedingly

beautiful process, was not sufficiently sensitive to enable the operator to obtain por-

traits from tho life, A period of twenty minutes was roquiroa, even with tlio most



DAGUERREOTYPE .3

favourable light, to produce the desired effect. Numerous modifications were speedily
introduced, and many of them were patented.

The progressive advance of this branch of the photographic art, though of great

interest, cannot be dwelt on in this place. Those who are interested in the inquiry
will find the information fully detailed in Hunt's 'Manual of Photography,' last edition,

and more recent works. It will be sufficient hero to name the more important improve-
ments which have become generally adopted. The first advance of real importance was
made by Mr. Towson, of Devonport, who has since that time distinguished himself

by the introduction of his system of Groat Circle Sfiiling. Mr. Towson suggested the

use of enlarged lenses ; and by acting with such Dr. Draper, of New York, was the

first to procure a portrait from the life. Still this was a tedious process ; but in 1840,

Mr. Goddard proposed the use of bromide of iodine, by which infinitely increased

sensibility was obtained. From that time the Daguerreotype was generally employed
for portraiture, until the facilities of the Collodion process drove it from the field.

The improved manipulation noAv resolves itself into :

—

Carefully polishing the silver plate after some of the methods previously described,

and the application finally of the highest polish by the use of a buffer, the best form
being that employed by M. Claudet.

In a box on a roller, tx) which there is a handle, fig. 596, is placed a long piece of

drab-coloured velvet, which can be drawn out and extended, by means of a second

596

roller, upon a perfectly flat table. The first foot or two, for example, is drawn out

;

the plate which has already received its preliminary polishing is placed face down-
wards, and being pressed close with the fingers, a rapid circular motion is given to it,

and in a few minutes it receives its highest lustre. As the velvet becomes blackened

by use, it is rolled off, the portion remaining in the box being always perfectly clean

and ready for use.

The iodising process follows : and for this purpose a box similar to that represented

will be found to be very convenient {fi^. 597). This iodising apparatus consists of a

square box, with a closely-fitting square cover g:

false sides are placed at an angle with this box

;

a cup D at the bottom contains the iodine, which is

covered with a thin gauze screen j j. c is a cover

which confines the iodine when it is not required

for the plate; this diAnding the box into two
parts, H H and k k, the former being always

full of iodine vapour. When it is desired to

iodise a plate, the cover c is removed, the silver

plate is placed at e, and the cover g closed.

The plate is thus placed in the iodine box
until it acquires a fine straw-yellow «olour. In
another box is placed either bromine or some of

the many accelerating fluids. If bromine, or any
bromide is employed, the plate should remain
until it is of a rose colour. As a general rule,

if the yellow colour produced by iodine be pale,

the red should be pale also ; if deep, the red
must incline to violet. The proper time for ex-

posing a plate to any of those chemical substances which are destined to produce the

sensitive film must vary with the temperatxire, and it can only be determined by
experience. The sensitive plate is now removed to the camera obscura, for a descrip-

tion of which see Photogeaphy. It is scarcely necessary to say, that the plate

must be preserved in perfect darkness until exposed to the image in the camera.

A few seconds when the plate is properly prepared will be found amply sufficient to

produce the best effect.

The impression must be developed in the mercury box {/g, 598) in the maupey
b2
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described by Daguerre. This mercurial box consists of a box mounted on legs,

having a close-fitting cover a, and an iron bottom in which is placed the mercury c,

with a small thermometer f to indicate the proper

temperature, g is a piece of glass let into the

side of the box through which the Daguerreotype
plate H, fixed in the frame n, can be seen, d is

a spirit-lamp, and i the platform on which it

stands. The subject is eventually fixed by the

use of hyposulphite of soda, which removes the

bromo-iodide of silver and leaves a pictiiro pro-

duced by the contrast between a combination of

the silver and mercury, and the surface of the

unchanged polished silver.

The application of chloride of gold to the

finished picture was introduced by M. Fizeau.

Chloride of gold applied to the picture has

the effect of fixing and enlivening the tints. A
small grate being fixed by a clamp to the edge

of a table, the plate is laid upon it with the

image uppermost, and overspread evenly with

solution of chloride of gold, by means of a fine

broad camel-hair brush, without letting any
drop over the edge. A spirit-lamp is now
brought under the plate, and moved to and
fro till a number of small steam bubbles appear

upon the image. The spirit-lamp must be im-

mediately withdrawn. The remainder of the

chloride solution must be poured back into the

phial, to be used on another occasion. It is

lastly to be washed and examined. This operation has been repeated three or four

times with the happiest effect of giving fixity and force to the picture. It may then

be wiped with cotton without injury. The process of colouring these pictures is a

purely artificial one, which, while it destroys the beauty of the photograph, does not

in any way improve it as a picture.

Daguerreotype Engraving.—Several processes for etching the Daguerreotype plate

were introduced with more or less success. Professor Grove produced a few good

engravings by the action of voltaic electricity. Berard and Becquerel were also

enabled to produce some promising results by a similar process. The following

process by M. Claudet was carried out to some extent with every prospect of success

:

A mixed acid, consisting of water, nitric acid, nitrate of potash, and common salt,

in certain proportions, being poured upon a Daguerreotype picture, attacks the pure

silver, forming a chloride of that metal, but does not affect the white parts, which are

produced by the mercury of the picture. This action does not last long. Water of

ammonia, containing a little chloride of silver in solution, dissolves the rest of tliat

chloride, which is then washed away, leaving the naked metal to be again attacked,

especially with the aid of heat. See Collodion ; Heliogeapht ; Photograpiit.
DAHKZirE, the same as Inuline. The fecula obtained from elecampane and

from the dahlia, analogous in many respects to starch. It has not been employed in

the arts.

SAXiARxrZTE. Breithaupt's name for a Swedish variety of mispickel or arse-

nical pjTitos.

BAMAS. See Daumab Gum.
BAMASCEENTN'G. See Damaskeenino.
BAMASCUS BZiABES are swords or scimitars, presenting upon their surface

a variegated appearance of watering, as white, silvery, or black veins, in fine lines, or

fillets ; fibrous, crossed, interlaced, or parallel, &c. They are brought from the East,

being fabricated chiefly at Damascus, whence their name. Their excellent quality

has become proverbial ; for which reason these blades are much sought after by
military men, and are high priced. The oriental processes have never been satisfac-

torily described ; but of late years methods have been devised in Europe to imitate the

fabric very well.

Clouet and Hachette pointed out the three following processes for producing

Damascus blades : 1, that of 'parallel fillets; 2, that by torsion ; 3, the mosaic. The
first, which is still pursued by some French cutlers, consists in scooping out with a
graving tool the faces of a piece of stuff composed of thin plates of different kinds of

steel. These hollows are by a subsequent operation filled up, and brought to a level

with the external faces, upon which they subsequently form tress-like figures. 2. The
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method of torsion, which is more generally employed at present, consists in forming

a bundle of rods or slips of steel, which are welded together into a well-wrought bar,

twisted several times round its axis. It is repeatedly forged, and twisted alternately

;

after which it is slit in the line of its axis, and the two halves are welded with their

outsides in contact ; by which means their faces will exhibit very various configura-

tions. 3. The mosaic method consists in preparing a bar, as by the torsion plan, and

cutting this bar into short pieces of nearly equal length, with which a faggot is formed

and welded together ; taking care to preserve the sections of each piece at the surface

of the blade. In this way, all the variety of the design is displayed, corresponding to

each fragment of the cut bar.

The blades of Clouet, independently of their excellent quality, their flexibility, and
extreme elasticity, have this advantage over the oriental blades, that they exhibit in

the very substance of the metal, designs, letters, inscriptions, and, generally speaking,

all kinds of figures which had been delineated beforehand.

Notwithstanding these successful results of Clouet, it was pretty clear that the

watered designs of the true Damascus scimitar were essentially different. M. Breant
has attempted a solution of this problem. He supposes that the substance of the

oriental blades is a cast steel more highly charged with carbon than our European
steel, and in which, by means of a cooling suitably conducted, a crystallisation takes

place of two distinct combinations of carbon and iron. This separation is, he thinks,

the essential condition ; for if the melted steel be suddenly cooled in a small crucible

or ingot, there is no damascene appearance.

If an excess of carbon be mixed with iron, the whole of the metal will be converted

into steel ; and the residuarj' carbon will combine in a new proportion with a portion

of the steel so formed. There will be two distinct compounds ; namely, pure steel,

and carburetted steel or cast iron. These at first being imperfectly mixed, will tend

to separate if while still fluid they be left in a state of repose ; and form a crystalli-

sation in which the particles of the two compounds will place themselves in the cru-

cible in an order determined by their affinity and density conjoined. If a blade forged

out of steel so prepared be immersed in acidulous water, it will display a very distinct

Damascus appearance ; the portions of pure steel becoming black, and those of

carbiiretted steel remaining white, because the acids with difficulty disengage its

carbon. The slower such a compound is cooled, the larger the Damascus veins will be.

Tavernier relates that the steel crucible ingots, like those of wootz, for making the

true oriental Damascus, come from Golconda, that they are the size of a halfpenny
roll, and when cut in two, form two swords.

Steel combined with manganese displays the Damascus appearance very strongly.

A mixture of 100 parts of soft iron and 2 of lamp-black melts as readily as ordinary
steel. Several of the best blades which M. Bryant presented to the Societe d'Encour-
agement are the product of this combination. This is an easy way of making cast

steel without previous cementation of the iron. 100 parts of filings of very grey cast

iron, and 100 parts of like filings previously oxidised, produced, by their fusion to-

gether, a beautiful damascene steel, fit for forging into white arms, sabres, swords, &c.
This compound is remarkable for its elasticity, an essential quality, not possessed by
the old Indian steel. The greater the proportion of the oxidised cast iron the
tougher is the steel. Care should be taken to stir the materials during their fusion,

before they are allowed to cool ; otherwise they will not afford a homogeneous damask.
If the steel contains much carbon it is difficult to forge, and cannot be drawn out ex-

cept within a narrow range of temperature. When heated to a red-white it crumbles
under the hammer ; at a cherry-red it becomes hard and brittle ; and as it progres-

sively cools it becomes still more unmalleable. It resembles completely Indian steel,

which European blacksmiths cannot forge, because they are ignorant of the suitable

temperature for working it. M. Br^nt, by studying this point, succeeded in forging
fine blades.

Experience has proved that the orbicular veins, called by the workmen knots or

thorns (ronces), which are seen upon the finest Eastern scimitars, are the result of the

manner of forging them, as well as the method of twisting the Damascus bars. If

these be drawn in length, the veins will be longitudinal ; if they be spread equally in

all directions, the stuff will have a crystalline aspect ; if they be made wavy in

the two directions, undulated veins will be produced like those in the oriental

Damascus.
The characteristics ascribed to the real Damascus blades are extraordinary keenness

of edge, great fiexibility of substance, a singular grain of fleckiness always observable
on the surface, and a peculiar musky odour given out by any friction of the blade,
either by bending or otherwise. The author of ' Manufactures in Metals' remarks :

^ ' A gentleman who purchased one of these blades in the East Indies for a thousand
piastres, remarked to the writer of this volume that, although the instrument was
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rery flexiHo, and bore a vory keen edge, it could not with safety bo bent to moro
than 45° from tho straight shape, and it was not nearly so sharp as a razor, yet,
•wielded by a skilfiU hand it would cut through a thick roll of sail-clotli without any
apparent difficulty ; a feat which could not bo performed with an ordinary sword, nor,
it should be observed, by tho sabre itself in an ordinary hand, thougli the swordsman
who tried it could, it appears, do nearly the same thing with a good European
blade.'

Emerson, in his letters from tho ^gcan, says :
' I have seen some blades (sci-

mitars) which were valued at 200 or 300 dollars ; many are said to bo worth triple that
sum, and all retain the name of Damascus, though it is by no means likely th;it they
have been manufactured there. The twisting and interwisting af the fibres of the
metal are considered as the tests of excellence, but I have never seen any possessed
of the perfume gaid to be incorporated with the steel in tho real Damascus
blade.'

Steel helmets and cuirasses were formed of cast and damascened steel, intermixed
with pure iron, a mixture supposed to combine toughness and hardness in the greatest
possible degree.

The production and use of damask steel received much attention from the late

General Anossoff, of the Corps of Engineers of the Imperial Russian army, and
Master of the Fabric of Arms at Zlatoust, in Siberia. His researches and successful

practice have become matters of history.

At different periods these works at Zlatoust have been visited, by two English
travellers. Major Abbott of the Bengal Artillery, and Mr. Atkinson, who have
recorded the results of observation, experiment, and conversational intercourse, and
they state severally their conviction that the damask steel produced by Anossoff
rivalled in beauty and excellence any works they had ever seen in other lands. They
accord to Anossoff the honour of being the revivor of the art of making damask steel

in Europe, while they declare tho Russian natural damask steel is not approached by
tho fabrics of any Eastern nation now existing. These works were also visited by the

late Sir R. I. Murchison.

The Siberian swords and daggers were compared and tried with the choicest spe-

cimens, and found equal to the blades of Damascus and the sabres of Khorassan

;

and while these valued articles might have been selected from numbers manufactured
by chances of skill and material, Anossoff united chemical analyses of ores and steel,

and records of observations on progressive stages, to give a true history of the means
to explain and insure success.

Major Abbott gives the following description of the damask as produced at Zlatoust.

He defines it to be a modification of cast steel, by which it is impressed with a peculiar

character in its crystallisation, which character betrays itself when the corrosion of

acids, by acting more violently between the interstices of the structure than elsewhere,

traces out the arrangement of tho crystals. This property is communicated to the

damask of Zlatoust by a process tending to perfect the quality of tho steel, and to

impress upon the cast steel the elastic properties of a softer material. The general

fault of European blades is, that being forged of shear steel for the sake of elasticity,

they are scarcely susceptible of the keen edge which cast steel will assume. The
genius of Anossoff has triumphed over this objection, not by hardening the soft steel,

but by giving elasticity to tho hard ; the result has been the production of weapons
combining, in the very highest degree, elasticity \\\\\\ keenness of edge. Wo believe

that the manufacture of damask steel is no longer carried on at Zlatoust.

Colonel Anossoff has published, in Russia, a treatise on the art of damasking steel.

The following remarks are extracted and condensed from it :

—

' In Russia, we understand, by damask, a metal harder, and supplying a material

for arms of a keener edge, than ordinary steel. All the researches of chemists hare,

until now, failed in discovering any essential difference between tho damask and
ordinary steel, which, nevertheless, proves only that tho analysis has been imperfect,

and that it is only want of means that prevents success. Although tlio chemists of

the present day presume that tho natural damask is the effect of crystallisation, pro-

duced by ret;irded cooling of the heated metal, yet, not having l>oon able to produce

a damask by this means equal to tho ancient work of Asia, they cannot cftablish

this ground. If crystallisation generally is but tho result of tlio structure of bodies

under certain physiail conditions, tho question results. Why in the damask is it not

the result of a similar cause ; and since common steel acquires no visible damask by
gradual refrigeration, is not this a convincing proof that the compcsition of dumask
differs from that of ordinary steel ? Thus, on the one hand, tlio imperfection of our

chemical knowledge, and on the other, tho difficulty of fabricating tho damask, leave

Europeans still in uncert-xinty as to its merits.

' All steel which exhibits a surface figured with dark lines is called damask. In
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some of the various kinds of steel these figures appear after burnishing, whilst in

others dilute acid is necessary to bring them out.

" The mere appearance of this damascene does not confer upon the steel the title of

damask. On ordinary steel, similar figures may be brought out by subjecting it to corro-

sion, after having designed on it the figures required. This is called false damask.*

A second kind of damask, called artificial damask, is peculiar to the metal itself,

so that however often it is repolished the same figures will reappear whenever it is

subject to corrosion. It is composed of several sorts of steel, interlaced with iron.

The beauty of such damask consists partly in the quantity of the several materials,

and partly in the skill with which they are worked together. These artificial

damasks are chiefly wrought in Asia, viz. in India, Turkey, and Georgia, whilst

those of ETirope have as yet obtained no great reputation, because the European

workmen are more intent on producing elegant figures on the steel than on improving

the steel itself.

The Orientals judge of the goodness of the damask in the following manner :—The
first and most essential sign of the beauty of the damask or water is its being thick,

defined, and fantastic. They further give us three rules whereby the quality of the

damask may be judged

:

1. By the form of the damask, which may be either in points, right lines, or curved,

the right lines being the lowest quality, and advancing by stages into curves and points,

forming, in the best damask, figures resembling grapes or network.

2. By the line of its groimd : the deeper the tint the more perfect the metal.

3. By the play of colour on the metal in an oblique light. Some show no varia-

tion of tint, whilst others take on a crimson or golden hue. The more perceptible the

play of colour the finer the quality of the damask.
The qualifications claimed for the most perfect damask are extreme malleability

and ductility, the hardest possible substance after tempering, the keenest and firmest

edge, and elasticity when properly tempered.

D.A.MASCUS Gtnr-BAXlREIiS. See Gttm-babbel.

DAMASK is a variegated textile fabric, richly ornamented with figures of flowers,

fruits, landscapes, animals, &c., woven in the loom, and is by far the most rich, elegant,

and expensive species of ornamental weaving, tapestry alone excepted. The name is

said to be derived from Damascus, where it was anciently made.
Damask belongs to that species of texture which is distinguished by practical men

by the name of tweeling, of which it is the richest pattern. The tweel of damask is

usTially half that of full satin, and consequently consists of eight leaves moved either

in regular succession or by regular intervals, eight leaves being the smallest number
which will admit of alternate tweeling at equal intervals.

The generic difference of tweeling, when compared with common cloth, consists in

the intersections, although uniform and equidistant, being at determinate intervals,

and not between the alternate threads. Hence we have the specimens of tweeled cloth,

where the intersections take place at the third, fourth, fifth, sixth, seventh, eighth,

or sixteenth interval only. The threads thus deflecting only from a straight line at

intervals, preserve more of their original direction, and a much greater quality of

materials can be combined in an equal space, than in the alternate intersection, where
the tortuous deflection, at every interval, keeps them more asunder. On this principle

tweeled cloths of three and four leaves are woven with facility of combination alone.

The coarser species of ornamental cloths, known by the names of domock and diaper,

usually intersect at the fifth, or half satin interval. The sixth and seventh are rarely

iised, and the intersection at the eighth is distinguished by the name of satin in

common, and of damask in ornamental tweeling. It will further be very obvious,

that where the warp and woof cross only at every eighth interval, the two sides of the

cloth will present a diversity of appearance ; for on one side the longitudinal or warp
threads will run parallel from one end of a web to the other, and, on the other, the

threads of woof will run also parallel, but in a transverse direction across the cloth,

or at right angles to the former. The points of intersection being only at every
eighth interval, appear only like points; and in regular tweeling these form the

appearance of diagonal lines, inclined at an angle of 45° (or nearly so) to each of the

former.

The appearance, therefore, of a piece of cotton tweeled cloth is very similar to that

of two thin boards glued together, with the grain of the upper piece at right angles

to that of the under one. That of an ornamental piece of damask may, in the same
manner, be very properly assimilated to a piece of veneering, where all the wood is of

the same substance and colour, and where the figures assume a diversity of appearance
from the ground, merely by the grain of the one being disposed perpendicularly to that

of the other.

From this statement of the principle, it results that the most unlimited variety of

figures will be produced by constructing a loom by which Q\QTy individual thread of
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warp may be placed either above or below the woof at every intersection ; and to
effect this, in boundless variety, is the object of the Jacquard mounting. See Loom,
Jacquard.
The chief seat of this manufacture is the town and neighbourhood of Dunferm-

line, in Fifeshire, and Lisburn and Ardoyne, near Belfast, whore it is considered as
the staple, having proved a very profitable branch of traflic to the manufacturer, and
given employment to many industrious people.

The material used there is chiefly linen, but many have been recently woven of

cotton, since the introduction of that article into the manufacture of cloth has become
60 prevalent. The cotton damasks are considerably cheaper than those of linen, but
are not considered either so elegant or durable. The cotton, also, unless frequently
bleached, does not preserve the purity of the white colour nearly so well as tlio linen.

BAMASXEEXriXTG. The art of ornamenting iron, steel, &c., by making inci-

sions upon its surface, and filling them up with gold or silver wire. It is chiefly used
in enchasing sword-blades, guards, and grips, locks of pistols, &c.

Its name shows the place of its origin, or, at least, the place where it has been
practised in the greatest perfection, viz., the city of Damascus, in Syria ; though
M. F^libien attributes the perfection of the art to his countryman, Cursinet, who
wrought under the reign of Henry IV.

Damaskeening is partly mosaic work, partly engraving, and partly carving. As
mosaic work, it consists of pieces inlaid ; as engraving the metal is indented, or cut

in intaglio ; and as carving, gold and silver are wrought into it in rilievo.

There are two ways of damaskeening : in the first, which is the most beautiful, the

artists cut into the metal with a graver, and other tools proper for engraving upon
steel, and afterwards fill up the incisions, or notches, with a pretty thick silver or

gold wire. In the other, which is only superficial, they content themselves to make
hatches, or strokes across the iron, &c., with a cutting knife, such as is used in making
small files. As to the first, it is necessary for the gravings or incisions to be made in

dove-tail form, that the gold or silver wire, which is thrust forcibly into them, may
adhere the more strongly. As to the second, which is the more usual, the method is

this : having heated the steel till it changes to a violet, or blue colour, they hatch it

over and across with a knife, then draw the ensign or ornament intended upon this

hatching with a fine brass point or bodkin. This done they take fine gold wire, and
conducting or chasing it according to the figures already designed, they sink it carefully

into the hatches of the metal with a copper tool.

An inferior description of damaskeen work has been introduced since the discovery

of the electrotype processes. The pattern has been etched on the steel, and then gold

or silver deposited into the etched lines.

DAMASSZir. A kind of damask, with gold and silver flowers woven in the warp
and woof, or occasionally with silk organzine.

DAlKEBOXrZTB. A crystallisable saccharine substance obtained by M. Aim6
Girard from a peculiar kind of caoutchouc from the Gaboon on the West coast of

Africa. The botanical source of this caoutchouc is not known. Dambonite, when
isolated, crystallises in white needles, which contain C'H^O^ (C^H^O^). It is readily

soluble in water and in ordinary alcohol ; it melts at 374° F., (190° C.) and sublimes

between 392° and 410° F., (200° and 210° C). Dambonite is decomposed by

hydriodic or by hydrochloric acid, yielding iodide or chloride of methyl, together with

a sugar isomeric with glucose, containing C*H^O* (C'H"0'). This sugar is called

Dambose.
BAMMAR G17M or DAMMA&A RSSZIT. A pale yellow resin, somewhat

resembling copal, and used like it in the manufacture of varnishes. Dammara resin

is the produce of the Dammara australis, or Kawrie-pine of New Zealand. Large

masses of the gum-resin are found in the ground at the base of the pines.
^
Another

kind of dammar is obtained from the Dammara alba of India, where it is usually

called Dammar Pute, or Cafs-eye resin. A substance called Dammar is used in the East

Indies for caulking ships. It is composed of this resin, mixed with the powdered

bark ofthe bamboo, and a little chalk. Some Indian dammar is said to come from

the D. orientalist, and the Indian Piney Dammar is yielded by the Vaterica Indica.

Dammar is largely employed in the preparation of certain varnishes. ' Damar is

easily dissolved in oil of turpentine, and when carefully selected is almost colourless

;

it makes a softer varnish than mastic ; the two combined, however, form an almost

colourless varnish, moderately hard and flexible, and well suited for maps and similar

purposes.'

—

Holtzapffd.
Dammar varnish has been lately recommended for mounting microscopic objects in

the stead of Canada balsam. The following recipe for its preparation has been given

by Dr. Klein : Dissolve half an ounce of gum-dammar, in powder, in one or two ounces

of turpentine, and dissolve half an ounce of gum-mastic in two ounces of chloroftrm

;



DAVYNE 9

the two solutions are then separately filtered, and mixed together. The varnish thus

obtained is clear, and if exposed in a thin layer on a plate of glass it rapidly

solidifies.

SA9XMAK PZTCB. A balsamic resin employed in India for incense, and
obtained from the Sal tree, the Shea robusta.

BAMOTntlTE. A hydrated potash-mica, named after the French chemist,

M. Damour.
BAMP, in mining, a term applied to dangerous exhalations, or rather gases,—so

called from the German Damp/, vapour—escaping from the mineral formations, or

accumulating in the workings.

Fire-Damp, which occurs in coal-mines, is carburetted hydrogen gas.

Choke-Damp, After-Damp, and Blojck-Damp, ma,j be regarded as carbonic acid.

See Mixes, Ventilation of.

SAXarAZTE. A cobaltiferous mispickel. It has been proposed to unite under this

name all varieties of mispickel which contain cobalt. The name is complimentary to

Mr. J. F. Dana.
DAXTAZiZTE. A silicate of the protoxides of iron, manganese, and beryllium,

%vith sxdphide of zinc. It occurs in octahedral crystals, in granite, at Eockport, and
near Gloucester, in the State of Massachusetts. The mineral takes its name from the

American mineralogist. Prof. J. D. Dana, of Yale College.

DAlfBirx&ZTE. A silico-borate of lime, containing, when pure, silica, 48'9
;

boric acid, 28-4
; and lime, 22*7. It is found at Danbury, Connecticut, U.S.

3>AZTDEKZOir. The Taraxacum Dens Leonis, a common British weed, belonging

to the CompositcB. It has a milky juice, which contains a bitter principle called

Taraxacine. Preparations of dandelion are employed in medicine as diuretics and
alteratives ; and dandelion root, when roasted, is sometimes used like chicory, as an
addition to cofiee.

DAirS or BA'WK. {A mining term.) Bands and beds of tough sandy clay,

more or less compact and homogeneous. It is probably derived from dough.

BAXTKTEIVIOBZTE. An iron- and manganese-hornblende, from the iron-mines

of Dannemora, in Sweden.
DAPHIO-E CAiam-ABZirA. The bark of this shrub, a native of Nepaul, has

been iised for paper-making.
BAPHXTZXTE. The bitter principle of the Daphne alpina.

BAPZCHO. A spongy kind of caoutchouc, which exudes from the roots of

the Siphonia elastica. It is used in South America for making stoppers. See Caout-
chouc.

BABIVIAI ITE. A mineral consisting, according to David Forbes, of copper,

88'07 ; silver, 0*24 ; and arsenic, 11'69. It is found at Potrero Grande, south-east of

Copiapo, in Northern Chili.

BASH M^UEEZiS. These are revolving wheels having dash-boards, which are

much used in the washing-processes necessary in calico-printing. See Bleaching.
BATES. {Tamr, a date, Arabic.) The fruit of the Date Palm. The date tree.

Phoenix dactylifera, grows to the height of sixty feet. The dates are pulled before

they are ripe, and are then dried in the sun. These form one of the chief parts of

the usual food of the Arabs, while the seeds softened and ground down form the

nourishment for their camels. The leaves are employed for making mats. The
threads of the web-like integument at the basis of the leaves are twisted into ropes,

while the stems, when old, are used in the construction of houses. Tadmor, in the

Desert, built by Solomon, is supposed to derive its name from those trees, which grew
abundantly around it.

BATHOZiZTE, or BATOZiZTE. A boro-silicate of lime, containing silica,

37"30 ; boric acid, 21 -32
; lime, 35-67 ; water, 5-71. It is found in fine glassy crystals,

of complex form, at Bergen Hill, New Jersey.

BATZSCA, TEXiXiO'W. A yellow dye obtained by treating the aqueous decoction

of the leaves of the Datisca cannabina, a bastard hemp, growing in the Levant and in

India, with salts of lead. This yellow is obtained in a translucent mass, soluble in

water. Stufis mordanted with alum are dyed a permanent yellow.

BATIT&ZXTE. A poisonous alkaloid foimd in the Thorn-apple {Datura Stra-

monium). Daturine closely resembles Atropine and Hyoscyamine.
BAirCTTS CAHOTA. The common carrot.

BAVZBSOXrZTE. A greenish-yellow beryl, from Kubislaw, near Aberdeen, in

Scotland.

BAirsr ZiAMP. See Safety Lamp.
BAV'YxffE. A Vesuvian mineral, consisting of silicate of alnmina, soda, potash,

and lime. It is regarded as a variety of nepheline.
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DSADS. Waste on or in a mine. Rubbish. Mine-stuff too poor in ore to pay
for -working.

DEAD DZPPXK'C The process of producing an agreeable pale yellow dead
surface on ornamental brass -work is so called. The brass work, after the final stamping
with its adhering black scale from the annealing oven, is placed in dilute nitric acid,

and left in it until the scale may be easily detached ; it is then taken out and washed
with water. Again it is plunged in dilute acid somewhat stronger than before, until

the surface is covered with minute bubbles, after which it is washed in a solution of

argol, and dried in hot sawdust. Dead dipping is also used in the manufacture of

the ornamental parts of stoves, especially such as are intended for drawing-rooms.

The brass portions of these are treated in the manner described, but the iron or

steel after being polished, or ornamented by engraving, is treated with dilute

sulphuric acid.

DZSAD OZZi. The oil which is obtained from the fractional distillation of coal-

tar, after the light oil or naphtha has passed over. See Naphtha.
BZLA.B "WEIiIiS. Wells which are made to carry off refuse waters. See Aete-

siAN Wells, Negative.

DBABIiir irZGHTSRABB. The Atropa belladonna. It owes its poisonous

character to the alkaloid called atropine. See Atropine ; Belladonna.
BEAXi 'WOOB. See Pines.
BEBRZS. A term signifying wreck or waste. It has been adopted from the

French to express any accumulation of loose materials arising from the waste of rock.

It is also applied to drifted accumulations of all kinds.

BECAIO'TATZON'. (Eng. and Fr. ; Abgicssen, Ger.) The act of pouring

off the clear liquor from any sediment or deposit. It is much employed in the

chemical arts, and is frequently effected by means of a siphon, there being less risk

of disturbing the precipitate.

BECARBONZSATZOXr. Articles made of cast iron, and, consequently brittle,

are decarbonised and rendered tough by being exposed to heat in contact with some
peroxide of iron, as the finely-divided hematite ore. Most of the iron articles used in

saddlery or harness making are now manufactured by this process.

BECHEirZTE. A vanadate of lead, and perhaps also of zinc. It occurs in

Rhenish J3avaria, and is named after the German geologist Von Dechen.
BECZniAZi. A tenth part. A Decimal Fraction is one whose denominator is

10 or some power of 10. It is not usual, however, to express this denominator, but a

period, called a decimal-point, is placed between the unit and the first fractional

number. Thus, 1-5 is the same as \-^{^, or one and five-tenths ; in like manner 1*06

means one and five-hundredths ; 1-842 signifies one unit and eight-tenths, four-

hundredths, and two-thousandths of the unit ; and so on.

Decimal Coinage is a proposed system in which the unit is divided and subdivided

decimally. The coinage of the English florin was a step towards the decimal system
;

the value of the florin, or two-shilling piece, being one-tenth of the sovereign. The
metrical system of weights and measures is based on the decimal system ; the multipli-

cation and division of the unit always proceeding by some power of 10. See Metrical
System.
BECSXiE. A name given by the paper-maker to a thin frame of wood fitting on

the shallow mould in which the paper-pulp is placed.

BECOCTZOzr. The process of boiling a liquid with some organic body, or the

liquid compound resulting from the process of boiling.

BECOMPOSZTZOZr. (Eng. and Fr. ; Zersetzimg, Ger.) The separation of

bodies from each other. The methods employed are almost innumerable, and usually

depend on the special reactions of the matters under examination. We shall consider

a few of the most striking cases in both the grand divisions of the science, viz.

inorganic and organic chemistry. In each instance wo shall, for the sake of conve-

nience, subdivide into the three classes of acids, alkalis, and neutral bodies. Previous,

however, to this, we must glance at some of the reactions of which chemists avail

themselves in separating the elements. The decomposition of ordinary metallic salts,

with the view of making a qualitative analysis of a more or less complex mixtiu-e, is

a problem, in general, of extreme simplicity, and directions for the purpose are to be

found in all the numerous works on qualitative analysis. The principle on which
the modem methods of qualitative analysis are foundca is the separation of the metals

in the first place into large groups by certain reagents, and then, by means of othcrf:,

to subdiA-ide into smaller groups, in which the individual metals can be determined

by special tests. For the sake of simplicity, we shall only consider the more commonly
occurring metals. The general reagents, by which the first subdivision is effected,

are hydrochloric acid, sulphuretted hydrogen, sulphide of ammonium, carbonate of

ammonia mixed with chloride of ammonium, and finally phosphate of soda. The
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substance in solution is treated with hydrochloric acid, by which mercury, silver, and

lead are removed. The mercury will only be perfectly removed if it exists entirely

in the state of a subsalt. Lead is only partially precipitated, and will be subsequently

found in the next group. The precipitate by hydrochloric acid is to be boiled with

water, which will remove the chloride of lead, and leave the chlorides of mercury and

silver. The latter may be separated by means of ammonia, which will dissolve the

chloride of silver and convert the mercury into a black powder, in which the metal

can be detected by special tests. The fluid filtered from the precipitate by hydro-

chloric acid is to have a stream of hydrosulphuric acid gas (sulphuretted hydrogen)

passed through it for a considerable time, or until no more precipitation occurs. By
this means antimony, arsenic, tin, cadmium, gold, mercury, silver, lead, bismuth, and

copper are thrown down, and must be separated from each other by special processes.

The filtrate from the precipitate by hydrosulphuric acid is to have ammonia added in

slight excess, and then a solution of sulphide of ammonium as long as any precipita-

tion takes place. By this means nickel, cobalt, iron, manganese, zinc, alumina, and

chromium, are thrown down ; also baryta, strontia, and lime, if they happen to be in

combination with phosphoric, oxalic, or boracic acids, or if united to fluorine.
^
From

the filtrate, carbonate of ammonia mixed with chloride of ammonium, precipitates

baryta, strontia, and lime. The filtrate from the last precipit-ate can only contain

magnesia, or the alkalis. The above brief description of the mode of dividing the

above metals into groups will be sufficient to give an idea of the processes employed

for decomposing complex mixtures into simple ones.

Inorganic acids are usually removed from metals by converting the latter into an

insoluble compoimd, while the acid remains in solution either in the free state or

combined with a body of such a nature as not to mask the reactions of the acid with

reagents. This is often done in the laboratoiy by boiling the metallic salt with an

alkaline carbonate. The metals are, consequently, either converted into oxides or

carbonates insoluble in water, while the acid unites with the alkali to form a soluble

salt capable of being obtained by filtration in such a condition as to permit the nature

of the acid to be made known by means of appropriate tests. It is usually necessary

to neutralise the solution carefidly before testing for the acid.

It is seldom necessary in researches to reduce inorganic alkalis to their elements,

their constitution being usually ascertained by converting their constituents into

new forms capable of being weighed or measured with accuracy. If, for instance,

it was necessary to ascertain the constitution of sulphuric acid, it would be sufficient

to determine the quantity of baryta contained in the sulphate. On the other hand,

acids susceptible of assuming, when pure, the gaseous condition may have their con-

stitution determined by decomposing a known volume with a substance capable

of combining with one ingredient and liberating the other in the gaseous state.

Thus hydrosulphuric acid may be analysed by heating it with potassium, which will

remove the sulphur and liberate the hydrogen.

In decomposing inorganic alkalis vnth the view of separating the metals contained

in them, we usually have to avail ourselves of very powerful affinities. This arises

from the fact, that the substances in question are, generally, produced by the union

of a metal with oxygen, the metal having so strong a tendency to combine with that

element, that mere exposiu-e to the air is sufficient to determine their union into a

compound of great stability. In order, therefore, to decompose the alkaKs of this

class, it is necessary to find some substance having a powerful tendency to combine
with oxygen imder certain conditions. Now it has been found that carbon, if raised

to an exceedingly high temperature, and employed in great excess, is capable of

removing the oxygen, even from such bodies as potassium and sodium, the affinity

of which for oxygen is very great.

Inorganic neutral bodies are generally decomposed either by the ordinary pro-

cesses of analysis, or, where the neutrality arises from the substance under examina-

tion being a compound of an acid and a base, by separating the two by treatment

with a reagent capable of combining with one to the exclusion of the other. This is

a process frequently available in quantitative analysis. As an illustration, we may
take the decomposition of the carbonates by a mineral acid in an apparatus which
permits the carbonic acid set free to be accurately estimated by weighing. See

Carbonates.
Another instance of the decomposition of a neutral body, by treating it with a

substance capable of combining with one of the constituents and separating the other

in a free state, is the decomposition of sulphate of potash by baryta. If a solution of

the salt be boiled with excess of solution of baryta, sulphate of baryta is produced,

and caustic potash set free. The excess of baryta is removed by boiling in the air

until the whole of the latter base is converted into the insoluble carbonate. A pre-

cisely analogous process is the ordinary mode of preparing caustic potash by boiling

its carbonate with qxdcklime.
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Neutral bodies are frequently, however, so constituted, that the neutrality does not
arise from the circumstance of an acid being saturated with a base, but from the
energies of two elements being, to some extent, satisfied by the fact of their being in

combination. Thus, water is a neutral substance, nevertheless it may be decomposed
by a variety of processes, several of which are susceptible of quantitative precision.

In the first place, it may be decomposed by passing steam over a metal capable of
uniting with its oxygen with liberation of the hydrogen. It may also be electrolysed,

and the two gases separately obtained.

Organic or inorganic neutral salts may, at times, be very completely and simply
decomposed by means of the battery. Not only are the various processes in electro-

metallurgy founded on this principle, but it has even been practically applied to the
quantitative estimation of the metals in ores. The electrolysis of the neutral salts of
the great series of organic acids of the general formula C"H"0* has thrown great
light on some previously obscure points in the radical theory.

The decompositions undergone by organic substances in contact with reagents are
so manifold, that the limits of this work preclude the possibility of doing more than
glancing at a few of the most general and interesting. Perhaps of all the modes of
inducing the breaking up of more complex into simpler substances, the application of

heat is the most remarkable for its power and the varied and opposite character of

the substances produced. It has been shown that, as a decomposing agent, heat
possesses no special function. From complex organic molecules all classes of sub-

stances are formed. Indi-vddual substances belonging to every chemical type are,

therefore, found among products of destructive distillation. Acids, alkalis, and
neutral bodies of every kind are formed, and some of the most interesting and beauti-

ful bodies known to chemists are found in the uninviting-looking tar of coal. Let
us illustrate this by a glance at a few of the coal-tar products. Among the acids are

the oxyphenic, carbolic, and cresylic. The alkaloids represented are methylamine,
ethylamine, propylamine, butylamine, amylamine, pyridine, picoline, lutidine, colli-

dine, parvoline, chinoline, lepidine, cryptidine and aniline. Among hydrocarbons,

benzole, toluole, xylole, cumole, cymole, propyle, butyle, amyle, caproyle, caproylene,

cenanthylene, naphthaline, anthracene, chrysene, pyrene, acetylene, &c. This list,

probably, does not include one half of the substances produced from coal by the de-

composing and recomposing influence of heat.

Mineral acids exercise a powerful decomposing influence on organic substances. Of
these the nitric and sulphuric are the most commonly used. Nitric acid is especially

active, owing to its twofold action. By virtue of its oxidising tendencies, it breaks up
great numbers of substances into more simple and less carburetted derivatives, and the

hyponitric acid produced by the removal of one of the atoms of the oxygen of the

acid frequently enters into the resulting compound, a substitution-product being the

final result. In the latter bodies produced in this manner the hyponitric acid (NO*)
generally replaces hydrogen, the original type remaining unaltered. The production of

oxalic acid from sugar; succinic, lipic, adipic, pimelic, suberic, &c., acids from oily

and fatty matters by the action of nitric acid, are examples of its oxidising power

;

while the formation of nitrobenzole, and bodies of more or less analogous character,

present instances of the replacement of hydrogen by hjrponitric acid.

Sulphuric acid owes its decomposing power to its extreme tendency to combine
with water. Many of the less stable organic bodies are, by this means, absolutely

broken up, so that the resulting products are of a character too indefinite to allow of

the changes being expressed by an equation which shall render a true account of all

the substances directly or indirectly formed. On the other hand, the action may be

so controlled by the careful regulation of the temperature and strength of the acid

that products may be eliminated which are themselves totally broken up and destroyed

by an acid of greater strength. The production of grape-sugar by the action of sul-

phuric acid on starch, or lignine, may be taken as an example. It not unfrequently

happens, that the sulphuric acid unites with the substance acted on to form a conju-

gated compound. Benzole, and many other hydrocarbons, as well as oxidised bodies,

behave in this manner with concentrated sulphuric acid.

Chlorine and the other halogens are powerful decomposing agents, acting? chiefly

by virtue of their affinity for hydrogen. The principal effects produced by them are

oxidation and substitution. The oxidising action of the halogens arises from the

decomposition of water ; the hydrogen combining with the chlorine, &c., to form an

hydracid, and the free oxygen uniting with the other substances present.

The above sketch will sufficiently indicate some of the most usual methods by

which the decomposition of organic and inorganic bodies is effected ; but hundreds

of other decomposing agencies are at the call of the chemist, when any phenomena
involving the disruptions of compounds are to be investigated.—C. G. W.
BSCRXSPXTATIOIO' (Eng. and Fr. ; Verkniaiern, Ger.) is the crackling noise,
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attended with the flying asunder of their parts, made by several minerals and salts

when heated. Sulphate of baryta, chloride of sodium, calcareous spar, nitrate of baryta,

and several other bodies which contain no water, decrepitate most violently, separating

at the natural joints of their crystalline structure.

BSFSCATIOir. (Eng. and Fr. ; Klaren, Ger.) The freeing from dregs or

impurities.

DEFKAGBATZOir. (Eng. and Fr. ; Verpuffung, Ger.) A rapid combustion,

attended with much evolution of flame and vapour. When metals are burnt by elec-

tricity, they are said to undergo deflagration.

DEFKAGBATOa. A galvanic instrument for producing a rapid and powerful

combustion, introduced by Professor Hare.

DE KAZITES. Properly, fine worsted fabrics. They are indeed figured muslins,

which should always be made of wool, but they are frequently made of mixed material.

DEJ^AWABXTE. A cleavable potash felspar, from Delaware County, Pennsyl-

vania.

DEIiESSZTE. A ferruginous chlorite, usually occurring as a dark greenish coat-

ing in the interior of amygdaloidal cavities in trap-rocks.

DEZiF or DEKFT. A coarse species of pottery originally manufactured at Delft

in Holland, covered with a white stanniferous enamel or glaze. See Potteby.

BEIiZ<2'VESCBlirT. (Zerfliessen, Ger.) Any solid which absorbs moisture from

the air spontaneously and becomes soft or liquid, such as potash, and chloride of calcium

is said to be deliquescent.

DEZiPHZXrZA. The poisonous principle of the Stavesacre {Delphinium Staphj/-

sagria).

BEXiVAXrxZTE. A variety of Dufrenite, or hydrous phosphate of iron.

BEMZBOFFZTE or SEMZDOVZTE. A mineral mixed with malachite,

found at Nischne-Tagilsk in Kussia. It contains oxide of copper 33*14, silica 31'63,

magnesia 3,15, phosphoric acid 10"22, and water.

BEXTDRZTES. Arborescent or shrub-like markings on rocks, commonly pro-

duced by oxide of manganese ; thus, the ramified patterns in Mocha-stones are den-

drites.

—

Dendritic, a term applied to the branching forms of certain minerals, such as

native copper and native silver.

DEMY. Paper of a particular size is so called. Drawingdemy is 15 inches by 20,

printing demy is 17f inches by 22 1.

BSNMABK SATZXT. A stout worsted stuff used for ladies' shoes.

BEIVSZTY', the property of compactness in bodies, the closeness of their component
particles. The specific gravity of bodies is taken as a measure of their densities. See
Specific Geavitt.
BEM'TZFBZCE. Tooth-powder for the purpose of cleansing the teeth. A variety

of preparations are recommended. The object being to remove acid incrustations

from the teeth, and to cleanse them from feculent matter, simple preparations of chalk
or magnesia are undoubtedly to be preferred. Occasionally charcoal may be used
with advantage, but the particles are usually too hard, and consequently they tend to

abrade the fine enamel-surface of the teeth.

BESrUBATZOXT. {Denudo, to lay bare.) The carrying away by the action of run-
ning water or other agent, of the superficial solid materials of the land, by which the
character of the surface is altered, and the lower rocks often laid bare.

BEOBOBZSEBS. Bodies which have the power of depriving fetid and offensive

effluvia of their odours. There appears to exist a general idea that these substances
are, all of them, equally disinfectants. No greater mistake can be made than to

suppose that because a preparation has the power ofremoving a disagreeable smell, that
therefore it has removed all the elements of infection or disease. See Disinfectant.
To disguise unpleasant odours, fumigation is employed, many of the fragrant gums

are burnt and fumigating pastiles employed. It is also a common practice to burn
lavender and brown paper, but these merely overpower or disguise the smell ; they do
not in any way act upon the noxious effluvia. See Pastiles ; Ftjmigation.
BEOXZDATZOSr. The act of removing oxygen ; thus, when oxide of iron is

heated with carbonaceous matter the oxide is deoxidised, and metallic iron reduced.
BEPHZiEGXVXATZOir. The process by which liquids are deprived of their

watery particles. It is applied chiefly to spirituous liquors, but is now obsolete, as
involving the alchemistical notion of a peculiar principle called phlegm.
BEPHZiOGZSTZCATEB, deprived of phlogiston, which was for a long period

after the time of Stahl regarded as the principle of levity and of combtcstion. It may
be regarded as synonymous with oxygenated. ' Others believe that Earth and Phlogis-
ton are those principles which are the constituent parts of all corporeal substances.'

' It appears from all those experiments, that in each of them phlogiston, the simple
inflammable principle, is present,' * Thus much J see from the above-mentioned e^-
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periments ; the air is composed of two different fluids, the one of which attracts not
the phlogiston, and the other has the quality of attracting it.'—Scheele : Experiments
on Air and Fire.

3>SPXZiATORZES. Preparations for removing hair from the skin. These are
said to have been much used by the ancients. In modern times they have been used
as cosmetics to remove superfluous hair from the face. Lime and the tersulphuret of
arsenic (orpiment) are the constituents of most of the ancient and modern depilatories

;

but the use of orpiment is dangerous, especially if there is any abrasion of the skin.

The best and safest depilatory is said, in Gray's ' Supplement to the Pharmacopoeia,'

edited by Redwood, to be a strong solution of sulphuret (sulphide) of barium made into

a paste with powdered starch. It should be applied to the hair immediately after it

is mixed, and allowed to remain there for five or ten minutes.

BEPOSITZOZr or IWCSTiLIiS. See Electro-Metaxlurgy.
DERBYSHIRE SPAR, lluor-spar, or fluoride of calcium. See Fluor-Spar.
DERIMCATXN'. A variety of serpentine found in reniform masses, in thin coat-

ings on the serpentine of Waldheim in Saxony.

DERRICK CRAZTE. The term Derrick is applied to a temporary crane, con-
sisting of a spar supported by stays and guys, carrying a purchase for loading or un-
loading goods on shipboard. The Derrick crane is somewhat similar in its plan, the
projecting iron beam, or derrick, of which, can be raised or lowered to any desired

angle.

BESCXiOZZZTE. A South American vanadate of lead, named after the French
crystallographer Des Cloiseaux.

DESICCATION-. The act of drying.

Davison and Symington patented a process for drying or seasoning timber, by
currents of heated air. Even after wood has been dned in the ordinary manner, it

contiiins much moisture, which it is still necessary to remove. The patentees have
given some curious results of this desiccating process :

—

Temperature of air 214°,

Violin wood Original
weight

Weight after

seasoning Moisture removed

6 pieces small and thin .

2 ., larger ....
2 „ larger ....

3-38

10-66

2&-25

2-87

9-5

22-93

8- per cent.

10-1 do.

9-25 do.

Original
weight

100° 120° 150° 180° 230°

after after after after after Per cent.

Oak .

6 hours 10 hours 20 hours 30 hours 38 hours

1-84 1-76 1-71 1-59 1-56 1-51 18^1

Red pine 1-6 1-4 1-38 1-33 1-28 1-25 16-6

I3irch .... 1-2 1-09 1-05 1-01 -99 •97 19-2

Mahogany . 1-21 1-14 1-09 1-03 1-0 •98 19-2

White wood, lime tree.

1

2

3

4

Original
weight

170° after

6 hours

Part 140°, and
part 212° after

15 hours

After
24 hours

After
84 hours

After
84 hours'

Per cent.

23-5

2519
23-67

20-08

20-45

21-33

19-7

17-07

18-7

19-37

17-83

15-8

18-22

18-9

17-6

16-6

17-4

1807
16-82

16-13

17-4

180
16-76

16^06

26^

28-6

29-2

26-

» It will be observed, on referring to the last column of lime, that the wood, although kept In the
chamber exposed to heated currents for 50 hours, weighed nothing li-ss after the first 84 hours.

—

( WJiithaw.) One application of the desiccating process for timber Is to expose It for some hours to
the heated currents of air, and then, in its heated state, immersing it suddenly In any of the
approved antiseptics, creosote or coal-tar. The resnlt is, that the air-vessels of tlic wood,if not
entirely empty, contain air at so very high a temperature that a vacuum is instantly formed, an4
every pore is immediately charged with the cold antiKcptic in which the wood w immersed.
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No. 3 exposed to tlie atmosphere for three -vreeks, \reighed at the end of that time

1 7-8, or had taken in 4'2 per cent, of moisture.

Feathers.—Feather beds, mattresses, blankets, and clothing, are not only dried, but

purified by this process. A feather bed of sixty pounds -weight will have no less than

1 00,000 cubic feet of air passed through it ; and at the same time beaters are made
use of, for the purpose of removing the dust. Feathers treated in this manner have

their bulk and elasticity so much increased, that a second tick is found almost inva-

riably necessary to put the feathers into.

A practical proof of the extreme powers of currents of dry heated air was given in

Syria, by exposing to them sixty suits of clothes, which had belonged to persons who
died of the plague. These clothes were subjected to the process alluded to, at a tem-

perature of about 240°, and afterwards worn by sixty living persons, not one of whom
ever gave the slightest symptom of being affected by the malady.

—

{Whishaw.) It has

been proposed to dry coffee by currents of heated air, and subsequently to roast it by
the same process.

Thick card-board, used for tea-trays and papier-mach6, is now frequently dried by
heated air. By the plan adopted at one establishment, previously to the introduction

of Davison and Symington's method, it invariably occupied from eighteen to twenty
hours to dry a room full of paper by a heating surface equal to 330 feet ; whereas by
the new method, the same amount of work is accomplished in four hours, and with a
heating surface of only 46 feet, or one-seventh the area required by the former.

8Uk.—For the purpose of drying silk, it has been usual to heat the drying chambers

by large cast-iron globular stoves, the heat obtained thus was equal to 120° F., but
excessively distressing to any stranger entering these apartments.

In one arrangement 7,000 cubic feet per minute are admitted at the above temper-

ature through small perforated iron plates, let into the stone floor. As many as 3,000
pieces of silk are sometimes suspended at one time : and as each piece of silk, when
wet, contains about seven ounces of water, and as the operation of drying the whole
occupies but one hour, it follows that about 130 gallons of water are evaporated in

that time.

Yams.—In Scotland and other places they now dry yarns by modified applications

of this process ; and it is indeed extensively used in bleaching establishments, in

calico-printing works, &c. See Transactions of the Society ofArtsfor 1847-8.

A DR-HNQ HOTTSE is an apartment fitted up in a peculiar manner for drying calicoes,

and other textile fabrics. Mr. Southworth, of Sharpies, a Lancashire bleacher, obtained
a patent in 1823, for the following ingenious arrangement, which has been since gene-
rally adopted, with certain modifications, in most of our extensive bleaching and
printing works. Fig, 699 is a section of the drying-house, where a is a furnace and

599

boiler for the purpose of generating steam ; it is furnished with a safety valve in the
tube b, at top, and from this tube the steam-mam c passes down to the floor of the
basement story. From this main, a series of steam-pipes, as d d, extends over the
surface of the floor, and from them heat is intended to be diffused for the purpose of
warming the drying-house.
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Along the middle of the building a strong beam of timber e e extcndg, and is sup
ported by cast-iron pillars ; from this beam, to bearings on the side walls, a series

of rails are cartied in a cross direction, over which rails the wet cloth is to be hung in

folds, and the steam or vapour emitted in drying is allowed to escape through aper-

tures or ventilators in the roof.

The mode in which the cloth ia delivered on to the rails, on either side of the beam
will bo best understood by reference to the delivering carriage, which is shown, with
its rollers partly in section.

The wet cloth is first to be coiled upon a roller, and then placed in the carriage, as

at/, with its pivots bearing upon inclined planes. The carriage is to be placed at the
commencement of the rails, running upon the middle beam, and also upon the side-

bearings or railways extending along the side walls of the building, parallel to and
upon a level with the same beam. It is made to travel by means of an endless band
passing over two riggers g and h, in Jig. 599, and over pulleys and a band-wheel
attached to the carriage, as will be explained. The rigger g, which moves this endless

band, is actuated by bevel gear, seen at b, which is put in motion by a pinion at the
end of a revolving shaft leading from a steam-engine.

In the samejig., k k, is the endless band passing over a pulley under the band-wheel,
and over the pulley n, by which it vsdll be perceived that the traversing of the band, as

described, woxild cause these pulleys and wheels to revolve. On the action of the
band-wheel m, there is a drum against which the roll of wet cloth /presses, and as
this drum revolves, the roll of wet cloth is, by its friction, made to turn in a contrary
direction, and to deliver oflTthe cloth on to the periphery of the drum, whence it passes

over a roller and descends to the rails. Upon the end of the axle of the band wheel
m, there is a pinion which takes into the teeth of the large wheel, and upon the axle

of this large wheel there is a pinion that actuates the intermediate wheel which turns

another toothed wheel. This last-mentioned toothed wheel takes into cogs upon the

side railway, and hence, as the train of wheels moves roimd, the carriage to which the

wheels are attached is slowly impelled forward.

As soon as the wheels begin to move, and the carriage to advance, the wet cloth

begins to uncoil, and to pass down over the first roller ; a small roller attached to the

carriage, as it passes over the rail in succession, holds the cloth against each rail for a
short space of time, and prevents it from slipping, by which means the cloth descends

in folds or loops between the rails, and is thereby made to hang in a series of folds or

loops, as shown in the figure.

It will be perceived that as the pivots of the cloth roller/bear upon inclined planes,

the roller will continually slide down as the cloth diminishes in bulk, keeping in con-

tact with the drum, and delivering the cloth from the roller on to the several rails, as

described.

In order to stop tlie carriage in any part of its course, or to adjust any of the folds

of the cloth, a man is usually placed upon the platform travelling with the carriage,

over which he has perfect command. This apparatus may be also employed for taking

the cloth when dried off the rails ; in which case the carriage must be made to travel

backwards, and by first guiding the end of the cloth on to the roller/, and then put-

ting the wheels in a retrograde motion, the cloth will be progressively coiled upon the

roller/, in a similar way to that by which it was uncoiled.

Drying Machine (cENTEiFUGAii). {Hydro-extracteur ; Machine a essorer, Fr.)

By this contrivance, Pentzoldt was enabled to deprive all kinds of wet clothes in a few
minutes of their moisture, without compression or heat. Kelly, a dyer, and Alliott

a bleacher, have since obtained a patent for the above machine with improvement's.

Fig. 600 represents a partial section of the machine, a, a, is the frame ; n, the

vertical shaft turning in the step a, fixed on the bridge b. This shaft bears on its

upper part a friction cone c, from which it receives its movement of rotation, as will

be presently shown ; c is a drum containing two concentric compartments de, of the

form represented in the figure ; this drum moves freely upon the shaft b, and rest»s

when it is not in motion upon two conical projections /, g, which form a part of the

shaft. These two compartments are each composed mainly of metal, and their sides

consist of tinned iron wire coiled circularly at very small distances from each other,

and soldered together crosswise by small strips of metal. The top which covers the

inner compartment d, is secured by bolts and screws to a circle of iron which retains

the wire sides of the same metal, but that which serves as a cover to the little com-

partment €, in which alone the goods are placed, is disposed bo that it may be removed

with ease, when these are to be introduced or withdrawn. It is furnished with an

outer and inner border, disposed so that when the top is fixed the inner border

presses upon the convex circumference of the central compartment, while the exterior

border falls outside of the edges of the other compartment. While the machine is at

work, the second plate is maintained in its place by pins or bolts, not shown in the

figure.
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The sides of the outer compartment d, are connected with the bottom by means of a
prolongation of cross bands of metal, which unite the wires and are riveted or soldered

to the two outer plates. The wires of the interior compartment are attached by an

iron hoop, to which they are riveted and soldered, and are united to the bottom plate

by means of a rim upon this plate ; a rim somewhat flattened upon the sides, which

are riveted and soldered.

D, is a regulator suspended in the inner compartment d, and whose two branches

h, h, are loaded. These two branches having room to play around the bolts which

serve as points of attachment, and which are fixed to the upper plate, terminate in

600

kneed branches whose extremities rest upon a rope g, which projects from the shaft.

E, is an exterior envelope secured to the frame a, a. It encloses the whole drum
except at top, and serves to catch the water thrown out of the goods. At y there is

a stop-cock for the discharge of this water, and the bottom contains besides the end of

a pipe by which hot air is introduced.

The vertical shaft b receives a movement of rotation and carries with it the drum.
The more rapid this movement is the more does the centrifugal force tend to expel

the water contained in the clothes or yarn to be dried. But as this force might also

displace the central shaft, if the weight was not rightly distributed in the drum, and
cause the dislocation of the machine when the great velocity requisite for quick drying
is given to it, the regulator d is tested to prevent accident. The branches of this

regulator spread wider the more the velocity is increased, and raise consequently the

drum c above the conical enlargements, which permits the drum to be somewhat
misplaced and to rectify its position conformably to the inequalities of its load, so

that its centre of gravity may always coincide with its centre of rotation. The drum
is connected with the shaft, as is shown in z, leaving it free to take the requisite

adjustment. To hinder it from rising too suddenly, a spiral spring k is fixed over the

shaft immediately above the conical enlargement g. In order to maintain the equi-

librium more certainly, the apparatus is surrounded with a hollow crown f, half fiUed

with water, and if during the revolution of the machine the weight of the goods pre-

dominates on one side, that of the water which accumulates on the other side serves

the more to counterbalance it. The effect of this crown may be increased by dividing

it into two compartments or more, q is a large pipe by which steam or hot air is

introduced into the belly of the drum, which is pierced in this place with a great

number of small holes to receive it.

The rotatory movement is transmitted to the drum in the following way :

—

I, is a conical disc mounted upon the extremity of a shaft k' which actuates the
cone c and the shaft b by means of friction ; lMs a cone fixed upon the extremity of
the shaft, k^ i? ' is another cone of the same dimension, but whose base fronts the
top of the other, and which is placed on the shaft k"'^

' commanded by the prime mover.
M is the belt which embraces the two cones, and whose lateral displacement, effected

by means of a fork, permits the velocity of the machine to be regulated at pleasure.
N is the pulley which directly receives the movement. In place of a single friction

disc I, another may be employed, if judged necessary, and placed between the two, an
additional friction pole, in order better to equalise the friction. In this case the disc
and additional cone should turn freely upon their own shafts. We may also adopt
another arrangement for the bottom of the vertical shaft. The shaft immediately
YoL.n. c
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above the step is surrounded by a loose rim, around which a certain quantity of lead

shot, or other granul.ar matter, is contained in the rim in the box which serves for the

step. The top of this box is pierced with an opening, into which, when the machine

is at rest, a cord connected with the shaft sinks, controlled by the shaft, and when the

drum is raised by the action of the regulator d, this cord quits its place, which allows

the shaft to displace the shot a little, and to take a position conformably to the point

of the centre of gravity,

But after all, great attention should be paid to the proper working of the macliine.

There are many other drying machines used, some of which are described in the

articles devoted to special manufactures.

SETERIMCA. A wood used in Guiana for masts, booms, and planking. It is

very durable, insects will not attack it, and it will square from 14 to 16 feet.

DETOWATIOW. For the mode of preparing detonating-powder for the percus-

sion-caps of fire-arms, see Fulminates.
DETRZTXrs. {De, from, tero, to rub.) Matter worn off rocks, and re-deposited.

BBUTOXZDS, literally means the second oxide, but is usually employed to denote

a compound containing two atoms of oxygen to one or more of a metal. Thus we say,

deutoxide of copper and deutoxide of mercury. Berzelius abbreviated this expression

by adopting the principles of the French nomenclature of 1787 ; according to which

the higher state of oxidisement is characterised by the termination ic, and the lower

by ous. It is now rarely employed.

DEVZXi. The name of a spiked mill, used in Yorkshire, for tearing woollen rags

into fragments for the manufacture of Shoddy.
SSVZIiXiZirS. A basic sulphate of copper, known also as Lyellite.

BEVZTRZFZCATZOXr. A process by which glass loses its characteristic

vitreous properties, and becomes opaque. This change may be induced by very slow

cooling, or by the prolonged heating of glass. See Eeatjm-ub's Porcelain.
DEVOXrSHZRE BATTS. A porous fine-grained sandstone, from the quarries

of Black Down Cliffs, near Collumpton, in repute as a grindstone.

DEVONTSHZRE OZA-STOXflTE. This stone occurs near Huel Friendship Mine,
about three miles from Tavistock, in the Devonian slates of that district. It has con-

siderable local repute for sharpening all kinds of thin-edged broad instruments ; it

has not, however, become an article of commerce.

—

Knight, Trans. Society of Arts.

DElXTEiriiZTE. A hydrous silicate of magnesia, occurring in several localities

in the United States, and named after Prof. Chester Dewey.
DEW-RETTZKG. Sec Flax.
DEXTRZir. Starch giim. There are three modes of obtaining this from starch,

viz., by torrefaction, by the action of dilute acids, and by the action of diastase. The
impure dextrin obtained by roasting is termed roasted starch or leicomme. British

gum is prepared by carefully roasting wheat-starch, at a temperature of 300° Fahr.
Another method of preparing dextrin consists in moistening 1,000 parts of potato-

starch with 300 parts of water, to which 2 parts of nitric acid have been added. Tlio

mixture is allowed to dry spontaneously, and is afterwards heated for two or three

hours in a stove, at 212° Fahr. Dextrin in many of its characters resembles ordinary

gum, but it is distinguishable from it by its right-handed rotation of a ray of plane
polarised light,—hence its name dextrin,—and by its yielding oxalic acid, but not

mucic acid, when heated with nitric acid.

SEXTROSE, or DEXTRO-GXiT7COSE. Names applied to ordinary glucoso

or grape sugar, in consequence of tlic power which a solution of such sugar possesses

of turning the plane of polarisation of a ray of light towards the right hand. This
rotation is often distinguished by the symbol + . See Grape-sugar.
DBZZi MASTZC. A mixture of massicot (protoxide of lead) and eight or ten

times as much brick-dust, made into a paste with linseed-oil. It is used for repairing

defects in stone facings.

DBOOM'A PZTCB. A name for Dammar Pitch. See Dammar Gum.
PZABASE. A fine-grained igneous rock, composed of a crystalline-granular

mixture of triclinic felspar, -with augite and clilorito. The felspar is generally either

oligoclaso or labradorite, and the augitic constituent is frequently hj-persthcno. Tho
presence of chlorite gives a green colour to the rock ; hence diabase is often included

under the general name oi greenstone.

SZACTZXrzC ]LEXrs. A name proposed to bo given to tho best construction of

lens for the photographic camera obscura. It should l)o transparent to all tlie chemical
rays, or rather, it should bo a lens wliich unites the chemical and luminous focus in

one point. The name has not been generally adopted.

BZAZi. The compass used in underground surveying is called a miner's dial, and
is essentially the same instrument as the circumfercntor used by tho land-surveyor.

Improved forms of dial have been brought out by Wilton, Philipps, and others, it i?
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beyond the purpose of this Dictionary to enter into detailed descriptions of surveying

instruments, but the art of dialling will be explained. The miner may be referred to

Budge's ' Practical Miners' Guide,' and to Kiekard's ' Miners' Manual of Arithmetic

and Surveying.' See Mine Surveying. „

BZAKILAGS. Bronzite, Hy^persthene, and Schiller-spar are often confounded under

this name. The name is derived from ZiaWay/i, difference, alluding to dissimilar

cleavage. It is thin, foliated, and easily cleavable ; laminae brittle ; colour, various

shades of green, grey, and brown, sometimes bronze and pearly metallic. Diallage is

now included by most mineralogists under the head of pyroxene.

Of diallage-rock fine examples will be found near the Lizard Point, and beautiful

crystals of diallage are to be discovered in the Serpentine rocks near Cadgwith, in the

same locality.

DZAlbXiOGZTE. Carbonate of manganese, a mineral usually occurring in rose-

red or pinkish rhombohedral crystals. See Manganese.
DZA^ysiS. The late Professor Graham applied this term to the separation of

certain substances by liquid diffusion. Por example, if a mixture of gum and sugar

is placed in a dialyser, which is a piece of ' paper parchment ' stretched upon a hoop,

and this floated in water, three-fourths ofthe sugar will pass through the membrane in

twenty-four hours, without a trace of the gum. SeeWatts's ' Dictionary of Chemistry.'

DZAXMCAGlffETZSlWC. As this term is now generally used in our scientific lan-

guage, it appears necessary to give a definition of it, although it is not our purpose to

enter on the consideration of any purely physical subject.

The term was introduced by the late Dr. Faraday to express those bodies which did not

act as magnetic bodies do. If n and s {jig. 601) represent the poles of a horse-shoe mag-
net, any bar of a magnetic character, as iron, cobalt, or nickel, hung
up between them and free to move, will by virtue of the attracting ^^l

and repelling polar forces, place itself along the line joining the

two poles a b, which is called the magnetic axis. If, instead of a ^
bar of iron, we suspend in the same manner a rod of glass, of no c^

bismuth, or of silver, it will arrange itself equatorially, or across

the line a b, as shown by the dotted lines, c d. All bodies in nature

appear to exist in one of those two conditions. The prefix dia

is used here in the same sense as in dia-meter. For a full explanation of all the dia-

magnetic phenomena, see DeLa Kive's * Electricity,' and ' Researches onDiamagnetism
and Magne-crystallic Action,' by Dr. Tyndall. (Longmans, 1870.)

DZAMOITD. {Diamant, Fr. ; Diamant, JDemant, Ger.) Experiment has deter-

mined that this beautiful gem is a peculiar (allotropic) condition of carbon. By burning

the diamond in oxygen-gas we produce carbonic acid ; and by enclosing the gem in a

mass of iron, and subjecting it to a strong heat, the metal is converted into steel, when
the diamond has disappeared. It has been shown that we can, by the agency of the

heat of the voltaic arc, convert the diamond into excellent coke, and into graphite ; but

although portions of coke are found to be sufficiently hard to cut glass, we have not

yet succeeded in making diamonds from coke. Sir Humphry Davy noticed that the

charcoal of one of the poles of Mr. Children's great voltaic battery was considerably

hardened, and he regarded this as an advance towards the production of that gem.

Recently some experiments made by a French philosopher have advanced the dis-

covery another step: one of the poles of a voltaic batterybeing of charcoal and the other

of platinum, it was found that the fine charcoal escaping from the carbon pole and
depositing itself on the platinum pole was sufficiently hard to be used in the place of

diamond dust for polishing gems. The formation of the diamond in nature is one of

the problems which ' our philosophy ' has not yet enabled us to solve. Time is an

element which enters largely into Nature's works ; she occupies a thousand, or even

thousands of years to produce a result, while man in his experiments is confined to a

few days, or a few years at most.

Although diamonds have been occasionally found in various parts of the globe, there

are only three places which can be strictly named as diamond districts, namely, a

portion of the Indian Peninsula, Brazil, and South Africa. India has been celebrated

from the most remote antiquity as the country of diamonds. Its principal mines are

in the kingdoms of Golconda and Visapur, extending from Cape Comorin to Bengal,

at the foot of a chain of mountains called the Orixa, which appear to belong to the

trap-rock formation. In all the Indian diamond-soils these gems are so dispersed

that they are rarely foimd directly, even in searching the richest spots, because they
are enveloped in an earthy crust, which must be removed before they can be seen.

The stony matter is therefore broken into pieces, and is then, as well as the looser

earth, washed in basins scooped out for the purpose. The gravel thus washed is

collected, spread out on a smooth piece of ground, and left to dry. The diamonds
are now recognised by their sparkling in the sun, and are picked out from the stone.

c2
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Diamonds are also said to come from tlio interior of the island of Borneo, on the
banks of the river Succadan, and from the peninsula of Malacca. It is said the prin-

cipal spots where diamonds are found are recognised by certain small flints, generally

of a black colour, which lie upon the surface, and also by the yellow colour of the
stony soil. The ground is dug in the presence of an overseer : all stones above 6 carats

are claimed for the sovereign. Diamonds are found occasionally in the rivers, seldom,
however, of any size.

The diamond-mines of Brazil were discovered in 1728, in the district of Serro-do-
Frio. The ground in which they are embedded has the most perfect resemblance to that
of the East Indies where the diamonds occur. It is a solid or friable conglomerate,
consisting chiefly of a ferruginous sand, which encloses fragments of various magnitude
of yellow and bluish quartz, of schist, jasper, and grains of gold, disseminated with
specular iron ore : all mineral matters different from those that constitute the neighbour-
ing mountains. This conglomerate, or species of pudding-stone, almost always superficial,

occurs sometimes at a considerable height on the mountainous table-land. The most
celebrated diamond-mine is that of Mandanga, on the Jigitonhonha, in the district of
Serro-do-Frio to the north of Rio Janeiro. The river Jigitonhonha, three times broader
than the Seine at Paris, and from 3 to 9 feet deep, is made nearly dry, by drawing the

water off with sluices at a certain season ; and the cascalho, or diamond-gravel, is

removed from the channel by various mechanical means, to be washed elsewhere at

leisure. This cascalho, the same as the matrix of the gold-mines, is collected in the
dry season, to be searched into during the rainy ; for which purpose it is formed into

little mounds of 15 or 16 tons weight each. The washing is carried on beneath an
oblong shed, by means of a stream of water admitted in determinate quantities

into boxes containing the cascalho. A negro-washer is attached to each box ; in-

spectors are placed at regular distances on elevated stools, and whenever a negro has
found a diamond, he rises up and exhibits it. If it weighs 17^ carats, he receives

his liberty. Many precautions are taken to prevent the negroes' from secreting the

diamonds. Each squad of workmen consists of 200 negroes, with a surgeon and an
almoner or priest.

The flat lands on either side of the river are equally rich in diamonds over their,

whole surface, so that it becomes very easy to estimate what a piece of ground not yet

washed may produce.

It is said that the diamonds surrounded by a greenish crust are of the first water,

or are the most limpid when cut. The diamonds received in the different mines of the

district are deposited once a month in the treasury of Tejuco ; and the amount thus

delivered, was estimated at about 18 or 19 thousand carats per annum. It appears

that few of the Brazilian diamond-fields are now worked (1874).
On the banks of the torrent called Kio Pardo there is another mine of diamonds.

The ground presents a great many friable rocks of pudding-stone, distributed in

irregular strata. It is chiefly in the bed of this stream that masses of cascalho occur,

peculiarly rich in diamonds. They are much esteemed, particularly those of a
greenish-blue colour. The ores that accompany the diamonds at Kio Pardo differ

somewhat from those of the washing-grounds of Mandanga, for they contain no pisi-

form iron ore ; but a great many pebbles of slaty jasper. This table-land seems to

be very high, probably not less than 5,500 feet above the level of the sea.

Tocaya, a principal village of Minas-Novas, is 34 leagues to the north-east of Tejuco,

in an acute angle of the confluence of the Jigitonhonha and the Rio Grande. In the

bed of the streamlets which fall westward into the Jigitonhonha, those rolled white

topazes are found which are known under the name of minas novas with hliu: topazes,

and aquamarine-beryls. In the same country are found the beautiful cjrmophanes or

chrysoberyls so much prized in Brazil. And it is from the cantons of Indaia and
Abaite that the largest diamonds of Brazil come

;
yet they have not so pure a water

as those of the district of Serro-do-Frio, but incline a little to the lemon-yellow.

It appears to be well established that the Brazilian diamonds occur in a quartzose

rock, sometimes flexible, called itacolumitc; and it is notable that a similar rock has

been found associated with the diamond in other localities.

Within the last few ypars, unparalleled discoveries of diamonds have been made in

South Africa. The earliest discovery dates only from 1867- .Schalk van Nioki-rk, a

Dutch farmer in the Colesberg district, having observed the children of a neighbouring

boer playing with some pebbles picked up on the farm, was attracted by one of tlicso

stones different from the rest, and secured it. Having been transmitted to Dr.

Atherstone, of Graham's Town, the stone was determined to be a diamond, and was
then sent to the Paris Exhibition of 1867. At the close of the Exhibition it w.-is sold

for 500/. to Sir Philip Wodehouse, the governor of the colony. The occurrence of

diamonds once known, search was extended in various directions, and other diamonds
were soon detected. Although at first received with some suspicion, the truth gra-
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dually became established that South Africa contained diamond-fields rivalling those
of Brazil. Numbers of adventurers were soon attracted to the chief diamond-bearing
localities, and vast numbers of stones, including many of unusual size, have been
brought to light. It is estimated that the total shipments of diamonds from Port
Elizabeth, Table Bay, and Natal, during the year 1870 represented a value of
220,000/.

The South African diamonds occur chiefly in the valleys of the Vaal and Orange
Eivers ; the principal localities being Pniel, Hebron, Iflipdrift, Du Toit's Pan, Old
De Boer's Farm, and the New Rush or Colesberg Koppie. The workings are of two
kinds, known as the ' river-diggings ' and the ' dry-diggings.' The former are in de-
posits of gravel and drift, rich in pebbles of jasper, chdcedony, carnelian, agate, lydian
stone, garnets, ilmenite, &c. ; the diamonds are sparsely disseminated through these
gravels, and are separated by simple washing. But, in addition to these drift-workings,
mining has been very successfully prosecuted in dry diggings at a distance from the
river. These diggings are generally opened in deposits of detrital matter, occupying
circular areas, surrounded by Karoo (Trias) shales. Each of these diamond-bearing
areas represents a 'pipe,' containing intrusive rocks more or less altered and frequently
broken up so as to form a breccia. The diamonds are associated with garnets, green
bronzite, vermiculite, and a few other minerals ; a calcareous deposit, or tufa, is

also commonly present in the upper part of the pipes ; and fragments of schist, dolerite,

and steatitic minerals are generally found in company with the diamonds. The
crystals of diamond are occasionally embedded in the tufa, and are disseminated
through the altered rocks which form the chief contents of the pipes ; but it may be
doubted whether in either case the gem occurs in its original matrix.

It unfortunately happens that by far the greater number of the Cape diamonds are
* off coloured,' that is to say, they are not of pure water, but exhibit more or less colour,

a pale straw tint being especially characteristic. The crystals are commonly well
formed, and often of large size ; indeed the great number of unusually large diamonds
is one of the most notable features in the occurrence of the South African diamonds.
Thus the ' Star of South Africa ' weighed 83 carats, and yielded a fine brilliant of
46|- carats. But the largest diamond hitherto discovered at the Cape is a stone now
known as the ' Stewart,' which was found at Waldeck's plant in November 1872.
The Stewart is a fine octahedral crystal of pale straw colour, weighing in the rough

288f carats. It is believed that this diamond is exceeded in weight by only three others
in the world, namely, the Nizam, the Great Mogul, and the diamond of the Eajah of
Mattan. It seems likely that a brilliant may be cut from the Stewart, which will
weigh half as much again as our Koh-i-noor.*

Diamonds take precedence of every gem for the purpose of dress and decoration ;

and hence the price attached to those of pure water increases in so rapid a proportion,
that, beyond a certain term, there is no rule of commercial valuation. One of the
largest diamonds known seems to be that of the Rajah of Mattan in Borneo. It is

of the purest water and weighs 367 carats, or at the rate of 4 grains to a carat,

upwards of 3 ounces troy. It is shaped like an egg, with an indented hollow near
the smaller end; it was discovered at Landak about 100 years ago; and though the
possession of it has cost several wars, it remained in the Mattan family for 90 years.
A governor of Batavia, after ascertaining the qualities of the gem, wished to be the
purchaser, and offered 150,000 dollars for it, besides two war brigs with their guns and
ammunition, together with a certain number of great guns, and a quantity of powder
and shot. But this diamond possessed such celebrity in Borneo, being regarded as a
talisman involving the fortunes of the Rajah and his family, that he refused to part
with it at any price.

The Mogul diamond passed into the possession of the ruling family of Kabul, &s
has been invariably affirmed by the members of that family, and by the jewellers of
Delhi and Kabul. It has been by both parties identified with the great diamond now
known under the name of the Koh-i-noor, or Mountain of Light—which was displayed
by its present proprietor. Her Majesty the Queen, at the Great Exhibition in 1851.
The diamond denominated the Koh-i-noor (or Mountain, koh, of Light, noor), called

Kuh-i-nur by Mr. E. B. Eastlake (p. 23), has long enjoyed both Indian and European
celebrity, and has accordingly been the subject of traditional fable, as well as of histo-
rical record.

According to Hindu legend, it was found in the mines of the south of India, in the
days of the Great "War, the subject of the heroic poem, the Mahabharata, and was
worn by one of the warriors who was slain on that occasion, Kama, king of Anga

:

* For farther information on the occurreTfce of .diamonds in South Africa, see a lecture by Pro-
fessor Tennant, ' Journal of the Society of Arts,' November 25, 1870 ; an article by Professor Rupert
Jones, in the ' Geological Magazine,' February 1871 ; and a paper by Mr. B. J. Dunn, in the Quart,
Joum. Geological Soc., Feb. 1874.
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this would place it about 4,000 years ago, or 2100 b.c. A long interval next makes
it the property of Vikramaditya, the rajah of Mjayin, 56 b.c, from whom it descended
to his successors, the Kajahs of Malwa, until the principality was subverted by
Mohammedan conquerors, into whose hands it fell, with other spoils of infinite value.
Whatever may be thought of the legend which gives so high an antiquity to the

Koh-i-noor, we might expect some more trustworthy information when we come down
so low as the beginning of the fourteenth century ; Malwa having been invaded and
overrun by the armies of Ala-ad-din, the sultan of Delhi, in 1306, who, according
to the autobiography of the sultan Baber, acquired the jewel. That it did become
the property of the sultans of Delhi is little doubtful, but when or how is matter of
some uncertainty ; although the grounds of the difficulty have not hitherto been in-

vestigated.

In 1665 M. Jean Baptiste Tavernier, an enterprising and intelligent traveller, and
an eminent jeweller, although Ecuyer, Baron d'Aubonne, visited India especially to
purchase diamonds. His profession and his personal character seem to have recom-
mended him to the favourable attention of the nobles of the court of Delhi, and bigot
as he was, of Aurungzebe himself, by whose commands M. Tavernier was permitted to
inspect, handle, and weigh the jewels of the imperial cabinet. Amongst them was
one which far surpassed all the rest in size and value. Tavernier describes it as rose-
cut, of the shape of an egg cut in two, of good water, and weighing 319^ ratis,

which, he says, is equal to 280 of our carats.

There is but little doubt that the diamond examined by Tavernier in the Delhi
cabinet was the Koh-i-noor. Baber, the Mogul emperor, obtained a diamond, cor-
responding exactly with this, and it passed eventually into the possession of the
ruling family of Kabul. Nadir Shah, on his occupation of Delhi in 1739, compelled
Mohammed Shah, the great-grandson of Aurungzebe, to give up to him everything of
value that the imperial treasury possessed, and his biographer and secretary specifies

a peshkash, or present, by Mohammed Shah to his conqueror of several magnificent
diamonds. According to the family and popular tradition, Mohammed Shah wore
the Koh-i-noor in front of his turban at his interview vnth. his conquerer, who insisted

on exchanging turbans in proof of his regard. However this might have been, we
need have little doubt that the great diamond of Aurungzebe was in the possession of
Mohammed Shah at the time of the Persian invasion ; and if it was, it most certainly
changed masters, and became, as is universally asserted, the property of Nadir Shah,
who is also said to have bestowed upon it the name of Koh-i-noor. After his death, the
diamond which he had wrested from the unfortunate representative of the house of
Timur, became the property of Ahmed Shah, the founder of the Abdali dynasty of
Kabul, having been given to him, or more probably taken by him, from Shahrikh,
the young son of Nadir. The jewel descended to the successors of Ahmed Shah, and
when Mr. Elphinstone was at Peshawur, was worn by Shah Shuja on his arm.
When Shah Shuja was driven from Kabul, he became the nominal guest and actual

prisoner of Runjet Sing, who spared neither importunity nor menace, until, in 1813,
he compelled the fugitive monarch to resign the precious gem, presenting him on the
occasion, it is said, with a lakli and 25,000 rupees, or about 12,000^. sterling,

According to Shah Shuja's own account, however, he assigned to him the revenues of
three villages, not one rupee of which ho over realised. Runjet was highly elated by
the acquisition of the diamond, and wore it as an armlet at all great festivals. When
he was dying, an attempt was made by persons about him to persuade him to make
the diamond a present to Jagannuth, and it is said that he intimated assent by an
inclination of his head. The treasurer, however, in whose charge it was, refused to

give it up without better warrant, and Runjet dying before a -wTitten order could be
signed by him, the Koh-i-noor was preserved for a while for his successors. It was
occasionally worn by Rhurreuk Sing and Shu Sing. After the murder of the latter,

it remained in the Lahore treasury until the supercession of Dhulip Sing, and the

annexation of the Punjaub by the British Government, when the civil authorities

took possession of the Lahore treasury, under the stipulations previously made, that

all the property of the state should be confiscated to the East India Company, in part

payment of the debt duo by the Lahore government and of the expenses of the

war ; it was at the same time stipulated that the Koh-i-noor should be presented to

the Queen of England. Such is tlie strange history of certainly one of the most ex-

traordinary diamonds in the world. After the Company bociime possessed of the

gem, it was taken in charge by Lord Dalhousie, and sent by him to England in

custody of two officers.

—

Hunt's Handbook of tJie Great Exhibition q/" 1851.

As exhibited at the Great Exhibition of 1851 in Hyde Park, the Koh-i-noor weighed
186^ carats.

The form of the Koh-i-noor is given in fig. 602. p is a largo plane at the base of

the diamond which is a cleavage-plane, f, also a large cleavage-plane, produced by
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a fracture ; this had not been polished, and being inclined to the plane p at an angle

of 109° 28', affords a satisfactory means for determining the direction of the cleavage-

planes of the stone, a shows a flaw running parallel to the cleavage-plane f. This

constituted the principal danger to be apprehended in cutting the stone, and was most

skilfully ground nearly out before any of the facets were cut. This flaw seemed to

proceed from a fracture marked b. c and e were little notches cut in the stone for the

purpose of holding the diamond in its original setting ; n, a small flaw, which almost

602

required a glass to see it, evidently parallel to the plane p ; d, a fracture from a blow
or fall, showing at its base a cleavage-plane.

—

Tennant.

This fine diamond did not possess the high degree of brilliancy which was expected

from its great reputation ; it was consequently submitted to Messrs. Garrard to be
re-cut. In the operation the weight was reduced more than one-third, but its brilliancy

was greatly improved. The present state of the Koh-i-noor is shown in Jigs. 603 and
604. In this state it weighs 102^ carats. It is stated by Mr. E. B. Eastlake who has
inspected the jewels of the Shah of Persia, and described them in his ' Journal of a
Diplomat,' that according to Persian tradition the Darya-i-nur, the sister jewel to

the Kuh-i-nur was with it in the hilt of Afrasiab's sword, according to some, 3000
years b. c. Timur carried it away from Persia, it having been brought there by
Eustam, and Nadir brought it back. It alone is valued at two millions, and altogether

the jewels cannot be worth less than six millions.

After this gem, the next in size are :— 1. That of the Emperor of Eussia, bought by
the late empress Catherine, which weighs 193 carats. It is said to be of the size of a
pigeon's egg, and to have been bought for 90,000?., besides an annuity to the Greek
merchant of 4,000?. It is reported that the above diamond formed one of the eyes of

the famous statue of Sherigan, in the temple of Brama, and that a French grenadier,

who had deserted into the Malabar service, found the means of robbing the pagoda of
this precious gem, and escaped with it to Madras, where he disposed of it to a ship

captain for 2,000?., who resold it to a Jew for 12,000?. From him it was transferred

for a large sum to the Greek merchant, 2. That of the Emperor of Austria, which
weighs 139 carats, and has a slightly yellowish hue. It has, however, been valued at

100,000?. 3. That of the French State, called the Eegent or Pitt diamond, remarkable
for its form and its perfect limpidity. Although it weighs only 136 carats, its fine

qualities have caused it to be valued at 160,000?., though it cost only 100,000?.

A large diamond furnished by Brazil, now in possession of the Crown of Portugal,
weighs, according to the highest estimates, 120 carats. It was found in the streamlet
of Abaite, in a clay-slate district. The largest Brazilian diamond yet found was dis-

covered in 1853 at Bogagem, in the province of Minas Geraes. It presented the form
of a distorted rhombic dodecahedron, and weighed in the rough 254|- carats. On
cutting, it yielded a splendid brilliant of 125 carats. The gem was exhibited in tho
International Exhibition of 1862, and is known as * The Star of the South.'
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Diamonds possessed of no extraordinary magnitude, but of a good form and a
pure water, may be valued by a certain stiindard rule. In a brilliant, or rose diamond
of regular proportions, so much is cut away that the weight of the polished gem does

not exceed one-half the weight of the diamond in the rough state ; whence the value of

a cut diamond is esteemed equal to that of a similar rougli diamond of double weight
exclusive of the cost of workmanship. The weight and value of diamonds are reckoned
by carats of 4 grains each ; and the comparative value of two diamonds of equal

quality, but diflFerent weights, is as the squares of these weights respectively. The aver-

age price of rough diamonds that are worth working, is about 21. for one of a single

carat ; but as a polished diamond of one carat must have taken one of two carats, its

price in the rough state is double the square of 21., or 8^. Therefore to estimate the

value of a wrought diamond, ascertain its weight in carats, double that weight, and
multiply the square of this product by 21. Hence, a wrought diamond of

1 carat is worth £8 7 carats is worth :e392

2 32 8 ,, 612
3 72 9 M 612
4 128 10 >> 800

6 200 20 >> 3,200

;

6 288

beyond which weight the price can no longer rise in this geometrical progression, from

the small number of purchasers of such expensive toys. A very trifling spot or flaw

of any kind lowers exceedingly the commercial value of a diamond.

The preceding rule was given by Jeflferies many years ago, and though no doubt

correct enough in its day, is of little or no value now. The following formula has

been recently given by Schrauf, of Vienna {Edelsteinkunde, 1869) : Let a be the weight

of a given stone in carats, and b the value of a diamond of one carat ; then the value

of the stone of a carats is approximately ^ (a + 2) h.

After all, it may be doubted whether any really useful rule can be given to connect

weight with value ; certainly there is none applicable to large stones. The market
value is often capricious ; at one time, stones of a particular size will be fashionable,

and will therefore fetch unusually high prices. Moreover, much depends on the

quality or ' water ' of the gem ; if the stone be ' off-coloured,' or if it contain cloudy im-

perfections known in the trade as ' milk * or * salt,' its value is very greatly diminished.

On the other hand, brilliantly-coloured diamonds are prized as • fancy stones,' and are

eagerly purchased at high prices.

Diamonds are used not only as decorative gems, but for more useful purposes, as for

cutting glass by the glazier, and all kinds of hard stones by the lapidary.

On the structure of the glaziers' diamond we possess some very interesting obser-

vations and reflections by Dr. Wollaston. He remarks, that the hardest substances

brought to a sharp point scratch glass, indeed, but do not cut it, and that diamonds
alone possess that property ; which he ascribes to the peculiarity of its crystallisation

in rounded faces, and curvilinear edges. For glass-cutting, those rough diamonds are

always selected which are sharply crystallised, hence called diamond sparks ; but cut

diamonds are never used. The inclination to be given to a set diamond in cutting

glass is comprised within very narrow limits ; and it ought, moreover, to be moved
in the direction of one of its angles. The curvilinear edge adjoining the curved faces,

entering as a wedge into the fxirrow opened up by itself, thus tends to separate the

parts of the glass ; and in order that the crack which causes the separation of the

vitreous particles may take place, the diamond must be held almost perpendicular to

the surface of the glass. The Doctor proved this theory by an experiment. If, by
suitable cutting with the wheel, wo make the edges of a spinel, ruby, or corundura-

telesie (sapphire), curvilinear, and the adjacent faces curved, these stones will cut glass

as well as a glaziers' diamond, but being less hard than it, they will not preserve this

property so long. He found that upon giving the surface of even a fragment of flint

the same shape as that of the cutting diamond, it acquired the same property ; but,

from its relative softness, was of little duration. The depth to which the fissure

caused by the glaziers' diamond penetrates does not seem to exceed the two-hundredth
of an inch.

The following remarks by Mr. Tennant cannot fail to be of interest, and, as pointing

out the errors which have been frequently committed through ignorance, are of great

value :

—

'By attending to the forms of the crystal, wo are quite sure that we shall not find

the emerald, sapphire, zircon, or topaz in the form of a cube, ocUhedron, tetrahedron,

or rhombic dodecahedron ; nor the diamond, spinel, or garnet in that of a six-sided
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prism, and so on with other gems. For want of a knowledge of the crystalline form

of the diamond a gentleman in California oflfered 200/. for a small specimen of qiiartz.

He knew nothing of the substance, except that it was a bright, shining mineral, exces-

sively hard, not to be scratched by the file, and which would scratch glass. Pre-

siiming that these qualities belonged only to the diamond, he conceived that he was

offering a fair price for the gem ; but the owner declined the offer. Had he known
that the diamond was never found as a six-sided prism, terminated at each end by a

six-sided pyramid, he would have been able to detect the fact that what he was offered

200/. for, was really not worth more than half-a-crown.'

—

Tennant's Lecture on Gems.

The accompanying forms (Jigs. 605 and 606) may serve to guide those who are

ignorant of crystallography :

—

607 Brilliant (upper side).€05

Quartz,

608 Rose.

Diamond. a, table ; 5, star-facets ; c, skill-facets ; d, lozenges ; e, girdle.

The following technical terms are applied to the different faces of diamonds :

—

Bezils : the upper sides and corners of the brilliant, lying between the edge of the

table and the girdle.

Collet : the small horizontal plane or face, at the bottom of the brilliant.

Crown : the upper work of the rose, which all centres in the point at the top, and is

bounded by the horizontal ribs.

Facets : small triangular faces or planes, both in brilliants and roses. In brilliants

there are two sorts, skew- or sMZ-facets, and 5^ar-facets. Skill-facets are divided into

upper and under. Upper skill-facets are wrought on the lower part of the bezil, and
terminate in the girdle; under skill-facets are wrought on the pavilions, and terminate

in the girdle ; star-facets are wrought on the upper part of the bezil, and terminate in

the table.

Girdle : the line which encompasses the stone parallel to the horizon ; or, which
determines the greatest horizontal expansion of the stone.

Lozenges: are common to brilliants and roses. In brilliants they are formed by the

meeting of the skill- and star-facets on the bezil. In roses by the meeting of the facets

in the horizontal ribs of the crown.

Pavilions : the under sides and corners of brilliants, lying between the girdle and
the collet.

Bibs : the lines or ridges, which distinguish the several parts of the work, both in

brilliants and roses.

Table : the large horizontal plane, or face, at the top of the brilliant.

Fig. 607 represents a brilliant, and Jig. 608 a rose-cut diamond.
The rose-diamond is flat beneath, like all weak stones, while the upper face rises

into a dome and is cut into facets. Most usually six facets are put on the central

region which are in the form of triangles, and unite at their summits ; their bases

abut upon another range of triangles, which being set in an inverse position to the

preceding, present their bases to them, while their summits terminate at the sharp
margin of the stone. The latter triangles leave spaces between them which are like-

wise cut each into two facets. By this distribution the rose-diamond is cut into 2-t

facets ; the surface of the diamond being divided into two portions, of which the upper
is called the crown, and that forming the contour, beneath the former, is called dentelle

(lace) by the French artists.

According to Mr. Jefferies, in his * Treatise on Diamonds,' the regular rose-diamond
is formed by inscribing a regular octagon in the centre of the table side of the stone,

and bordering it by eight right-angled triangles, the bases of which correspond with
the sides of the- octagon ; beyond these is a chain of 8 trapeziums, and another of
16 triangles. The collet side also consists of a minute central octagon, from every
angle of which proceeds a ray to the edge of the girdle, forming the whole surface
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iuto 8 trapeziums, each of "which is again subdivided by a salient angle (whose apox
touches the girdle) into one irregular pentagon and two triangles.

To fashion a rough diamond into a brilliant the first step is to modify the faces of
the original octahedron, so that the plane formed by the junction of the two pyramids
shall bo an exact square, and the axis of the crystal precisely twice the length of one
of the sides of the square. The octahedron being thus rectified, a section is to be
made parallel to the common base or girdle, so as to cut off ^gths of the whole height
from the upper pyramid and y\th from the lower one. The superior and larger plane
thus produced is called the tabky and the inferior and smaller one is called the
collet ; in this state it is termed a complete square table diamond. To convert it into

a brilliant, two triangular facets are placed on each side of the table, thus changing
it from a square to an octagon ; a lozenge-shaped facet is also placed at each of the
four corners of the table, and another lozenge extending lengthwise along the whole
of each side of the original square of the table, which, with two triangular facets sot

on the base of each lozenge, completes the whole number of facets on the table side

of the diamond : viz, 8 lozenges and 24 triangles. On the collet side are formed
4 irregular pentagons, alternating with as many irregular lozenges radiating from
the collet as a centre, and bordered by 16 triangular facets adjoining the girdle. The
brilliant being thus completed, is set with the table side uppermost, and the collet

side implanted in the cavity made to receive the diamond. The brilliant is always
three times as thick as the rose diamond. In France, the thickness of the brilliant is

set off into two unequal portions ; one third is reserved for the upper part or table of
the diamond, and the remaining two-thirds for the lower part or collet (culasse). The
table has eight planes, and its circumference is cut into facets, of which some are

triangles and other lozenges. The collet is also cut into facets called pavilions. It

is of consequence that the pa^'illons lie in the same order as the upper facets, and that

they correspond to each other, so that the symmetry be perfect, for otherwise the play

of the light would be false.

Although the rose diamond often projects bright beams of light in more extensive

proportion than the brilliant, yet the latter shows an incomparably greater play, from
the difference of its cutting. In executing this, there are formed 32 faces of different

figures, and inclined at different angles all round the table, on the upper side of the

stone. On the collet (culasse) 24 other faces are made round a small table, which
converts the culasse into a truncated pjTamid. These 24 facets, like the 32 above,

are differently inclined and present different figures. It is essential that the faces of

the top and tJie bottom correspond together in sufficiently exact proportions to multi-

ply the reflections and refractions, so as to produce the colours of the prismatic

spectrum.

Diamonds, cutting of. Although the diamond is the hardest of all known sub-

stances, yet it may be split by a steel tool, provided a blow be applied ; but this re-

quires a perfect knowledge of the structure, because it will only yield to such means
in certain directions. This circumstance prevents the workman from forming facets

or planes generally, by the process of splitting ; he is therefore obliged to resort to

the process of abrasion, which is technically called cutting. The process of cutting is

effected by fixing the diamond to be cut on the end of a stick, or handle, in a small

ball of cement, that part which is to bo reduced being left to project. Another
diamond is also fixed in a similar manner ; and the two stones being rubbed against

each other with considerable force, they are mutually abraded, flat surfaces, or facets,

being thereby produced. Other facets are formed by shifting the diamonds into

fresh positions in the cement, and when a sufficient number are produced they are fit

for polishing. The stones, when cut, are fixed for this purpose by imbedding them in

soft solder, contained in a small copper cup, the part or facet to be polished being left

to protrude.

A flat circular plate of cast iron is then charged with the powder produced during

the abrasion of the diamonds ; and by this means a tool is formed which is capable of

producing the exquisite lustre so much admired on a finely-polished gem. Those

diamonds that are unfit for working on account of the imperfection of their lustre or

colour, are sold, for various purposes, under the technical name of Bort. Stones of

this kind are frequently broken in a steel mortar, by repeated blows, until they are

reduced to a fine powder, which is used to charge metal plates of various kinds, for

the use of jewellers, lapidaries, and others. Bort, in this state of preparation, is

incapable of polishing any gems ; but it is used to produce flat surfaces on rubies and
other precious stones.

Fine drills are made of small splinters of bort, which are used for drilling small

holes in rubies, and other hard stones, for the use of watch-jewellers, gold and silver

wire-drawers, and others who require very fine holes drilled in such substances.

These drills are also used to pierce holes in china, where rivet* are to be inserted

;
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also for piercing holes in artificial enamel teeth, or any vitreous substances, however
hard.

The following description furnished to Mr. Tonnant, by Messrs. Garrard, of the

cutting of the Koh-i-noor will fully explain the peculiar conditions of the process,

and also show that there are some remarkable differences in the physical condition of

the gem in its different planes. The letters refer to the cut of the Koh-i-noor, fig. 602,

(p. 23):—
'In cutting diamonds from the rough, the process is so uncertain that the

cutters think themselves fortunate in retaining one-half the original weight. The
Koh-i-noor, on its arrival in England, was merely surface cut, no attempt having been

made to produce the regular form of a brilliant by which alone lustre is obtained. By
reference to the figures, which are the exact size of the Koh-i-noor, it will be clearly

understood that it was necessary to remove a large portion of the stone in order to

obtain the desired effect, by which means the apparent surface was increased rather

than diminished, and the flaws and yellow tinge were removed.
* The process of diamond cutting is effected by a horizontal iron plate of about

ten inches diameter, called a schyf or mill which revolves from two thousand to three

thousand times per minute. The diamond is fixed in a ball of pewter at the end of

an arm, resting upon the table in which the plate revolves; the other end, -at which
the ball containing the diamond is fixed, is pressed upon the wheel by moveal3le weights

at the discretion of the workmen. The weight applied varies from 2 to 30 lbs. accord-

ing to the size of the facets intended to be cut. The recutting of the Koh-i-noor was
commenced on July 16, 1852, His Grace the late Duke of Wellington being the first

person to place it on the mill. The portion first worked upon was that at which the

planes p and f meet, as it was necessary to reduce the stone at that part, and so to level

the set of the stone before the table could be formed ; the intention being to tiim the stone

rather on one side, and take the incision or flaw at e, and a fracture on the other side of

the stone, not shown in the engraving, as the boundaries or sides of the girdle. The
next important step was the attempt to remove an incision or flaw at c, described by
Professor Tennant and the Eev. "W. Mitchell as having been made for the purpose of

holding the stone more firmly in its setting, but pronounced by the cutters (after having
cut into and examined it) to be a natural flaw of a yellow tinge, a defect often met with in

small stones. The next step was cutting a facet on the top of the stone immediately above
the last-mentioned flaw. Here the difference in the hardness of the stone first manifested

itself ; for while cutting this facet, the lapidary noticing that the work did not proceed so

fast as hitherto, allowed the diamond to remain on the mill rather longer than usual,

without taking it offto cool ; the consequence was, that the diamond became so hot from
the continualfriction and greater weight applied, that it meltedthe pewter in which it was
imbedded. Again, while cutting the same facet, the mill became so hot from the ex-

treme hardness of the stone, that particles of iron mixed with diamond powder and oil

ignited. The probable cause of the diamond proving so hard at this part is, that the
lapidary was obliged to cut directly upon the angle at which two cleavage planes meet,

cutting across the grain of the stone. Another step that was thus considered to be
important by the cutters was removing a flaw at g. This flaw was not thought by
Professor Tennant and Mr. Mitchell to be dangerous, because if it were allowed to run
according to the cleavage, it would only take off a small piece, which it was necessary

to remove in order to acquire the present shape. The cutters, however, had an idea

that it might not take the desired direction, and, therefore, began to cut into it from
both sides, and afterwards directly upon it, and thus they succeeded in getting rid of

it. While cutting, the stone appeared to become harder and harder the fiirtherit was
cut into, especially just above the flaw at a, which part became so hard, that, after

working the mill at the medium rate of 2,400 times per minute, for six hours, little

impression had been made ; the speed was therefore increased to more than 3,000, at

which rate the work gradually proceeded. When the back (or former top) of the
stone was cut, it proved to be much softer, so that a facet was made in three hours,

which would have occupied more than a day, if the hardness had been equal to that
on the other side ; nevertheless, the stone afterwards became gradually harder, especi-

ally underneath the flaw at a, which part was nearly as hard as that directly above
it. The flaw at n did not interfere at all with the cutting. An attempt was made to

cut out the flaw at a, but it was found not desirable on account of its length. The
diamond was flnished on September 7th, having taken thirty-eight days to cut, working
twelve hoiurs per day without cessation.' The weight of the Koh-i-noor since cutting
is 102^ carats.

BZAMONB BORER. See BoBiKG.
BXAMOXTB BOROZr. - See BoRON.
BZ.ajlSOXrB bust. The use of diamond dust within a few years has increased

very materially, on account of the increased demand for all articles that are wrought
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by it, such as cameos, iiittiglios, &c. There has been a discovery made of the peculiar
power of diamond dust upon steel ; it gives the finest edge to all kinds of cutlury, and
threatened at one time to displace the hone of Hungary. Finely-powdered corundum,
however, now occupies its place. It is well known that in cutting a diamond, the
dust is placed on the teeth of the saw, to which it adheres. To this dust is to bo
attributed solely the power of man to make brilliant from rough diamonds.
Diamond dust can be made by A'-oltaic electricity but not economiavlly.

SZAMOUrD xniCROSCOPSS were first suggested by Dr. Goring, and have been
well executed by Mr. Pritchard. Among the different crystalline forms of the
diamond, probably the octahedron and the cube are the only ones that will give a
single vision. It will, in many cases, be advisable to grind diamond lenses plano-con-
vex, both because this figure gives a low spherical aberration, and because it saves
the trouble of grinding one side of the gem. A -concave tool of cast iron, paved with
diamond powder, hammered into it by a hardened steel punch, was employed by Mr.
Pritchard. This ingenious artist succeeded in completing a double convex of equal

radii, of about ^^th of an inch focus, bearing an aperture of ^qUi of an inch with dis-

tinctness upon opaque objects, and its entire diameter upon transparent ones.

DZAMOZrn SPAR. A name given to corundum, as it is next to the diamond
the hardest known mineral. See Cokundum.
BZAMOlffB TOOl^S. 1. The Glaziers' dia/.iond is the natural diamond, so set

that one of its edges is brought to bear on the glass.

The extreme point of any diamond will scratch glass, making a white streak ; but
when the rounded edge of a diamond is slid over a sheet of glass with but slight

pressure, it produces a cut, which is scarcely visible, but which readily extends through
the mass.

Dr. Wollaston succeeded in giving to the ruby, topaz, and rock crystal forms similar

to those of the diamond, and with those he succeeded in ciUting glass
;
proving that

this useful property of the diamond depended on its form. Although the primitive

form of the diamond is that of a regular octahedron, the Duke de Bournon published
upwards of one hundred forms of crystallisation of the diamond. The irregular octa-

hedrons with round facets are those proper for glaziers' diamonds.

Notwithstanding the hardness of the diamond, yet, in large glass works, as many as

one and two dozens are worn out every week : from being convex, they become rapidly

concave, and the cutting power is lost.

2. Diamond drills are made of various shapes ; these are either found amongst im-
perfect diamonds, or, selected from fragments split off from good stones in their

manufacture for jewelling.

Por description of the diamond-mounted borers, used for rock-drilling, see Boring.
DZAPSR is the name of a kind of cloth, used chiefly for table-linen. It is known

among the French by the name of Toilefourre, and is ornamented with the most exten-

sive figures of any kind of tweeled cloth, excepting damask. The mounting of a loom
for working diaper is, in principle, much the same as a draw-loom, but the figures being

less extensive, the mounting is more simple, and is wrought entirely by the weaver,

without the aid of any other person. As tweeled cloths, of any number of leaves, are

only interwoven at those intervals when one of the leaves is raised, the woof above and
the warp below are kept floating or flushed, until the intersection takes place. Of con-

sequence the floating yarn above appears across the fabric, and that below longitudi-

nally. This property of tweeled cloths is applied to form the ornamental figures of

all kinds of tweeled goods, merely by reversing the floating yarn when necessary. In

the simpler patterns this is effected by a few additional leaves of treddles ; but when
the range of pattern becomes too great to render this convenient, an apparatus aillod a

black harness is employed, and the cloth woven \d\h this mounting is called diaper.

Diapers are generally five-leaf tweels, that is to say, every warp floats under four

threads of woof, and is raised, and of course interwoven with the fifth. This is done

either successively, forming diagonals at 45° upon the cloth, or by intervals of two

threads, which is called the broken tweel. The latter is generally, if not universally,

adopted in the manufacture of diaper. The reason of preferring the broken to the

regular tweel, where ornaments are to bo formed, is very obvious. The whole depend-

ing upon reversed flushing, to give the appearance of oblique or diagonal lines through

either, would destroy much of the effect, and materially injure the beauty of the fabric.

The broken tweel, on the contrary, restores to the tweeled cloth a great similarity of

appearance to plain or alternately interwoven fabrics, and at the same time preserves

the facility of producing ornaments by reversing the flushing.

9ZAPHANOUS. Transparent to light.

3>ZASPORZi. A native hydrate of alumina, frequently found with emery and
corundum. It occurs in Asia Minor; in the Grecian Archipelago; at Schomnitz, in

Hungary ; and in Chester Co., Pennsylvania.
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DIASTASE. A white and tasteless nitrogenous substance, obtained by moisten-

ing pounded malt, and squeezing the water through a bag. AllDumcn is precipitated

from the turbid fluid by alcohol, and filtered. Then the diastase is precipitated by an
additional quantity of alcohol, and purified by re-solution and re-precipitation.

Diastase has the property of acting like a ferment on starch, and converting it into

dextrine or into sugar, thus reducing the starch to a soluble form. One part of diastase

will convert 2.000 parts of starch into dextrine, and 1,000 parts into sugar.

DZATHBRIVIAXrOTrS. Transparent to radiant heat, as rock-salt.

SZCHROISCOPB. An instrument invented by Haidinger for examining the

dichroism, or pleochroism, of crystals. It consists of a rhombohedron of Iceland spar,

having a glass prism of 18° cemented to each end. This is enclosed in a brass tube,

one end of which carries a convex lens, whilst the other end is furnished with a screen

having a square aperture. On looking through this crystal two images of the aperture

are seen, and if a transparent dichroic crystal be held in front of the aperture the two
images appear of different tints. The dichroiscope may be used with advantage for

the discrimination of certain gems. If, for example, a stone be found to give two
differently-coloured images, we know at once that it cannot belong to the cubic system.

Thus, Oriental ruby may be distinguished from spinel-ruby, the former being doubly
refracting and dichroic, whilst the latter crystallises in the cubic system, and is

therefore not dichroic. See Gems.
BZCHROZSXH. The property of exhibiting two colours. Many of the pheno-

mena belong to the conditions producing fluorescence. Some of the phenomena have
been referred to polarisation, but this requires examination. See Fluorescence.
BZCBROZTZ:. A mineral otherwise known as lolite or Cordierite. It is called

Dwhroite in allusion to its marked dichroism, or decided difference of colour observable
in its crystals when viewed in different directions. Chemically, it is a silicate of

alumina, magnesia, and protoxide of iron.

DZDTXIKZUM. One of the rarer metals. It is found in connection with Lan-
thanum and Cerium.

Solutions of salts of didymium give a characteristic absorption-spectrum containing
two black lines enclosing a very bright space. Mr. Greville Williams has detected
didymium in churchite by means of spectrum analysis, and has called attention to the
presence of this metal in some varieties of apatite.

DZS-EARTK. A local term—used in Coalbrookdale for the Wenlock Shale

—

because it lies below all the mining ground.
DIES FOR STAMPZITG. {Coins, Fr. ; Miinzstdmpeln, Ger.) The first circum-

stance that claims particular attention in the manufacture of dies is the selection of
the best kind of steel for the purpose, and this must in some measure be left to the
experience of the die-forger, who, if well skilled in his art, will be able to form a tole-

rably correct judgment of the fitness of the metal for the purpose, by the manner in
which it works upon the anvil. It should be rather fine-grained than otherwise, and
above all things perfectly even and uniform in its texture, and free from spots and
patches finer or coarser than the general mass. But the very fine and uniform steel

with a silky fracture, which is so much esteemed for some of the purposes of cutlery,

is unfit for our present purpose, from the extreme facility with which it acquires great
hardness by pressure, and its liability to cracks and flaws. The very cross-grained, or
highly crystalline steel, is also equally objectionable ; it acquires fissures under the
4ie-press, and seldom admits of being equally and properly hardened. The object,

therefore, is to select a steel of a medium quality as to fineness of texture, not easily

acted upon by dilute sulphuric acid, and exhibiting an uniform texture when its surface
is washed over with a little aquafortis, by which its freedom from pins of iron, and
other irregxdarities of composition, is sufficiently indicated.

The best kind of steel being thus selected, and properly forged at a high heat into

the rough die, it is softened by very careful annealing, and in that state, having been
smoothed externally, and brought to a table in the turning lathe, it is delivered to the
engraver.

The process of annealing the die consists in heating it to a bright cherry red,

and suffering it to cool gradually, which is best effected by bedding it in a crucible
or iron pot of coarsely-powdered charcoal. lu this operation it is sometimes sup-
posed that the die, or at least its superficial part, becomes super-carbonised or
highly-converted steel, as it is sometimes called ; but experience does not justify
such an opinion, and probably the composition of the die is scarcely, certainly not
materially, affected by the process, for it does not remain long enough in the firo for
the purpose.

The engraver usually commences his labours by working out the device with small
steel tools in intaglio ; he rarely begins in relief (though this is sometimes done) ; and
having ultimately completed his design, and satisfied himself of its general effect and
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correctness, by impressions in clay, and dabs, or casts in type-metal, the die is ready
for the important operation of hardening, -which, from various causes, a few of which
will be enumerated, is a process of much risk and diflBculty ; for should any accident
now occur, the labour of many months may be seriously injured, or even rendered
quite useless.

The process of hardening soft steel is in itself very simple, though not very easily

explained upon mechanical or chemical principles. We know by experience that it

is a property of this highly valuable substance to become excessively hard, if heated
and suddenly cooled ; if, therefore, "we heat a bar of soft malleable and ductile steel red
hot, and then suddenly quench it in a large quantity of cold water, it not only becomes
hard, but fragile and brittle. But as a die is a mass of steel of considerable dimen-
sions, this hardening is an operation attended by many and peculiar difficulties, more
especially as we have at the same time to attend to the careful preservation of the
engraving. This is effected by covering the engraved face of the die with a protecting
face, composed of fixed oil of any kind, thickened with animal charcoal : some per-

sons add pipe-clay, others use a pulp of garlic, but pure lamp-black and linseed-oil

answer the purpose perfectly. This is thinly spread upon the work of the die, which,
if requisite, may be further defended by an iron ring ; the die is then placed with its

face downwards in a crucible, and completely surrounded by animal charcoal. It is

heated to a suitable temperature, that is, about cherry red, and in that state is taken
out with proper tongs, and plunged into a body of cold water, of such magnitude as not

to become materially increased in temperature ; here it is rapidly moved about, until

all noise ceases, and then left in the water till quite cool. In this process it should
produce a bubbling and hissing noise ; if it pipes and sings, we may generally appre-

hend a crack or fissure.

No process has been found to answer better than the above simple and common mode
of hardening dies, though others have had repeated and fair trials. It has been pro-

posed to keep up currents and eddies of cold water in the hardening cistern, by means
of delivery-pipes coming from a height ; and to subject the hot die, with its face

uppermost, to a sudden and copious current of water, let fall upon it from a large pipe,

supplied from a high reservoir ; but these means have not in any way proved more
successful, either in saving the die, or in giving it any good qualities. It will be recol-

lected, from the form of the die, that it is necessarily only, as it were, case-hardened,

the hardest strata being outside, and the softer ones within, which envelope a core,

something in the manner of the successive coats of an onion ; an arrangement which
we sometimes have an opportunity of seeing displayed in dies which have been smashed
by a violent blow.

The hardening having been effected, and the die being for the time safe, some fur-

ther steps may be taken for its protection ; one of these consists in a very mild kind of

tempering, produced by putting it into water, gradually raised to the boiling point,

till heated throughout, and then suffering it gradually to cool. This operation renders

the die less apt to crack in very cold weather. A great safeguard is also obtained by
thrusting the cold die into a red-hot iron ring, which just fits it in that state, and which,

by contracting as it cools, keeps its parts together under considerable pressure, pre-

venting the spreading of external cracks and fissures, and often enabling us to employ
a split or die for obtaining punches, which would break to pieces without the protecting

ring.

If the die has been successfully hardened, and the protecting paste haa done its duty

by preserving the face from all injury and oxidisement, or burning, as it is usually

called, it is now to bo cleaned and polished, and in this state constitutes what is

technically called a matrix ; it may of course be used as a multiplier of medals, coins,

or impressions, but it is not generally thus employed, for fear of accidents happening

to it in the coining press, and because the artist has seldom perfected his work upon

it in this state. It is therefore resorted to for the purpose of furnishing a punch,

or steel impression for relief. For this purpose a proper block of steel is selected, of

the same quality, and with the same precautions as before, and being carefully annealed,

or softened, is turned like the matrix, perfectly true and flat at the bottom, and ob-

tusely conical at top. In this state, its conical surface is carefully compressed by
powerful and proper machinery upon the matrix, which, being very hard, soon allows

It to receive the commencement of an impression ; but in thus receiving the impres-

sion, it becomes itself so hard by condensation of texture as to require during the

operation to be repeatedly annealed, or softened, otherwise it would split into small

superficial fissures, or would injure the matrix ; much practical skill is therefore re-

quired in taking the impression, and the punch, at each annealing, must bo carefully

protected, so that the work may not be injured.

Thus, after repeated blows in the die-press, and frequent annealing, the impression

from the matrix is at length perfected, or brought completely up, and having been
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retouched by the engraver, is turned, hardened, and collared, like the matrix, of

which it is now a complete impression in relief, and, as we have before said, is called a

punch.

This punch becomes an inexhaustible parent of dies, without further reference to the

original matrix ; for now by impressing upon it plugs of soft steel, and by pursuing

with them an exactly similar operation to that by which the punch itself was obtained,

we procure impressions from it to any amount, which, of course are fac-similes of the

matrix, and these dies being turned, hardened, polished, and, if necessary, tempered,

are employed for the purposes of coinage.

The distinction between striking medals and common coin is very essential, and the

work upon the dies is accordingly adjusted to each. Medals are usually in very high
relief, and the effect is produced by a succession of blows ; and as the metal in which
they are struck, be it gold, silver, or copper, acquires considerable hardness at each
stroke of the press, they are repeatedly annealed during the process of bringing

them up. In a beautiful medal, which Mr. Wyon executed for the Royal Naval
College, the obverse represents the head of the King, in very bold relief; it required

thirty blows of a very powerful press to complete the impression, and it was necessary

to anneal each medal after every third blow, so that they went ten times into the fire

for that purpose. In striking a coin or medal, the lateral spread of the metal, which
otherwise woxild ooze out as it were from between the dies, is prevented by the appli-

cation of a steel collar, accurately turned to the dimensions of the dies, and which,
when left plain, gives to the edge of the piece a finished and polished appearance ; it is

sometimes grooved, or milled, or otherwise ornamented, and occasionally lettered, in

which case it is made in three separate and moveable pieces, confined by a ring, into

which they are most accurately fitted, and so adjusted that thfe metal may be forced

into the letters by its lateral spread, at the same time that the coin receives the blow
of the screw-press.

Coins are generally completed by one blow of the coining-press. These presses are

worked in the Royal Mint by machinery, so contrived that they shall strike, upon an
average, sixty blows in a minute ; the blank piece, previously properly prepared and
annealed, being placed between the dies by part of the same mechanism.
The number of pieces which may be struck by a pair of dies of good steel, properly

hardened and duly tempered, not unfrequently amounts at the Mint to between one
and two hundred thousand ; but the average consumption of dies is of course much
greater, owing to the variable qualities of steel, and to the casualties to which the
dies are liable ; thus, the upper and lower die are sometimes struck together, owing
to an error in the layer-on, or in that part of the machinery which ought to put the
blank into its place, but which now and then fails so to do. This accident very com-
monly arises from the boy who superintends the press neglecting to feed the hopper
of the layer-on with blank pieces. If a die is too hard, it is apt to break or split, and
is especially subject to fissures, which run from letter to letter upon the edge. If too
soft, it swells, and the collar will not rise and fall upon it, or it sinks in the centre,

and the work becomes distorted and faulty. He, therefore, who supplies the dies for
an extensive coinage, has many accidents and difficulties to encounter. There are eight
presses at the Mint, frequently at work for ten hours each day, and the destruction of
eight pair of dies per day (one pair for each press) may be considered a fair average
result, though they much more frequently fall short of, than exceed this proportion.
It must be remembered, that each press produces 3,600 pieces per hour ; but making
allowance for occasional stoppages, we may reckon the daily produce of each press at
30,000 pieces ; the eight presses, therefore, will furnish a diurnal average of 240,000
pieces.

DIBS, hardening of. See Steel, haedenixg of.

SZFFirsXOSr. As the principles of diffusion are sometimes involved in processes
of manufacture, a short notice of the phenomena appears to properly find its place
in this Dictonary. To no one do we owe so much for elucidating this subject as to
the late Prof. Graham, and from his * Elements of Chemistry ' the following notices have
been selected. "When light and heavy gases are mixed together, they do not exhibit
any tendency to separate again on standing at rest, differing in this respect from mixed
liquids, many of which speedily separate and arrange themselves according to their
densities, the lightest uppermost, the heaviest undermost, as in the familiar example
of oil and water, unless they have combined together. This peculiar property of gases
has repeatedly been made the subject of careful experiment. Common air, for instance,
is essentially a mixture of two gases, differing in weight in the proportion of 971 to
1,105 ; but the air in a tall close tube of glass, several feet in length, kept upright in
a still place, has been found sensibly the same in composition at the top and bottom
of the tube after a lapse of months. Hence, there is no reason to imagine that the
upper stratum of air differs in composition from the lower, or that a light gas, such as
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hydrogen, escaping into the atmosphere, will rise and ultimately possess the higher
regions

; suppositions which have been the groundwork of meteorological theories at
different times.

The cjirliest observations we possess on this subject are those of Dr. Priestley, to
whom pneumatic chemistry stands so much indebted. Having repeated occasion to
transmit a gas through stoneware tubes, surroimdcd by burning fuel, ho perceived
that the tubes were porous, and that gas escaped outwards into the fire, while, at the
same time, the gases of the fire penetrated into the tube, although the gas within the
tube was in a compressed state.

' In entering upon this inquiry, I found, first : that gases difiuso into the atmosphere,
and into each other, with different degrees of ease and rapidity. This was observed
by allowing each gas to diffuse from a bottle into the air through a narrow tube,
taking care, when the gas was lighter than the air, that it was allowed to escape from
the lower part of the vessel, and when heavier from the upper, so that it had on no
occasion any disposition to flow out, but was constrained to diffuse in opposition to
the effect of gravity. The result was, that the same volume of different gases escapes
in times which are exceedingly unequal, but have a relation to the specific gravity of
the gas. The light gases diffuse or escape most rapidly ; thus, hydrogen escapes five

times quicker than carbonic acid, which is twenty-two times heavier than that gas.

Secondly, in an intimate mixture of two gases, the most diffusive gas separates from
the other, and leaves in the receiver the greater proportion. Hence, by availing our-
selves of the tendency of mixed gases to diffuse with different degrees of rapidity, a
sort of mechanical separation of gases may be effected. The mixture must be allowed
to diffuse for a certain time into a confined gaseous or vaporous atmosphere, of such
a kind as may be afterwards condensed or absorbed with facility.

• But the nature of the process of diffusion is best illustrated when the gases com-
municate with each other through minute pores or apertures of insensible magnitude.
•A singular observation belonging to this subject was made by Professor Dobe-

reiner, of Jena, on the escape of hydrogen gas by a fissure or crack in glass receivers.

Having occasion to collect large quantities of that light gas, he had accidentally made
use of a jar with a slight fissure in it. He was surprised that the water in the

pneumatic trough rose into this jar one and a half inches in twelve hours ; and that

after twenty-four hours the height of the water was two inches two-thirds above the

level of that in the trough. During the experiment, neither the height of the baro-

meter nor the temperature of the place had sensibly altered. He ascribed the phe-

nomenon to capillary action, and supposed that hydrogen only is attracted by the

fissures, and escapes through them on account of the extreme smallness of its atoms.

It is unnecessary to examine this explanation, as Dobereiner did not observe the whole
phenomenon. On repeating the experiment, and varying the circumstances, it ap-

peared to me that hydrogen never escapes outwards by the fissure without a certain

lX)rtion of air penetrating at the same time inwards, amounting to between one-fourth

and one-fifth of the volume of the hydrogen which leaves the receiver. It was found,

by an instrument which admits of much greater precision than a fissured jar, that

when hydrogen gas communiaites with the air through such a chink, the air and
hydrogen exhibit a powerful disposition to exchange places with each other ; a par-

ticle of air, however, does not exchange with a particle of hydrogen of the same mag-
nitude, but of 3-83 times its magnitude. We may adopt the word diffusion-volume to

express this diversity of disposition in gases to interchange particles, and say that the

diffusion-volume of air being 1, that of hydrogen gas is 3'83. Now, every gas has a

diffusion-volume peculiar to itself, and depending upon its specific gravity. Of those

gases which are lighter than air, the diffusion-volume is greater than 1 ; and of those

which are heavier, the diffusion-volume is less than 1. The diffusion-volumes are,

indeed, inversely as the square root of the densities of the gases. Hence, the times of

the effusion and diffiision of gases follow the same law.' See Watts's ' Dictionary of

Chemistry ; ' Graham's ' Elements of Chemistry
;

' and papers in ' Philosophical Trans-

actions of the Eoyal .Society.'

DZGESTES is the name of a kettle or pot of small dimensions, made very

strong, and mounted with a safety valve in its top. Papin, the contriver of this appa-

ratus, used it for subjecting bones, cartilage, &c., to the solvent action of high-pressure

steam, or highly-heated water, whereby he proposed to facilitate their digestion in

the stomach. This contrivance is the origin of the French cookery pans, called

autoclaves, because the lid is self-keyed, or becomes steam-tight by turning it round

under clamp:; or ears at the sides, having been previously ground with emery to fit the

edge of the pot exactly. In some autoclaves the lid is merely laid on with a fillet of

linen as a lute, and then secured in its place by means of a screw bearing down upon

its centre from an arch bar above. The safety valve is loaded either by a weight

placed vertically upon it, or by a lever of the second kind pressing near its fnlcnini.
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and acted upon by a weight which may be made to bear upon any point of its gra-

duated arm.

Chevreul made a useful application of the digester to vegetable analysis. His

instrument consists of a strong copper cylinder, into which enters a tight cylinder of

silver, having its edge turned over at right angles to the axis of the cylinder, so as to

form the rim of the digester. A segment of a copper sphere, also lined with silver,

stops the aperture of the silver cylinder, being applied closely to its rim. It has a

conical valve pressed with a spiral spring, of any desired force, estimated by a steel-

yard. This spring is enclosed within a brass box, perforated with four holes, which

may be screwed into a tapped orifice in the top of the digester. A tube screwed into

another hole serves to conduct away the condensible vapours at pleasure into a

Woulfe's apparatus.

DZXA-BREAD. A food made from the fruit of the Mangifera Gahonensis, a

tree indigenous to the country from Sierra Leone to the Gaboon. It is one of the

AnacardiaeecB. White almond kernels are found in the fruit ; these are bruised and
pressed to form the Dika-bread.

DZKB. See Dyke.
DllbATATIOZr. The increase of size produced in bodies by the agency of heat.

See Expansion.
BZUi. The Anethum graveoUm, an umbelliferous plant, containing an essential

oil.

BZlbliirZTE. A hydrous silicate of alunaina, occurring with diaspore at Dilln,

near Schemnitz, in Hungary.
DZZiUVZrrM. Those accumulations of gravel and loose materials, which, by some

geologists, are said to have been produced by the action of a diluvian wave or deluge

sweeping over the surface of the earth.

—

Lyell.

The term was formerly applied to the superficial deposits, now. commonly called
' drift,' and was used to distinguish them from the still more recent accumulations

known as alluvium.

DZMZTir is a kind of cotton cloth originally imported from India, and now manu-
factured in great quantities in various parts of Britain, especially in Lancashire. Dr.

Johnson calls it dimmity, and describes it as a kind of fustian. The distinction between
fustian and dimity seems to be, that the former designates a common tweeled cotton

cloth of a stout fabric, which receives no ornament in the loom, but is most frequently

dyed after being woven, Dimity is also a stout cotton cloth, but not usually of so

thick a texture ; and is ornamented in the loom, either with raised stripes or fancy

figures : it is seldom dyed, but usually employed white, as for bed and bed-room fur-

niture. The striped dimities are the most common; they require less labour in

weaving than the others ; and the mounting of the loom being more simple, and con-

sequently less expensive, they can be sold at much lower rates.

DZMORPHZSM. {dis, two ; Tnorfhe, form.) This name is applied to bodies which
will crystallise in two forms. Sulphur, for example, will usually crystallise in the

rhombic system ; but will when melted under certain conditions form monoclinohedric

crystals. Carbon appears in nature as the diamond and graphite, and carbonate of

lime as calc-spar and aragonite. Many chemical compounds of the same compositions

are susceptible of crystallisation in two essentially distinct forms.

In Biology, the tendency of some organisms to exhibit two distinct forms in their

essential organs is called cUmorphism. Thus Mr. Darwin has shown that some species

of Primula are dimorphic, one form having a long style and short stamens, and the

other form having a short style and long stamens. A check is thus given to self-

fertilisation
;
perfect fertilisation occurring only when tlje two dimorphic forms are

crossed, the pollen of the short-stamened variety being applied to the stigma of the

short-styled form, and conversely the pollen of the long-stamened variety to the
stigma of the long-styled form.

DZAXORPHZTZS. A sulphide of arsenic, containing As^S' (As^S'). It occurs at

the Solfatara, near Naples.

BZXTAS BRZCILS. Pire-bricks made of Dinas sand, and much used in the con-
struction of the copper-smelting furnaces of South "Wales. The rock known as ' Dinas
sand ' is found in the Vale of Neath in Glamorganshire, and consists almost wholly of
silica. Having been ground, the material is mixed with water, with addition of about
one per cent, of lime, and is pressed into the shape of bricks, which are then fired.

The granules of quartz are cemented together by a slightly-fusible compound formed
by the action of the lime.

DZOPSZDE. A name applied to a clear green crystalline variety of pyroxene or
augite. It has occasionally been cut as a gem-stone, but is too soft to be of much
value.

l>ZOPTASB, or Emerald Copper, occurs in fine emerald green transparent crys-
VoL.n. D

^ ^ J
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tills. It is a silicate of protoxide of copper, and is found in veins in limostono in
the Kirghis Steppes. See CorrEU.
BZOPTRXC XilGHTBOirSES. See Lighthouses.
DZORZTS. An igneous rock composed of a crystalline-granular mixture of a

triclinic felspar and hornblende. It is often so fine-grained in textiu-o that it is diffi-

cult to determine the component minerals. Diorito generally presents a dark green
colour, and is one of the rocks commonly included under the general name of * green-
stone.'

SIP. When any stratum, mineral vein, or dyke, does not lie horizontally it is said

to dip E. W. N. or S., as the case may be. The angle which it makes with the
horizon is called the angle of the dip.

DZPPEIi'S AXrZMAlL OZIi. A fetid volatile oil obtained when animal sub-
stances, such as bone, are subjected to distillation. That which is found in commerce
is obtained in the manufacture of bone-black.

BZPPZITG. Ornamental works in brass are usually brightened by a process called

dipping. After the work has been properly fitted together and the grease removed,
either by the action of heat, or by boiling in a pearlash-lye, it is pickled in a bath of

dilute aqua fortis. It is then scoured bright with sand and water, and being well

washed is plunged into the dipping bath, which consists of pure nitric acid, commonly
known as dipping aqua fortis, for an instant only, and is then well washed with cold

and hot water to remove every trace of acid from the surface, after which the work is

put into dry beech or box wood sawdust, &c., well rubbed until it is quite dry, and
then burnished and lacquered. See Dead-Dipping.
BZSCRASZi or DZSCRASZTZS. An antimonial silver ore., of rare occurrence.

DZSZUFSCTAITT. A substance which removes the putrid or infected condition

of bodies. It is well not to confound it with antiseptic, which applies to those bodies

which prevent putrefaction. The word ' disinfectant ' has lately become somewhat
uncertain in its meaning, on account of a word being used as its equivalent, viz. deodo-

riser. This latter means a substance which removes odours. In reality, however,

there are no such substances known to us as a class. There are, of course, some
substances which destroy certain others having an odour, but in all cases the removal
of the smell and the destruction or neutralisation of the vapour or gas causing the

smell must be simultaneous. There is, however, a large class of substances that destroy

putrefaction, and the name ' disinfectant ' is therefore distinctly needed. The gases

which rise from putrefying bodies are not all capable of being perceived by the senses in

their ordinary condition, but sometimes they are perceived. A disinfectant puts a

stop to them and deodorises simultaneously. If any substance were to remove the

smell of these gases, it would remove the gases too, as they are inseparable from their

property of affecting the nose. A deodoriser would therefore be, and is, a disinfectant

of that gas the smell of which it removes. But it has been suggested that it may
remove those gases which smell, and allow the most deleterious to pass, they having

no smell. Whenever we find such a class of substances, it will be well to give them
the name of ' deodorisers.' There may be some truth in the hypothesis that metallic

salts remove the sulphur, and by preventing the escape of sulphuretted hydrogen causo

less odour, without complete disinfection. So far as we know, however, there is a

disinfecting action along with the deodorising. Any solution having the effect here

supposed would at the least be a partial disinfectant, inasmuch as the decomposition

would be so far put a stop to, as to prevent at least one obnoxious gas. To prevent

the formation of one gas is to arrest decomposition or to alter the whole character of

the change which is producing the gases. The most deleterious of emanations have

no smell at all to the ordinary senses, and we can only judge of the evil by its ulterior

effects, or the fact that the substances capable of producing it are near, or by tlio

analysis of the air. The cases where sulphuretted hydrogen accompanies the offensive

matter are chiefly connected with fecal decomposition. This gas is a useful indica-

tion of the presence of other substances. So far as is known, the destruction of the

one causes the destruction of the other. 13ut tlio presence of sulphuretted hydrogen

is no proof of the presence of infectious matter, nor is its absence a proof of the

absence of infectious matter, it being only an occasional accompaniment. When the

infectious matter and the odoriferous matter are one, then to deodorise is to disinfect.

We can find no line of duty to be performed by deodorisers, and no class of bodies

that can bear the name, although there may be a few cases where the word may bo
found convenient. If, for example, we destroy one smell by siiperadding a greater,

that might in one sense be deodorising. If we added an acid metallic salt, and
removed the sulphuretted hydrogen, letting loose those organic vapours which for

awhile accompany this act, wo might, to those who were not very near, completely

destroy smell, and still send a substance into the air by no means wholesome; but in

such a case decomposition is stopped, at least for awhile, The word deodorisers* may
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be used for sucli substances as remove the odour and the putrefaction of the moment
but allow them to begin again. Even in this case deodorisers become temporary

disinfectants, which character all removers of smell must more or less have.

Antiseptics, or cob/tic agents. Substances which prevent decomposition. The
•wovdiS colysis a,u<\. colijtic come from koiAuo, to arrest, restrain, cut short. This word
was proposed by the writer to apply to cases such as are included under antiseptics,

autiferments, and similar words. There was needed a word for the general idea. A
colytic force manifests itself towards living persons in anaesthetics, anodynes, and
narcotics, as well probably, as in other ways. Colytics may probably act from dif-

ferent causes, but these causes not being separately distinguished, a name for the

whole class can alone be given. The action of colysis is entirely opposed to catalysis,

which is a loosening up of a compound. Colysis arrests catalysis, as well also as other

processes of decomposition, ordinary oxidation for example. Disinfectants, in their

character of restraining further decomposition, are included under colytics. One of

the most remarkable substances for arresting decomposition is creosote. It has been

used in some condition or mixture from the earliest times. The ancient oil of cedar

has been called with good reason turpentine, which has strong disinfecting properties,

but the word has evidently been used in many senses, as there are many liquids to be
obtained from cedar. It is used for the first liquid from the distillation of wood ; and
Berzelius for that reason says that the Egyptians used the pyrqligneous acid, which,

containing some creosote, was a great antiseptic. But addition of tjiis acid to soda

would be of little value in embalming, nor is it probable that they would add a

volatile liquid like turpentine along with caustic soda. It is expressly said (in Pliny)

that pitch was reboiled, or in other words, the tar was boiled and distUled, the product

being collected in the wool of fleeces, from which again it was removed by pressure.

In doing this the light oils or naphtha would be evaporated, and the heavy oil of tar,

containing the carbolic acid, or creosote, would remain. It was called picenum, as if

made of pitch or pissenum, and pisselseum or pitch-oil, a more appropriate name than

that of Eunge's carbolic acid or coal-oil, and still more appropriate than the most
recent, which by following up a theory, has converted it into phenic acid. The dis-

tillation was made in copper vessels, and must have been carried very far, as they

obtained ' a reddish pitch, very ^clammy, and much fatter than other pitch.' This

was the anthracene, chrysene, and pyrene of modern chemistry. The remaining hard
pitch was called palimpissa, or second pitch, which we caU pitch in contradistinction

to tar. By the second pitch, however, was sometimes meant the product of distillation

instead of what was left in the still. Some confusion, therefore, exists in the names,

but not more than with us. The pitch oil was resinous fat, and of yellow colour,

according to some. This oil, containing creosote, was used for toothache—a colytic

action applied to living bodies—and for skin diseases of cattle, for which it is found •

valuable. They also used it for preserving hams.

—

Disinfectants, by the Writer. Jour.

80C. of Arts, 1857, and separate wlume 1869.

It is quite possible that creosote may be the chief agent in most empyreumatic
substances which act as antiseptics. But it is not the only agent. Hydrocarbons of

various kinds act as antiseptics, as well as alcohol and methylic alcohol, which con-

tain little oxygen. To this class belong essential oils and substances termed per-

fumes, which are used for fumigation, and have also a colytic action. It is exceedingly

probable that the true theory of this action is connected with the want of oxygen.

These substances do not rapidly oxidise, but, on the contrary, only very slowly, and
that chiefly by the aid of other bodies. Their atoms are, therefore, in a state of

tension, ready to unite when assisted. As an example, carbolic acid and creosote

unite with oxygen when a base is present, and form rosolic acid. "We can scarcely

suppose that an explanation, commonly resorted to by some to explain the action of

sulphurous acid, would suit them; viz., that it takes up the oxygen, and so keeps it

from the putrescible substance. It is supposible that the molecular condition acts on
the putrescible body. For, as the state of motion of a putreiying substance is trans-

ferred to another, so may the state of immobility.

In 1750 Sir John Pringle wrote his 'Experiments on Septic and Antiseptic

Substances, with remarks relating to their Use in the Theory of Medicine.' Ha
recommended salts of various kinds, and astringent and gummy parts of vegetables

and fermenting liquors. Dr. Macbride followed him with numerous experiments.
He speaks of acids being the long-prescribed agents as antiseptics. He found them
antiseptic even when diluted to a great extent. Alkalis also he found antiseptic,

and salts in general. Also ' gum-resins, such as myrrh, assafcetida, aloes, and terra
japonica,' besides 'decoctions of Virginia snake-root, pepper, ginger, saf&on, con-
trayerva root, sage, valerian root, and rhubarb, with mint, angelica, senna, and
common wormwood.' Many of the common vegetables also were included as to
some extent antiseptic ; such as horse-radish, mustard, carrots, turnips, garlic, onions,

d2
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celery, cabbage, colowort. Lime "was found to prevent, but not to remove putrefac-

tion. We are inclined at present very much to qualify some of these observations.

Animal fluids, lie observes, will remain for a long time witliout putridity if kept
from the air. He says that astringent mineral acids and ardent spirits ' not only
absorb the matter from the putrescent substances, but likewise crisp up its fibres, and
thereby render it so hard and durable that no change of combination vri 11 take place

for many years.' He adds also molasses to the antiseptics. In 1767 the Acjidemy of
Dijon gave a prize for the use of nitrate of potash in ventilation, driving off the oxygen
by heat. This may have given the first idea to Carmichael Smyth using the nitrous

fumes. Guyton-Morveau came later with a volume of valuable experiments on acids

chiefly muriatic.

An antiseptic preserves from putrefaction, but does not necessarily remove the odour
caused by that which has previously putrefied. Many of the substances described as

disinfectants here might equally be called antiseptics. When they remove the putrid

matter, they are disinfectants ; when they prevent decomposition, they are antiseptics.

But when the smell is removed by a substance which is known to destroy putrefactive

decomposition, and to preserve organic matter entire, then we have the most thorough
disinfection ; then we know that the removal of the smell is merely an indication of

the removal of the evil.

Disinfectants are of various kinds. Nature seems to use soil as one of the most
active. All the dejecta of the animals on the surface of the earth fall on the soil, and
are rapidly made perfectly innoxious. Absorption distinguishes porous bodies, and
the soil has peculiar facilities for the purpose. But if saturated, it could disinfect

no longer. This is not allowed to occur; the soil absorbs air also, and oxidises the

organic matter which it has received into its pores, and the offensive matter is

either converted into food for plants and absorbed by them, or is made an innocent

ingredient of the air, or, if the weather be moist, of the water. The air is, therefore,

in conjunction with the soil, one of the greatest disinfectants, but it acts also quite alone

and independent of the soil. Its power of oxidising must be very great. The amount
of organic effluvium sent into large towns is remarkable, and yet it seldom accumulates
so as to be strongly perceptible to the senses. The air begins to oxidise it almost as

rapidly as it rises ; this is hastened apparently by the peculiar agent in the air, ozone,

which has a greater capacity of oxidation than the common air ; when this is exhausted,

it is highly probable that the oxidisation will be much slower, and this exhaustion

does take place in a very short time in our large and smoky towns. So rapid is the

oxidation, that the wind, even blowing at the rate of fifteen to twenty miles an hour,

is entirely deprived of its ozone by passing over less than a mile of Manchester. In
London this does not take place so rapidly, at least near the Thames. But when the

ozone is removed, it is probable that the rate of increase of the organic matter will

be much greater. We may by this means, then, readily gauge the condition of a town
up to a certain point by the removal of the ozone : but it requires another agent to

gauge it afterwards or thoroughly.

It is in connection with each other that the air and the soil best disinfect. When
manure is thrown upon land without mixing with the soil, it may require a very long

period to obtain thorough disinfection, but when the atmosphere is moist, or rain falls,

then the air is rapidly transferred into every portion of the porous earth, and the

organic matter becomes rapidly oxidised. To prevent a smell of manure, and with it

also the loss of ammonia, it is then needful that as soon as possible the manure should

be mixed with the soil. The same power of oxidation is common to all porous bodies, to

charcoal, and especially, as Dr. Stenhouse has shown, to platinised charcoal. Disin-

fection by the use of porous bodies is at first a process of preservation, but soon it

may change to that of slow destruction. It has been shown by the last-mentioned

chemist that charcoal produces an oxidation in which all the escaping gases are so

thoroughly oxidised, that none of them have any smell or any offensive property.

But being so, the body disinfected must necessarily decay, and in reality the process

of decay is remarkably increased. All such bodies must therefore be avoided when
manures are to be disinfected, and when they are not to be put on the land imme-
diately. Stenhouse has employed charcoal for disinfecting the air. The air is passed

through the charcoal either on a large scale for a hospital or on a small scale as a
respirator for the mouth. Care must be taken, however, to keep the charcoal dry

:

wet charcoal is not capable of absorbing air until that air is dissolved in the water.

This absorption takes places less rapidly in water. Wot charcoal is therefore a
filter for fluids chiefly, and dry charcoal for vapours. Its destructive action on
manures will, however, always prevent charcoal from being much used as a disinfectant

for such purposes, or, indeed, any other substance which acta principally by ita

porosity or by oxidation. This the soil does only partially, as it has another power,

viz, that of retaining organic substances fit to be the food of plants. Although air
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acts partly in conjunction with the soil and the rain to cause disinfection, and partly

by its owTi power, it also acts mechanically as a means of removing all noxious

vapours. The wind and other currents of the air are continually ventilating the

ground, and when these movements are not sufficiently rapid, or when they are inter-

rupted by our mode of building, we are compelled to cause them artificially, and thus

we arrive at the art of ventilation. The addition of one-tenth per cent, of car-

bonic acid to the air may be perceived, at least if accompanied with the amount
of organic matter usually given out at the same time in the breath, and as we exhale

in a day 12-16 cubic feet of that gas, we can injure the quality of 16,000 cubic

feet of air in that time. The great value of a constant change of air is therefore

readily proved, and the instinctive love which we have of fresh air is a sufficient

corroboration.

Cold is a great natural disinfectant. The flesh of animals may be preserved as far

as we know for thousands of years in ice
;
putrefying emanations are completely

arrested by freezing, but the mobility of the particles, or chemical action, is also

retarded by a degree of cold much less than freezing, and beginning at 64° Fahr.

Heat is also a disinfectant, when it rises to about 140° of Fahrenheit, according to

Dr. Henry. But as a means of producing dryness it is a disinfectant at various

temperatures. Nothing which is perfectly dry can undergo putrefaction. On the

other hand heat with moisture below 140° is a condition very highly productive of

decomposition and all its resulting evils. Disinfection by heat is used at quarantine

stations. Light is undoubtedly a great disinfectant ; so far as we know, it acts by
hastening chemical decomposition. In all cases of ventilation, it is essential to allow

the rays of light to enter as well as the currents of air. Its effect on the vitality of

the human being is abundantly proved, and is continually asserting itself in vege-

tation. The true disinfecting property of light exists in all probability in the

chemical rays which cause compositions and decompositions. "Water is scarcely to be
called a disinfectant itself except indirectly, for it increases putrefaction, but as a
mechanical agent of purity the most remarkable, and there is no other capable of

taking its place actively. "Wherever animals, even human beings, live, there are

emanations of organic matter, even from the purest. The whole surface of the house,

furniture, floor, and walls, becomes coated by degrees with a thin covering, and this

gradually decomposes, and gives off unpleasant vapours. Sometimes it becomes
planted with fungi, and so feeds plants of this kind. But long before this occurs a
small amount of vapour is given off sufficiently disagreeable to affect the senses, and
sometimes affecting the spirits and the health before the senses distinctly perceive it.

This must be removed. In most cases this film is removed by water, and we have
the ordinary result of household cleanliness ; but in other cases when the furniture is

such as will be injured by water, the removal is made by friction or by oil or turpen-
tine, and other substances used to polish. "Water as a disinfectant is used also in

washing of clothes ; for this purpose nothing whatever can supply its place, although
it requires the assistance both of soap and friction, or agitation and heat. "Water is

also used as a mechanical agent for removing; filth generally, and the method which
Hercides devised of using a river to wash away filth is now adopted in all the most
advanced plans of cleansing towns. It is only by means of water that the refuse of

towns can be conveyed away in covered and impervious passages, whilst none what-
ever is allowed to remain in the town itself. In cases where this cannot be done, it

is much to be desired that some disinfecting agent should be used to prevent decom-
position. "Where water is not used, as in water-closets, there is generally a great
amount of matter stored up in middens, and the town is of course continually exposed
to the effluvia. Beside these methods of acting, water disinfects partly by preventing
effluvia from arising from bodies, simply because it keeps them in solution. This
action is qot a perfect one, but one of great value. The water gives off the impurity
slowly, sometimes so slowly as to be of no injury, or it keeps it so long that complete
oxidation takes place. The oxygen for this purpose is supplied by the air, which the
water absorbs without ceasing. To act in this way, water must be delivered in
abundance. Bodies decompose rapidly tinder water, and it acts also as a great
opponent to disinfection by rising up in vapour loaded with the products of decom-
position.

Mere drying is known to arrest decay, as the mobility of the particles in decompo-
sition is stayed by the want of water. "We are told in Andersson's Travels in S. Africa,
that the Damaras cut their meat into strips, and dry it in the sun, by which means it

is preserved fresh. A similar custom is found in S. America. Certain days prevent
this, and decomposition sets in rapidly. A little overclouding of the sky, or a little

more moisture in the air, quickly stops the process.

Tlio above may be called natural disinfectants, or imitations of natural processes,
charcoal being introduced as an example of a more decided character of porous action.
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They show both mechanical and chemical action. The mechanical, wlicn water or air

removes, dilutes, or covers the septic bodies : the chemical, when porous bodies act as
conveyers of oxygen : or an imion of both, when cold and heat prevent tlio mobility of
the particles. The action by oxidation causes a destruction of the offensive material.
The other method is antiseptic. It is much to bo desired that all impurities should bo
got rid of by some of these methods, but especially by the air, the water, and the soil.

There are, however, conditions in which difficulties interfere with the action. Largo
towns may be purified by water, but what is to be done with the water which contains
all the impurity? If put upon land, capable of absorbing it, it is very soon disin-

fected, but on its way to the land it may do much mischief. It has been proposed to

disinfect it on its passage, and even in the sewers themselves ; by this means the
town itself is freed from the nuisance, and the water may bo used where it is needed
without fear. This introduces artificial disinfectants. There are other cases where
such are required ; when the refuse matter of a town is allowed to lie either in exposed
or in underground receptacles ; in this case a town is exposed to an immense surface

of impurity, and disinfectants would greatly diminish the evil, if not entirely remove
it. There are besides, special cases without end continually occurring, where impu-
rities cannot be at once removed, and where treatment with artificial disinfectants is

required.

Artificial disinfectants which destroy the compound are of various kinds. Heat is

one of the most powerful. A putrid body, when heated so as to be deprived of all

volatile particles, cannot any longer decompose. It is however possible that the

vapours may become putrid, and if not carefully treated, this will happen. It was the

custom of some of the wealthy among the ancients to burn the dead, and it is still the

custom in India ; but although the form is kept up amongst all classes, the expense is

too great for the poor. The bodies are singed, or even less touched by fire, and
thrown if possible into the river. This process has been recommended here, but the

quality of the gaseous matter rising from a dead body is most disgusting to our
physical, and still more to our moral senses, and the amount is enormous. It is of

course possible so to burn it, that only pure carbonic acid, water, and nitrogen,

shall escape, but the probability of preventing all escape is small enough to be deemed
an impossibility, and the escape of one per cent, would cause a rising of the wliole

neighbourhood. To effect the combustion of the dead of a great city, such a large work,

furnished with great and po-\verful furnaces, would be required, that it would add one

of the most frightful blots to modern ci^'ilisation, instead of the calm and peaceful

churchyard where our bones are preserved as long at least as those who care for us live,

and then gradually return to the earth. In burning the dead some prefer to burn

the whole body to pure ash. This was the ancient method ; but it is highly probable

that the ashes which they obtained were a delusion in most cases. The amount of

ash found in the urns is often extremely small. The body cannot be reduced to an

infinitesimal ash, as is supposed ; eight to twelve pounds of matter remain from an

average man when all is over. A second plan, is to drive offall volatile matter, and leave

a cinder. This disgusting plan leaves the body black and incorruptible. It can never,

in any time known to us, mix with its mother earth, and yet it ceases at once to

resemble humanity in the slightest degree ; it will not even for a long time assist us

by adding its composition to the fertility of the soil. The burning of bodies never

could have been general, and never can be general. Fire has only a limited use as a

disinfectant. It cannot at present be economically used in the daily disinfection of

the dejecta of animals, and is applied only occasionally, whore the most raj)id des-

truction is the most desirable, either because the substance has no value, or it is too

disgusting to exist, or the products after burning are not offensive. There are two

methods of using fire, charring or burning to ashes. The second is an act of

—

Oxidation.—This is effected either by rapid combustion called fire ; by slow com-

bustion, the natural action of the air ; or by chemical agency, assisted by mechanical,

as in porous bodies. Slow oxidation in the soil is a process which is desirable for most

offensive matters, and it would be well if we could bring it all into tliis condition
;

the ammonia is preserved, or it is in part oxidised into nitric acid and water, both th«

ammonia and nitric acid being food for plants. Sometimes this process is hastened

by mixing up the manure with alkaline substances, raising it in heaps, and watering,

by this means forming nitrates, a process performed abundantly in warm countries

upon the materials of plants and animals, and imitated oven in temperate regions

with success. This amount of oxidation destroys a good deal of the carbonaceous

substances, and leaves less for the land. It is only valuable when saltpetre is to be

prepared.

One of the most thorough methods of oxidation, is by the use of the mangnnatos or

permanganates. They transfer their oxygen U) organic substances with great rapidity,

and completely destroy them. They are therefore complete disinfectants. They
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destroy the odour of putrid matter rapidly, and oxidise sulphuretted hydrogen, and

phosphuretted hydrogen, as well as many purely organic substances ha\nng offensive

smells. As they do this by oxidation at a low temperature, they are the mildest form

of the destructive disinfectants, and their application to putrid liquids of every kind

gives most satisfactory results. The quantities treated at a time should not be great,

and the amount of material used must be only to the point of stopping the smell, or at

least not much more, because both pure and impure matter act on the manganates, and

an enormous amount of the material may be used in destroying that which is not all

offensive. The manganates do not prevent decay from beginning again. Their use

has been patented by Mr. Condy. A similar action takes place with various high

oxides and other oxides which are not high. Sometimes, however, a deleterious gas

is produced as a secondary result by oxidation, as when sulphuric acid in the sulphates

oxidises organic matter, allowing sulphuretted hydrogen to escape. In this case it is

highly probable that a true disinfection takes place, or a destruction of the putrid

substance, and all offensive purely organic substances ; still the amountof sulphuretted

hydrogen given off is of itself sufficiently offensive and deleterious, but not properly

speaking an infectious or putrid gas, although an occasional accompaniment.

Nitric acid is another agent of destruction or oxidatiorn, although it has qualities

which might cause it to be ranked amongst those which prevent the decomposition by
entering into new combinations. But properly speaking, it is not nitric acid which is

the disinfectant of Carmichael Smyth, but nitric o:3dde, which is a powerful oxidiser,

and most rapidly destroys organic matter. For very bad cases, in which gaseous

fumigation is applicable, nothing can be more rapid and effective in its action than

this gas. Care must be taken that there is no one present to breathe it, as it has a

powerful* action on the lungs, killing without due warning, and care must be taken that

metallic surfaces which are to be preserved clean, be well covered with a coating of

varnish. This was used with great effect in ships and hospitals for some years, begin-

ning with 1780, and so much good did it do, that the Parliament in 1802 voted Dr.

C. Smyth a pension for it. Guyton-Morveau was vexed at this, and wrote an interest-

ing volume concerning his mode of fumigating by acids ; but in reality acids alone

are insufficient, and his favourite miiriatic acid has no such effect as nitrous fumes,

which so readily part with their oxygen. On the whole, nitrous fumes are too danger-

ous for general use.

Chlorine is another destructive agent, and its peculiar action may be called an
oxidation. When used as a gas, it has a great power of penetration, like nitrous fumes,

and stops all putrefaction. It has a more actively destructive power than oxygen
alone, even when its action is that of oxidation only. It decomposes compounds of

ammonia and organic substances containing nitrogen into water and nitrogen, and as

putrefactive matter is united with, or composed partly of nitrogen, it destroys the very

germ of the evil. By the same power it destroys the most expensive part of a manure,
the ammonia. It cannot therefore be used where the offensive matter is to be retained

for manure. When chlorine is united with lime or soda, it may be used either as a
solution or a powder. This latter acts as the gaseous chlorine, but the power of

destroying ammonia is greater. As a liquid, it acts too rapidly ; as a solid, tho

chloride of lime soon attracts moisture and soon loses its power. Some people use

the chloride of lime as a source of chlorine ; they pour sulphuric acid on it, and so

cause it to give out chlorine, which escapes as a gas, and acts as aforesaid. Too much
is given out at first, too little at last. It is said to have increased the lung diseases

at hospitals, where it was much used in Paris. When only a minute quantity of gas is

given out, as at bleach works, it certainly causes a peculiar freshness of feeling, and
the appearance of tho people is much in its favour, nor has it ever there been known
to affect the lungs. For violent action, in cases of great impurity, it is a great dis-

infectant, and to be preferred to nitrous fumes, probably causing a less powerful action

on tho lungs : at least, it gives good warning. Mixed with alum, without ammonia, it

gives off chlorine slowly. Eau dejavelle is a chloride of potash used in Paris. Mr.
Daniel Stone uses muriatic acid with a small crystal of chlorate of potash to give out
a slight chlorine vapour slowly.

Sometimes oxygen, or at least air, is used alone, to remove both colour and smell,

oils having it pumped into them. Sometimes acids alone are used for disinfection.

As putrid compounds contain ammonia or organic bases, they may be removed, or at
least they may be retained in combination, and in this way restrained from further
evaporation. This seems to be the way in which muriatic acid acts, and all other
merely acid agents. This acid, so much valued at one time, is now entirely disused,
as it ought to be, because it is exceedingly disagreeable to breathe, and destructive of
nearly all useful substances which it touches, being at the same time a very indirect
disinfectant. Acids poured on putrid matters, no doubt destroy the true putrefaction,

but tlioy cause the evolution of gases exceedingly nauseous, and of course unwholesome.
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This evolution does not last long, but long enough to niako them useless as disinfect-

ants when used so strong. Vinegar is the best of the purely acid disinfectants ; wood
vinegar the best of the vinegars, because it unites to the acidity a little creosote.

Vinegar is a very old and well-established agent ; it has been used in the case of the
plague and various pestilences from time immemorial. It is used to preserve eatables

of various kinds. For fumigation no acid vapour used is pleasant except vinegar, and
in cases where the impurity is not of the most violent kind, it may be used with great

advantage. Even this, however, acts on some bright surfaces, a disadvantage attending

most fumigations.

Sulphurous acid, or the fumes of burning sulphur, may be treated under this head,

although in reality it does not act as a mere acid combining with a base and doing no
more. It certainly unites with bases so that it has the advantage of an acid, but it

also decomposes by precipitating its sulphur, as when it meets sulphuretted hydrogen.
It therefore acts as an oxidiser in some cases, but i% is generally believed, from its

desire to obtain oxygen, that it acts by being oxidised, thus showing the peculiar

characteristics of a deoxidiser. We can certainly believe that bodies may be disin-

fected both by oxidation and deoxidation. The solutions of sulphurous acid act as a
restraint on oxidation, and preserve like vinegar. Its compounds with bases, such
as its salts of soda, potash, &c., preserve also like vinegar, saltpetre, &c.

;
probably

from their affinity for oxygen, taking what comes into the liquid before the organic

matter can obtain it. But it is not probable that this rivalry exists to a great extent

;

the presence of the sulphiirous acid in all probability puts some of the particles of oxy-

gen in the organic matter in a state of tension or inclination to combine with it, so

that the tension of the particles which are inclined to combine with the oxygen of the

air is removed.
Sulphur fumes are amongst the most ancient disinfectants held sacred in early times

from their wonderful efficacy, and still surpassed by none. With sulphur the shepherd
purified or disinfected his flocks, and with sulphur Ulysses disinfected the suitors which
he had slain in his house. No acid fumigation is less injurious generally, vinegar ex-

cepted, to the lungs or furniture, and its great efficiencymarks it out as the most desirable,

although much laid aside in modern times. The amount arising from burning coal

must have a great effect in disinfecting the putrid air of our streets, and rendering

coal-burning towns in some respects less unpleasant ; this is one of the advantages

which that substance brings along with it, besides, it must be confessed, greater evils.

It is curious that this compound of sulphur should be one of the most efficient agents

in destroying sulphuretted hydrogen, another compound of sulphur. Sulphurous acid

prevents decomposition, and also preserves the valuable principle of a manure, so that

it belongs partly to the class of disinfectants, and partly to antiseptics.

The peculiar actions of sulphites and carbolic acid have been united in that called

* Mc Dougall's Disinfecting Powder
'

; where it is desirable not to use liquids, these two
have been united into a powder, which assists also in removing moisture, as water is

often a great cause of discomfort and disease in stables and cowhouses. When they

are used in this manner the acids are united with lime and magnesia. The cattle are,

it is said, freed from a great amount of illness, not only because the air of the stable

is purified, but that it is dried at the same time. It does not seem well to use excess of

water in our climate, and it is then that a disinfecting powder becomes so valuable, and
where our towns are so badly supplied with water-closets that disinfectants are wanted
for the middens.

It has been proposed to disinfect sewers, as well as sewage, by the same substances
;

not, however, in the state of a powder. The acids are applied to the sewage water

in the sewers themselves, and so cause the impure water to pass disinfected through

the town ; by this means the tovras and sewers are to be purified together. Besides

the above-mentioned powder, there are Calvert's disinfecting powder containing car-

bolic acid, and Mudio's disinfecting powder vnth metallic salts.

LvTie is used for precipitating sewage water, and acts as a disinfectant as far as the

removal of the precipitate extends, and also by absorbing sulphuretted hydrogen,

which, however, it allows again to pass off" gradually. The other substances proposed

for sewers have chiefly relation to the precipitation, and do not so readily come under

this article. Charcoal has been mentioned. Alum has been proposed, and it certainly

does act as a disinfectant and precipitant. None of these substances have been tried

on a great scale, excepting lime, and carbolic acid or tar products, the first at Leicester,

the second at Carlisle.

Absence of air is an antiseptic of great value. The process of preserving meat,

called Appert's process, is by putting it in tin vessels with water, boiling off" a pood
deal of steam, to drive out the air, and then closing the aperture with solder.

Schroeder and De Dusch prevented putrefaction for months by allowing no air to

approach the meat without passing through cotton ; so also veils are found to be a
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protection against some miasmas. Salts, or compounds of acids "wdtli bases, ^re

valuable antiseptics ; some of them are also disinfectants, that is, they remove the

state of putrefaction after it has begun. An antiseptic prevents it, but does not ne-

cessarily remove it. Common salt is well known as a preserver of flesh; nitrate

of potash, or saltpetre, is a still more powerful one. Some of these
^
salts act by

removing the water. Meat, treated with these salts, gives out its moisture, and a

strong solution of brine is formed. Chloride of calcium prevents, to some extent, the

putrefaction of wood. Alum, or the sulphate of alumina, is not a very ej6&cient pre-

server ; but chloride of aluminium seems to have been found more valuable. It is

sometimes injected into animals by the carotid artery and jugular vein. Meat, usually

keeps a fortnight : if well packed, cleaned, and washed with a solution of chloride of

aluminium, it will keep three months. This salt is sold as ckloralum.

But in reality the salts of the heavier metals are of more activity as disinfectants.

It has been supposed that their efficiency arose from their inclination to unite with

sulphur and phosphorus, and there is no doubt that this is one of their valuable

properties, by which they are capable of removing a large portion of the impure smell

of bodies ; but they have also an inclination to combine with organic substances, and

by this means they prevent them from undergoing the changes to which they are most

prone. The actual relative value of solutions it is not easy to tell. Most experiments

have been made on solutions not sufficiently definite in quantity. Salts of mercury

have been found highly antiseptic. Such a salt is used for preserving wood ; the

process is known as that of Kyan's, or kyanising. A solution of corrosive sublimate,

containing about I5 per cent, of the salt, is pressed into the wood either by a forcing

pump or by means of a vacuum. The albumen is the substance most apt to go into

putrefaction, and when in that condition it conveys the action to the wood. It is no

doubt by its action on the albumen that the mercury chiefly acts. Thin pieces^ of

pine wood, saturated for four weeks in a solution of 1 to 25 water, with the following

salts, were found, after two years, to be preserved in this order :— 1. Wood alone,

brown and crumbling. 2. Akim, like No. 1. 3. Sulphate of manganese, like 1. 4.

Chloride of zinc, like 1. 5. Nitrate of lead, somewhat firmer. 6. Sulphate of copper,

less brown, firm. 7. Corrosive sublimate, reddish yellow and still firmer. In an
experiment, in which linen was buried with similar salts, the linen was quite con-

sumed, even the specimen with corrosive sublimate. Other experiments showed salts

of copper and mercury to protect best.— Gmelin.

Nevertheless, all these metallic salts are found true preservers under other condi-

tions. Chloride of manganese, a substance frequently thrown away, may be used, as

Gay-Lussac and Mr. Young have shown, with great advantage, and Mr. Boucherie has

shown the value of the acetate of iron. Mr. Boucherie's process is very peculiar.

He feeds the tree, when li^^ng, with the acetate of iron, by pouring it into a trough

dug around the root. The tree, when cut down, has its pores filled with the salt, and
the albumen in the sap is prevented from decomposing. For preservation of vegetable

and animal substances, see Puteefaction, Peevention of.

The chloride of zinc of Sir William Burnett is also a valuable disinfectant, and has
more power than it would seem to possess from the experiments quoted above.

Wood, cords, and canvas have been preserved by it under water for many years. It

has the advantage also of being so soluble as to take up less room than most other

salts, although liquids generally are inconvenient as disinfectants in many places.

Nitrate of lead is a disinfectant of a similar kind ; it lays hold of sulphur and
organic compoimds. All these metals are too expensive for general use, and can only

be applied to the preservation of valuable materials. Even iron is expensive as a
disinfectant for materials to be thrown on the fields as manure. All are apt to be
very acid, a state to be avoided in a disinfectant, unless when it is applied to sub-

stances in a very dilute state, or in an active putrid state, and giving out ammonia.

—

E.A.S. See Dr. Angus Smith's Tables, pp. 45 to 47.

This subject is further developed by the writer in his report to the Cattle Plague
Commission, 1866 ; and in 'Disinfectants:' Edmondston and Douglas, 1869.

The importance of this subject appears to give considerable prominence to the

report made to Her Majesty's Commissioners on the Cattle Plague by Mr. Wm.
Crookes, F.R.S. We therefore select the more important portions. Referring espe-

cially to the Cattle Plague, Mr. Crookes says :

—

^ ' The specific disease-producing particles must, moreover, be organised, and possess
vitality; they must partake of the nature of virm rather than of poison.^ No poison
yet known to chemists can approach, even in a faint degree, the tremendous energy
of the active agent of infectious diseases. A poison may be organic, but it is not
organised. It may kill with far greater rapidity than the virus of infection, but,

* The words vims and poison are generally regarded as synonymous. It would be more convenient,
and would tend to promote accuracy of thought, were the distinction here made generally adopted.
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unlike this vims, it cannot multiply itsolf in tho animal economy to Buch an extent as

to endow within a fow hours every portion of its juices with tho power of producing
similar results. A virus, on tho contrary, renders the liquids of an infected animal
as virulent as the original germ. Strychnine may be regarded as the type of a poison,

and vaccine matter as the typo of a virus.

'Many considerations tend to show that the virus of cattle plague is a body similar

to vaccine lyniph, and consists of germinal matter, or living cells, possessing physio-

logical individuality, which, if not exposed to extremes of heat, cold, or dryness, aro

capable of preserving their activity for a certain time outside the living organism, of

adhering to material objects, and of being carried from one place to another by cur-

rents of air ; each, when introduced into the blood, requires a certain time (known as

the period of incubation) during which the septic germs developo and multiply, until

they have so far poisoned the blood that the ordinary symptoms of disease become
manifest.

' The blood poisoning thus set up may legitimately be called "fermentation "
; it is a

decomposition caused by the act of nutrition of the living cell, whereby it reproduces

in incalculable numbers the specific septic germs which have given it birth. These
gradually infest the blood and other animal liquids, and as the disease progresses are

discharged from the skin, throat, glands, &c. ; the breath, perspiration, and excreta

of the animals forming vehicles for the distribution of the virus. By *' living " cells,

is not meant li\nng, in the sense in which an animal, or even a low form of infusoria,

lives ; but living as a seed, or as vaccine matter, even when dried, may be living,

inasmuch as it still possesses reproductive vitality.

* It is by no means certaiCi that the multiplication of these individual cells is tho

immediate cause of the blood poisoning. The analogy of the action of virus on tho

blood, to that of yeast on sugar, renders it more probable that this is not the fact.

In the case of the best-known ferment—^yeast—its cells multiply by feeding upon the

sugar in the liquid ; alcohol and carbonic acid being their excretions. It is therefore

probable that during the multiplication of the virus c%lls, they, in a similar manner,
impoverish and weaken the blood, by feeding upon some element in it, whilst at the

same time they excrete a poison to which the symptoms of the disease may be imme-
diately due.'

Passing over that portion of the report which deals with the usual disinfectants

whicli have been already dealt with by Dr. Angus Smith, the passages, which espe-

cially relate to the Tar acids are selected on account of the value of the experimental

evidence they give.
' The Tar Acids {Carbolic and Cresylic Acids).—These two bodies are so commonly

known under the name of acids, that I shall continue so to designate them, although

by chemists they are more generally classed with the alcohols. They have groat

similarity, and only within the last few months have they been met with separately in

commerce, having hitherto been both called carbolic acid. Creosote, {npias a-dCtip, to

preserve flesh), prepared from coal-tar, one of the most powerful antiseptics known,
was thought to be impure carbolic acid, until 1 854, when Professor "Williamson and
IVIr. Fairlie, in an investigation of it, discovered that it was a mixture of carbolic and
cresylic acids. It was then taken for granted that Reichenbach's creosote, from wood-
tar, had a similar composition, until Hlasiwetz, in 1868, showed that this creosote was
a different body from carbolic or cresylic acids. Finally, Dr. Hugo Miiller, in 1864,

discovered that true creosote, and its analogue guaiacol, belonged to a different class

of bodies, and consisted of methyl-oxy-phenic and methyl-oxy-cresylic acids. No ex-

periments on the large scale have yet been tried with true creosote, as I have only

been aware within the last few weeks that this compound could be obtained in

quantity.

'Pure carbolic acid is a white crystalline solid, melting at 34° C, and distilling at

180° C. ; a trace of water or oily impurity renders it liquid, and for disinfecting pur-

poses it is always supplied in this form, to avoid the extra expense and trouble needed

for the separation of the last traces of impurity; cresylic acid is liquid, it boils at

203° C, and closely resembles carbolic acid in odour and other properties. Before

the commencement of these inquiries it was thought to bo of little or no value as a

disinfectant, but Dr. Angus Smith has lately shown that it rivals, if it does not sur-

pass, carbolic acid in antiseptic properties, For the present purpose of cattle-plague

disinfection it is immaterial which acid is used, and to avoid unnecessary repetition I

shall use the term " carbolic acid " to express either acid, or the commercial mixture of

the two acids.

* From time immemorial carbolic acid, creosote, or bodies containing them, hare been

used as antiseptics. Passages in Pliny, read liy the light of chemical science, show
that the Egyptians used for embalming their mummies a compound made from pitch,

which must have contained large quantities of creosote. Carbolic acid ia tho active
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agent in tar, which, either in it? ordinary state or burnt as a fumigator, has always

hold high rank amongst disinfectants. Pitch and tar were the most popular medi-

cines in use against the cattle plague when it visited this island in the last century;

the animals being preserved against contagion by having their noses and jaws rubbed

with tar, whilst the cowhouses were disinfected by burning pitch and tar in them (in

which process a certain quantity of the vapours of carbolic acid would escape combus-

tion). The almost universal custom of burning gum resins and odoriferous woods in

connection with religious ceremonies may have originally arisen from the disinfecting

powers of the creosote m the smoke. The well-known efficacy of smoke in preserving

meat is entirely due to the presence in it of this agent.

' Pitch oil, oil of tar, and similar products owe their value entirely to carbolic acid.

This body may, in fact, be called the active principle of tar, just as quinine is

the active principle of bark, or morphia of opium, and it has the great advantage of

being easily prepared in any country where coal or wood can be obtained.'

After describing some experiments with sulphurous acid, Mr. Crookes proceeds to

describe some made by himself with carbolic acid :

—

• A piece of fresh meat was soaked in a one-per-cent. aqueous solution of carbolic acid

for one hour; it was then wrapped in paper and hung up in a sitting-room in which

there was a fire almost daily ; at the end of ten weeks itwas examined. It had dried

up to about one-fourth of its original size, but looked and smelt perfectly good and

fresh, a very faint odour of carbolic acid being all that was perceptible. It was soaked

for twenty-four hours in water, and then stewed with appropriate condiments and

eaten ; it was perfectly sweet, and scarcely distinguishable from fresh meat, except by
possessing a very faint flavour of carbolic acid, not strong enough to be unpleasant.

' Animal membranes in the forms of gut, skin, and bladder, were perfectly preserved

if immersed direct in aqueous solution containing 1 per cent, of carbolic acid ; but if

previously moistened with water, and then immersed in dilute carbolic acid, the

preservation of the skins was not so complete.
' Animal size and glue, mixed, in the form of solution, with small quantities of car-

bolic acid, were perfectly preserved from change even in hot weather.
' These are important experiments. They point out in a striking manner the differ-

ence between mere deodorisers and antiseptics. Hitherto attention has been almost

entirely confined to the deodorisation of gases arising from putrescence. The effect

has been combated, whilst the removal of the cause has received scarcely any attention.

Chloride of lime, one of the strongest of the class of deodorisers, acts, as has been

shown, only on the gases of existing putrefaction, but it has no influence over the

future. Carbolic acid, on the other hand, has scarcely any action on the foetid gases
;

but it attacks the cause which produces them, and, at the same time, puts the organic

matter in such a state that it never rc-acquires its tendency to putrefy.

' It became now a matter of considerable interest to ascertain in what way carbolic

acid acted in arresting decomposition, and the following experiments were made, with

the object of clearing up this point :

—

• Albumen was mixed with four times its bulk of water, and a one-per-cent. solution

of pure carbolic acid was added to it. No change took place for the first few minutes,

but after a little time a white cloudiness was formed, which gradually collected to-

gether into a coagulum. On separating this, and exposing it freely to the air, it

entirely resisted putrefactive decomposition. The solution strained from the coagulum

still contained carbolic acid and uncoagtilated albumen.
' The same experiment was repeated with pure cresylic acid. This acid had still

less affinity for albumen, the mixed solutions remaining clear for nearly half-an hour.

• It is evident, therefore, that the tar acids do not owe their special action to their

coagulating powers on albumen, for the last two experiments show, contrary to the

generally received opinion, that their affinity for this body is but slight.

' A few drops of carbolic acid, added to half a pint of sugar syrup, and yeast in full

action, immediately put a stop to the fermentation.

Fresh brewers' yeast was washed with a solution of one per cent, of carbolic acid,

and then with water. Its power of inducing fermentation in a solution of sugar was
entirely destroyed, although no perceptible change in the appearance of the yeast-cells

could be detected under the microscope. This experiment was repeated several times,

and always with the same result, although when the yeast was simply washed in water

it readily induced fermentation.
' The odour of carbolic acid adhered most pertinaciously to the yeast, and by no

ordinary amount of washing and exposure to the air could it be removed.
' Strychnine was added to a mixture of yeast and sugar solution in full fermenta-

tion. No visible effect was produced, the evolution of carbonic acid continuing as brisk

as before.

• The above experiments, some of which were performed by my friend Mr. Spiller,
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prove conclusively that carbolic acid has a special action on the fermentation induced
by organised matter ; it not only arrests it instantly when in progress, but it prevents
the development of future fermentation.

' The action of the tar acids was now examined on certain chemical bodies, which
are supposed to act by fermentation, in order to see if they were influenced in the same
manner.

' A solution of diastase (infusion of malt) was mixed with thick starch paste, and a
one-per-cent. solution of carbolic acid. On gently heating for a short time, the starch

was converted into dextrine, as completely as if no carbolic acid had been present.
' Amygdalin was mixed with synaptase (emulsion of sweet almonds) in the presence

of carbolic acid. The formation of the essential oil took place with apparently the
same readiness as if carbolic acid had been absent.'

' The foregoing results show that carbolic acid has no action on purely chemical
ferments. These consist of definite nitrogenous compounds acting simply by chemical
afl&nity, and therefore ought not to be classed with true ferments, which are living

bodies. It therefore appears that carbolic acid acts by attacking vitality in some
mysterious way, and where an effect is merely due to so-called catalytic force, it exerts

no interfering action.
* The action of carbolic acid on vitality was then tested in other ways :

—

Cheese mites were immersed in water, where they lived for several hours. A few
drops of a solution of carbolic acid containing one per cent, added to the liquid, killed

them instantly.

' An aqueous solution of carbolic acid was added to water in which a small fish was
swimming. It proved fatal in a few minutes.

• A very minute quantity of a weak solution of carbolic acid was added, under the

microscope, to water containing various infusoria, such as bacteria, vibrios, spirilla,

amoebgea, monads, euglensea, paramecia, rotifera, and vorticellse. The acid proved
instantly fatal, arresting the movements of the animalcules at once.

• These animalcules are the almost invariable accompaniments of putrefactive fer-

mentation. The above experiment has been tried with putrid blood, sour paste, and
decayed cheese, and in every instance the destruction of vitality and the arrest of

putrefaction has been simultaneous.
' Caterpillars, beetles, crickets, fleas, moths, and gnats were covered with a glass,

the inside of which was smeared with carbolic acid. The vapour proved quickly

fatal. It allays the pain caused by the stings of bees, wasps, hornets, and gnats, if

applied pure, or in strong solution, to the wounded part.
' I find it recorded by Dr. Lemaire and other observers that carbolic acid vapour

will also kill flies, ants and their eggs, lice, bugs, tics, acari, mosquitoes, aphides,

butterflies, earwigs, wood-lice, cockchafers, centipedes, and other insects of this size
;

its vapour, however, does not appear to be strong enough to act injuriously on animals

larger than mice. When such animals are killed with it, their bodies dry up in the

air, and resist putrefaction for some time.
' Erom the intense aversion shown by all insects to the odour of carbolic acid, it is

probable that the plentiful use of this agent would effectually preserve cattle from
those terrible scourges met with in certain parts of Africa, the zimb and tsetse-fly.

The effects following the bite of the latter have been described to me as being almost

identical with the symptoms of cattle plague.

'M. Lucien Biard, in speaking of the invasions of the large ants of Mexico, says

that when one of their battalions threatens his house, he sprinkles a little carbolic acid

in front of it. The army immediately makes a detour to avoid the obstacle.

'When an animal is killed by the injection of a saturated aqueous solution of car-

bolic acid into its veins, circulation is instantly arrested, the blood is not coagulated,

and no alteration, either in the shape or the appearance of the globules, is detected

under the microscope. The only apparent change consists in the immobility of the

globules.
' In the • Annales de Cliemie et de Physique ' for October 1865, there is a letter from

M. B^champ to M. Dumas, in which it is said that creosote appears to be the

agent which most strongly opposes the development of organic ferments, but that it

does not interfere with the living ferments or animacules when they are once

developed. This assertion is in direct opposition to all my experiments, about

the accuracy of which I have no doubt whatever, having submitted them to repeated

tests. The powerful action which carbolic acid exerts on the phenomena of life is the

most remarkable property which it possesses. It may bo looked upon as the test proper

for distinguishing vital from purely physical phenomena, and in most cases its action

is characterised by the certainty and definiteness of a chemical re-agent. In the

* These last two experiments are conflrmatory of n atatement in Dr. Lemaire's work, * Sar I'Adde
phitdque.'
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presence of carbolic acid the development of embryotic life is impossible, and before its

powerful influence all minute forms of animal life must inevitably perish.

* It may bo considered as definitely proved that the vapour of carbolic acid, in the

atmosphere, exerts a special selective power on all minute organisms possessing life.

If the contagious matter of cattle plague is possessed of organic vitality, as must be

now admitted, it will be destroyed, beyond the possibility of revival, when brought

into contact with the vapour. French experimentalists have repeatedly tested the in-

fluence of carboHc acid on vaccine lymph. They have employed lymph both piire and

mixed with a trace of carbolic acid. The vaccination with pure lymph was followed

by the usual results, but in no single instance was any effect produced by the lymph
containing carbolic acid.

* On the Adulterations of Carbolic Acid, and their Detection,

•The official recommendations have naturally brought into the market many
substitutions for carbolic acid, in which the valuable agent is diluted with cheap inert

bodies, while the price charged, in some cases, is higher than that of the genuine

article. Specimens of two such substitutions, called cresyline and carboline, were
forwarded to the Koyal Cattle Plague Commission for approval, "as being more
certain disinfectants than most of the carbolic acids now being sold to the public,

many of which contain but a very small percentage of that acid." It was stated that

the preparations contained over 60 per cent, of carbolic acid, and were miscible with
water. As it was possible from these- and other reputed advantages that the prepara-

Tables of Disinfection, feom Eepobt to Commissionees on Cattle Plagl-e,

1867, AND 'Disinfectants' by De. Angus Smith, 1869.

Gases evolved with various Disinfectants acting in Water.

CO, HS N Kate per Week

Blood alone 86-72 13-28 52 cubic cent.,,,,•••••• 69-00 6-68 24-32 38

„ disinfected by

:

McDougall's powder ^^

.

70-56 4-74 24-70 105

>> J> 500 • • •

>> » 250 '

82-16 10-40 7-44 57
76-66 16-38 6-96 57

Common salt j^, 1st portion . 84-26 4-62 11-12 25-2

„ „ 2nd portion

.

94-93 2-53 2-64 34-3*

„ „ 3rd portion . 81-07 1-92 17-01

Carbolic acid ^ouoo .... 29-02 7-31 63-67 18-96 „

»> Tooo .... 69-89 6-80 23-31 26-7

Cresylic acid and sulphite of soda ^^
64-42 4-52 31-06 60-3

57-85 6-06 35-49 73-5

>> »» " », 500 • 71-02 10-00 18-98 25-2

Chloride oflimeand sulphuric acid^^^ 45-22 4-64 49-74 37-9

j> M 1000 .... 78-61 4-20 17-19 30-3

Cresylic acid ^0 .... 66-99 3-96 29-05 28-0

Chloride of iron ^^o 17-64 82-36 70
Sulphite of soda j^
Nitrate of lead j^.... 82-72 4-30 12-98 59-5

87-84 4-72 7-44 51

Lime 1^5 ..... 75-79 5-10 19-11 70
Chlorate of potash ^^ . 61-83 1-77 36-40 31-3

Common salt 555 • • • • 85-21 7-11 7-68 40-25 „
Nitrate of iron j^qq ....
Sulphate of iron y^

62-37 7-02 30-61 23-3

89-53 10-47 ... 23-3

alumina y^ . • . 39-58 9-63 50-79 23-3

Iodide of potassium j^ . 42-97 10-59 34-45 78
Sulphite of soda and carbolic acid . 78-00 10-32 11-68 26-8

Chloride of iron j^ 85-36 9-94 4-70

Phenyl alcohol^ . 51-17 4-26 44-57 54
Blood treated with j^: 23

Chloride of zinc ....
Arsenious acid

Bichloride of mercury
Sulphate of copper ....

1 Not sufficie

I evolved f(

analysis

nt f

'
i

1*4

1-6

4-5

3-1
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tions might bo of considorable value, they wero forwarded to me for examination.
Cresylino consists of alkaline water, and tar oils boiling above 370° C, therefore con-

taining little or no carbolic or crosylic acids. Carbolino is a dilute solution of caustic

soda, containing 4'1 per cent, of carbolic acid. The price of these preparations is

liigher than that ordinarily charged for good commercial carbolic and cresylic acids.
' Other creosote samples from dififoront makers were found to contain, respectively

4"5, 2*6, 5'9 and 4*2, per cent, of carbolic acid, the rest being tar oils. In other
instances, articles have been sold as commercially pure carbolic acid, -which wore found
to contain from 30 to 50 per cent. Frequently a very foetid sulphur compound is

allowed to remain. This should bo avoided, as although the antiseptic powers of the
liquid are great, the oflfensivo odour which it difihses round tho neighbourhood is

excessively nauseous.
' It is by no means difficult to detect tho adiilterations referred to above. Com-

mercial carbolic acid is soluble in from 20 to 70 parts of water, or in twice its bulk of

Second Bay.—Temperature 50°-60° F,

Substance used

Carbolic acid .

Cresylic acid

Hydrochloric acid .

(Sp. gr. 1-03.)

Nitric acid

(Sp. gr. 1-08.)

Sulphuric acid .

(Sp. gr. 1-17.)

McDougall's powder

Heavy oil of tar ,

(Soda-solution.)

Heavy oil of tar

(Water-solution.)

Sulphate of alumina and am-
monia. (Alum.)

Bichromate of potash

Chloride of aluminium

Chloride of lime

Sulphite of soda

Quantity

grammes
001
0-025

005

0-01

0025
0-05

0-01

0-025

O'Oo

^0-01

0025
,0-05

'0-01

0-025

.0-05

'0-01

0-025

.0-05

'0-01

0-025

,0-05

'0-01

0-025

.0-05

0-01

0-025

.0-05

0-01

0-025

.0-05

001
0-025

.0-05

0-01

0026
0-05

0-01

0025
0-05

Odour

Slight odour of blood

Very faint odour ,

Slight odour of blood
Very faint odour .

»> >> •

Odour of stale blood

>> >»

i> )>

Slight odour of blood

>> >>

)) »>

Odour of stale blood

Strong odour of stale blood

Slight odour of stale blood

Odour of stale blood .

Slight odour of blood and tar

Odour of blood and tar.

Odour of stale blood

Slight odour of blood .

Very slight odour of blood

>» >i f» •

Sour odour ,

If ...
Odour of fermenting sugar

Slight odour of stale blood

Slight otlour of stale blood

Slight odour
Vciy faint odour .

Slight odour.

Sulphuretted
hydrogen

None
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a solution of caustic soda, while oil of tar is nearly insoluble ; but if the amount of

carbolic acid be increased some remains undissolved.
' To apply the tests : 1. Put a toaspoonful of the carbolic acid in a bottle, pour on

it half a pint of warm water, and shako the bottle at intervals for half an hour, when
the amount of oily residue will show the impurity. Or, dissolve one part of caustic

soda in ten parts of warm water, and shake it up with five parts of the carbolic acid.

As before, the residue will indicate the amount of impurity.
' These tests will show whether tar oils have been used as adulterants ; but to ascer-

tain whether the liquid consists of a mere solution of carbolic acid in water or alkali,

or whether it contains Bulpho-carbolic or sulpho-cresylic acids, another test must bo

Tenth Lay.—Temjperature 80°-86° F.

Substance used Quantity Odour Sulphuretted
hydrogen

Carbolic acid .

Cresylic acid

Hydrochloric acid

(Sp. gr. 1-03.)

Nitric acid

(Sp. gr. 1-08.)

Sulphuric acid

.

McDougall's powder

Heavy oil of tar

(Soda-solution.)

Heavy oil of tar

(Water-solution.)

Sulphate of alumina
and ammonia
(Alum.)

Bichromate of potash

Chloride ofaluminium

Chloride of lime

Sulphite of soda

0-01

0-025

0-05

0-01

0-025

0-05

0-01

0025
005

0-01

0-025

0-05

0-01

0-025

005

0-01

0-025

0-05

0-01

0-025

0-05

"0-01

0-025

0-05

001
0-025

0-05

0-01

0-025

0-05

0-01

0-025

0-05

001
0-025

0-05

0-01

0-025

0-05

001
0-025

0-05

Slightly putrescent warm blood .

)» U M •

Spicy odour ....
"Warm stale blood

Sour odourmixed with cresylic acid

Foetid HS odour . , , .

Mild spicy odoxir

Strong spicy odour

Peculiar faint spicy odour

Slight odour of carbolic acid

Putrescent odour of carbolic acid

.

Sulphuretted hydrogen

Slight odour of warm stale blood

.

Strong odour of warm stale blood
Tar and stale blood odour .

Sour warm stale blood odour
Sour sewage odour
Odour of warm stale blood .

Warm stale blood odour
The same, but slightly putrescent

The same, putrescent odour mixed
with that of tar .

Warm stale blood odour
Putrescent odour....
Sour putrescent warm stale blood

Slight garlic odour
Strong sour spicy odour

Sour warm blood odour
Sour odour .

Sour warm blood odour
Sour odour .

Sour fishy odour .

Farmyard manure
Sour warm stale blood

.

Foetid warm blood odour

Trace
Distinct

Large

Distinct

Very large

Large

Little

Trace
Distinct

Very very large

None
»>

Large

None
Distinct

Large
None
A little

Trace
Distinct

Very large

None

A little

Distinct

Slight

Distinct

Distinct

Very large



48 DISTILLATION

used, based upon the eolubility of these, and the insolubility of carbolic acid, in a
small quantity of -wator. In this case proceed as follo-ws :—2. Put a wine-glassful of

the liquid to bo tested in a bottle, and pour on it half a pint of warm water. If the

greater part dissolves, it is an adulterated article. Test the liquid in the bottle with
litmus-paper ; if strongly acid, it will show the probable presence of sulpho-acids,

whilst if alkaline it will show that caustic soda has been probably used as a solvent.'

DZSZlYTEGRATZOXr. The mechanical breaking up of rock under the action of

atmospheric influences. It is distinguished from decomposition, which always refers

to some chemical action.

DZSTHSNE. A name given to Cyanite, in allusion to the unequal degree of hard-

ness which crystals of this mineral exhibit in diflferent directions. See Cyanite.
BZSTZIjIiATZOXr. Distillation consists in the conversion of any substance into

vapour, in a vessel so arranged that the vapours are condensed again and collected in

a vessel apart.

The word is derived from the Latin dis and stillo, I drop, meaning originally to

drop or fall in drops, and is very applicable to the process, since the condensation

generally takes place dropwise.

It is distinguished from sublimation by the confinement of the latter term to cases

of distillation in which the product is solid, or, in fact, where a solid is vaporised and
condensed without visible liquefaction.

The operation may simply consist in raising the temperature of a mixture suffi-

ciently to evaporate the volatile ingredients ; or it may involve the decomposition of

the substance heated, and the condensation of the products of decomposition, when it

is termed destructive distillation ; in most cases of destructive distillation the bodies

operated upon are solid, and the products liquid or gaseous ; it is then called dry

distillation.

In consequence of the diversity of temperatures at which various bodies pass into

vapour, and also according to the scale on which the operation has to be carried out,

an almost endless variety of apparatus may be employed.

Whatever be the variety of form, it consists essentially of three parts : the retort

or still, the condenser, and the receiver.

On the small scale, in the chemical laboratory, distillation is performed in the simplest

way by means of the common glass retort a, and receiver by as in fig. 609. The great

609

610

advantages of the glass retort are that it admits of constant observation of the mate-

rials within, that it is acted upon or injured by but a few substances, and may bo

cleaned generally with facility. Its great disadvantage is its brittleness.

The retort may be either simple, as in^. 610, or tubulated, as in^. 611.

Eetorts should generally be chosen sufficiently convex in all parts, the degree of

curvature of one part passing gradually into that of the neighbouring portions, as is

represented in the figure ; the part to be heated should, moreover, be as uniform in

point of thickness as possible. The tubulated retort is more liable to crack than the

plain one, on account of the necessarily greater thickness of the glass in the neigh-

bourhood of the tubulature ; nevertheless, it is very convenient on account of the facility

which it offers for the introduction of the materials.

In charging retorts if plain, a funnel with a long stem should be employed, to avoid

soiling the neck vith the liquid to bo distilled ; when a solid has to be introduced, it
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is preferable to employ a tubulated retort ; and if a powdered solid is to be mixed with
a fluid, it is preferable to introduce the fluid first.

Heat may be applied to the retort either by the argand gas flame, as in fi^. 609, or

a water-, oil-, or sand-bath may be employed.
In distilling various substances, e. g., sulphuric acid, great inconvenience is ex-

perienced, and even danger incurred, by the phenomenon termed ' bumping.' This
consists in the accumulation of large bubbles of vapour at the bottom of the liquid,

which bursting cause a forcible expulsion of the liquid from the retort. It is pre-

vented by the introduction of a few angular fragments of solid matter of such a natm-e
as not to be acted upon by the liquid which is to be distilled. Nothing answers this

purpose better than a piece of platinum foil cut into a fringe, or even a coil of plati-

num wire introduced into the cold liquid before the distillation is commenced. Even
with this precaution the distillation of sulphuric acid, which it is often desirable to

perform for the purpose of its purification, is not unattended with difficulty and
danger.

Dr. Mohr suggests the following method :—A glass retort of about two pounds
capacity, is placed on a cylinder of sheet iron in the centre of a small iron furnace,

whijeits neck protrudes through an opening in the side of the furnace (^. 611).
Ignited charcoal is placed round the cylinder, without being allowed to come in contact
with the glass, and a current of hot air is thus made to play on all parts of the retort,

excepting the bottom, which is protected by its support. There is a valve in the flue

of the furnace for regulating the draught, and three small doors in the cupola or head,
for supplying fresh fuel on every side, and for observing the progress of the distil-

lation.

Instead of the sheet-iron cylinder a Hessian crucible may be employed, and this, if

requisite, elevated by placing it on a brick. If the vapour be very readily condensed,
nothing more is necessary than to insert the extremity of the retort into a glass receiver
as in fig. 609.

If a more efficient condensing arrangement be requisite, nothing is more convenient
for use on the smaU scale than a Liebig's condenser, shown in fig. 612. It consists
simply of a long glass tube into which the neck of the retort is fitted, and the opposite
extremity of which passes into the mouth of the receiver ; round this tube is fitted

another either of glass or metal, and between the two a current of water is made to
flow, entering at a and passing out at h. The temperature of this water may be
lowered to any required degree by putting ice into the reservoir c, or by dissolving
salt in it. (See Fheezing.)
Even on the small scale it is sometimes necessary to employ distillatory apparatus

constructed of other materials besides glass.

Earthenware retorts are now constructed of very convenient sizes and shapes.
There is one kind—which is very useful when it is required to pass a gas into the
retort at the same time that the distillation is going on, as in the preparation of
chloride of aluminium, &c.—which has a tube passing down into it also made of
earthenware, as in fig. 613. The closest are of Wedgwood ware, but a common clay
retort may be made impermeable to gases, by washing the surface with a solution of
borax, then carafully drying and heating it.

Vol. n.
Mohr and Redwood's ' Practical Pharmacy.

E
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Retorts, or flasks with bent tubes, which screw in thus {fig. 614), of copper, are
employed when it is requisite to produce high temperatures, as for the preparation of
benzole from benzoic acid and baryta, or in making marsh gas from an acetfite, &c.

613 614

In distilling hydrofluoric acid the whole apparatus should be constructed in lead

;

the receiver consisting of a U-shaped tube of lead, which is fitted with leaden stoppers

so as to serve for keeping the acid when prepared ; or a receiver of gutta percha may
be- employed with a stopper of the same material. {Fig. 616.)
For many purposes in the laboratory as, for instance, the preparation of oxygen by

heating binoxide of manganese,—in the manufacture of potassium, &c. &c. ; where
high temperatures aro required, the iron bottles in which mercury is imported from

615
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Spain may be employed, a common gun-barrel being screwed into them to act as a

delivery tube or condenser. {Fig. 616.)

On a large scale an almost endless variety of stills have been and are still employed,

which are constructed of different materials.

The common ' still ' consists of a retort or still proper, in which tlio substance is

heated ; and a condenser commonly called a ' worm * on account of its having fre-

quently a spiral shape. The retort or still is generally made in two parts : the -pan

or copper, which is the part to which heat is applied, and is commonly set in a furnace

of brickwork, and the ' head,^ which is generally removed after each operation, and
refixed and luted upon the pan when again used. The condenser or worm is com-
monly placed in a tube or other vessel of water. (See/^. 619.)

The still may be either constructed of earthenware, or, asis very commonly the case,

of copper, either plain or electro-plated with silver, according to circumstances; less

frequently platinum is employed.

The still is either heated by an open fire, as \nfig. 616, or, as is now very commonly
the case, by steam. The still-pan {fig. 617) is surrounded by an outer copper jacket,

and steam is admitted between them from a steam-boiler under any required pres-

sure. In this way the temperature may be regulated with the greatest nicety.

Various adaptations for heating by steam have been appropriately arranged in a
very convenient form by Mr. Coffey, of Bunhill Row, Finsburj*, in his so-called

Esculapian Still. It is, in fact, a veritivble medium in parvo, being intende<l to afford to

thepharmaceutical chemist the means of conducting the processes of ebullition, distilla-



DISTILLATION 51

tion, evaporation, desiccation, &c., on the small scale, by the heat of a gas-furnace.

Fig. 618 represents this apparatus.

B, a burner supplied with gas by a flexible tube, c, the boiler or still, i, an
evaporating pan, fixed over the boiler and forming the top of the still-head, k, a
valve for shutting off the steam from i, -when it passes through the tube m, otherwise
it would pass through l, and commimicate heat to the drying-closet o o, and from
thence to the condenser t t. o is a second evaporating pan over the drying-closet.
Another arrangement for distilling by steam is shown in/<7. 619.

Sometimes also distillation is effected by passing hot steam through a worm con-
tained within the still, instead of, or in addition to, the application of heat from
without.

The worm or condenser is frequently constructed of earthenware, and set in an
e2
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earthenware vessel ; these are very convenient when the operation is not to be con-

ducted on a very large scale, and only at a moderate temperature. They are now to

be obtained of all manufacturers of stone-ware articles. More commonly the worm

619

is of copper, tin, or copper lined with silver, and in some rare cases where the liquids

to be distilled act upon both copper and silver, of platinum. {Fig. 620.)

A tube of the shape shown in fig. 621 is found more convenient than the worm, on
account of its exposing a larger surface, and also because it can be placed into a vessel

of a prismatic form which occupies but little space : the water employed for condensa-

tion enters at the bottom and passes out at the top.

621 622

I)

Gadda's condenser is represented in fig. 622. It consists of two conical vessels of

metal, of unequal size, the smaller being fixed within the other, and the space between

them closed at the bottom. These are placed in a tub filled with cold water, wliich

comes in contact with the inner and outer surfaces of the cones, while the space

between is occupied by the vapour to be condensed. This condenser is subject to the

objection which applies to the common worm, tliat it cannot be easily acdefficiently

cleaned.

To obviate this, Professor Mitscherlich has proposed a very simplo modification in

its form, in which the inner cone is moveable, so that, when taken out, the intervening

space between it and the outer cone can bo cleaned, and then the inner cone replaced

previously to commencing an operation.
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Disiillation of Spirits.—In the manufacture of ardent spirits, the alcoholic liquor

obtained by fermentation of a saccharine solution is submitted to distillation ; the

alcohol being more volatile than the water passes over first, but invariably a consider-

able proportion of water is evaporated and condensed with the alcohol. To separate

this water to the required extent it is necessary either to submit the product to redis-

tillation, or to contrive an apparatus such that the product of this first distillation is

returned to the still until a spirit of the required strength is obtained.

One of the earliest and simplest contrivances for effecting the latter object is the

still invented by Dorn, which is employed up to the present time in Germany {Jiff.

G23). A is the still, heated by the direct action of the fire ; b the head, from which

r conveys vapour to a small refrigerator, for the purpose of testing the strength of the

distillate ; e is an ordinary condenser, containing worm, &c. The intermediate copper
vessel answers two purposes : the upper part c forming a heater for the wash, while
the lower compartment b acts as a rectifier. The heater c, when filled up to the level

of the cock m, contains the exact measure of wash for charging the still ; the contents

can be constantly agitated by the rouser i. The still and heater being both charged,

the vapour will at first be completely condensed in passing through the worm g, and
flowing into d will close the aperture. When the cpntents of c become so hot that no
more condensation occurs, the vapour will escape by bubbling through the liquid in d,

which latter rapidly becomes heated to the boiling point, and evolves vapours richer

in alcohol, which in their turn are condensed in e.

In this manner, by one operation, spirit containing about 60 per cent, of alcohol is

obtained.

Of the recent improvements on Dom's still two only need be described : Coffey's,

which has in a great measure replaced all others in this country ; and Derosne's, which
is extensively employed in France.

Coffey's Still far stirpasses any of those before described. It was patented in 1832,
and has proved most valuable to the distiller, since it yields the strongest spirit that
can be obtained on the large scale.

Its objects are twofold : 1st. to economise the heat, as much as possible, by ex-

posing the liquid to a very extended heated siirface ; 2nd, to cause the evaporation of
the alcohol from the wash by passing a current of steam through it.

The wash is pumped from the ' wash charger ' into the worm tube, which passes

from top to bottom of the rectifier. In circulating through this tube its temperature
is raised to a certain extent. Arrived at the last convolution of the tube in the rectifier

the wash passes by the tube m (Jiff. 624) in at the top of the ' analyser.' It falls and
collects upon the top shelf until this overflows, whence it falls on to the second shelf,

and so on to the bottom. All the while steam is passed up from the steam boiler

through fine holes in the shelves, and through valves opening upwards. As the wash
gradually descends in the analyser it becomes rapidly weaker, partly from conden-
sation of the steam which is passed into it, and partly from loss of alcohol, either

evaporated or expelled by the steam ; till, when it arrives at the bottom, it has parted
with the last traces of spirit. At the same time the vapour, as it rises through each
shelf of the analyser, becomes continuously richer in alcohol, and contains less and
less water in consequence of its condensation ; it then passes from the top of the
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analyser in at the bottom of the lower compartment of the rectifier. Here it aseencls

in a similar way, bubbling through the descending wash, until it arrives at f, above

which it merely circulates round the earlier windings of the wash pipe, the low tem-

perature of which condenses the spirit, which, collecting on the shelf at f, flows off

by the tube into the finished spirit condenser.

'in order still further to

economise heat, the water for

supplying the boiler is made
to pass through a long coil

of pipe, immersed in boiling

hot spent wash, by which
means its temperature is

raised before it enters the

boiler. In fact, the saving

of fuel by the employment of

this still is so great, that

only about three-fourths of

the quantity is consumed
that would be requisite for

distilling any given quantity

of alcohol in the ordinary

still ; and Dr. Muspratt esti-

mates that in this way a sav-

ing will be effected through-

out the kingdom of no less

than 140,000 tons of coal per
annum.
Very few persons have any

idea of the enormous size of

some of the distilleries. One
of Mr. Coffey's stills at In-

verkeithing works off 2,000

gallons of wash per hour,

and one, more recently erected

at Leith, upwards of 3,000

gallons.

Lerosne^s Stillis very simi-

lar, in the principle of its

action, to Coffey's, differing

in fact only in the mecha-
nical details by means of

which the result is obtained.

It consists of two stills, a
and B, Jiff. 625. The mixture
of steam and alcohol vapour
from A passes into the liquid in b, which it raises to the boiling point The vapours

M'\
;
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from B rise through the distillatory column c, and d (the rectificatory column) ; hence
they traverse the coils of tubing in e (the condenser and wine-heater), and the alcohol
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is fin<ally condensed by traversing the worm iu f (tlie refrigerator), whence it is deli-

vered at 7.. At the same time a steady current of tlie original alcoholic liquor is ad-
mitted from the reservoir h, into the exterior portion of the condenser f, by moans of

the tap, the flow from which is regulated by the ball-cock g. Whilst condensing the
spirit in the worm the wash has its temperature raised, especially in the upper part,

and thence it ascends by the tube h into the heater e, by the small orifices k k, Jig.

626, where it is still further heated by the current of heated alcohol which has risen

into the worm from the still, whilst at the same time assisting in the condensation of

the spirit. After performing its office of condensation, and when nearly at the boiling

point, the alcoholic liquor passes out by the tube I, and is conducted to the top of the
distillatory column c. Here it trickles down over a series of lenticular discs of metal
(shown \njig. 626), so contrived as to retard its progress into the still b, and yet per-

mit the ascent of the steam. In this distillatory column (c. Jig. 628) it meets the steam
rising from the still u. The greater part of its alcohol is

expelled, which, traversing the series of condensers before

described, is ultimately liquefied and collected at z ; but, to

complete the rectification, it descends into the still b, and, when
above a certain level (m m), into a, which stills being heated by
a furnace beneath, the final expulsion of alcohol is accomplished,

and the spent liquor run off at x.

The details of the construction of the apparatus employed
in the distillation of spirits have been here given, since this

process is perhaps one of the most important of the kind ; but
various modifications are employed in the distillation of other

liquids.

In some cases unusually effectual condensing arrangements
are required, as in the manufacture of ether, chloroform,

bisulphide of carbon, and bichloride of carbon.

In others higher temperatures are
necessary, as in the distillation of
sulphuric acid.

When the liquids to be distilled are
acid, or otherwise corrosive, great
care has to be taken especially that

the worm or other condenser is of a
material not acted upon by the acid.

See Acetic Acid, and Sulphubic
Acid.

The term 'distillation 'is sometimes
applied to cases of the volatilisation

and subsequent condensation of the
metals either in their preparation or
purification.

In cases like mercury, potassium,
and sodium, where they are condensed
in the liquid state, or visibly pass
through this state before volatilisation,

this term is quite appropriate ; but
where the fusing and vaporising
points nearly coincide, as in the case of
arsenic, the term * sublimation ' would
be more suitable.

Nevertheless, it is difficult to draw
a precise line of demarcation between
the two terms ; for, in the cases of
zinc, cadmium, &c., the metals being
melted before volatilisation, and con-
densed likewise in the liquid state,

the term is certainly correct.

For the detiiils of construction of
the distillatory apparatus we must refer to the articles on these several metals.

BistUlaiio per descensum is a term improperly applied to certain cases of distil hition

where the vapour is dense, and may be collected by descending through a tube which
has an opening in tho top of the distillatory vessels, and descends through tlie body of
the vessel in which the operation of evaporation is going on, being collected below.

This is clearly merely due to the fact of the vapour being even at a high tempera-
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ture more dense than atmospheric air, and might be performed with any body forming

a dense vapour, such as mercury, iodine, zinc, &c.

It has, however, practically been confined to the English process of refining zinc.

See Zmc.
The two most remarkable cases in which the process of destructive distillation is

carried out on a manufacturing scale, are the dry distillation of wood, for the manu-
facture of wood charcoal, acetic acid, and pyroxilic spirit; and of coal, for the purpose

of obtaining coal-gas, and coke. This process will be found fully described in the

article on Gas, Coal.
Distillation of Essential Oils or Essences.—The separation of volatile flavouring oils

from plants, &c., by distillation with water, will be fully treated under another head.

See Perfumery ; Essences.

Fractional Distillation.—A process for the separation of volatile organic substances

(such as oils) is very extensively employed in our naphtha works under this name.
If we have two volatile bodies together, but differing appreciably in their boiling

points, we find, on submitting them to distillation in a retort, through the tubulature

of which a thermometer is fixed, so that its bulb dips into the liquid, that the tem-
perature remains constant (or nearly so) at the point at which the more volatile con-

stituent of the mixture boils, and the distillate consists chiefly of this more volatile

ingredient ; and only after nearly the whole of it has passed over, the temperature

rises to the point at which the less volatile body boils. Before this point has been
reached, the receiver is changed, and the second distillate collected apart. By sub-

mitting the first product to repeated redistillation, as long as its boiling-point remains
constant, the more volatile constituent of the mixture is ultimately obtained in a state

of absolute purity. See Naphtha.
This method may in fact be adopted when the mixture contains several bodies

;

and by changing the receiver with each distinct rise of temperature, and repeating

the process several times, a fractional separation of the constituents of the mixture
may be effected.—H. M. W.
DZSTZZiZiATIOX, DESTRVCTIVX:. Organic matters may be divided into

two groups, founded on their capability of withstanding high temperatures without
undergoing molecular changes. Bodies that distil unchanged form the one, and those

which break up into new and simpler forms, the other. The manner in which heat
acts upon organic substances differs not only with the nature of the matters operated
upon, but also with the temperaturo employed. We shall study the subject under the

following heads :

—

1. Apparatusfor destructive distillation.

2. Destructive distillation of vegetable Tnatters,

3. Destructive distillation of animal matters.

4. Destructive distillation of acids.

5. Destructive distillation of bases.

6. General remarks.

1. Apparatus for destructive distillation.—Destructive distillation on a large scale is

most conveniently performed in the cast-iron retorts used in gas-works. Where quan-
tities of materials not exceeding fifteen or twenty pounds are to be operated on, for

the purpose of research, a more handy apparatus can be made from one of the stout

cast-iron pots sold at the iron wharves. They are semi-cylindrical, and have a broad
flange round the edge. The cover should be made to flt in the manner of a saucepan-
lid. The aperture by which the products of distillation are to be carried away should
be of good size, and the exit pipe must not rise too high above the top of the pot before

it turns down again. This is very essential in order to prevent the less volatile portion

of the distillate from condensing and falling back. The exit tube should conduct the
products to a receiver of considerable capacity, and of such a form as to enable the
solid and fluid portions of the distillate to be easily got at for the purpose of examin-
ation. From the last vessel another tube should conduct the more volatile products
to a good worm supplied with an ample stream of cold water. If it be intended to

examine the gaseous substances yielded by the substances under examination, the exit

pipe of the worm must be connected with another apparatus, the nature of which
must depend on the class of bodies which are expected to come over. If the most
volatile portions are expected to be basic, it will be proper to allow them to stream
through one or more Woulfe's bottles half filled with dilute hydrochloric acid. Any
very volatile hydrocarbons of the C°H° family which escape may be arrested by
means of bromine water contained in another Woulfe's bottle. The pressure in the
Woulfe's bottles must be prevented from becoming too great, or the leakage between
the flange of the pot and its cover will be very considerable. The luting may consist
of finely-sifted Stourbridge clay, worked up with a little horse-dung. A few heavy
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weiglittj should bo placed on rarioiis parts of the lid of the pot, so as to keep it close,

and render the leakage as little as possible. For the destructive distillation of small
quantities of subsbiuces, I have been accustomed for a long time to employ a small
still made from a glue pot, and having a copper head made to fit it. The luting for

all temperatures not reaching above 700° may bo a mixture of ^ths linseed and ^th
almond meal, made into a mass of the consistency of putty. For the apparatus em-
ployed in the destructive distillation of wood, coal, bones, &c., on the largo scale, tho
various articles in this work on the products obtained from those substances must be
consulted.

2. Destructive distillation of vegetable Tiiatters.—Tho principal vegetable matters
which are distilled on tho large scale aro wood and coal. Wo shall consider these

separately.

Destructive distillation of wood.—Tho products obtained in the ordinary process of

working aro acetic acid, wood spirit or methylic alcohol, acetone, pjTOxanthine, xylite,

lignine, paraffine, creosote or phonic acid, oxyphenic acid, pittacal, several homologues
of benzoic, with ammonia, and methylamino. There aro also several other bodies

of which the true nature is imperfectly known. Tho greater part of tho above sub-

stances aro fully described in separate articles in this work. See Acetic Acid;
Paraffine, &c.

Peat appears to yield products almost identical with those from wood.
Destructive distillation of coal.—The number of substances yieldedby tho distillation

of coal is astonishing. It is very remarkable that tho fluid hydrocarbons produced at

a low temperature aro very different to those distilling when a more powerful heat is

employed. The principal fluid hydrocarbons produced by tho distillation and subse-

quent rectification of ordinary gas-tar are benzole and its homologues.—See Hydeo-
CARBONS. But if the distillate is procured at as low a temperature as possible, or

Boghead coal be employed, the naphtha is lighter, and the hydrocarbons which make
its chief bulk belong to other series. See Naphtha.

3. Destructive distillation of aniTTial matters.—Bones aro the principal animal sub-

stances distilled on the lai-go scale. The naphthas which come over are excessively

foetid, and are very troublesome to render clean enough for use. The products con-

tained in bone-oil will be described in the article Naphtha. Horn and wool have
been examined with reference to the basic products yielded on distilling them with
potash. Horn under these circumstances yields ammonia and amylamine. Wool I

find to afford ammonia, pyrrol, butylamine, and amylamine. My experiments on
feathers, made some years ago, although not carried so far as" those on wool, appear to

indicate a very similar decomposition.

The products yielded by animal matters, when distilled per se, are very different

to those obtained when a powerful alkali is added previous to tho application of

heat. If feathers or wool bo distilled alone, a disgustingly-fcBtid gas is evolved,

containing a large quantity of sulphur. Part of tho sulphur is in tho state of sulphide

of carbon. But if an alkali be added previous to the distillation, the sulphur is re-

tained, and the odour evolved, although powerful, is by no means offensive. During
the whole period of the distillation of ordinary organic matters conbiining nitrogen,

pyrrol is given off, and may be recognised by tho reaction afforded with a slip of deal

wood dipped in hydrochloric acid. An interesting exporir.ient, showing the formation

of pyrrol from animal matters, may at any time be made with a lock of hair, or the

feather of a quill. For this purpose the nitrogenous animal matter is to bo placed at

tho bottom of a test tube, and a little filtering paper is to be placed half way up the

tube, to prevent the water formed during tho experiment from returning and frac-

turing the glass. The end of tho tube is now to be cautiously heated with a spirit

lamp, and, as soon as a dark yellowish smoke is copiously evolved, a slip of deal pre-

viously moistened with concentrated hydrochloric acid is to bo exposed to the vapour.

In a few seconds the wood will acquire a deep crimson colour. The fact of tho pro-

sonce of sulphur in wool, hair, or other albuminous compounds of that description,

may bo made very evident to an audience by tho following experiment. Dissolve the

animal matter in very concentrated solution of potash in a silver or platinum basin,

with the aid of heat. Evaporate to dryness, and raise the heat at the end to fuse the

potash and destroy most of the organic matters. When cold, dissolve in water, and
filter into a flask half full of distilled water. To tho clear liquid add a little of Dr.

Playfair's nitroprussido of sodium ; a magnificent purple tint will be immediately pro-

duced, indicative of the presence of sulphur. A very small quantity of hair or flannel

will suffice to yield tho reaction.

The above remarks on destructive distillation apply principally to highly complex
bodies, the molecular constitution of which is either doubtful, as in the case of albu-

minous substances, or totally unknown, as with coals and shales. Tho destructive

distillation of organic substances of comparatively simple constitution, such as acids
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and alkalis, sometimes j-ields products, the relation of which to the parent substance

can be clearly made out. This holds more especially in the case of organic acids ; the

bases too often yield such complex results, that the decomposition cannot be expressed

by an equation giving an account of all the products. "We shall study a few cases

separately.

4. Destructive distillation of acids.—The destructive distillation of acids takes place

in a totally different manner, according as we have a base present, or the operation is

carried on without any addition. Many if distilled per se undergo a very simple re-

action, consisting in the elimination of carbonic acid, and the formation of a 'pyroax^id.

But if an excess of base be present, the decomposition often results in the formation
of a ketone. We shall offer a few examples of these decompositions. Gallic acid,

heated to about 419° Fahr.,is decomposed into pyrogallic and carbonic acids, thus

:

CUH^O^" = C'^H^O'' + 2C0'-

Gallic acid. Pyrogallic acid.

There are cases in which the action of heat upon organic acids results in the for-

mation of two substances, not produced simultaneously, but in two epochs or stages.

In reactions like this, the first effect is the removal of two equivalents of carbonic

acid, and by submitting the resulting acid to heat again, two more are separated.

Under these circumstances, it is the second which is generally called the pyroacid. As
an example, we will take meconic acid, which breaks up in the manner seen in the
annexed equations

:

C»H^O>* = C'^H^Qio + 2Q0- C'^H^O'" = Ci^n'O" + 2C02

Meconic acid. Comenic acid. Comenic acid. Pj-romeconic acid.

It will be seen that the hydrogen remains unaffected. Perhaps the name pyroco-

menic acid would be preferable to pyromeconic acid, inasmuch as it is derived from
comenic acid in the same manner as pyrogallic from gallic acid.

But pyroacids are not always derived from the parent acid by the mere elimination

of carbonic acid ; thus mucic acid, in passing into pyromucic acid, loses two equivalents

of carbonic acid, and six equivalents of water, thus :

Ci2H»«0'° = C'°ffO« + 2C02 + 6H0

Slucic acid. Pyromucic acid.

C6H'»08 = C'H^O' + C02 + 3H20.

It does not invariably happen that the destructive distillation of acids per se results

in the formation of a pyroacid ; the disruption is sometimes more profound, the products

being numerous and somewhat complex. Let us take, as an illustration, a case where all

the results can be reduced to an equation. Oxalic acid, when heated in a retort with-

out addition, yields water, oxide of carbon, carbonic and formic acids, in accordance
with the annexed equation :

4(C-0^H0) = 4C0= + 2C02 + 2H0 + C^HO^.HO

Oxalic acid. Fonnic acid,

2 (C^H^O*) = 2 C02 + CO + BPO + CH'O^.

The admixture of sand, pulverised pumice-stone, or any other inert substance in a
state of fine division, often remarkably assists in rendering the decomposition more
easy and definite. Thus, if pure sand be mixed with oxalic acid, the quantity of formic

acid is so increased, that the process is sometimes employed in the laboratory as a
means of affording a pure and tolerably strong acid.

"We have said that the destructive distillation of acids proceeds in a very different

manner according as we operate upon the acid itself, or a salt of the acid. The dis-

tillation of the pure salt yields different products to those which are obtained when
the salt or dry acid is mixed with a large excess of a dry base (such as quicklime),
before the application of heat. If, in the former mode of proceeding, two atoms of
the acid are decomposed, yielding a body containing for four volumes of vapour,
the elements of two atoms of carbonic acid and two of water less than the parent acid,

such body is called a ketone. Thus when two atoms of acetate of lime are distilled,

the products are one atom of acetone and two of carbonic acid. Of course the carbonic
acid combines with the lime, thus

:
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2(C*H'CaO*) = CmO- + 2(CnO,CO»).

Acetate of lime. Acetone.

C^B'^CaO* = C^a'^O + CaCO'.

If, ho"wever, the salt is not of a very Ioav atomic weight, and the quantities operated

on are at all considerable, secondary products are formed, as in the dry distillation of

butyrato of lime, Trhon, if the substance is not in very small quantity, carbon is de-

posited, and a certain quantity of butyral, C^H^O'^ (C*H^O) is formed, and probably

other substances.

As an illustration of the decomposition undergone wlien acids are distilled "with a

great excess of dry base, we shall select that of benzoic acid, which under the circum-

stances alluded to yields benzole and carbonate of the base

:

C"H80* = C"H« + 2 (C08)
< V ^

Benzoic acid. Benzole.

6. Destructive distillation of bases.—It has been found that the organic bases undergo
a much simpler and more direct decomposition when subjected to destructive distilla-

tion in presence of alkalis than when they are exposed to heat without admixture.

There are two bodies almost invariably found among the resulting products, namely,
ammonia and pyrrol. In this respect, therefore, the organic alkalis behave like

other nitrogenised animal and vegetable products. The decomposition is almost

always rather complex, and it is very rare that the products are sufficiently defiuito

to bo arranged in the form of an equation. The most common substances found, are

the alcohol bases, and these are almost invariably of low atomic weight. One great

difficulty connected with researches- on this subject, is owing to the fact of its being

seldom that the products are in sufficient quantity to enable a thorough knowledge of

the molecular constitution to be arrived at. Unfortunately this information is much
wanted in consequence of the numerous cases of isomerism to be met with among the

alcohol bases. Thus it is difficult, when working in very small quantities, to dis-

tinguish between bimethylamine and ethylamine, both of which have the formula
C*H^N (C^B^U). See Foemulje, Chemical.

It is remarkable that there is a great similarity between the products of the des-

tructive distillation of some of the most unlike nitrogenous substances. This is con-

spicuously seen in the case of bones, or rather the gelatinous tissues of bones, shale,

and coal naphthas, and cinchonine. An inspection of the following ta,ble, compiled

from a paper (by the writer of this article), * On some of the Basic Constituents of

Coal Naphtha,' will render this evident :

—

Gelatinous Tissues. Shale Naphtha. Coal Nuphtlio. Cinchonine.

Pyrrol. Pyrrol. Pyrrol. Pyrrol.

Pyridine. Pyridine. Pyridine. Pyridine.

Picoline. Picoline. Picoline. Picoline.

Lutidine. Lutidine. Lutidine. Lutidine.

Collidine. Collidine. Collidine. Collidine.

^ Parvoline. , ,

, . Chinoline. Chinoline.

, , . Lepidine. Leijidine.

. . Cryptidine. , ,

Aniline. , Aniline. .

It is very possible that some of the above bases, ha^-ing the same formulae, but de-

rived from diffijrent sources, will, in course of time, prove to be merely isomeric,

and not absolutely identical. The author of this article has found that the chino-

line of coal-tar is cert-ainly not identical with that from cinchonine. The base from

the latter source yields a magnificent and fast blue dye upon silk, when treated by

a process which gives no reaction if the coal-base be substituted. It is unfortunate

that the reaction is with the latter instead of the former, as it would have added one

more to the list of gorgeous dyeing materials yielded by coal-tar.

6. General Eemarks.—The tendency of numerous researches, made during the last

few years, has been to show that there is no organic substance, capable of resisting

high temperatures, which may not be found to exist among products of destructive

distillation. By varying the nature of the substance to be distilled, and also the cir-

cumstances under which the operation is conducted, wo can obtain an almost infinite

variety of products. Acids, bases, and neutral substances, solid, liquid, and fluid

Jiydrocarbons, organic positive, negative, and derived radicals, orgfi no-metallic bodies
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all may be produced by the action of high temperatures on more or less compli-

cated bodies. Much has already been done, but the facts at present accumulated

relate merely to the superficial and more salient substances. On penetrating further

below the surface far more valuable and interesting facts will came to light.—C.G.W.

3>ZSTZ£X;z:d "WATSB. Water converted into vapour by heat, and subsequently

condensed. See "Water.

aoZTTAinr. The root of the Bictamnus Fraxinella, a plant belonging to the

Rue order, or BiitacecB, formerly much used in medicine.

DZSSOCZATXOIO'. The resolution of certain compounds at a high temperature

into their constituents ; the elements of which they are composed being capable of

existing together under these conditions, without entering into combination. Thus,

carbonic oxide is dissociated at a high temperature, oxygen being set free and com-

bining with unaltered carbonic oxide to form carbonic acid gas, whilst free carbon is

deposited. According to Mr. I. Lowthian Bell, this decomposition is of much im-

portance in the reactions which accompany iron smelting in the blast-furnace. As
dissociation is a purely physical phenomenon, hardly within the limits of this Dic-

tionary, we may refer the reader to 'Lemons sur la Dissociation' (1864), by M. Henri

Sainte-Claire Deville, who has made this subject peculiarly his own.

BZVZ-BZVZ, or Lihi-Bavi, is the pod of a leguminous shrub, the Casalpinia

coriaria, which is indigenous to Jamaica, and some parts of South America. Mr.

Rootsey obtained a mean produce of 6-625 grs. of leather from 60 grs. of divi-divi,

while the same quantity of the best Aleppo galls yielded only a mean produce of

4*625. It appears, too, from Sir Humphry Davy's estimate, that 60 grs. of divi-divi

contain 3-0475 grs. or 5*079 per cent, of tannin, and 60 grs. of galls, 2-12704 grs., or

3-450 per cent. Sixty grs. of oak bark yielded only 1-75 grain of leather ; whence it

follows that it contains but 0-805 of a grain of tannin to the drachm, or not more

than 1-34166.

It has been tried as a dye instead of galls or sumach, but its use for this purpose is

almost entirely abandoned. See Leather.
DZVZITG SlSltJt. As it is frequently desirable to raise objects from the bottom of

tlie sea or rivers, and to lay the foundation of piers and similar structures, some con-

trivance was desired to enable man to descend below the water, and to sustain himself

while there. The first method adopted was the very simple one of letting down a

heavily-weighted bell vertically into the water. As the bell descended, the air got

overpressed, and the water rose in the bell, but never to the top, and within that

space the man was sustained for some time. The air, however, was vitiated by the

process of respiration, and the man had to be drawn up. It is curious to find that as

early as 1693 a very complete system of diving without a bell was devised, as the

following quotation will show :

—

A. D. 1693. 'William and Mary, by the Grace, &c. &c. Whereas John Stapleton,

gentleman, hath by his great study and expence invented a new and extraordinary

engine of copper, iron or other mettal, with glasses for light joints, and so contrived

as to permit a person enclosed to move and walk &eely ^\ith under water, and yet so

closely covered over with leather as sufficiently to defend him from all the jumpes of it.

Also invented a way to force air into any depth of water, whereby the person in the

aforesaid engine may be supplied with a continual current of fresh aire, which not

only serve him for respiracon, but may alsoe be tiseful for continuing a lavip burning,

which he may carry about with Mm in his hand. . . . Likewise a way to make the

same again serviceable for respiracon, and by continually repeating the operacon, a

man may remain a long time under water, in either of the said engines, without any
other air than the sayd engines do contayne, whereby he shall be preserved from suffo-

cation if any extraordinary accident should interrupt the current of fresh air afore

menconed.'

—

Letters Patent. Bolls Chapel. Edited by Bennet Woodcraft.

The defects were many in this apparatus, and Dr. HaUey invented a bell the object

of which was to remedy them.
Dr. Halley's bell was of wood coated with lead, and having strong glass windows

above, to allow the passage of light to the diver. In order to supply air, a barrel was
taken with an open hole in the bottom, and a weighted hose hanging by, and fitting

into a hole at the top. From this barrel the air of the bell was supplied as frequently

as it became vitiated, the barrels of air being sent down from above. Spalding im-
proved upon Halley's bell, and again Friewald made some improvements on Spalding's,

but in principle these bells were all alike. The modern bells are usually large and
strong iron bells, with windows in the upper part. By means of an air-pump, placed on
the surface, air is sent down to the divers in the bell, and the vitiated air is as regularly

q-emoved from the bell by other tubes through which it escapes. These diving beUs
are lowered by means of cranes, and are moved about in the water by those above,
signals being given by the men Iselow. The difficulty of moving this machine, renders



G2 DIVING BELL

it still inconvenient, and attempts were made to obviate this, by the construction of
a diving bell upon principles entirely different. This new diving bell, to which the
name of The Nautilus was applied, proved useful in the construction of some parts
of the Victoria Docks, and some works on the Seine. Although it is not now much
used, a description of it is appended.
The nautilus machine is entirely independent of suspension ; its movements are

entirely dependent on the will of those within it, and witliout reference to those who
may be stationed without; it possesses the power of lifting largo weights per se, and
at the same time is perfectly safe, by common care in its operations. This latter is
the greatest desideratum of all. These advantages must strike all as combining those
requisites of success which have been always wanting in the present known means for
constructing works under water.

The form of the machine is not arbitrary, but depends entirely on the nature of
the work to be performed, adapting itself to the various circumstances attending any
given position.

_
By reference to the annexed ligures it will be perceived that when at

rest, being entirely enclosed, its displacement of water being greater than its own
weight, it must float to the surface (see Jig. 629). Entering through a man-hole at
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the top (which is closed either from the inside or outside), you descend into the interior

of the machine, portions of which are walled oflf on either side, forming chambers
;

these chambers are connected at or near the bottom of a pipe aa{fig. 630), which opens

by a cock b, outwards to the external surrounding water. An opening in the bottom of

the machine of variable dimensions is closed by a door or doors susceptible of being

opened or closed at pleasure. The chambers w w, are likewise connected at top by
a smaller pipe c c, which opens throiigh the top of the machine, and to which opening
is affixed a flexible pipe, with coils of wire spirally enclosed. Branches on this latter

pipe T, allow also communication with the larger or working chamber.

At the surface of the water placed on a float or vessel for tlio purpose, is a receiver

of variable dimensions, to which is attached at one end a hollow drum or reel, to tlio

barrel of which is affixed the other end of the flexible pipe fl, leading to the top of

the nautilus. At the other end of, and in connection with the receiver, is a powerful

air-condensing pump. This combination represents the nautilus as adapted to

engineering work.
As to W\G modm opera'iidi'.—ThQ operator with his assistanta enters the machine

through the top, which is then closed. To descend, the water-cock b is opened, and
the external water flows into the chambers w w ; at the same time a cock, on a pipo

opening from the chambers outwards, is opened, in order that, the air escaping, an
uninterrupted flow of water may take place into the chambers. The weipht of water

entering the chambers causes a destruction of the buoyancy of the macliine, and tho
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nautilus gradually sinks. As soon as it is fairly under water, in order that tho

descent may bo quiet and without shock, the water-cock b, is closed. Tho receiver at

the surface being previously charged by the air-pump to a density somewhat greater

than that of the water at the depth proposed to attain, one of the branch-cocks on the

pipe c c, connecting the chambers at top, is opened, and tho air rushes into the work-

ing chamber, gradually condensing until a density equal to the density of the water

without is attained ; this is indicated by proper air and water gauges. These gauges

marking equal points, showing the equilibrium of forces without and within, the cover

to the bottom z is removed or raised, and communication is made with tho under

water surface, on which the nautilus is resting. In order to move about in localities

where tides or currents do not affect operations, it is only necessary for the workman
to step out of the bottom of the nautilus, and placing the hands against its sides, the

operator may move it (by pushing) in any direction.

630

Where currents or tides, however, have sway, it becomes necessary to depend upon
fixed points from which movements may be made in any direction. This is accom-
plished by placing, in the bottom of the nautilus, stuffing boxes of peculiar construc-

tion (m m, jig. 630), through which cables may pass over pulleys to the external sides,

631

thence up through tubes (to prevent their being worn), to and over oscillating
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swinging pulleys, placed in the plane of the centre of gravity of the nautilus, and
thence to the points of affixment respectively {fig. 631). The object to be gained by
having the swinging pulleys in the plane of the centre of gravity of the mass, is to

hold the machine steady and to prevent oscillation. Within the macliine.aud directly

over the above stujB&ng boxes, are windlasses for winding in the cables. By working
these windlasses movement may bo effected, and of course the number of those cables
will depend on the variable character of the situation to be occupied. Having thus
secured the means of descending, communicating with the bottom, and of movement,
the next point is to ascend. Weight of water has caused a destruction of buoyancy
at first, and consequent sinking ; if then any portion of this water is removed, an
upward effort will at onco be exerted exactly proportionate to the weight of water
thrown off. The air in the receiver at the surface being constantly maintained at a
higher density than that of the water below, if we open the water cock on the top
pipe, c c, throwing the condensed air from the receiver above directly on to tlie

surface of the water in the chambers, movement and consequent expidsion of the
water must take place, and an upward movement of the machine itself, which will

rise to the surface.

It is evident that if, previously to the expulsion of the water, the nautilus be affixed

to any object below, the power exerted on that object will be exactly proportionate to

the weight of water expelled, and the power will continue increasing until, there

being no farther weight to be thrown off, the maximum effect is produced. To apply
this power to lifting masses of stone or rock, proper arrangements are affixed to the
centre of the opening in the bottom, by which connection can be made with the
weight, admitting, at the same time, the swinging around of the object suspended,
so that it may be placed in any required position. In the construction of permanent
work, or the movement of objects whose weight is known, or can be estimated, a
water, or, so called, lifting tube is placed on the side of the water chamber, which in-

dicates the lifting power exercised by the nautilus at any moment. The advantage
of this gauge will be recognised, inasmuch as without it the closest attention of the

operator, working very cautiously, would be necessary to determine when the weight
was overcome : by its aid, however, the operator boldly throws open all the valves

necessary to develop the power of the nautilus, watching only the gauge. The water,

having reached the proper level indicating the required lifting power, he knows the

weight must be overcome, or so nearly so that the valve or cocks may be at onfie

closed, in order that the movement may take place horizontally. A moment's re-

flection will show that, if there were not an index of this character, carelessness or

inattention on the part of the operator, by leaving the cocks open too long, might
develope a power greater than required, and the nautilus would start suddenly up-

ward. The expansive power of air, acting upon the incompressible fluid, water,

through the opening in the bottom, gives a momentum which, by successive develop-

ments of expansion in the working chamber, is constantly increasing in velocity,

until, in any considerable depth of water, the result would be undoubtedly of a very
serious character. Take, for exemplification, the nautilus in thirty-three feet of

water, and bottom covers removed, and an equilibrium, at fifteen pounds to the inch,

existing between the air and the water at the level of the bottom of the machine.

Upward movement is commimicated the instant the machine rises in the slightest

degree, the existing equilibrium is destroyed, and the highly elastic qualities of air

assume preponderance, exerting, from the rigid surface of the water below, an im-

pulsive effort upward in the direction of least resistance. At each successive moment
of upward movement the impelling power increases, owing to the increasing disparity

between the pressure of air within struggling for escape. The machine, thus situated,

becomes a marine rocket (in reality), in which the propelling power is exhausted only

when the surface is reached, and a new equilibrium is obtained. It '(fill readily be

seen that, were this difficulty not overcome, it would be impossible to govern the

nautilus ; for, rising with great velocity to the surface, the machine is carried above

its ordinary flotation, or water line, a little more air escaping owing to the diminished

resistance as that level is passed ; the recoil, or surging downwards, causes a conden-

sation of the air remaining in the chamber ; a portion of the space previously occupied

by air is assumed by water ; the buoyant power becomes less, the machine settles

slightly more by condensation of the air, a larger spice is occupied by water, and the

nautilus redescends to the bottom with a constantly accelerating movement, seriously

inconveniencing the operator by filling more or less with water, according to deptli.

For many months the difficulties just enumerated baffled all attempts at control. A
weight attached could be lifted, but the instant it was entirely suspended,—before the

valves could be closed,—upward movement was communicated beyond control. This
difficulty so fatal has been overcome by an arrangement at the bottom of the nautilus,

with channels which radiate from the opening in an inclined direction, debouching at
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the sides of the machine. The moment then that the air, by its expansion from

diminished resistance, or by the introduction from above of a greater Yolume than can
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k^^fffi^^

be sustained by the water below, reaches, in its

downward passage, the level of these chambers,
following the direction of least resistance, it

passes through these channels and escapes into

the surrounding water, without of course affecting

the movement of the machine in the least.

The pump for supplying air to the diving

bell or other suitable vessel is represented in

Jiffs. 632 and 633, and is constructed as follows :

—

D is a cylinder, opening at the upper part into

a chamber or chambers f f, separated by a parti-

tion E. On the side of each of these chambers
there is a valve h h, opening inwards, and at

the upper part of the same are two valves 1 1,

opening outwards into the valve chamber g.

Outside the opening for each of the valves h, ii,

there is a cup, into which the end of the water
supply pipe m passes; by this means a small
stream of water is supplied to the cup, and is

drawn from it into the chamber f to supply the
waste in the operation of pumping. The valve
chamber g is covered "vvath a jacket k, having a
space between it and the valve chamber that is

filled with water from the water-pipe m, which
affords a stream of cold water to carry off the
heat from the condensed air which is forced into
the chamber. The water thus supplied circu-

lates through the tubes in the chamber and
round them in the jacket, and thus cools the air

in these tubes ; it is then conveyed so as to be
Yoi-. n. F
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usefully employed in a steam-boiler, or is allowed to run off. The air and a small
quantity of water is forced up from the cylinder d, by the stroke of the piston c, into
tlio chamber f, which is thereby filled with water, and thus the air is expelled there-
from, a small quantity of the water passing with it and covering the valves, by which
means they are kept tight and wet. The air and water thus discharged, after passing
around the small tubes in the valve chamber and being cooled, are forced outward
and conveyed to the condenser. On the return stroke of the piston, the other chamber
F is filled, and air and water expelled from it in like manner through its valve into
the valve chamber. There is always a sufficient quantity of watet in the cylinder n
and chamber f to fill the latter when the water is all expelled from the cylinder, by
the piston c having been driven to one end of it, and when the piston returns to the
opposite end of the cylinder the water flows in behind it, and draws in its equivalent
in bulk of air and water through the valve h. On its return, this is forced out through
the valve k into the chamber i, as mentioned above. The water being non-elastic, if

the parts are kept cool enough to avoid raising steam, tliis process may be continued
for any length of time. A transverse section of this apparatus is shown in fig. 633.

Figs. 634 and 635 represent the speaking tube and alarm bell above referred to.

The construction of this mechanism is as follows :—There is a hollow casting, one portion

giF¥i:^^;^^^^p^^^^j^^^^^^'L.,s.

of which is triangular in form, from one end of which a short tube a projects. This tube a
has a screw cut on it, and a projecting flange at its junction with the triangle. This is

screwed into the top of the diving vessel or armour from the inside, and projects through
it to allow the coupling of a flexible or other hose to be attached to it. At the opposite
angle, and in a line with a, there is a tubular projection b, provided with a screw to

receive a cap/, to which is to be attached a piece of hose. "Within the tube/, and at
its junction with b, is placed a thin diaphragm of metal or other suitable material c,

for which purpose, however, a thin silver plate that just fits the bore of the cap / is

preferred. This diaphragm closes all communication between the diving vessel and
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the external air. By this means it is easy to converse through any required length of

tubing. It may be desirable to fit a stop-cock into the tubular projection b, as a pro-

cautionary means of preventing the escape of air in the event of a rupture of the

diaphragm. The upper part of the triangular enlargement of the speaking tube is

tapped for a stuffing box at g, within which there is an axis h, which runs from side to

side of the said enlargement, and through the stuffing box at one side. On this axis

h is fixed a lover i within the said enlargement, which lever communicates with the

surface of the water by means of a v\'ire fixed at its reversed end, and running through

the whole length of pipe. On the outer extremity of the axis h is affixed a hammer,
which strikes on a bell k connected to the tube, as shown in tbp draAving. By this
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means the attention of tlio operator below may bo drawn to the speaking tube whoa it

is required to converse with him from the surface of the water, and the men whose
duty it is to attend to the operator below can, by placing their ear at the end of the tube,

hear the bell struck below as a
signal for communication with """

them at the surface.

The only parts of the apparatus

not yet described are the saw for

cutting the tops of piles to an uni-

form level, the pump which enables

the divers themselves to rise to the

surface in the event of the flexible

hose being detached or injured,

and the contrivance for screwing

an eye bolt into the side of the

sunken vessels.

The arrangement of the saw-
frame and connections are shown
in fig. 636. Only as much of the

bottom of the Nautilus is shown
as will render the position of the

saw understood, p is a pile which
is required to be cut down to the

same level as the others, e is the

blade of the saw, d the framing
by which it is stretched, c, d, the

handle which rests on the cross bar

K, to which is attached the up-

right part of the handle which is

laid hold of by the workman inside

when working the saw. h, g, f,

a bent lever with two friction

rollers at f, which guides the

saw forwards while making the

cut.

The pump for ascending in case

of accident to the air hose is not

shown in the drawing. It is a
simple force pump placed in the

working chamber, by which the

ballast water in w w, fig. 630, can

be pumped out so as to lighten the

apparatus sxifficiently to allow of

its ascent.

The apparatus for fixing the eye bolts is shown in f.g. 637. The operation of this

apparatus is as follows :—It will be observed the chamber d opens outwards to the

water, so that when the sliding partition or valve y is forced down by the lever g, the

communication of the water with the chamber is cut oflf. The lid z being removed,
a bolt i (or other operating tool or instrument) is placed within the chamber c ; the

rod K is forced through the stuffing box I until the recessed end of the rod contains

the end of the bolt; the small rod^* is then screwed through the stuffing box n, until

the screw on the end of this rod has become affixed to the end of the bolt contained
within the recess at jp. The lid z of the chest is then fastened on, and the partition

or valve y raised, the stuffing box m preventing the escape of air. Communication is

thus opened between the chambers a and d, the latter being open outwards. The rod
i is now pushed outwards by pressing on the handle k through the stuffing box I,

until the vessel or object to be operated upon is reached, when the operation is per-

formed as required. It will be observed that the stuffing box prevents the escape of

air out of the bell or the admission of water into it, the stuffing box n having the same
tendency. After the operation with the tool or instrument is complete, the rod k is dis-

connected by unscrewing the rod^, and is drawn into the chamber k by means of the
handle k ; the partition or valve y is again lowered, and the operations above described
are repeated. It will hence be obvious that a number of eye bolts might in this manner
be successfully inserted in the side of a sunken vessel from the diving bell, so that by
hooking on the * camels ' the strain would be so distributed as to prevent injury by the
process of lifting the said vessel.

f3
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BZVZXrO DSBSS, or BBZiMBT. Tho diving holmot is, in principJo, similar to
tho bell. In ono case tho head is oncloscd in an air-tight metal covering, to which
air is artificially supplied ; in tho other, the whole body is in a vessel fitted with pipes
for the supply of fresh, and the removal of deteriorated, air.

The diving helmet is made of thin shoet-coppor, which covers tho head of the
diver, largo enough to admit of free motion, and pierced with three holes, which are
covered with glass, and protected with brass wire. Tho diver wears a waterproof
canvas jacket, and to this tho helmet, which comes down over the breast and back,
is fastened so tightly that no water can penetrate. Two weights, each about 401bs.,

are suspended to a belt which passes round the diver, ono in front, and the other at
the back. This belt can be instantly unfastened in case of accident. Fresh air is

supplied by moans of a flexible waterproof pipe, which is attached to an air-pump
in the barge from which the diver descends. This pipe passes under tho diver's lelt

arm, and enters tho back of tho helmet, being so contrived that the fresh air is

made to impinge on the glasses, and thus prevents thorn in a great measure from
being dimmed by tho breath. From the back part of the helmet there is also led an
eduction pipe, which carries off the breathed air. The attendants on the surface arc
communicated with by a signal lino, which passes under the right arm. The diver

descends from tho side of the vessel by a ropo or else by a wooden ladder, loaded at

the lower end, the weight being kept at a little height above the ground. When tho

diver has descended, the weight is set down, and the rope slackened, so that the

motion of tho boat may not obstruct his movements. Heavy weights are attached to

his feet to keep him steady ; and he carries a line in his hand to guide him back to

the rope. A waterproof dress entirely covers him, sind thus ho may remain under
water five or six hours, perfectly dry all the while.

DZVnrnrG ; DZVIimrG rod. The German miners who were brought over
to this country at the instance of Queen Elizabeth, who was especially desirous of

seeing the mineral treasures of this country developed, first introduced tho divining

rod. It has continued to the present day to be occasionally used in the mining
districts—not merely by the uneducated miners, but by men of education and intelli-

gence—for the discovery of mineral lodes.

The divining, or, as it is more frequently called in Cornwall, the ' dowsing ' rod, is

a forked twig of the blackthorn, tho hazel, or tho willow, of ono year's growth. It is

placed on the open palms of tho hands, the fingers are closed upon each limb of the

fork, and the point of junction is then turned up tx)wards the operator, and then, by a
t^vist of tho arms, placed outwards, so that it is held with the muscles of the arm in

a most constrained position. Tho operator, called 'a dowser,' walks over tho ground
to be examined, and the rod is supposed to turn downwards with irresistible force

when a mineral lode is approached. There can be no question but tho phenomenon
in this case is precisely similar to that of table-turning. Fixedness of will operates

involuntarily upon tho rigid muscles of tho arm, a movement is felt, and the slight

impulse yielded to becomes greatly increased. Every fairly made experiment proves

divining to bo ono of those errors which are born of ignorance, and perpetuated

through tho neglect of the proper education of the mind. Two or three well-esta-

blished positions may serve to remove this superstition from those minds which can

be brought to reflect on natural phenomena.
The divining rod is supposed to bend by virtue of some attractive power between

the woody twig and the mineral lode.

1. Placo the most approved divining rod over a mineral lode, so delicately poised

that a breath will turn it. Tho metalliferous matter will exert no influence upon it.

2. Place tho divining rod upon tho open palms of the hands of tho most approved
* dowser.' It will never move, however great may be the mass of metal.

Thus we have proofs that neither the metals, the twig, nor the man have any
influence.

3. Close the hands tightly, keeping the arms still in an easy position. No change
in tho position of the rod will take placo in passing over any number of mineral

lodes.

4. Twist the arms in the way described, and then, and then only in th-3 hands of a
believer, will the rod bend ; and it is a chance if it bends at the right tirao.

The divining rod is said to bend equally to water, hence it is used in some places

to find that fluid ; to blood, therefore it was used to track murderers ; and to metals.

It is to bo regretted that the human mind should cling, with po much obstinacy, to

the errors of tlioso days when everything was seen through tho mists of superstition.

DOCZMACT. {Docimasie, Fr.) From the Greek AoKind^w, I prove. See

Assaying.

BOBOZinrG TKAUr QIJm, The oil of the Bal<pna rofitrata, oj Bottle-oose

whale,
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DOC^TOOTH SPAIt. Calcite, or carbonate of lime, crystallised in scaleno-

hedra. Such crystals are common in the Mountain-limestone of Derbyshire.

BOC-IVOOD. Comus sanguinea, a small underwood known as the wild cornel,

and as the common Dog^vood. Little splinters of this wood are used by the watch-

maker for cleaning out the pivot-holes of watches, and by the optician for cleaning

deeply-seated small lenses. Its peculiarity is that it is remarkably free from silex.

Toothpicks are also manufactured from dogwood.

BOG-'WOOB BARK. The bark of the Comus Jlorida, a plant much used in

the United States as a substitute for Peruyian bark in cases of fever.

BOIiERZTS. A variety of ' greenstone,' composed of augite and felspar. The
difficulty of discriminating these minerals gives the name, from AoKepSs, deceptive.

BO]LXi7; BOlbXiY-TU'B. A mining temi applied to a tub fitted with a perfo-

rated board, the dolly, to which a circular motion is given by a winch-handle, and

thus imparts a similar motion to the ore. See Deessixg of Ores.

BO^OMITS. {Dolomie, Fr. ; Dolomit and Bitterspath, Ger.) A name applied to

Magnesian Limestone, in honour of a distinguished French geologist and mineralogist

of the last century, M. Deodatus Guy Silvanus Tancred de Gratet de Dolomieu.

This mineral is essentially a double carbonate of lime and magnesia, containing, in

the normal varieties : carbonate of lime, 54-35 ; carbonate of magnesia, 45*6o ; a

percentage composition corresponding to the formula CaO.CO- + MgO.CO^ (CaJWEg

2CO'). The relative proportion of the two carbonates is, however, subject to con-

siderable variation, the species passing on the one hand into carbonate of lime, and
on the other into carbonate of magnesia.

In its general characters, dolomite strongly resembles calcite or pure carbonate of

lime, from which, however, it may be easily distinguished by its greater hardness and
density, and by eflfervescing less briskly with acids. At the same time its crystalline

forms are neither so varied nor so complex as those of calcite. It is notable that the

crystals have a remarkable tendency to present curved faces, and from the nacreous

lustre which they often possess, are commonly termed ])earl spar. The presence of

protoxide of iron replacing the isomorphous oxides, lime and magnesia, often causes

the mineral to assume a brown colour after exposure to the atmosphere, whence such

varieties are distinguished as brown spar. In this country, crystallised dolomite is

common in the lead-mines of Derbyshire, Alston Moor, Leadhills, and the Isle of Man

:

the finest crystals, however, occur at Traversella, in Piedmont.
The massive and finely-granular forms of dolomite are very widely distributed,

forming in certain districts rock-masses of considerable extent, and occasionally rising

into mountains of characteristic boldness, well seen in the Dolomites of the Tyrol.

In England, large deposits of magnesian limestone occur in the upper beds of the

Permian system, or that group of rocks which immediately overlies the coal-measures,

and of which the upper beds are commonly known as Zechstein, a name borrowed
from their German equivalents. The principal deposits occur in the north-east of

England, extending from the mouth of the Tyne in a south-westerly direction through
Durham and Yorkshire, into the counties of Derby and Nottingham. In these beds
the dolomite frequently assumes singular concretionary forms ; whilst at Marsden. a
few miles south of the Tyne, it presents a schistose structure, separating into thin

layers of remarkable flexibility. A dolomitic limestone is also found in the so-called

Dolomitic Conglomerate of Bristol, a rock which occurs locally at the base of the Trias,

or New Eed Sandstone, and contains fragments and pebbles of older rocks cemented
t<)gether by a limestone more or less dolomitic In addition to the recognised forms
of dolomite, many limestone rocks, of various ages, are found, on chemical examina-
tion, to contain magnesia, and in some cases to pass into true dolomites. Dr. Sterry

Hunt has shown, moreover, that the veins in certain marbles are dolomitic, whilst the

base may be only an ordinary limestone ; and also that the substance of some fossil

shells is a dolomite, although the matrix is nothing more than limestone : this is

notably the case with some of the fossils of the Trenton Limestone (Lower Silurian)

of Ottawa, in Canada.
The origin of dolomite has long been a standing enigma to the geologist ; but as the

question is one of only theoretical interest, its discussion would be out of place in this

.irticle.

As building stones, the dolomites have been highly valued, those varieties being
regarded as most durable which present a crystalline structure, and in which the
carbonates of lime and magnesia exist in nearly atomic proportions. The quarries in
the neighbourhood of Bolsover Moor, in Derbyshire, supplied the magnesian limestone
employed in the construction of the new Houses of Parliament.

Tlie dolomites of Durham are employed in the chemical works on the Tyne for the
manufacture of sulphate of magnesia, or Epsom salts, although at present to a less

extent than formerly.
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- Dolomite was employed^rst by tlio lato Mr. Hugh Leo Pattison, for the manufacture
of carbonate of magnesia, and it is still used for that purpose.

When dolomite is calcined, within certain limits of temperature, it is said to furnish

an excellent hydraulic lime. M. H. Sjiinto-Claire Devillo has called attention to the

powerful hydraulic properties of caustic magnesia by its union with water to form a

definite hydrate. It appears that if dolomite be calcined below a red heat, the

carbonate of magnesia suffers decomposition, whilst the carbonate of lime remains
almost intact ; on slaking this calcined dolomite, the magnesia combines with water,

and this hydrate cements the unaltered particles of carbonate of lime.—F.W.K.
DOME'S'KXTZi. An arsenide of copper, occurring in Chili, in Bolivia, and at

Lake Superior. Mr. D. Forbes found the domeykite of the Corocoro sandstone, in

Bolivia, to contain copper 71*13; arsenic 28-41 ; silver 0*46. This has probably been

formed in situ by the action of arsenical vapours on metallic copper disseminated

through the sandstone. Faraday's Condurrite from Cornwall is closely allied to—if

not identical with—domeykite.

SOXrARrCTM. Bergmann supposed that he had detected, in a Norwegian
mineral, a new metal, to which he gave the name of Donarium, from the Scandinavian

god Donar. This metal is now proved to be identical with thorinum.

BOlffXlEir EXTGIirE. A very small engine employed to pump water into boilers.

If the use of the donkey engine were more usual than it is, we should hear less of

steam-boiler explosions.

DOSrSHil.. 2Eschynomone Cannahina. See Fibres.

BOOPARA RESnr. A resin obtained in considerable quantities in the East
Indies from the Vateria Indica, which is used as a fragrant incense in the temples,

makes an excellent varnish, and is sometimes called East Indian Copal, or Gum Finey.—
Simtnonds.

DOXUrOCK is a species of figured linen of stout fabric, which derives its name
from a town in Scotland, where it was first manufactured for table-cloths. It is the

most simple in pattern of all the varieties of the diaper or damask style, and there-

fore the goods are usually of coarse quality for common household wear. It receives

the figure by reversing the flushing of the warp and woof at certain inter\'als, so as to

form squares, or oblong rectangles upon the cloth. The most simple of these is a

succession of alternate squares, forming an imitation of a checker board or mosaic

work. The coarsest kinds are generally woven as tweels of three leaves, where every

thread floats over two, and is intersected by the third in succession. Some of the

finer are tweels of four or five leaves, but few of more ; for the six and seven leaf

tweels are seldom or never used, and the eight leaf twill is confined almost exclusively

to damask.
. DORSETSHIRE C^AV. Clay shipped from Poole in Dorsetshire. See Clay.

BOUBL or SOTTKE. Mr. AVallace, in his work on the mines of Alston Moor,

expresses his belief that this terra is derived from the Saxon deagan, to knead or

mix with water. It is a soft substance, often found in veins, especially in crop veins,

and where their walls or sides are formed of shale. It is evidently pounded or decom-

posed shale, though not unfrequently as compact as the rock from whicli it is derived,

but differs from the latter in exhibiting no traces of bedding. Exposed to the atmosphere,

it rapidly decomposes into a blue kind of clay.

DOWIiAS. A coarse kind of linen.

DOWTO*. See Fkathkiis.

BO'WSZM'G ROD. See Divining Eod.
DRAGON'S BIiOOD {Sang-dragon, Fr. ; Drachmhhd, Ger.) is a resinous

substance, whicli comes to us sometimes in small balls of tlie size of a pigeon's egg,

sometimes in rods like the finger, and sometimes in irregular cakes. Its colour, in

lump, is dark brown-red ; in powder, bright red ; fiiable ; of a shining fracture ; specific

gravity 1*196. It contains a little benzoic acid, is insoluble in water, but dissolves

readily in alcohol, ether, and oils. It is brought from the East Indies, Africa, and

South America, as the produce of several trees, the DraccBua draco, the Ptcrocarpus

santolimis, Ptcrocarpus draco, and the Calamus rotang.

Dragon's blood is used chiefly for tingeing spirit and turpentine varnishes, for

preparing gold lacquer, for tooth tinctures and powders, for staining marble, &c.

According to Hcrbengcr, it consists of 9"07 parts of red resin called Druco7iin, 2 of

fixed oil, 3 of benzoic .acid, 1*6 of oxalate, and 37 of phosphate of lime. According

to Johnstone, the resin of lump dragon's blood has the formula C^H-^'O* (O^'^^'O*),

that of reed dragon's blood, C^-H^'O" (C^H^-O").

Pereira enumerates the following varieties of this substance found in commerce :

—

1. Dragon's blood in the reed; Dragon's blood in sticks (Sanguis Draconis in

baculis).

2. Dragon's hlood in oval masses; Dragon e blood in drops {Sa7iguis Draconis in

lach'-i/inis,)
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31 Dragon^s blood in powder.
4. Dragon's blood in the tear (Sanguis Braconis in grants).

6. Lump Dragon's blood (Sanguis Draconis in massis).

Besides these, there are Dragon's blood in cakes and False Dragon^s blood in oval

masses.

DRAZlO-ZliJG TZI.es. Burnt clay tiles, generally shaped in section like a

horse-shoe, about one foot long, and two or three inches broad. These are much used

in agricultural draining. See Stone-ware.
TilLJLWJXa CKAULS. Chalks or crayons are frequently nothing more than

the natural production reduced to a convenient form : they are, liowever, sometimes

prepared artificially ; a few of these manufactures arc namwl.
The Brothers Joel, in Paris, employ as crayon ccnTcnt the following composition :

6 parts of shellac, 4 parts of spirit of wine, 2 part* of turpentine, 12 parts of a

colouring powder, such as Prussian-blue, orpiment, white lead, vermilion, &c., and
12 parts of blue clay. The clay being elutriated, passed through a hair sieve, and
dried, is to bo well incorporated by trituration with the solution of the shellac in the

spirit of wine, the turpentine, and the pigment ; and the doughy mass is to be pressed

into proper moulds, so as to acquire the desired shape. They are then dried by a

stove heat.

In order to make cylindrical crayons, a copper cylinder is employed, about 2 inches in

diameter and 1^ inch long, open at one end, and closed at the other with a perforated

plate, containing holes corresponding to the sizes of the crayons. The paste is

introduced into the open end, and forced through the holes of the bottom by a piston

moved by a strong press. The vermicular pieces that pass through are cut to the

proper lengths, and dried. As the quality of the crayons depends entirely upon the

fineness of the paste, mechanical means must be resorted to for effecting this object in

the best manner. The following machine has been found to answer the purpose

exceedingly well.

^
Fig. 638 is a vertical section through the centre of the crayon mill. Fig. 639 is a

view of the mill from above, a, the mill tub, whose bottom b must be a hard flat

plate of cast iron ; the sides a being of wood or iron at pleasure. In the centre of the

bottom there is a pivot c, screwed into a socket cast upon the bottom, and which may
be strengthened by two cross bars d, made fast to the frame e. f, the millstone of

cast iron, concave, whose diameter is considerably smaller 639
than that of the vessel a ; it is furnished within with a
circular basin of wood g, which receives the materials to be
ground, and directs them to the holes h, which allow them
to pass down between the under part of the muller and the

bottom of the tub, to undergo trituration.

By the centrifugal motion, the paste is driven towards the

sides of the vessel, rises over the sides of the muller, and
comes again through the holes h, so as to bo repeatedly

subjected to the grinding operations. This millstone is

mounted upon an upright shaft i, which receives a rotatory motion from the bevel-
work K. driven by the winch l.

The furnace in which some kinds of crayons, and especially the factitious black-
lead pencils, are baked, is represented in^^. 640, in a front elevation ; and in^^ 641,
which is a vertical section through the middle of the chimney.

A A, six tubes of greater or less size, according as the substance of the crayons ia a
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better or worse conductor of heat. Tlicso tubes, into which the crayons intended for

baking are to bo piit, traverse horizontally the laboratory, b, of the furnace, and are

supported by two plates c, pierced with six square holes for covering the axles of the

tubes A. These two plates are hung upon a common axis d ; one of them, with a
ledgOj shuts the cylindrical part of the furnace, as is shown in the figure. At the

extremity of the bottom the axis d is supported by an iron fork fixed in the brick-

work ; at the front it crosses the plate c, and lets through an end about 4 inches square
to receive a key, by means of which the axis d may be turned round at pleasure, and
thereby the two plates c, and the six tubes a, are thus exposed in succession to the

action of the fire in an equal manner upon each of their sides. At the two extremities

of the furnaces are two chimneys k, for the purpose of diffiising the heat more equally

over the body of the crayons. F,fg. 640, is the door of the fire-place, by which the
fuel is introduced; a,Jiff. 641, the ash-pit; h, the fire-place ; i, holes of the grate

which separate the fire-place from the ash-pit; k, brick-work exterior to the f-irnnce.

General Lomet proposes the following composition for red crayons. He takes tlio

softest hematite, grinds it upon a porphyry slab, and then carefully elutriates it.

He makes it into a plastic paste with gum arabic and a little white soap, which ho
forms by moulding, as above, through a syringe, and drying into crayons. The pro-

portions of the ingredients require to be carefully studied.

Crayoks or Chalks, lithographic. Various formulae have been given for the

formation of these crayons. One of these prescribes white wax, 4 parts ; hard tallow-

soap, and shellac, of each 2 parts ; lamp-black, 1 part. Another is, dried tallow-soap

and white wax, each 6 parts ; lamp-black, 1 part. This mixture being fused with
a gentle heat, is to be cast into moulds for forming crayons of a proper size. See

I^lTHOGRAPHY.

DRESSZXrG OP ORSS. In metalliferous veins the deposits of ore are extremely
irregular, and usually intermixed with gangue or vein-stone. In excavating the

lode, it is usual for the miner to effect a partial separation of the valuable from the

worthless portion ; the former ho temporarily stows away in some open place under-

ground, whilst the latter is either employed to fill up useless excavations, or in duo
course sent to surface to be lodged on the waste heaps. From time to time the valu-

able part of the lode is drawn to the top of the shaft, and from thence conveyed to the

dressing floors, where it has to be prepared for metallurgic treatment.

This process is known as Dressing, and in the majority of instances includes a
scries of operations. Hand labour, picking, washing, sizing, and reducing machinery,
together with water-concentrating apparatus, comprise the usual resources of the

dresser, but sometimes he may find it useful to have recourse to the furnace, since it

may happen that, by slightly changing the chemical state of the substances that

Cf)mpose the ore, the earthy parts may become more easily separable, as also the

other foreign matters. With this \'iew, the ores of tin arc often calcined, which, by
separating the arsenic and oxidising the iron and copper, furnishes the means of

obtaining, by subsequent washing, an oxide of tin much purer than could be other-

^^^so procured. In general, however, these are rare cases ; so that the washing
almost always immediately succeeds the picking, crushing, or stamping processes.

Before entering upon the description of machinery employed in the concentration

of ores, it is important to notice the principles upon which the various mechanical

operations are based.

If bodies of various sizes, forms, and densities be allowed to fall into a liquid, in a

state of rest, the amount of resistance which they experience will be very unequal,

and consequently they will not arrive at the bottom at the same time. This neces-

sarily produces a sort cf classification of the fragments, which becomes apparent on
examining the order in which they have been deposited.

If it be supposed that the subst-ances have similar /or;«5 and dimensions, and differ

from each other in density only, and it is known that the resistance which a body will

experience in moving through a liquid medium depends solely on its form and extent

of surfaces, and not on its specific gravity, it follows that all substances will lose

under similar circumstances an equal amount of moving force.

This loss is proportionally greater on light bo<lies than in those having more con-

siderable density. The former for this reason fall through the liquid which less rapidity

than the denser fragments, and must therefore arrive later at the bottom, so that the

deposit will be constituted of different strata, arranged in direct relation to their

various densities, the heaviest being at the bottom, and the lightest at the top of

the series.

Supposing, on the contrary, that all the bodies which fall through the water possess

similar forms and equal specific gravities, and that they only differ from each other in

point of volume, it is evident that the rapidity of motion will be in proportion to their

6U-f5, and the larger fragments will be deposited at the bottom of the vessel.
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As the Tjodies on starting are supposed to have the same forms and densities, it

follows that the resistance they experience -whilst descending through water will he

in proportion to the surface exposed, and as the volumes of bodies vary according to

the cubes of their corresponding dimensions, whilst the siirfaces only vary in accord-

ance with the squares of the same measurements, it will be seen that the force of

movement animating them is regidated by their cubes, whilst their resistance is in pro-

portion to their squares.

If, lastly, it be imagined that all the fragments have the same volume.and density,

but are of various forms, it follows that those possessing the largest amount of surface

will arrive at the bottom last, and consequently the upper part of the deposit will

consist of the thinnest pieces.

It is evidently then of the greatest importance that the grains of ore which are to

bo concentrated by washing should be as nearly as possible of the same size, or other-

wise the smaller surface of one fragment, in proportion to its weight, will in a measure
compensate for the greater density of another, and thus cause it to assume a position

in the series to which by its constitution it is not entitled.

This difficulty is constantly found to occur in practice, and, in order as much as

possible to ob^^ate it, caro is taken to separate by the use of sieves and trommels
into distinct parcels, the fragments which have respectively nearly the same size.

Although by this means the grains of ore may, to acertain extent, be classified according

to their regular dimensions, it is impossible by any mechanical contrivance to regulate

their forms, which must greatly depend on the natural cleavages of the substances

operated on, and hence this circumstance must always in some degree affect the results

obtained.

Each of the broken fragments of ore must necessarily belong to one of the three

following classes :—the ^5^ class consists of those which are composed of the mineral
sought without admixture of earthy matter ; the second will comprehend the frag-

ments which are made up of a mixture of mineral ore and earthy substances ; whilst
the third division may be wholly composed of earthy gangue without the presence of

metallic ore. By a successful washing these three classes should be separated from
each other.

The most difficult and expensive vein-stuff for the dressing floors is that in which
the constituents have nearly an uniform aggregation, and where the specific gravities of

the several substances approximate closely to each other. In such cases the ore is

only separated from the waste after much care and labour, and often at the loss of a
considerable portion of the ore itself. When, however, the ore is massive and distinct

from the gangue, and the specific gravity of the latter much less than the former, then
the operation of cleaning is usually very simple, effected cheaply, and with but little

loss on the ore originally present.

Some of the more friable ores, when simply exposed to the influence of water, exhibit

a large mechanical loss, so much so, that it is considered oftentimes more profitable to

sell them without attempting their enrichment. Now it may be laid down as an
axiom that water will always steal ore, and the longer it is exposed to its influence,

and the more complicated the manipulation, the greater will be the loss incurred. In
addition, the constitution of certain ores is so peculiar and delicate, that any attempt
to concentrate them beyond a given standard, by varying the treatment, is seen to

lead to an enormous loss, as will be apparent by inspecting the following memoranda
of practical results :

—

(A.)—The ore operated upon was sulphide of lead, associated with finely-dissemi-

nated iron pyrites, oxide of iron, quartz, and a small portion of clay slate. In each
case the vein-stuff assayed 17 per cent, of metal.

Quantity Quantity
by weight by weight

1 washed and concentrated to '25

Assayed

17
per cent.

1 „ -40

1 burnt, roasted, and do. '20

2'4 washed and do. '43

1-56

20 loss by roasting
——1-36 washed and concentrated to "40

'8 roasted, washed, do. '42

•8 „ u -69

The loss on metal
originally present

in the ore by vary-

ing the mechanical

treatment was ,

^61 per cent
39 ^>

57 j>

37^

60 »»

33

.161 „

' The quantity o£ ore by Weight is, in the first instance, 1 : this unit 1—which might hare been a
ton—was washed and dreeeed ; then weighed, when it was found that 15 parts had disappeared as
tailinga. The dressed ore, 25 parts, was then assayed, when it appeared that the metallic loss was
«1 per cent. In other words, say 1 ton afforded 17 units of metal, the dressed ore only contained
e^-Ji units. (17x61=10-37. Then 17 units-10'37=6^).
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(B.)—Took two parcels of argentiferous lead ore, associated with carbonate of iron,

ft little quartz, and blonde. Weight 34^^ tons, which assayed 42^ per cent, for lead,

and 29 ozs. of silver per ton of metal. Crushed and carefully elaborated the same
through jigging and buddle apparatus, obtained 14^ tons of ore, giving 54^ per cent, for

lead, and 22 ozs. of silver per ton of metal. The produce for lead was tlioreforo

raised 12 units at a loss of 49 per cent, of the initial quantity of metal and 95 ozs. of

silver. The commercial loss attending this operfition, after making the several charges

and allowances incident to the metallurgic reduction, was 91^. 14«., or equal to 21. lis.

per ton on the original weight.
Numerous instances of heavy losses incurred in the concentrating processes could

bo adduced if space permitted. But it may be observed that excessive loss of ore will

always occur from an excessive reduction of the stuff; that in the stamping or

crushing of complex ores the softer ores will suffer a greater loss than the harder ore

;

that the proportion of loss in water dressing is generally in proportion to tlie fineness

of the grains ; that a maximimi loss ynli occur when the stuff is so treated as to detach,

instead of shattering the ore ; and that the loss of silver associated with lead ore, fre-

quently increases with every separate reduction and washing of the grains.

In order to determine the loss of metal which may arise in enriching ores, accurate

assays and notations should be made of the quantity of vein-stuff lodged on the floors,

which should be compared with the metallic contents rendered merchantable, and the

differences estimated.

It is not possible to ascertain the value of an improvement which would secure an

additional one per cent, from the quantity of orey stuff annually sent to surface from
the several mines in the United Kingdom ; but if it be reckoned ouly upon the sale

value it would be scarcely less than 40,000/. per annum.
In determining the site for a dressing floor, and in making the mechanical arrange-

ments, various points suggest themselves ; since, if they are overlooked, much loss

will ensue to the undertaking, or otherwise it is evident that they can only be
corrected by involving the proprietary in an increased outlay as well as a greater

current expenditure. The first consideration should be to secure an ample supply of

water, witn a good fall, and an extensive area of ground. With advantages of this

nature the machinery will be worked cheaply, the stuff gravitate through the various

processes without returning to create double carriage expenses, whilst the castaways
may be sent to the waste heaps at a minimum cost. The second point to be settled,

is the class of machinery to be employed. This must obviously be based upon the

character which the ores may present. If massive, and associated with light waste,

simple apparatus will suffice ; but if the ore be sparsely diffused through heavy
vein-stone, it is probable that the various apparatus will have to be constructed

with great nicety, varied in their principles of action, and that much precaution will

have to be observed in order to create as little slime as possible, as well as to

secure the initial quantity of ore against undue loss. In the disposition of the
machinery there is also considerable scope for practical intelligence : it is not enough
to wash, crush, jig, and buddle the ores, mixing the resulting smalls incongruously
together ; but a judicious sorting should be commenced at the wash kilns, and upon
this basis the various sizes kept distinct whilst passing through the washing floors.

The dresser should also take care to keep the several ranges of mineral produces and
degrees of fineness together.

With the view of assisting the judgment in deciding upon the machinery to be
employed, the following Table of Specific Gravities is given :—

Table OF Specific Gravities.

Petals, Specific gravity

Gold 19-26

Mercury . 13'26

Lead ......... 11-35

Silver 10-17

Copper 8-89

Iron 7-78

Tin 7-30

Zinc 700

Hard nosa SiwcJfic pravity
Lead: Sulphide (galena) . . . . 2-5 to 2-75 7*5 to 7-6

Sulphate 2-3 „ 27 6-25 „ 629
Carbonate (white) . . . 3'0 „ 3*6 C-46 „ 6-48
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Hrnl: 0-s Bi)eclfic Gravity

Phosphate (green and brown] . 3 5 „ 40 6-.58 „ 7-04

Chromate (bright red) . . 2-5 „ 3-0 60 „ 604
Molybdate . . . . . 27 „ 3-0 67 „ 6-8

Tin : Oxide of tin . . 6-0 „ 7-0 6-5 „ 7-1

Tin pyrites . . . 3-0 „ 4-0 479 „ 5-1

Comycr: Sulphide . 2-6 „ 30 5-5 „ 5-8

Oxide .... . 3-6 „ 4-0 6-9 „ 6-0

Carbonate . 3-5 „ 40 4-0 „ 4-1

Pyrites . . . .
..3-5 „ 4-0 4-15 „ 4-16

Sulphate . 2-2 2-21

Silico-carbonato . . 2-0 „ 30 2-0 „ 2-2

Zinc : Eed oxide . 4-0 „ 4-5 5-43 „ 5-52

Sulphide . . . . . 3-5 „ 4-0 4-02 „ 407
Carbonate . . 5-0 4-33 „ 4-44

Silicate . . . .
3-43

Antimony: Sulphide . 2-0 4-51 „ 4-62

Jamesonite . . 2-0 „ 2-5 5-5 „ 5-8

Minerals associated with Ores.

Hardness Specific gravity

Wolfram . . .' . . 5-0 tc)5-5 7-1 to 7-4

Iron pyrites (white) . 60 ,
6-5 4-67 „ 4-84

Mundic . . . 60 ,
6-5 4-83 „ 5-01

Sulphate of baryta . . . 2-5
,

3-5 4-3 „ 4-8

Carbonate of barj'ta . 3-0
, 375 4-29 „ 4-3

Carbonate of iron . . 30
,

4-5 373 „ 3-82

Fluor-spar . 40 3-0 „ 3-33

Quartz or silica . 70 2-6 „ 27
Carbonate of lime . . . 2-5

,
3-5 2-5 „ 3-8

Ore-hearing RocJcs.
Specific gravity

Hornblende rock . . 2-8 to 3-2

Syenite .... . 27 » 3-0

Trap or basalt . 2-8 „ 3-2

Grauwacke .... . 2-5 » 2-9

Porphyry, trachyte, and felspa c . . . 2-3
,, 27

Granite and gneiss . 2-4 » 27
Mica slate .... . 2-6 „ 2-9

Clay slate . . .
2-6

Limestone and dolomite . 2-5 „ 2-9

Sandstone . , 2-4 » 27

The following general deductions will also be found serviceable :—
;t^lrst.—^Absolute perfection in separation according to specific gravity cannot be

arrived at, chiefly on account of the irregularity of form of the various grains to be

operated upon.

Second.—The more finely divided the stuflPto be treated, the greater is the amount
of labour and care requirea, and the more imperfect will be the separation.

Third.—That reducing machine may be considered the most perfect which produces

the least quantity of stuff finer than that which it is intended to produce.

Fourth.—It is necessary in determining the degree of fineness to which a mineral

should be reduced, to consider the metallurgic value of the ore contained in it, and to

set against this the value of the loss which will probably be incurred, together with

the labour and expense attendant upon the manipulation.

Fifth.—The vein-stuff should be reduced to such a degree of fineness that the

largest proportion of deads and clean ore should be obtained by the first operation,

thus saving the labour and preventing the loss incident to a finer subdivision of the

ore and more extended treatment.

Sixth.—T\mt apparatus or plan of dressing may be considered the most eflScient

which, with stuff of a given size, allows at an equal cost of the most perfect separation,

and of the proper separation of stuff of nearly equal specific gravity.

The average percentage to which the crop is to be brought, and the highest
percentage to be allowed in the castaways being determined, it is evident that the

more perfect the degree of separation the greater will be the amount of crop and
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castaways obtained at each operation, and tho quantity of middles or stuff to be
re-worked will be diminished.

Seventh.
—"Wo may further consider as a great improvement in dressing operations

such apparatus or plan of working as will allow, without a disproportionate increase

in the cost, of the equally perfect separation of fine and coarse stuff. This will be of

especial benefit in the case of finely-disseminated ore, w hich is necessarily obliged to

be reduced to a great degree of fineness.

Washino and Sepakatino Ores.

Tho vein-stuff on arriving at the surface, is not only associated with a large amount
of gangue, but is frequently much intermixed with clay, rock, and siliceous matter.

In order to get rid of the latter substances, it is usually washed and picked. Tho
washing apparatus ought to be so contrived as to allow the cleansing to be effected both
cheaply and expeditiously, and for this purpose a good volume and fall of water is

always desirable. In accordance with the character of the ore the apparatus will have
to be varied, but for lead, certain varieties of copper ore, as well as iron, or other

abundant ores, the kiln is well adapted. In many mines rectangular grates are fitted

to the bottom of tho kilns, but a perforated plate would be found to furnish better

results, since tho former allows of the passage of fiat irregular masses of stone, ren-

dering the treatment in the jigging sieves less successful. The holes in tho perforated

plate should be conical, the largest diameter underneath, so that the stones may have
unobstructed passage. In connection with the kiln-plate a sizing trommel should be
used, and in order to economise both time and expenditure it would bo judicious to

introduce the vein-stuff and discharge the castaways by means of railways.

Tho picking of the stuff is a highly important operation. As a rule all picked ore

should be selected, and tho dradge deprived of tho largest possible amount of waste
before it is sent to the crusher. It is fallacious to suppose, because machinery will

deal with large quantities expeditiously, that it is cheaper to subject the mass to its

action ; on the contrary, if correct calculations are made of the losses which will

ensue on the initial quantity of ore before the residue is ready for the pile, tho

cost of the several intricate manipulations requisite to get rid of the castaways, tho

wear, tear, and maintenance of machinery, it will appear in the majority of cases that

the most profitable method is to incur an extra first charge in order to reject the sterile

portions by means of hand labour. The ragging hammer should therefore be brought
into free requisition, and all worthless stones at once rejected ; then in spalling such
portions as have been ragged, an additional quantity of refuse should be excluded

;

whilst in the process of cobbing, either ragged or spalled work, the greatest care and
attention should be given in order to bring the dradgo to a maximum degree of

richness.

Among the siftings and washings which ores are made to undei^o, we would notice

those practised on the Continent, grilles anglaises, and step-washings of Austria,

lavcries a gradins. These methods of freeing the ores from pulverulent matters,

consist in placing them, at their out-put from the mine, upon gratings, and bringing

over them a stream of water, which merely takes down through the bars the small

fragments, but carries off tho finer portions. The latter are received in cisterns,

where they are allowed to rest long enough to settle to tho bottom. The washing by
steps is ,in extension of the preceding plan. To form an idea of this, let us imagine a
series of grates placed successively at different levels, so that the water, arriving on
the highest, where the ore for washing lies, carries off a portion of it, through this

first grate upon a second closer in its bars, thence to a third, &c., and finally into

labyrinths or cisterns of deposition.

The grilles anglaises are similar to the sleeping tables used at Idria. The system of

these gradins is represented \nfig. 642. Such system is resorted to for the purpose

of sorting the small fragments of quicksilver ore intended for the stamping milL
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These fragments are but moderately rich in metal, and are picked up at random, of

various sizes, from that of the fist to a grain of dust.

The ores are placed in the chest a, below the level of which 7 grates are distri-

buted, so that the fragments which pass through the first, h, proceed by an inclined

conduit on to the second grate c, and so in succession. (See the conduits Z, o, |j.)

In front, and on a level with each of the grates h, c, d, &c., a child is stationed on one

of the floors, fixed opposite to them.

A current of water which falls into the chest a, carries the fragments of ore upon

tlae grates. The pieces which remain upon the two grates b and c, are thrown on the

adjoining table v, where they undergo a sorting by hand ; there the pieces are classified,

1, into gangue to be thrown away; 2, into ore for stamping mill ; 3, into ore to be sent

directly to the furnace. The pieces which remain on each of the succeeding grates,

d, e,f,g, h, are deposited on those of the floors 3 to 7, in front of each. Before every

one of these shelves a deposit-sieve is established (see t, w), and the workmen in

charge of it stand in one of the corresponding boxes, marked 8 to 12. The sieve is

represented only in front of the chest k, for the sake of clearness.

Each of the workmen placed in 8, 9, 10, 11, 12, operates on the heap before him;
the upper layer of the deposit formed in his sieve is sent to the stamping-house, and

the inferior layer directly to the furnace.

As to the grains which, after traversing the five grates, have arrived at the chest x,

they are washed in the two chests y, which are analogous to the German chests. The
upper layer of what is deposited in y is sent to the furnace ; the rest is treated anew.

The kiln before adverted to is explained hjjiff. 643.

The vein-stuff is brought from the shaft by means of tram waggons, into the

hopper A ; water flows from the launder b, one portion distributing itself at the foot

of the hopper, the other upon a cast-iron plate perforated with holes 1^ inch diameter

at top, l^ inch diameter at bottom, and 2 inches distant from centre to centre ; the

plate being 4 feet by 3 feet 6 inches. Between c and e, the washer stands. The fine

stuff he rakes throiigh the plate-holes, and that which is too coarse is drawn to e.

Children standing on h, select the prill and dradge from the pile e, discharging such

stones as are valueless through the shoot f, into the waggon beneath. The trommel
D is constructed of perforated plates, having different degrees of fineness, in order to

size the stuff which passes through into bins or compartments.
The washing arrangement shown in Jig. 644 is in use at Przibram. The stuff is first

introduced into a shoot, from whence it passes into a conical trommel, and is thence

thrown upon a flat sieve, and divided into coarse and fine stuff, the former going to the

rotative table, the latter to sizing sieves. The shoot at the entrance of the trommel is kept
in movement by a cam shown underneath: the trommel rotates on carrier wheels, whilst
circular motion is given to the picking table by means of a tangent wheel and screw.

The inside of the trommel is fitted with ledges for lifting and dropping the stuff, water
being continually introduced for washing and freeing it from slime and clay. A rose

jet of water flows on the table for rendering the ore and waste more distinct to the
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eyo. Tho small diameter of the trommel is 3 feet 9 inches ; largo diameter, 5 feet

4 inches ; length of trommel, 9 feet. Tho diameter of tho trommel carrier wheel is

2 foot 6 inches, outside diameter of picking Uihlo 14 foot, inside diameter 10 feet;

G44

height of back of table, 6 inches ; height of table from ground, 2 feet 7 inches. The
table is composed of 16 cast-iron segments, each i inch thick and 2 feet wide,

supported on 1 6 wooden arms. Tho table makes a speed of about 2 inches per second.

The length of picking line is 30 feet, which aifords space for 15 or 16 pickers. This

number of hands will dispose of about 15 tons of stuff per hour, tlie size being from
1 to 3 inches, or one boy will select say 4 tons per day, and divide it into ore and
dradge ' work.

Bagging {Jig. 645). It has been remarked that, in breaking the lode underground,

numerous rocks are produced, throughout which valuable ore is more or less dissemi-

nated. After these stones are washed, they are ragged. This operation consists simply

in reducing the stones to a smaller size, and rejecting as many of the sterile stones as

can be readily picked out. The reserved heap is ultimately taken to the spallers and
cobbers. The weight of a steel-headed ragging hammer varies from six to eight pounds.

Stalling {fig, 646), is usually performed by women. The object is to break the

stones to a proper size for the bucking hammer or crushing mill, and at tho same time

to cast aside such lumps as are destitute of ore. Tho hammer employed is made of

cast steel, and is set upon a light pliant handle. Its weight is about sixteen ounces,

and its cost eightpence. A practised spallor will produce about one ton of stuff per

day, but the quantity must necessarily depend upon the hardness and nature of tho

stone.

Stone Breaker.—Th\& machine is specially adapted for reducing masses of vein-

stuff into sizes suitable for the cobbing floors and crushing mill. It can bo driven

either bv steam- or water-power, and consists of a crushing hopper, in which tho

stone is broken between a pair of jaws, the ODO being fixed, tbo other actuated bjr
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knee-joint levers. The fixed jaw k,fig. 647, is a plato of cast iron, bedded in lead,

and held in the frame b, by tapered cheek pieces c c'. The vibrating jaw plate d
corresponds in this respect with the fellow plate A. The excentric shaft e gives

motion to the toggles f f, which press forward the breaking jaw, d, about fths of an
inch. In the depression of tlie lever the jaw is drawn back by means of a strong

India-nibber spring.

A stone dropped between the convergent jaws will bo operated upon by a succes-

sion of bites, until it is crushed small enough to pass out at the bottom. The distance

between the jaws at the bottom limits the size of the fragments. The frame of the

machine is formed of one single casting, and although provided with bolt holes, yet is

usually hea\-y enough to require nothing further than its own weight to retain it in

working position, The apparatus should be fixed high enough either to allow a wag-
gon to be placed under the jaws, or otherwise that the reduced stones may gravitate

to the rollers of a crushing mill.

The width of the opening at the top of the jaws determines the size of the machines,

and at the same time it represents the largest stone which can possibly be dealt with.

The quantity of stone reducible in a given time must necessarily depend upon its

degree of hardness, as well as upon its structure. In addition, the result is either

lessened or increased, according to the minimum distance between the jaws, and the

speed given to the excentric shaft.
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The approximate duty rendered by stone-breakers of various size, at a speed of
200 revolutions per minute, is as follows ;

—

Length of jaw Width between
jaws at top

Power required Produce per hour

inches inches horses cubic yards
6 4 H n

- 7^ 4 H If
10 7 3
15 7 4 4i
20 9 5 6
18 12 8 8
24 12 10 10
24 15 15 13

At the Kirkless Hall Colliery, in Lancashire, it has been found that one ton of
limestone falling through jaw pieces seven inches apart at the topis reduced into
fragments which can be passed through a gauge one and three-quarters of an inch in
diameter at a cost not exceeding threepence per ton, the coal for maintenance of
engine being charged at three shillings and sixpence per ton. The yapious parts of
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the apparatus are of groat strength, and the amount of wear and tear is comparatively
small. In mines where it is requisite to reduce large quantities of vein-stuff, either
for the cobbers, coarse sand jiggers, or crushing mill, this machine will prove an im-
portant and valuable auxiliary.

The jaw pieces of stone-breakers should be formed of double chilled iron : soft and
badly-hardened iron is highly objectionable, since with the osirly ineflficiency of the

jaw pieces, together with cost and delay attending their re-

placement, the cost of reducing stone must be materially
increased. A pair of hard jaws 1 2 inches by 9 inches will

break from 2,000 to 3,000 tons of siliceous vein-stono.

In large dres.sing establishments the stone-breaker is

driven directly by a steam-engine. Small breakers, with
jaws 7^ inches deep and 4 inches wide, are also frequently

used for reducing orey vein-stone, derived from the 'coarse

sand 'jiggers.

Cobbing, fig. 648.—This work is generally performed
by women, young girls, or boys. It consists of picking

the best work from the dradge, and with a peculiarly

shaped hammer, detaching from each piece the inferior portions, and thus forming
cither prill or best dradge ore. An expert cobber will manage to prepare about
10 cwts. of tolerably hard stuff per ten hours.

Sizing Apparatus.—In the various processes of dressing, no point is of greater im-
portance than that of correctly sizing the vein-stuff, neither is there one demanding
the exercise of a more correct judgment If the particles of ore be reduced below their

natural size a source of loss is immediately created, whilst if they are not brought
within the limit of their size a portion of waste will probably adhere to each atom,
forming a serious difference in the aggregate quantity of castaways, although such waste
may afford but a low percentage of metal. The holes in the sieves or trommels should

therefore be proportioned to the nature of the ore, but such apparatus should also be
introduced wherever necessary^ To the crushing mill, trommels are essential, whilst

it will be found highly advantageous to employ them for the purpose of dividing the

stuff whenever it may be intermixed* The simplest form of sizing is perhaps by
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the hand riddle,^, 649, which is formed of a circular hoop of oak, fths of an inch

thick and 6 inches deep. Its diameter ranges from 18 to 20 inches.

The bottom is made of a meshwork of copper or iron wire. The weight of an iron

wire riddle is about seven pounds, and its cost As. &d.

Fig. 650 represents a swing sieve employed in mines ou the Continent, a, box

into which the stuff to be sifted is introduced ; b, regulating door ; c. pendulating rod

attaching the sieve frame to the frame e
; /, friction roller carrying the sieve frame g.

At h springs are fitted to ejich side of the frame, in order to give it a vibratory action

;

i, rod, giving motion to the apparatus. The width of the sieve frame is about one-

third its length, but tlie sieve bottom only extends from the box, a, two-thirds of the

length. The bottom of the sieve frame is subsequently contracted so as to form a

shoot.

Fig. 651 is a swing sieve employed in the Hartz, for sifting the small fragments of

the ores of argentiferous lead. Such an apparatus is usually set up on the outside of

a stamps or washing mill. The two moveable chests or boxes a b, of the sieve, are

connected together, at their lower ends, with an upright rod, which terminates at one

of the arms of a small balance beam, mounted between the driving shaft of the stamps

and the sieve, perpendicularly to the length of both. The opposite arm of this beam
carries another upright rod, with cams,—placed so as to be pushed down by thQ
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driving shaft. During this movement the two lower ends a, b, are raised ; and when
the cam of the shaft quits the rod which it had depressed, the swing chests fall by
their own weight. Thus they are made to vibrate alternately upon their axes. The
small ore is put into the upper part of the chest a, over which a stream of water falls

651 652

from an adjoining launder. The fragments which cannot pass through a cast-iron

griddle in the bottom of the chest are sorted by hand upon a table in front of a, and
are classed by the workman, either among the ores to be stamped, whether dry or wet,
among the rubbish to be thrown away, or among the ores to be smelted by themselves.
As to the small particles which fall through the griddle upon the chest b, supplied also
with a stream of water, they descend successively upon two other brass wire sieves, and
also through the iron wire r, in the bottom of b.

Ficf. 652 shows the circular hand-riddle employed in the mines of Cornwall.
Although this is in advance of hand riddling, yet it is by no means equal to the large
sizing trommels employed in Germany.
The ore is thrown in it at a, the coarser pieces passing longitudinally through the

riddle into the shoot b. The riddle is turned by a hookhandle , as shown in the illus-

tration ; the meshes of the sieve vary from ^ths ef an inch to 1 inch square, according
to the character and qtiality of the vein-stuff to be operated upon.

Fiffs. 653, 654 show an elevation and ground plan of a series of flat separating
Vol. II. G
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sieves, a a.', bb' is a strong wooden frame, mm, guides for frame; n n n, basement
upon which the sieve frame rests; p, cistern fitted with perforated plate through which
clean water is distributed upon the sieves ; t, hopper supplying the stuff to bo sifted

;

5 s bottom of ditto. The sieves are lifted by the rod I and make from 40 to 50 drops
per minute. The sieves are set about 8 inches apart, and discharge the stuff upon the

inclines p p p.

The holes in No. 1 sieve are ^ inch diameter.

It -^ 8 "

M 4 Ta '»

Fig. 655 represents the trommel or sizing sieves formerly in operation at the Devon
Great Consols. Although the yield of oro at these mines was extremely large, it may

not be generally known that much of it was obtained from stuff yielding no more than
from f to 1^ per cent, of metal. The product of the lode on arriving at the surface was
cobbed and divided into two classes, the first going to market without further elabora-

tion, whilst the dradge or inferior portion was treated by various processes of washing.

The whole was, however, crushed to such a degree of fineness as to pass through the

following holes :

—

Trommel a, holes ^g inch diameter.

>l ^) M 1^ >» >>

»» "> )> To " "

The trommels were each 6 feet long, 24 inches diameter at the largo end, and 18 inches

diameter at the smaller, making 20 revolutions per minute, and altogether aflbrding

an area of 6,000 square inches.

Continuous Trommels.—Thcso are made of various diameters and lengths; the

diameters of the perforated holes vary from two and a half inches to one-twentieth

part of an inch. On a suitable wrought-iron shaft a. Jig. 656, a cast-iron boss plate

B, is fitted, the bosses receive six wrought-iron radial arms c, which pass through a

thin but stiff wrought-iron ring d, governing the diameter of the trommel. The arms
are fastened to the ring by means of outside and inside nuts, the perforated plates 1,

2, 3, and 4, are rivotted to the several rings, and in this way an excellent trommel is

produced.

Conical Trommel.—The trommel /</. 657 may be used singly or in combina-
tion with others for sizing stuff coming from the wash grate clearing drum or crusher.

The diameter as well as the length shoulil bo proiK)rtioncd to the quantity of stuff to

be treated ,within a given period.

The angle of the shell with the horizontal axis must alao correspond to the dia-

meter of the grains. The angle varies from three to five degrees, while the speed
ranges from fifteen to twenty revolutions per minute.

Double Conical Trommel, fig. 658.—For the purpose ofobtaining three distinct sizes of

stuff within the length almost of a single trommel and, without incurring much loss of
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fall, a double conical trommel is employed. Its use is, however, more for separating

or dividing stuff for subsequent sizing, than for sizing directly to jiggers.

656

Cascade Trommels.—A system of six sizing trommels is shown in Fig. 659. Each
trommel is 42 inches long, 21 inches diameter at the large end, and 18 inches dia-

meter at the small end. At a speed of 20 revolutions per minute, the six trommels

will dispose of from two to three tons per hour. The volume of water required per
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trommel to keep the holes clear is from two to three gallons per minute. The order

of sizing is from great to small grains ; that is, the first or uppermost trommel

has the coarsest holes ; each succeeding trommel having holes of lesser diameter.

Through this arrangement the smallest holes and thinnest plates get only a minimum

amount of wear. In order to convey the stufffrom one trommel to another sheet-iron

or wooden hoppers are employed. j. . .

Each trommel is light, portable, and readily replaced. Instead of distributing the
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water ty means of pipes, open launders are equally efficient. The trommels may bo
placed side by side, or run end-ways, and be driven by moans of spur whools or by a
light chain crossed on the pulleys.

GEINDIKa AND CbUSHING MaCHINEBY.

In small mines, Bucking, fig. 660, is resorted to, instead of employing the crushing
mill. This operation consists of pounding pieces of mixed ore on a slab of iron a, by
means of a hammer or buckor b. The wall on which the plate a is placed, is about
3 feet high. The stuff to be pounded is placed behind the slab, and is drawn upon
and swept off the plate by the left hand. In Cornwall it is customary to keep time
with the blows and to stand to the bench • but in Derbyshire each operator works
independently, and is usually seated.
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The bucker, fig. 661, is formed of a wrought-iron steel-faced plate a, 3 inches

square, with a socket b, for receiving a wooden handle c. Its cost is about \s. 4d.

The reduction of vein-stone to a suitable size, so as to extract a maximum quantity

of ore is a matter of considerable importance. The class of machinery to be employed
must depend upon the normal constituents of the stone.
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If the ore is of a massive character and of little value it may be selected from the

waste at the stone-breaker ; but if much intermixed with other minerals, it will be neces-

sary to submit it to the crushing, stamping, or grinding mill. In the employment of

either apparatus the object should be to secure free and unbroken grains of ore so as

to readily collect them in the subsequent dressing processes.

The general application of reduction machinery may bo briefly stated:— Stone-

breakers, for tin, ironstone, copper, and lead ore dradge; size of stuff, from 1 to

9 inches. Crushing mills ; for copper, and lead ore ; in pieces, from 2 to 60 milli-

meters diameter. Stamps, for tin, lead, and copper ore, in grains, and pieces, from ^ to

75 millimeters. Grinding apparatus, for tin, silver, and auriferous ore, in grains,

from 4 to 2 millimeters size.

Crushing Mill. This machine was introduced by the late Mr. Taylor at Wheal
Crowndale, near Tavistock, in the year 1804. In its simplest form it consists of

two rollers mounted in a strong iron frame, and kept in contact by means of screws

;

motion is communicated to one of the rolls, either by a water-wheel or steam-engine,

but the other is made to revolve by the friction generated between the moving roll

and the stuff to be crushed. This mill is usually employed for reducing mineral sub-

stances which have already received some mechanical preparation, but machines have
been contrived with a series of rolls, set below each other, into which the stuff is

introduced as brought from the lode underground. In order to effect this operation,

the upper rolls are fluted, and the lower ones have various speeds and diameters, but
it may be remarked that although this arrangement has been somewhat extensively

employed in the north of England, yet it has found few advocates either in Wales or
Cornwall, or on the Continent.

The practice of keeping the rolls together by screws acting on the bearings is ob-

jectionable, since the entrance of a piece of steel, or other hard substance of greater

width than the fixed opening between the rolls, immediately produces a stoppage and
strains the apparatus, or otherwise causes serious breakages to some of the parts. In
order to obviate these evils, the rolls are usually adjusted and kept in position by
weighted levers pressing on their axis.

As the machines employed in Cornwall may be considered the most effective in

operation, as well as complete in their construction, that type is selected for repre-

sentation.

B B {fig. 662), are the crushing rollers fitted in a strong frame-work of cast iron,

which is stayed by a wrought-iron bar h, and firmly bolted to longitudinal beams in-
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serted in the walls of the crushing-house. The rollers revolve in bearings, which are

BO arranged as to slide in grooves, and therefore admit of the cylinders being brought
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nearer to or separated farther from each other. To keep tlie rollers in contact and
yet allow the action to take place, a weighted lever a is placed on each side, which by
means of tension bars connected with one of the bearings, keep a constant pressure
upon the rollers. The ore to be crushed is lodged upon a floor c, and introduced into

a hopper d, from which it falls between the rolls ; the requisite crushing pressure being
attained by increasing or decreasing the weights applied to the end of the lever. The
crushed ore passes from between the rollers b b into the higher extremity of an in-

clined cylinder e, made of coarse gauze, or perforated plate, which being set in

motion by the same power as the rollers themselves, separates the pulverised material
into two classes. That portion which passes through the sieve falls into a waggon
placed on the floor of a house, whilst the other, which is too large to escape through
the openings, is carried to the lower end of the cylinder from whence it passes into

an inverted bucket-wheel f, by which it is again conveyed into the hopper to bo
re-crushed.

The modifications to the foregoing arrangement may be thus briefly noticed.

In some machines the feed-hopper is made of sufficient capacity to hold from 20 to

25 cwts, of stuff, which is introduced by means of a tram waggon, and renders hand
feeding unnecessary. The shoot conveying the crushed ore to the rotating sieve, e,

is sometimes divided at the bottom into two parts, one to deliver rough, and the other

fine stuff. In connection with each division, is a cylindrical riddle revolving and
separating the work according to the fineness or coarseness of the mesh employed.
A circular sieve divided midway into two parts, each of a different mesh, is in some

instances advantageously substituted for two sets of seives ; whilst, in other cases,

citcular sieves are omitted, the operation of sizing being performed by fixing perforated

plates on the periphery of the inverted wheel.
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Instead of one roll being drawn towards the other, they are frequently kept in con-

tact by direct pressure, which is effected as shown in ff/s. 663, 664.
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A (fig. 663), levor hung to tho cast-iron frame b at c, and pressing upon pin at d.

When it is required to change the rollers, tho pressure resulting from the lever A and

weighted box e, is relieved by means of the screw tackle f.

Tho considerations which should be attended to in constructing a crushing mill, are,

first, to make all the parts sufficiently strong to meet tho varying resistances which

continually occiir in crushing. For this purpose, tho framework to receive the rolls

ought to bo of good cast iron, the axles of the rollers of best wrought iron, and the

cylinders of the hardest and most uniform metal. 2ndly. To design the machine, so

that tho matter to be crushed may be readily delivered into the hopper, sized by the

circular sieves, for the dressing proqess ; and such portions as are not properly crushed

returned to the rollers without the intervention of manual labour. In order to effect

this, the inverted, or raff wheel d, fig. 664, shown in section, ought to be made of

sufficient diameter to allow the stuff, on being discharged, to descend by its own
gravity, into the feed-hopper. 3rdly. To extend from the axis of the rollers, long

tumbling shafts, A a, fi^. 664, and fix on their ends the driving wheels b b, allowing

a little play in the pluramer blocks, so that any undue opening of the rolls may not

vary the pitch lino of the wheels b b, to such an extent as to endanger the safety of

the teeth. 4thly. To construct the roll so that it may be readily changed, yet

maintained on its axis without slipping when in motion. One of tho most efficient

plans for this purpose is shown in the following woodcut, in which a is the axis or

arbor, and d the roll {fi^g. 665).
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It will be seen that the cylinder roll is fitted with four internal projections ; these

are of the same length as the portion of the groove marked b b', but no wider than

tho narrower part of tho groove c c. When the cylinder is to be fixed on the axis,

the studs are to be introduced into tho recesses c, and the cylinder advanced into its

working position, when it is turned until the studs fit into that portion of the recess

between b b', and which are then wedged to the roll by a close-fitting cutter.

5thly. The diameter of the rolls should be decreased, and the length increased in

proportion to the fineness of the stuff to bo crushed, since a fine material requires a
longer line of contact, and not so large a grip as coarser substances.

In practice it has been found advantageous to make the roller placed on the driving

shaft somewhat longer than that which is opposite, and to work tho rolls by spur

gearing rather than by friction, since the latter is proved to furnish less economical

results than the former. It has also been found "injudicious to harden the rolls by
chilling; hence ordinary sand-cast rolls are most frequently employed.

The speed of tho rolls varies from 45 to 60 feet per minute, but this necessarily

differs with the character of the stuff to be crushed. Again, great variation is ex-

perienced in the quantities crushed within a given period, since a small amount of

moisture in vein-stuff of a certain class, makes it cake, and will thus considerably

reduce the produce of the mill. On the other hand, if the matter operated upon, be
very dr}', heavy, and brittle, as in the case of some varieties of lead ore, tho produce
may be much increased, since the mill can be driven at a great speed ; a less bulk
will have to pass for a given weight, and there will bo a smaller quantity of material
carried back by the raffwheel to be re-crushed.

Variable speeds have sometimes been tried in order to produce friction together with
pressure at the line of contact, but it has been found that any departure from a uniform
speed on the two surfaces absorbs a considerable additionaf amoimt of power, without
materially augmenting the results.

The various dimensions and velocities of the rolls, crushing force and power em-
ployed, effective value of different mills, &c. now in use, may be gathered by referring
to the Table at top of next page.

The crushing machines which are in general use at Alston Moor and the northern
mines of this country, and where they have been employed for upwards of fifty years,
differ in some respects from those described.

This machine is composed of one pair of fluted cylinders, x x, fig. 666, and of two
pairs of smooth cylinders, z z, z' z', which serve altogether for crushing tho ore.
The two cylinders of each of the three pairs turn simiJtaneously in an inverse
direction, by means of two toothed wheels upon the shaft of every cylinder, which
work by pairs in one another. The motion is given by a single water wheel, of which
tho circle a a a represents the outer circumference. One of the fluted cylinders if
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Rollers
g

KIFTER

4

fi

NAME OF MINE •s

II

in

II

1

If

Dlamotcrof
Sifter

s

is

L
It

Horie
Power

h
Si

In in. .q. in. cwt in. in. •q. in torn penc«
Grassington Mines . 27 12 H 6593 91 21 48 H 37 U'O 80
Minera . . . 14 14 8 4920 7S}, 24 42 9 48 10-6 6 20 21
Cwmystwlth, No. 1 . 27 14 4 4748 78 20 33 9 24 16-0 .. 32 2*

No. 2 . 27 14 4^ 6341 86 24 86 9 24 16-0 36 21
Qoginan . . . 30 14 5* 7254 39 20 89 9 36 16-0 ,. 30 29
Cwm Erfin . 27 14 7A 8902 293 26 32 9 30 16-0 20 8
Lisbume, No. 1 . 27 15 6 7632 180 22 36

lil
30 16-0 .. 42 2^

„ No. 2 . 27 15 6 7632 224 22 36 80 16-0 ., 42 2i
Derwent . 27 14 7 8309 227 22 60 16 160 60 n
(Joldscope, (2 sets of
rolls, 1 fluted, other
plain) 14 18 14 11060 6 No Sifter .. 25 2i

East Darren 30 18 6 9996 207 24 36 16 45 16-0 .. 26 2f
Cefn Cwm Brwyno . 20 13 5 4080 84 20 48 16 27* 14-0 ., 20 2
Lisbnme, No. 3 . 18 16 8 6432 169 22 36 25 30 160 .. 42 H
Llandudno

.

18 15 15 12705 61 Plat Sifter, J^ inch
|

Jacob's
ladder

Steam
power
10

30 Hi
Wheal Friendship 23 12 10 8670 123 24 36 36 SO 13-0 20 2*
Pontgibaud 25 12 m 12075 36 22 44 36 60 16-0 16 17 32

Devon Great Consols

.

34 22 7 16443 458 2 24]ar.
^
\ 12 sm.

84 64 21 ,. ,. 65 2i

Fabrlca La Constante,
Spain, No. 1 . 24 15 10 11300 147 25 45 100 80 16'0 87 50 3J
„ No.2 . . 27 15 10 12720 110 25 53 100 30 16-0

Jacob's
26

)

60 3i

„ No.3 , . 24 12 16 14464 84 25 45 8600 48
ladder,
192 ft.

perm.
}'

13 19

„ No.4 . . 27 15 16 19080 93 26 58 3600 45 Ditto. 13 19

placed in the prolongation of the shaft of this wheel, -which carries besides a cast-iron

toothed wheel, geared with the toothed wheels e c, fixed upon the ends of two of the

smooth cylinders. Above the fluted cylinders there is a hopper s, which discharges

down between them, by means of a particular mechanism, the ore brought forward by
the waggons a. These waggons advance upon a railway, stop above the hopper, and
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a\
.y'

empty their contents into it through a trap-hole, which opens outwardly in the middle
of their bottom. Below the hopper there is a small bucket called a shoe, into

which the ore is shaken down, and which throws it without ceasing upon the
cylinders, in consequence of the constant jolts given it by a crank-rod attached to
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it, and moved by (ne teeth of a wheel. The shoo is so regulated, that too much
ore can never fall upon the cylinders and obstruct their movement. A small stream

of water is likewise let into the shoe, which spreads over the cylinders, and prevents

them from getting hot. The ore, after passing between the fluted rollers, falls upon
the inclined planes n n, fig. 666, which turn it over to one or other of the pairs of

smooth rolls.

These, the essential parts of this machine, are made of iron, and the smooth
roUs are case-hardened, or chilled, by being cast in iron moulds. The gudgeons

of both kinds move in brass bushes fixed upon iron supports k, made fast by
bolts to the strong wood-work basis of the whole machine. Each of the horizontal

bars has an oblong slot, at one of whose ends is solidly fixed one of the plummer-
blocks or bearers of one of the cylinders /, and in the rest of the slot the plummer-
block of the other cylinder g slides : a construction which permits the two cylinders

to come into contact, or to recede to such a distance from each other as circumstances

may require. The moveable cylinder is approximated to the fixed ones by means of

the iron levers x x, which carry at their ends the weights p, and rest upon wedges m,

which may be slidden upon the inclined plane n. These wedges then press the iron

bar o, and make it approach the moveable cylinder by advancing the plummer-block

which supports its axis. When matters are so arranged, should a very large or hard

piece present itself to one of the pairs of cylinders, one of the rollers would move
away, and let the piece pass without doing injury to the mechanism.

Besides the three pairs of cylinders which constitute essentially each crushing

machine, there is sometimes a fourth, which serves to crush the ore when not in large

fragments, for example, the chats and cuttings (the moderately rich and poorer pieces),

produced by the first sifting with the brake sieve. The cylinders composing that

accessory piece, which, on account of their ordinary tise, are called chats-rollers,

are smooth, and similar to the rollers z z and z' z'. One of them is usually placed

upon the prolongation of the shaft of the water-wheel, of the side opposite to the

principal machine ; and the other, which is placed alongside, receives its motion from
the first, by means of spun wheel-work.
The general arrangement of a portable crushing mill may be gathered from fig. 667.

The rollers a a are kept in close contact by means of the spring arrangement b b.

667

The spring itself is formed of discs of India-rubber alternating with discs of iron,

both encircling an iron bar passing through and held firmly by the lug c. The stuff

is thrown into the hopper d, and on motion being given to the rollers the inclined

shoot E receives a percussive action by means of a horizontal lever or pallet

attached to the shoot, and moved by one of the two cog wheels fixed on the ends
of the rollers. The angle of the shoot is varied by lowering or raising the hook f,
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Table of Cntshing Mills fdr Hard Material.

Diameter of rolls
Length on face of

roll

No. of revolutions
of rolls per minute

Approximate
weight of stuff

reduced per hour

Horse-power
required

inches

36

27
21

15

12

10

10

inches

10

10

10

10

10

10

10

20

26
30
40
60
80

Hand Mills.

1 30

cwts.

100

80
60
40
20
10

! «

10

8

6

4

2

1

4 men

Carr's Disintegrator.—This machine, the invention of Mr. Thomas Carr, has proved
to be well adapted for the reduction of semi-clastic rein-stone, ores, and material

requiring to be shattered rather than crushed or ground. The illustration, fig. 668,

shows an improved 6 feet 3 inches machine, with two solid shafts, blocks, and bed-

668

plate, the disintegrating wheels being without the necessary hood or cover. The
inventor in his description states ;—The machine consists of a series of four strong

cylindrical iron cages, of various sizes, formed of bars with open spaces of from three

to four inches between them, arranged concentrically one within another, around, and
parallel with the shafts or axles and rotated therewith with extreme rapidity in

contrary directions to one another by means of an open and a crossed strap, the first

and third cages rotating to the right, and the second and fourth to the left, so that

while there are only two motions in reality, yet from the way in which the cages

intersect one another there are relatively four.

' The material is thrown in at the central orifice, either by shovels or elevators, and
after the lumps, if very large, are broken by a stationary knife (fixed so that its blade
may extend into the interior of the innermost cage, but never used with very hard
materials), they are thrown out by centrifugal force from the first cage at a tangent
to its circle, precisely as stones are hurled from a sling, and at a speed equivalent to

that at which tlie beaters of the said capo are rotating (which is usually 60 feet per
second) when meeting the beaters of the next cage, moving in an opposite direction,

Usually at 60 feet per second, a poUision onsuoa similar to that which takes place
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between a cricket-ball and bat ; the shock thus produced being compounded from the

aggregate speed of the beaters, and the speed and weight of the material meeting

them The projectile impetus of the flying material is thereby arrested, and a fresh

impulse given it in an opposite direction, to meet the beaters of the third cage

travelling the reverse way, and so on in like manner with the fourth one, when, if the

material is of a friable and non-fibrous nature, it is shattered by these successive blows

into a fine granular state, usually like that of gunpowder.
' The disintegrating wheels are made of various sizes, from 3 feet 6 inches to 6 feet

3 inches, the capacity of the latter being nearly double that of a 4 feet 6 inches

machine. For pulverizing ores and vein-stones a 6 feet 3 inches size, made extra

strong with steel bars, shafts, and stout wrought-iron disc plates, is recommended. At
a silver-mine in Norway a 6 feet 3 inches machine is found to reduce from seven to

eight tons of ore per hour, to a size varying from to 4 millimeters, seventy to eighty

per cent, of the quantity being suitable for jiggers, the remainder for slime tables.

As a general result, the cost of reduction is reported to be one-half less than thafc

incidental to pans and edge-runners.

In the following tabular statement will be found particulars of stuff reduced and
horse -power required :

—

Stuff

Superphosphate guano, sulphate of

ammonia, and bone-ash
Rock asphalte .

Fire-clay and shale

Moist clay

Blende
Calamine .

Copper, silver, and other ores

Size of

machine

ft. in.

6 3

6 3

6 3

No. of Revs,
per minute

600 to 600

400
600
120

500

Quantity
per hour

tons

10 to 12

5

10 to 30

20
8 to 10

15 to 20
7to8

Horse-power
required

10 to 12

12

12 to 25

15

20

20
20

Dingey's Pulveriser.—In this machine, fig. 669, Mr. Dingey has produced an
apparatus for the reduction of hard vein-stone and ore to a fine state.

The machme is on what may be called the slab and muUer principle. The opera-

tive parts consist of four plates revolving within a pan that rotates in the opposite

direction. The pan is made of iron, 6 feet in diameter, with a vertical rim in which
are twelve openings, each 15 inches in length by 5 inches in depth, fitted with fine

perforated copper plates or wire gauze. The inner or grinding surface of the pan
is lined with a set of plates or shoes, made of the best white iron, which can be
detached and replaced readily when worn out. The pan revolves from right to left,

or in a direction contrary to the apparent motion of the sun, borne on four friction

rollers fixed on the four horizontal cross-arms of the foundation frame, and it derives

its rotatory movement from the first-motion shaft by spur pinion and gearing on the

exterior of the pan.

The horizontal shaft also drives a central pair of bevel wheels actuating a central

spur-wheel taking into four pinions on the vertical shafts of the revohnng plates, by
which these plates are rotated with the sun, in a direction contrary to the pan. The
plates are provided with white-iron shoes, each 30 inches in diameter, and are

driven at a speed of 200 revolutions per minute. Thus it will be seen that by the

combined motions the grinding surfaces are preserved in good order from wearing in

grooves.

The material to be pulverised is fed into a hopper, and thence transferred by an
Archimedean screw-motion to a circular launder, wherein it is subjected to the action

of a stream of water, entering therewith in the centre of the pan, whence it is imme-
diately carried under the revolving plates, ground and rapidly passed through the

external gratings by the centrifugal force of the stream, and there received into a
launder that conveys it direct to the buddies.

The whole machine is self-contained witliin four standards, with top, central,

and bed plates and framing, so that it can be bolted down on a suitable founda-
tion anywhere, for immediate work. It can be constructed in light parts, easily put
together.

The motive power may be hydraulic or steam ; a 10-inch single cylinder engine is

sufficient for working it effectively.

This pulveriser is suited for the reduction of rough stamps'-work, and the grinding
of gold and silver ores, tin roughs, skimpings, colours, clays, or earthy substances.
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Tho work of one pulveriser is said to bo equal to that of 24 Cornish heads of stamps,

and the saving in working cost, in favour of tho former, one-tliird less, tho wear and
tear in both cases being considered equal.

669

The first cost of 24 heads of stamps is about 200^., of the pulveriser 160/. The
grinding surfaces of the pulveriser lose 3 cwts. per month, whilst the stamps are said

to lose 20 cwts. in the same time. At a comparative trial made at Wheal Jane,

in Cornwall, on tin • rows,' the cost of pulverising was Is. ^d. per ton ; of stamping,

28. l^d. per ton.

Arrastre or Talwna.—This machine is extensively employed in the mining districts

of Mexico, for grinding silver ores previous to their amalgamation.

It consists of a strong wooden axle a {fig, 670), moving on a spindle in a beam b
above it, and resting on an iron pivot beneath, turning in an iron bearing, which is

inserted into a post of wood c, which rises about a foot above the ground in tlie centre

of the arrastre. The shaft a is crossed at right angles by two stout spars d d, which
form four arms, each about 5 feet long, one excepted, which is 9 feet long, to admit of

two mules being attached to it; by this arm the machine is worked. The grinding is

performed by four large porphyritic or basaltic stones, two of which are shown, e e.

These are loosely attached by thongs of leather, or small sized rope, to the four arms,

and are dragged over the ore, which is put in with water, until it is ground to a
very fine slime or mud, called tho lama. One of these machines, when in good working
condition, will grind from 600 to 800 pounds weight of ore in twenty-four hours. In
Guanaxuato, where the best and finest grinding is obtained in tho arrastres, the lining

or foundation and the grinding stones are, of coarse-grained jwrphyry, and form a
rough surface. The cost of this apparatus in Mexico, including the jpaving of the

bottom, and the four mdapilcs or stones, is on an average ^l. The original weight of

a metapile is about 700 pounds, its dimensions are 2 feet 8 inches long, 18 inches

broad, and 18 inches deep. Notwithstanding tho hardness of the stones employed,
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they are so worn as to become unserviceable in the course of ton or twelve weeks ; the
bottx)m, however, is only replaced once in twelve months.

This apparatus is well suited to patio amalgamation, but it affords bad results for
the power expended.

Edge-mill.—This machine is employed for the purpose of reducing gold and silver
ores to an impalpable powder. It is also used extensively in grinding flints, stones^
slags, and a variety of other products. However much the details of this apparatus
may vary, its principle is the same in all cases. Two vertical runners rotate on
the outer circumference of a flat or slightly conical basin, and afford a frictional

or grinding area equal to the difference of distance performed hy the inner and outer
edges.

The subjoined woodcut, /_^. 671, represents a mill constructed at the Sandycroft Foun-
dry, Flintshire, a, rotating pan, resting upon frictional wheels u ; c, vertical shaft firmly
keyed to pan a, to which motion is communicated by wheel gearing d. The runners
E E revolve on arm f, and may be of cast iron or of stone bound with a ring of iron.

These runners have no progressive motion, but have free play to rise or fall on the
axis c, and in the stay slots g g.

The following dimensions and particulars are -derived from one of the edge-mills

recently working at the Fabrica La Constante, in the province of Guadalajara, Spain

:

Diameter of edge-runner

Width of do. do. ...
Weight of do. do. ...
Speed of runner
Diameter of interior circle of runner
Gauge of stuffprevious to its being ground

Do. after it leaves the mill .

Quantity of stuff reduced per 10 hours

Horse-power employed ....

6 feet.

centre 20 in. edge 16 in.

3 tons 15 cwt.

200 feet per minute.

4 feet.

10 holes to the lineal inch.

60
350 lbs.

7.

In some machines erected at the Eeal-del-Monte mines in Mexico the stones were
6 feet in diameter and 12 inches wide. They were fitted with a ring of wrought iron

3 inches thick. Each pair of runners revolved round a centre on its own axis, in a
cast-iron basin of which the bottom was 7 inches thick. At first good results were
obtained ; each mill if kept constantly at work ground nearly 10 tons per week ; but as

their axles, and particularly the wrought-iron rings and cast-iron bottoms, began to

wear hollow and to lose an oven surface, the grinding rapidly diminished, and with
one year's work they were completely worn out.

The chief advantage of this machine is its simplicity of construction and consequent

small first cost ; but all its parts require to be made of great strength, and therefore of

proportionate weight : hence, in addition to the rapid wear to which it is liable, this

apparatus becomes objectionable for countries where transit of heavy machinery is

more than ordinarily difficult and expensive.

Horizontal mill.—For the purpose of reducing auriferous and argentiferous ores to

an exceedingly fine powder, and where dry grinding is essential, no apparatus has
been found more effectual than the horizontal mill. It affords the laijgest area of

frictional surface for the least wear and tear, and accomplishes equal results at a cost

not exceeding one-fourth of that incident to the edge-mill.

The construction of the horizontal mill will be rendered intelligible by the aid of

the following illustration. Jig. 672, in which one pair of stones is shown in section, a
is a circular hopper, into which the stuff to be ground is introduced ; b b, small pipes

of sheet iron, for delivering the stuff between the surfaces of the runner c and bed-

stone c' ; D, casing enclosing the runner into which the ground material is delivered

;

E, hole in centre of runner; f, driving-shaft, with continuation shaft o, for giving

motion to a Jacob's ladder if requisite ; ii n', regiilating screw for elevating runner c

;

J, driving-wheel ; k, crown-wheel ; l, wheel giving motion to pinions m m' ; and n,

vertical shaft, to drive any supplementary apparatus which may be required, such as

sizing sieve, &c. Four pairs of stones are usually driven by the wheel l. The
surface of the runner is in contact with the bed-stone, from the periphery to within

one third of its diameter. The line of the runner then feathers upwards, in order to

receive the stuff freely and to equalise the resistance throughout the area of the bed-

stone.

The following particulars will convey much practical information relative to this

machine :

—

Diameter of stones 4 feet 2 inches.

Thickness of bod-stone 12 inches.

I^tto runner 14 inches.
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No. of revolutions of stono per minute

Gauge of stuff in hopper . . . .

Ditto on delivery.

Quantity of stuff ground per 10 hours

Power employed in horses

Eevolutions of sizing sieve

Diameter of ditto ....
Length of ditto . . . .

No. of holes per square inch in sizing sieve

Character of runner

Ditto bed-stone

Duration of runner

Ditto bed-stone

When dressed

. 108.

.100 holes to the square inch.

. 3,600 ditto.

. 1 ton per pair of stones.

. About 6 per ditto.

. 23 per minute,

. 30 inches.

. 108.

. 3,600.

. Coarse conglomerate.

. Compact quartz, moderately hard.

. Average 18 weeks.

. Ditto 22 ditto.

. Every third day.

672
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From a series of practical experiments made on the same stuff by horizontal, crush-

ing, and edge-mills, the following results have been obtained :

—

1. Horizontal mill

2. Crushing mill

3. Edge-mill

No. of Holes
per sq. in. in
Sizing Sieve

Quantity of

Stuff ground
in 10 Hours

3600
S600
3600

cwts.

20
13

13

Horse-power Cost per Ton

s. d.

2 3

1 7
6 10
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Stamps.

Tin and some other of the more valuable ores aro usually associated -with and
minutely disseminated in a hard crystalline gangue, requiring to bo reduced to a fine

powder before the valuable portions can be extracted.

Various contrivances have been employed for this purpose, but none of them seem to

have entered into successful competition with the stamping mill. This apparatus essen-

tially consists of a number of cast-iron pestles, each measuring about 20 inches high,

and 6 by 10 inches in cross section. These are secured either to a wrought-iron or

wooden lifter; a projecting arm is placed towards the top on each lifter, which may be
slidden up and down so as to meet the wear of the pestle or any other irregularity.

These lifters are retained in their vertical position by suitable metal or wooden supports.

Motion is communicated by a revolving shaft in front, fitted with four or five projecting

cams, each of which takes the arm, and lifting the pestle from 8 to 10 inches, lets

it suddenly fall on the substances which may be underneath. The bottom on which
the heads fall is formed by introducing hard stones or other suitable material,

and pounding it until it becomes sufficiently solid. In most parts of the Continent of

Europe, on the contrary, stamping mills aro provided with solid cast-iron bottoms

;

these, however, require frequent renewal.

Around the pestles a wooden box or coffer is constructed, and covered in at the top ;

the back is partly open at the bottom in order to admit the vein-stuflf. On each side

one, and in front two openings are made, 7 or 8 inches square, which are fitted with
wrought-iron frames, for the reception of perforated iron, copper, or brass plates, the

b^^r of the punch or drill being towards the inside. As a precaution against the speedy

destruction of the coffer from the constant scattering of fragments of stone, the inside

is partially lined with sheet iron. The stuff to be stamped is supplied on an inclined

plane, connected with a hopper at the back, in the front of which is a launder for

affording a stream of water to the coffer. The stamped stuff passes through the grates

into launders, and is thus directed to the floors. When water is the motive power, the

number of heads is limited by the volume and fall of water available ; tlieo heads

are the least number used, but a larger number is generally preferred. When steam-

power is employed, a battery of heads sometimes includes 100 or more pestles. When
in action these are elevated from 40 to 80 times per minute, according to the cha-

racter of the stuff to be reduced. The pulverisation is said to be greatly facilitated

by having four heads in the same chest or coffer, about 2^ inches apart. Each head

is lifted separately, and the cams by which this is done are so disposed on the axle as

to make the blows in regular succession. Great care is also taken whether it bo in

a large or small battery, to prevent any two pestles falling at the same instant

;

the object being to secure an equal load against the power. Practical dressers

are not well decided as to the order in which the lifting of four heads in one coffer

should take place, whether one of the inner pestles should precede the other, or

whether a side pestle should be first lifted. A preference, however, seems to bo

given to the following method :—supposing a spectator to stand in front of a 4-head

stamps, left side pestle first, right side second, right middle third, left middle last.
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Fig. 673 represents the elevation of a steam stamps employed in Cornwall, a,

axle ; b, cams for lifting heads ; c, tongue or projection on lifter ; d d, guides for re-

taining lifter ; e, the lifter ; f, head of pestle ; o, chest or coffer ; h, hopper ; J, pass

connecting coffer and hopper; k, launder discharging water into the coffer; l, stamps
grate ; m, launder ^ecei^^ng the stuff which has been flushed through the grates ; n,

the bottom or bed of stamps.

The stamping process is not so simple as it may appear at first sight. Many of its

particulars, such as the form of the coffer, mode of exit for the stuff, weight and
rapidity of the pestles, and quantity of water employed, must be varied to suit the

mode of dissemination and the structure and character of the ore, as well as of the

matrix. Fineness of reduction is by no means always a desideratum, for if some kinds

of stuff be reduced too low, much of the ore contained in it will be wasted, hence
considerable judgment is necessary in selecting the grate best adapted to the stuff

to be operated upon. Sometimes the grate is replaced by the * flash,' which con-

sists of a small hopper-shaped box, fitted to the front of the grate-hole. This box
is provided with a shutter which is raised or lowered according as the pre is

required in a fine or rough state. In dry stamping the fineness of the powder
depends not on the grate, but on the weight of the pestles, the height of their

fall, and the period of their action upon the substances beneath them. The follow-

ing practical results are derived from the steam stamps at Polberro Tin Mines,
Cornwall :

—

Cylinder of engine, 36 inches diameter.

Diameter of the fly-wheels, 30 feet.

AVeight of ditto, with cranks, shaft, and bolts, 42| tons.

Power employed, 55 horses.

Eeduccd in 12 months, 30,201 tons of vein-stuff.

Average number of revolutions of stamp axles per minute, 8^.
Number of heads lifted per minute, 72, each 9 inches high.

Weight of each head, 600 lbs.

Average number of blows made per minute by each head, 46. <

Weight of heads collectively, 19^ tons.

Number of grates, 72.

Exposed area of front grates, 9 x 6 = 54 inches.

Ditto of end grates, 8 x 6 =48 inches.

Number of holes to the square inch, 140.

One of the most powerful and best arranged stamping endues in Cornwall, designed
and constructed by Messrs. West and Sons, is at the West Phoenix Mines. Two ver-
tical cylinders are employed, each 26 inches diameter, with 7-feet stroke. The weight
of fly-wheel is 11 tons ; speed of piston, 240 feet per minute. The length of stroke
given by the cranks is 84 inches. The stamp axles, right and left of the engine, make
12 revolutions per minute, and drive at one and the same time 96 heads. The
average weight of each stamp head is 600 lbs. ; new, 800 lbs. ; when worn out,

150 lbs.; dimensions of head, 20'' x 7" x 11", giving a sectional area of 77 inches.

The number of drops per minute is 60 ; average drop, 10 inches. Number of heads
in a battery, 4. Area of grate per battery box, 336 square inches, or 84 inches per
head. Diameter of holes in grates, \ millimeter. Weight of tin-stuff stamped per
24 hours, 18 cwts. per head. Average duration of head, 3 months. Weight of stuff

stamped per head, 80 tons. Loss of iron per ton of stuff, from 9 to 10 lbs. Cost
of stamp heads per cwt., lis. Average weight of coal required to stamp 1 ton of
stuff, 1 cwt.

The consumption of coal per 24 hours, is 4 tons, cost 71. 4:S. Od. Engine driver's

wages, 10s. Oil and grease, per month, 4^ The direct approximate cost of stamping,
per ton of stuff, is therefore,

Wear of stamp head .

Coal
Oil and grease ....

Total . 2 10

Fig. 674 represents a stamping mill arranged for the reduction of auriferous
quartz, silver, and other valuable ores. The base consists of a cast-iron plate A, upon
which is screwed a frame b, without end or side joints. A thick cast-iron bottom is

dropped into this frame, upon which the stuff is pulverised. The coffer c, is made
of cast-iron plates, bolted together at their edges. Each head is in connection with
a grate or perforated plate. The feed is effected by means of an Archimedean screw,

Vol. II. H

s. d.

1

1 n
i
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revolving in tho trough d. Tho heads are solid cylinders of iron attached to wrought-

iron lifters, and when in work are rotated by the action of tho long cams f. Tho lift

or rise of the head is varied by the blocks e e, which traverse a flat thread screw cut

in tho lifter. It will be seen that no stuff can bo lost through tho bottom of the coflfer ;

whilst an economic advantage is secured by tho use of a largo area of perforated plate

or grate. At a speed of 70 to 80 drops per minute one cwt. of stuff, is reduced to ^

millimeter size per hour, the quantity of water per head being about 4 gallons per

minute.

German Stamping Mills.—To the German miners we are indebted for the general

arrangement of the Stamping Mill. In a work, ' De Eo MotallicA,' by Agricola, edition

1621, many different mills are illustrated, showing clearly that all tho essential

features of tho modern mill were then well known. In Rittinger's ' Lehrbuch der

Aufbereitungskunde,' and other important works on Dressing, the subject of stamping
mills is. generally, well and profoundly treated, and rendered clear by tho aid of

numerous illustrations. The following particulars of a practical character will, how-
over, be interesting :

—

Stamp Head.— Average weight, 300 lbs.

„ Minimum „ 100 lbs. ; maximum weight, 500 lbs.

Fall of Head.—Average 8 inches.

„ Maximum, 12 inches, for coarse stamping.

„ Minimum, 4 inches, for fine stamping.

Wear of Head. —Made of grey iron, after stamping 6 tons of stuff to a size of 1

millimeter.

Hard tough stuff . . . . 11 to 13 lbs.

Middling hard stuff

Moderately „

Wear of Anvil or ' bottom ' of cast iron 4 inches thick, per 6 tons of stamped aluS.

Hard tough stuff

Middling
Moderately

4 to 5 lbs.

3 „ 4

1 .. 2
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Order of fall.—Centre head first, then right and left.

Number of Heads in a Battery.—Three, at most five.

Stamping Kesults.—Weight of head, 250 lbs., fall 8 inches, making 60 drops per
minute, will produce, in 24 hours,

„ Stuff, 2 millimeters size . . . .30 cubic feet

Ciist-iron Bottoms- -Will afford 3 per cent, higher result than can bo obtained from a
stone bottom.

Water, per minute, per head

:

For direct discharge ,

„ Large stuff, 4 to 8 millimeters

Kough „ 2 „ 4

Fine „ 1 „ 2

. 3 to" 5 gallons,

. 12 gallons.

. 6 „

. 3 „

Space between head and inside of battery box 1 to 1 1 inch, except at the side at

which the stuff is introduced, where it is 2| to 3 inches.

Some years ago the late P. Eitter von Rittinger contrived a battery box for

stamping under water, fig. 675, a, cast-iron bottom wedged into the box ; b, stamp

675
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screen set 1^ to 3 inches above the bottom; c, water-tight panel, made of strong

boards fixed within a short distance from the front of battery box, the opening d ex-

tending several inches below the anvil of the battery ; e, outlet-pipe, in the centre, and
near to the lower edge of the panel. The bottom of the channel between the battery-

box and panel is inclined from both sides towards the outlet e by means of strips of

timber inserted in the angles. The amount of discharge through the pipe e can be

regulated, and the pipe is so fixed, that the water rises, and is kept at such a level

above the stamp head, that the fall takes place entirely under water. At Schemnitz,

the duty obtained by the use of this battery box is said to be nearly 50 per cent,

greater than that obtained from the box previously in use.

The feeding of the stamps is in some establishments effected by self-feeding hoppers,

in others by manual labour ; the batteries having, in the latter case, a small hopper

attached, into which the stuff is thrown with shovels.

Fig. 676 is a set of stamping and washing works for the ores of argentiferous

galena, as mounted at Bockwiese, in the district of Zellerfeld, in the Hartz.

A is the stamp mill and its subsidiary parts : among which are «, the driving or

main shaft ; 6, the overshot water-wheel ; c c, six strong rings or hoops of cast iron for

receiving each a cam or tappet
; g, the brake of the machine ; kJcJc, the three standards

of the stamps ; 1 1, &c., six pestles of pine wood, shod with lumps of cast iron. There
H 2
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are two chests, out of which tho ore to bo ground falls spontaneously into the two
troughs of the stamps. Of late years, however, the ore is mostly supplied by hand

;

the watercourse terminates a short distance above
the middle of the wheel b. There is a stream of

water for the service of the stamps, and laun-

ders proceeding from it, to lead the water into

the two stamp troughs ; the launder of discharge
is common to the two batteries or sets of stamps
through which the water carries off the sand
or stamped ore. There is a moveable table of

separation, mounted with two sieves. The sands
pass immediately into the launder placed upon a
level with the floor, and separated into two com-
partments, the first of which empties its water
into the second. There are two boards of sepa-

ration, or tables, laid upon the ground, with a
very slight slope of only 16 inches from their top

to their bottom. Each of these boards is divided

into four cases with edges ; the whole being ar-

ranged so that it is possible, by means of a
flood-gate or sluice, to cause the superfluous

water of the case to pass into the following

ones. Thus the work can go on without inter-

ruption, and alternately upon the two boards.

There are winding canals in the labyrinth, n, n, n,

in which are deposited the particles carried

along by the water which has passed upon the

boards. The depth of these canals gradually

increases from 12 to 20 inches, to give a suitable

descent for maintaining the water-flow. At d
two percussion tables are placed, f, g, are two
German chests, h, j, are two percussion tables,

which are driven by the cams e^ z, fixed upon
the main shaft x y. k' k" are two sloping sweep
tables (d balai). The German chests are rectan-

gular, being about 3 yards long, I a yard broad,

with sides 18 inches high ; and their inclination

is such that the lower end is about 15 inches

beneath the level of the upper. At their upper
end, usually called the bolster, a kind of trough

or box, without any edge at tlie side next the

chest, is placed containing the ore to bo washed.

Tho water is allowed to fall upon the bolster in

a thin sheet. The sleeping tables have upright

edges ; they are from 4 to 5 yards long, nearly

2 yards wide, and have fully a yard of inclina-

tion. The tables are sometimes covered with cloth, particularly in treating ores that

contain gold, on a supposition that the woollen or linen fibres would better retain the

metallic particles : but this method appears on trial to merit no confidence, for it

produces a very impure Schlich.

Califomian and Nevada Stamps.—The foundation is generally formed of vertical

timbers, set close together, and firmly braced by means of cross timbers and bolts.

Each piece of timber, 2 feet by 18 inches, is from 6 to 12 feet long, according to tho

nature of tho ground, and height of the discharging grate. When the timbers are in

position, tho adjacent earth is firmly rammed together, and the foundation thoroughly

consolidated. The sill, vertical, and diagonal timbers are strongly connected and later-

ally braced so as to render movement all but impossible. The stamps box is placed

directly upon tlie vertical timber foundation, and is secured by bolts. The length of

box shown \njig. 677, is 4 feet 6 inches, depth 4 feet, inside width 12 inches ; and is

so cast that bottom, sides, and ends, arc in one piece. The feed opening is an aperture

4 inches wide and 3 feet 9 inches long. The discharge or grate opening is 46 inches long

and 10 inches deep, tho bottom edge being 4 inches above the top of the die. The
grate is attached to a frame, secured by wedges in grooves cast in each end of the box,

and by two lugs in front of tho discharge opening. It is usually inclined at about 7^°

with the view of facilitating the dischargo of tho stuff. For wet stamping, Kussian sheet

iron is employed, having holes varying from one half to one millimeter in diameter.

The grate is attached to tho frame by means of screws and to confine the ' flash ' of

|
IX1 rr=r^=-.



DRESSING OF ORES 101

the stuff, a piece of canvas hangs over the grate. The top of the cast-iron anvil, is

of the same diameter as the shoe, and is from 4 to 6 inches high ; the bottom is com-

monly square, large enough to extend from side to side of the battery box, the corners

being removed, so that it may be withdrawn by the use of a pick point. The shoe is

of the hardest white iron, 8 inches diameter and 6 inches high, with a shank tapering

from 2 to 4 5 inches. The shoe is attached to the head, by placing strips of pine wood,

677

Iw'A^

i of an inch thick and ^ an inch wide around the shank. The strips of wood are

tied by means of cord, and the head lifter gently driven home, the shoe striking a piece of

timber until it is firmly fixed. When it is necessary to remove a shoe it is accomplished

by driving a key into a key-way formed in the head for this purpose. The lifter is

usually turned to a diameter of 3 inches, and is from 10 to 12 feet long; the head is of
tough cast iron, 8 inches diameter and 15 inches high. At the top is a hole, slightly

conical, about 7 inches deep, with a drift way for forcing the lifter from the head.

A stout wrought-iron hoop is put on hot at the top and bottom of each head so as to

give it additional strength. To fix the lifter in the head a few blows of the hammer
are first necessary, then a few beats in the ordinary way.
The gib tappet is 8 inches in diameter and 8 inches long, and made hollow so as to

receive the lifter. The' gib itself is two inches wide, nearly as long in the tappet, and
with its inner face curved, to correspond to the circular hole, through which the
lifter passes. The gib being fixed in place and the tappet put upon the lifter, is

forced against the latter by means of two keys which are driven to such an extent as
to maintain the tappet firmly in its position. This method is found to be in all re-

spects satisfactory, and is superior to screw threads or key seatings. A partial revo-

lution of the head is effected at each lift, and continues to some extent during the fall,

causing, as it is alleged, a grinding as well as a stamping effect, and wearing the shoe
more evenly than if no circular movement occiirred. Guides of hard wood are pre-
ferred to iron. One set is placed below the tappet, about a foot above the battery box,
a second set within 6 inches from the top. The width of guide is from 10 to 16 inches.
Each cam piece has usually two arms, with faces 2 or 3 inches wide, the casting itself

being of tough cast iron ; the curve of the face is the involute of a circle the radius of
which is equal to the distance between the centre of the cam axle and the centre of the
lifter. The bottom of the cam is consequently perpendicular to the radius of the curve
of thp cam, awl the gtamp-l^ead is unifonnly lifted Ui a vertical line, In practice, the
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lino of curvature necessary for the cam is obtained by taking—(1) a circular piece of
board having a radius equal to the horizontal distance from the centre of the cam axle to

the centre ofthe lifter
; (2) a piece of thread with a pencil-point attached to the end ; (3)

measuring the desired lift of the head on the thread from such pencil-point, then attaching
the end of the thread to the periphery of the circular piece of wood

; (4) winding the
thread on the periphery of the wood, laying the wood on a smooth board, unwinding the
thread whilst being stretched to its utmost limit and at the same time tracing with the
pencil-point the required curve. As it is desirable that the cam may be in contact with
the tappet at the least practicable distance from the axle the curve is modified by giv-

ing to the cam a greater curvature near each of its ends. The cam point is also as

near to the lifter as is practicable, without coming into actual contact. The axle is

of round iron, from 4 to 6 inches diameter, turned, with two key-ways cut, for the pur-
pose of securing the cams in their places. In some instances the shaft extends the
entire length of the various batteries, but a separate light shaft for each battery of
four or five stamps is preferred.

In such case each axle receives its motion from a counter shaft, the two shafts being
connected together by means of belts and riggers. The order in which the heads fall

varies in different mills, but the condition of having an uniform load on the engine at

one and the same time, as well as a free and effective fall, should be observed. In a
five-stamp battery the order of fall is commonly : (1.) Middle head; (2.) End right

hand head; (3.) Second head on left
; (4.) Second head on right ; and (6.) End stamp

head on left. The key-ways in the cams are cut so that when the latter are fixed, the

heads are lifted in the order above stated. Occasionally quartz is crushed dry, but
much more frequently water is admitted to the boxes by means of gas-pipes fitted with
regulating cocl^. When it is necessary to hang one or more of the heads a workman
lays a smooth piece of board 1|- inch thick on the face of the cam as it is rising

to the tappet, and holds the board whilst the head is lifting. When high enough a
stud, articulated on a small shaft extending the length of the battery is put under the

tappet, when the cam will freely revolve. To set the head in motion the board is

again introduced and the stud withdrawn. The power required for each head of

average weight, including friction, is about 1-^- horse. The belts are manu-
factured out of a combination of canvas and India-rubber, and from the first motion to

the intermediate shaft are sometimes as much as 2 feet wide. The belts from the

second motion to the cam shaft are made of thinner material and are from 12 to 14

inches wide. The shafts are frequently provided with cast-iron driving riggers. In

some cases, however, the riggers are constructed of either kiln-dried wood, with arms
inserted in a cast-iron boss and then turned off in place, or they are built solid of well

seasoned planks, on bored bosses and concentrically turned, after being keyed to the

shaft.

In Colorado the stamp heads, are often, however, run more slowly, and have a

greater fall than the heads employed in the Californian and Nevada mills. The
average weight of head is from 500 to 600 lbs., minimum beats 15, maximum 40,

average 30 per minute, with a fall of from 12 to 18 inches. The heads generally re-

volve and fall in an iron mortar, 4 or 5 feet long, 12 or 14 inches wide, the bottom being

sometimes 9 or 10 inches thick. This casting is commonly laid on a block of timber,

which rests on cross timbers. The mortar, is recessed for dies, having an octagonal

base and a wearing cylindrical head of iron, commonly 8 inches in diameter. The
battery box is entirely of wood and arranged so as to be readily removed. The ' grates'

are of sheet iron, with very fine slot holes, about ^ of an inch long, and an equal distance

apart.

The grate is usually from 9 to 10 inches wide, and the length of the box. It is

fitted in a frame which is kept in position either by means of wedges or set screws.

The lifter stem has usually a screw thread for adjusting the tappet, the latter being

lightened by means of a key, driven in ways, cut in the tappet and stem. When the

driving power is a steam-engine, power is frequently transmitted to a counter sliaft

by means of a belt and to the stamps axle by spur wheels. This axle, as in Cornwall,

usually extends the length of the whole of the batteries. Water is introduced into

each battery box, the quantity being sufficient to carry out the stuff as soon as it is

reduced to the necessary degree of fineness. For the milling of gold ores, the ends of

the battery box are lined with amalgamated copper plates, a third plate 10 or 12

inches wide, the length of the battery fixed in a frame, is secured in an inclined posi-

tion behind the stamps, whilst a fourth but a narrower plate is placed on the front

side of the box. The average weight of stuff stamped per day is believed to be less

than a ton per head ; the volume of water is, say 2,500 gallons per ton of rock. The
tendency of improvements is in the direction of employing lighter heads, a lower fall,

and an increased number of boats per minute.

4ustraliaH Siamps,~At tho Port Phillip Company's Works, Clunes, Victoria, tho
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battery box is seton a foundation of timber shown in^^. 678 ; the length of timbers in

the under framing being 10 feet, depth 15 inches. On these transverse timbers are sot

running timbers 6 feet 6 inches wide, surmounted by logs having an aggregate width
of 36 inches. On the latter rests the battery box. This is constructed partly of wood

678

and partly of iron, with an internal iron casing, a lifter, b feeding shoot, d launder
for supplying water, e, e back and front grate ways 9 inches wide, / stamp head, q
cast-iron bed 3 inches thick and 10 inches wide,^ perforated plate, k mercury boxes.

The sectional width of head is 9 inches, depth 20 inches ; width of internal casing

15 inches, width of battery box 18 inches, depth from feeding shoot to bottom of foot

plate 4 feet 6 inches, depth from bottom edge of grate to surface of stamper plate 4^
inches. The weight of each head and lifter is 800 cwts. ; number of blows, made
per head per minute, 75 ;

quartz reduced per head per 24 hours, and passed through
screens having ten holes per lineal inch, 4 tons

;
quantity of water required per head

per minute 8 gallons or 2880 per ton of quartz. The following statistical matter, com-
piled from E. Brough SmytTi's most able and exhaustive work on the ' Gold-Fields and
Mineral Districts of Victoria,' will indicate a variety of details connected with stamp-
ing machinery in that wealthy and thriving colony :

—

Weight of FaU of
No. of
blows of

Quartz
crushed No. of holes Horse. Gallons of Loss of

Mineral District Stamp head
vith shank
and lifter

» stamp
head per
minute

per head
*in24
hours

per square
inch in grate

power per
stamp head

water per
stamp head
per hour

mercury
perhe4
per week

oz.Cwts. Cwts. in. Cwts.Cwts.
Ballarat 3i to 8 7 to 10 50 to 80 18 to 70 40 to 224 1 to li 220 to 600 nil to 8
Beechworth . 4 „ 7| 5 „ 16'45 „ 80 20 „ 80 65 „ 144 f „ 2 70 „ 480 nil „ 8
Sandhurst . 5 '„

8*
8i „ 18i45 „ 72 15 „ 60 64 „ 130 i » 1 211,, 575 nU „ 4^

Maryborough 4 „ n 8 „ 12 60 „ 80 30 „ 60 60 „ 140
f » li 200 „ 1116 i »8

Castlemaine . 2i „ 7i 6 „ 15 35 „ 80 20 „ 80 64 „ 160 1 „ 2 27 „ 650 nU „ 8
Ararat . 5 , 7 6 „ 1060 „ 80 26 „ 30 100 „ 121 ^„ n 120,, 480 U „ 8
Gippeland . 3 „ 8 7 „ 11 70 „ 80 30 „ 41 70 „ 250 A»iA 120,, 390 1 »5
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In addition, Mr. Smyth gives the following particulars of cost of crushing quartz and
extracting the gold :

—

Ballarat Clunct Sandhunt Maryborough Caitlemaino Maldon
Average cost of raising and delivering
one ton of quartz at the mill . C/1 01 12/10 to 27/1 8fl0l 21/8 7/8^ 27/4

Stamping quartz and extracting gold 2/lo' 7/5 2/9^ 8/ 3/9 14/4J

The following are among some of the advantages afforded by the stamping mill

:

(1.) It gives a direct dead blow, highly effective in reducing semi-elastic minerals;

(2.) The force of the blow can be readily modified by shifting the position of the tap-
pot

; (3.) The free fall of the head is entirely exerted on the stuff, and its effect is in

no way transferred to the framework or other parts of the apparatus
; (4.) The repairs

required are few and simple, such as an ordinary mine smith and carpenter can execute

;

(5.) A battery of heads may be stopped and repaired while the others are running;

(6.) Single heads may be thrown out of use without affecting the working conditions
of the mill; (7.) The mineral under treatment receives the least possible handling,

and can be flumed at once either to dressing or amalgamating apparatus
; (8.) Minerals

can bo readily reduced to a condition of fine sand, provided the faces of the heads
are good

; (9.) Speed, lift, the weight, size, form of head, position of discharge, and
extent of grate way, admit of numerous variations to suit the condition of different

minerals, and afford a wide field for the exercise of intelligence, judgment, and practical

skill.

Pnewmatic Stamps.—The ordinary form of stamps, as used in the county of Cornwall,
is a simple and very old t3rpe machine.

It consists of heavy cast-iron heads, about 6 cwts. each, fixed on wrought-iron
square shanks, a projecting tappet attached to the upper part of the lifter, against

which the revolving cams come into contact, raising the lifter and liberating it at

the height of 10 inches; the heavy head then falls by its own gravity, and im-
pinges with considerable force the crushing blow on the ore beneath it in the

coffer.

The greatest speed to which these stamps can be driven is about 60 blows per
minute; and consequently in tin stamping, the heavy particles of tin ore, although
reduced to sufficient size to pass through the grate holes, by not being kept sufficiently

agitated, settle to the bottom of the coffer, and there get further pulverised, thus
causing the formation of a considerable quantity of slime, which is far from desirable,

and entails considerable loss in the process of dressing.

This ancient form of stamps is a rude primitive machine, and something more
effective should be looked for in these days of mechanical refinement.

If a man were to set about pulverising a stone, it is evident that he would not
take a large heavy hammer, of say 25 lbs. employ all his strengtli in raising the

hammer a few inches, and allow it to fall of its own weight ; but with a much
lighter hammer, with quicker blows, and using his muscular strength on the downward
blow, he would get far better duty with the same expenditure of power. And so with
the machine for obtaining the same end, a lighter head should be used and force em-
ployed in the downward blow.

To meet these discrepancies, evident and important as they are, the pneumatic
stamps has been devised.

As early as 1856 the idea was conceived of employing an air-sponge or cushion in

the working of steam-hammers, by Mr. Carr, an Englishman; since then, many
patents have been taken out for various plans of employing springs, and air-cushions

for hammers.
The same principle applied for stamping purposes is employed in the pneumatic

stamps patented by Mr. W. Husband of Hayle, Cornwall.

These stamps, generally two heads to the coffer, consist essentially of a cast-iron

crank, to which is attached by means of a forked connecting-rod, a pneumatic cylinder

;

the stamps' lifter is a hollow turned wrought-iron shank, fixed to head, with a metallic

piston attached ; the piston works in the air cylinder, with the lifter projecting through
either end, and the head operating in a closed cast-iron coffer.

A rotatory motion being given to the crank, the cylinder is raised, the air it contains

becomes compressed beneath the piston and the lifter with head attached, about
310 lbs. raised to the height of about 16 inches ; as soon as the crank turns the centre,

tho compressed air yields back the force employed in its compression, and consequently

a violent blow is given on tho coffer.

A stream of water fiows through the hollow lifter, discharging above tho head into

tho coffer : this serves tho double purpose of removing the heat generated through
the compression of the air, and for providing the necessary water for stamping
purposes.

A»other object in making the lifter boUow, is to prevent crystallisation of tho iron,
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from constant striking, and also to reduce its weight ; the greater the weight of head,

and the less in the lifter the better.

Arrangement is also made for giving the head a rotatory motion, so as to ensure

an oven wear on the face of the stamps' head.*

These stamps are driven at about 150 blows per minute, and will reduce from nwe
to eleven tons of ore per head per day. At New Rosewarne Mine, Gwinear, 1^ tx)n

of stuff has been stamped with a consumption of 1 cwt. of coal, and from 6,000 to

7,000 tons of stuff with the loss of 5 tons of iron in the stamp heads. The stamps
are exceedingly portable, which is a great advantage, and can be taken to pieces,

carried to any part of the mine and erected with its portable engine in a few hours,
requiring but little foundation.

A smaXL battery may be used for prospecting purposes, and worked by horse or
bullock power whenever it might be desirable to do so, the machine being made
sufficiently portable for loading on a bullock dray.

Jn difficult or mountainous countries, where transport is expensiye and dangerous.
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it is desirable that every part of a machine should bo as light as possible, in order
that it may be carried by mules or drawn by oxen ; in the above machine this object is

easily obtained, and several have been, constructed for tlie gold-mines in Africa,

Australia, and America, as well as for the mines of Cornwall and other parts of

Europe.

Jigging Machinery,

In the jigging sieve only the initial velocity of the substances to bo separated
is obtained at each stroke. Were, however, the sieve plunged to a depth of, say
20 or 30 feet, the various grains would settle themselves according to their several

velocities of fall, one over the other, assuming them to be of a uniform size.

The following Table shows the fall of various spheres of water in one second, the
depth being in millimeters :

—

Diameter
MUlimeters

Gold.
Spec. Grav. 19-2

Galena.
Spec. Grav. 7-5

Blende.
Spec. Grav. 4

Quartz.
Spec. Grav. 2-G

millimeters millimetere millimeters millimeters

17-43 2614 1570 1066 780
11-32 2197 1320 898 653
8-71 1849 1110 750 550
6-16 1569 935 624 461
4-36 1307 785 514 385
3-08 1097 660 448 326
2-17 340 555 378 275
1-54 780 465 317 231
1-08 653 393 266 194
•77 648 327 210 163
•54 456 275 188 137

Let it be supposed that it is necessary to know the relative velocities of fall in

water, of grains of gold, galena, blende and quartz, each r08 millimeter diameter.

An inspection of the table shows the fall of gold to be 653 millimeters per second,

galena 393, blende 266, quartz 194. Then, let it bo assumed that the diameter of the

grains vary ; the foregoing table will show that gold of 6 millimeters would settle

at bottom at the same instant as grains of galena 17'4 millimeters diameter, and that

grains of galena 3 millimeters diameter would fall at about the same velocity as grains

of quartz 11^ millimeters diameter.

If, further, it be supposed that the grains varied between 8*71 and 17'4 millimeters

diameters, some time would elapse after gold of 8*71 millimeters had settled before

the galena would begin to deposit itself. With blende, however, of 8*71 millimeters,

and quartz of 17*43 millimeters diameter, the grains of •both would appear at the

bottom almost at the same instant.

Two rules have been promulgated for determining the relative volumes of grains of

different densities having the same velocity of fall in water, each rule giving a slightly

different result. One in which the proportion between the maximum and minimum
size of the grains is as the specific gravity of one to the other ; the other in which

the proportion is found by deducting 1, the equivalent of water, from the specific

weight of the substance, and dividing the less into the greater.

Rule 1. Suppose a pile of stuff* to consist of galena, blende, and quartz, and it is

necessary to determine the maximum and minimum diameter of grains of each of

these substances which shall have an equal velocity of fall in water. Then,

Diameter of Grains having equal Velocity
of Fall

Galena and Blende 4*0 : 7"6::1 = 1'87 or Galena 1 diam. Blende 1-87 diam.

Blende and Quartz 2-6 : 4-0 :: 1 = 1 -53 „ Blende 1 „ Quartz 1-53 „

Galena and Quartz 2-6 : 7-5:: 1=2-88 „ Galena 1 „ Quartz 2-88 „

Ttule 2. If a pile of stuff" consists of galena, blende, copper pyrites, and quartz,

what will be the maximum and minimum diameter of the grain having an equal

velocity of fall in water ?

Diameter of Grains having equal Velocity
of Fall

Galena
piende

7-5-

4-0-

l=6-5\
1 = 30/

6-6

Then 3:q
= 2-1 or Galena 1 diam. blende 2-1 diam.
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Diameter of Grains having eqnal Velocity

of Fall

a: ^!''^. tlZlZtl} Then |i; = 1-03., {^^Z} >^- ^>»^« '-O' ^'™-

\l „ Quartz 1-9 „

1 „ Quartz 4*0 „

Copper Pyrites 4-1- 1 =» 3*1

1

Quartz . .2-6-l=l-6/

G^alena

Quartz
. 7'5-l=6-5 1

. 2-6-l = l-6/

3a
1-6

1-6

= 1-9

= 2

Pyrites
_

Galena

680

As the latter rule will allow of a wider difference between the minimum and

maximum diameter of the grains to be treated than the former, and is used by many
practical engineers, it will, perhaps, be best to employ it, particularly in connection

with ores and gangue, of a simple character ; but apart from the rule itself, it will be

desirable to bear in mind the following observations : (1) It will be impossible to

separate by any hydraulic jigger a mixture composed of grains having an eqtial

velocity of fall. (2) Separation of grains can only be effected by bringing the diameter

of one set within such limits that the other will pass it within the descending range

of the process. (3) If galena of 1 diameter and blende of 3 diameters are treated,

the blende will be found at the bottom; galena of 1 diameter and blende of 2

diameters will be associated more or less together; whilst galena and blende of

1 diameter will fall with such a wide difference in their respective velocities as to

leave each other at a very early period. The necessity of sizing stuff into equal

volumes, so as to take advantage of the difference of fall due to their respective

densities is therefore evident, as well as the fact that the nearer grains of stuff of

equal volume approximate to each other in density, the greater length of fall will be

requisite for their absolute solution.

Hatid Sieve.—This apparatus, fi^. 680, is formed of a circular hoop of oak, fths of an
inch thick and 6 inches deep. Its diameter ranges from 18 to 20 inches. The bottom

is made of copper or iron wire meshes, of various sizes. Sometimes perforated copper

plate is employed, when the sieve is termed
a copper bottom. The sieve is shaken
with the two hands in a cistern or tub of

water, an ore vat is, however, sometimes
employed, and either fixed horizontally or
in an inclined position. In using this sieve

the workman {/iff. 680) shakes it in the vat

with much rapidity and a dexterous toss

till he has separated the totally sterile por-

tions from the mingled as well as from the pure ore. He then removes these several

qualities with a sheet-iron scraper, called a limp, and finds beneath them a certain

portion of enriched ore.

Deluing Sieve.—This sieve a, fig. 681, is either constructed with a hair or canvas
bottom ; the former is more expensive, but more durable. Its peculiar application is

chiefly for the final treatment of ores previous to being put to pile, such ores having
first passed through the finest jigging sieves, yet still maintaining a certain degree of

coarseness and bearing a high specific ^avity.
In the separation of ores from light waste, or

such minerals as approach one another somewhat
closely in their densities, this form of sieve is

both good and effective, but to use it properly

a considerable amount of dexterity and practice

is requisite.

There are two principal methods of using it ; by one a motion is given, whereby
the waste is being constantly projected and carried over the rim into the kieve by a
current of water forced through its bottom. This mode of treatment is adapted for

poor ores. In the second case, when the ore is nearly pure, but still associated with
a heavy gangue, a motion is given to the sieve whereby the water is forced through
the ore, and made to traverse the surface of the mineral in concentric circles. This
motion collects the waste into the middle of the clean result. By the first method
about six tons per day may be passed through by each workman and enriched for

the second operation. The weight of the sieve varies from four to five pounds, its

diameter is twenty-six inches, depth four inches, and cost from 2s. Zd. to 2s, Qd.

A jigging sieve, constructed as shown in fig. 682, is sometimes employed on the
Continent, a represents the table on which the mineral is placed ; b is a large kieve

of wate?, in which the sieve is suspended by the iron rod i>i set in motion by means qi

681

J'

Biftf''
ifi
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the arrangement f, g, h, suspended at i, and having at the extremity h a box for
the reception of small stones, to be used for the purpose of counterpoising the weight

of the sieve and several fittings. By
moving the rod f, sliding in k, the
workman gives the required motion to

the sieve, and when its contents have
been sufficiently washed, ho removes
them by the same means as when
the hand sieve is employed.
Hand Jigging or Brake Sieve.—The

brake sieve, Jig. 683, is of rectangular
shape as well as the cistern in which
it is agitated, a, wooden lever, hav-
ing its axis at F ; b, piece of wrought-
iron bolted to the end of lever a,

whilst its upper end passes freely

through a slot opening in lever d, and
having two shoulder projections c ; b,

axis of lever d ; g, bars connected with
lever d, supported on axle e, and from
which the iron rods h h depend ; j, rect-

angular sieve ; k, within the hutch ; l,

shoot for overflow of water ; m, recep-
tacle for retaining any fine ore which
may escape with the water from l,

as well as for receiving the hutch-
work. A boy placed near the end of
lever A, by the action of leaping, jerks
it smartly up and down, so as to shake
effectually the sieve j. Each jolt not

only makes the fine part pass through the meshes, but changes the relative position
of those, which remain in the sieve, bringing the purer and heavier pieces even-

tually to the bottom. The mingled fragments of ore and stony substances lie above
them, while the poor and light pieces are at the top: those are first scraped off

by the limp, then the mixed portion, and lastly the ore, which is usually carried to

the ore heap. The sieve frame maybe made 2x4 feet inside, and 8 to 9 inches deep.

The hutch should then be 6 feet long, 3^ feet wide and 4i feet deep, constructed of

good deal boards 2 inches thick. The quantity of stuff which a boy can jig in ton

hours Mill depend upon several circumstances. With a sieve six holes to the square
inch and a tolerably light waste, from five to six tons can be operated on.

Machine Jigging.—The machine jigger, represented in Jig. 684, is constructed on
the same principle as the hand apparatus. The hutches arc, however, somewhat
larger, being 6 feet long, 4 feet wide, and 4 feet deep. A, fly-wheel ; n, driving wheel

;

c, cog wheel receiving motion from n, and giving motion to a crank from which
depends a rod attached to a lever d. The vertical rod b passes througli a slot

opening in the wooden lever F, and by these several combinations a vertical moreraent
and jerk is given to the sieve contained in the cistern g.

"WJiep it is required to discharge the sieve, the lever h is depressed, and the ^\j\
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not seen in the end of the lever f, traverses in the slot shown in the bridle rod imme-
diately below the bracket. The sieve measures 4x2 feet and 9 inches deep. It is

strengthened by iron bands and numerous slips across the bottom.
The jigging apparatus, fig. 685, was introduced some years since at AUenheads,

with satisfactory results. The larger and denser portion of stuff separated by tliis

apparatus is conveyed by suitable launders to a series of sieves, arranged on the top
of a conical reservoir, furnished with a feed pipe for the admission of water, and with
an outlet pipe at the bottom. This reservoir is placed within another reservoir, also,

in the form of an inverted cone, and provided with an outlet pipe at the lower part, a,

excentric giving motion to the sieve ; b, launder conveying stiiff to such sieves ; c, dis-

tributor, either stationary or revolving as may be required, delivering stuff to the
sieves arranged on the top of the conical reservoir ; f, valve for discharging the finer

portion of the ore ; g g, internal cistern furnished with an outlet valve h.

The sieves have a slight outward inclination, and the refuse substances with the
waste water are carried over and deposited in the conical cistern g g.

The sieves should make from 1 50 to 200 pulsations per minute, according to the
quantity and character of the stuff under treatment.

The following is the result of trials made on 160 tons of stuff, one half being de-

livered to this machine, the other to the common jigging hutch :

—

Difference in

Machine Hutchers favour of Ma-

Time:—

chine

Hours Hours Hours
Occupied hutching cuttings 60^ 58i 7^-

Ditto smiddum from do.

.

5 10^ bh
Sludge machine, washing sludge and
smiddum . . . 2U

eij 10^Dressing the ore in a trunk 29|
Aggregate number of hours occupied
by the lads in doing the work, viz.

feeding cuttings and hutching smid-
dum 111^ 196f 84i

Aggregate number of hours occupied
by the lads in washing sludge and
smiddum, including the final clean-

ing in a trunk 102 123 21

Cost :— £ s. d. £ s. d. £ s. d.

Of boys attending machine, wheeling
away waste, and preparing ore for

the bing-stead 1 15 9 2 8 9^ 13 0^^

Produce.

Siere and Smiddum Ore Sludge Ore Total Ore Total Lead

St. lbs. Assay Lead St. lbs. AjBsay Lead St. lbs. St. Ibe.

p. cent. lbs. p. cent. lbs.

Machine 19 10 60 165-6 32 SJ 70 317-6 52 12 34 7i
Hutchers . 17 6^ 60 146-7 13 64

i

116-6 30 6i 18 Hi
Difference in total

produce in favour
of machine ••• ... ... ... ... ... 21 9} 16 10

Ditto ditto . ... ... ... ... ... ... 71 p. cent. 84 p. cent.

Vethericlc's Separator.—Figs. 686 and 087. a, the plunger or force-pump ; n, re-

ceptacles fitted with sieves; c, hufcch filled with water; d, discharge holes fitted with

wooden plugs ; e, moveable plate to admit of withdrawing the ore ; f, hopper with
shoots for supplying sieves ; h, beam for giving motion to plunger piston a; j, laun-

der for delivering water to hutch.

About the year 1831, Mr. Potherick introduced the above machine at the Fowey
Consols Mines, in Cornwall. It. was described in the ' Quarterly Mining Eeview,*

January 1832: from which the followinfr is extracted:—'This machinery is par-
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ticularly intended to supersede the operation oi jigging in separating ores from their

refuse or waste. ... In the separators, the sieves containing the ores to be cleaned

687

are placed in suitable apertures in the fixed coffer of a vessel filled with water, connected

with which is a plunger or piston working in a cylinder. The motion of the plunger

causes the water to rise and fall alternately

in the sieves, and effects the required sepa-

ration in a more complete manner than

can be performed by jigging. The variety

in the extent and quickness of the motion

reqmred for the treatment of different de-

scriptions of ores is easily produced by a

simple arrangement of the machinery.

A principal advantage in this separator

is derived from the sieves being stationary

(in jigging, the sieve itself is moved) dur-

ing the process ; thereby avoiding the in-

discriminate or premature passing of the

contents through the meshes, which neces-

sarily attends the operation of jigging,

whether by the brake or hand sieve. Greater

uniformity of motion in the action of the

water, in producing the required separation,

is also obtained ; and superior facility af-

forded to the deposit in the water vessel (especially in dressing crop ores) of the
finer and richer particles, which in jigging are principally carried off in the waste water.

The superiority of the patent separators over the ordinary means of cleaning ores

will perhaps be best shown by reference to their actual performance. At the Fowey
Consols and Lanescot Mines in Cornwall, where they were extensively used, seventeen
distinct experiments were made on copper ores of various qualities from different

parts of the mines, to ascertain the extent of the advantage of this mode of separation
over the operation of jigging. Seventeen lots of ores, amounting together to about
300 tons, were accurately divided, one half was jigged, and the other half cleaned by
the separator. A decided advantage was obtained by the latter in every experiment;
the aggregate results being shown in Tables at top of next page.

It must be obvious to those who are practically acquainted with the subject, that
the poorer the stuff containing the ores, the greater must bo the relative value of
any improvement in the process of cleaning it. This was satisfactorily demonstrated
by the trials made in the mines before mentioned, in dressing the tailings, which are
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By jigging ,

By the separators

.

Quautity of
Marketable Ores

returned

Tons cwts. qrs.

76 19

74 19

Pcrcentago
of Metal

Quantity of Metal

Tons cwts. qrs. lbs.

6 19 2 3

6 9 18

Value of Ores

£ s. d.

362 15 7

396 6 7

Difference in the
Value of Ores

lu the Labour
of Cleaning

Total

Being 9s. 8d. per ton, on 74
tons 19 cwts.

£ 8. d.

33 11
£ s. d.

2 11 4
£ s. d.

36 2 4
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the refuse of the inferior ores. It appears that these tailings were dressed by the

separators with more than triple the profit to the proprietors than that realised by
the ordinary methods.

The body of the jigger, Jig. 688, is con-

structed of wrought iron, the head-piece

of cast iron. The sieve bottom is clipped

between the head-piece and flange upon

which the latter rests. The driving gear

consists of a shaft, with fast and loose

riggers, and a cam. This cam passes

through the centre line of the piston-

rod, the latter being lifted by the former

against a spring composed of alternate

plates of iron and India-rubber, the throw

of the spring being rendered longer or

shorter by means of screws and nuts.

The valve for clearing the hutch is shown
between the piston and sieve compart-

ment. The sized sand when thrown
upon the sieve is jigged ; and on the com-

pletion of this operation, the skimming
of the worthless portion is eflfcctcd by
hand.

Triple Sieve Jigger.—The three-sieve

jigger is sometimes used for effecting

a separation of lead and blonde ore,

associated with carbonate of iron, or

heavy spar. The transverse section, fig.

689, shows hutch a, piston h, bridge e,

regulating screw /, rocking shaft and
gear g, and discharge launder h. The
longitudinal section, fig. 690, exhibits

three sieve plates k, three bridges I, each bridge enclosing an ore regulator, three

discharge valves m, ore pipes n, furnished with stop valves o, ore trays p, fitted

with perforated bottoms ; and ore tray launders r. Sand suitably sized introduced at

s, passes under the slide t, when it is progressed across the perforated plate to the

first bridge ; the ore flows into the receptacle u, while sand and ore, carried over the

bridge, fall on the second sieve, and after treatment, pass to the third sieve. From
the second sieve, mixed ore is obtained, from the third, a sand sparingly mixed with

ore, and from the discharge shoot r, impoverished sand. Tlio stuff lodged in the pipes

n, is from time to time drawn into trays fitted with perforated bottoms, or otlier-

wise, into boxes set in the ground. The ore regulators are formed so as to allow of

the passage of large or fine grains, and of the enrichment of rich or poor stuff. Three

or four of these jiggers may bo combined together, so as to treat the sand as it comes

from the trommels. Any necessary adjustment of stroke for jigging the stuff success-

fully is readily effected by shifting the cheek on the driving lever. Water may bo

supplied to the hutches, cither by a wrought-iron pipe, furnished with a stop-cock, or

by means of an ordinary launder.

For jigging sand from two to ten millimeters in diameter, the pistons should make
from seventy to eighty strokes per minute.

Hancock's Percussion Jigger.—This continuous j igger, figs. 691, 692, consists of a

V-shapod hutch contained within a frame, a suspended sieve, foot gear, side rods, and
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cross-heads, a, sieve, the wooden frame strengthened by means of side and end plates of

iron ; A, side rods supporting cross-head ; c, side levers, combined together by means
of short links ; d, cam wheel for lifting the levers and sieve ; e, point of lever in contact

689



lU DEESSING OF ORES

/<>je^^^;^:i:^^<g^^^.:;=r^g»^feg5:i^



DRESSING OF ORES 116

"with the cam wheel ; g, rod for regulating length of stroke and lifting side levers when
necessary above the periphery of the cam wheel ; h, driving rigger ; i, radius bar for

throwing the sieve horizontally
; j, sliding block for lengthening or shortening the

throw of the sieve; k, columns for carrying the hutch; I, -waste compartment; m,
valve for passage of water and castaways ; n, ore compartments

; p, pipe 2 inches dia-

meter, one to each compartment for discharging the latter. The dimensions of the

sieve are as follow: width 32 inches, depth 6 inches, length 20 feet. The sieve

for dressing 1 to 3 millimeter stuff, has holes for the first 6 feet, 4 millimeters

square ; then, holes 3 millimeters square, until within 6 inches of the end, when
it has holes 6 millimeters square. The wire bottom has a fall of f of an inch in the
total length. The ragging bars are 2^ inches deep, and are supported by a | of an
inch square bar of iron.

The stuff is introduced to the hutch by a 3-inch pipe, and is jigged from the head to

the foot of the sieve, the ore falling between the ragging bars and thence into the

"V-shaped receptacles. The speed of sieve is 150 strokes per minute. The passage of

water between the sieve frame and hutch is in a great measure prevented, as in Hugo
Preuss's machine, by nailing on the bottom edge of the sieve frame a strip of

leather about three inches deep. The total length of hutch is 22 feet. In Preuss's

machine referred to and which was erected at Przibram in 1866, 3 sieves were employed,
each slightly stepped one below the other ; these were worked by means of shifting

excentrics, and without any radius bars to effect a forward throw. At the Moonta
Mines, South Australia, under the able direction of Mr. Hancock, the percussion
jigger is found to despatch a large quantity of stiiff ina given period. The ore consists

of rich carbonates, sulphide of copper, and copper pyrites associated with a free light

vein-stone.

692

V

The jigger shown in fig. 693, is suitable for enriching coarse sand, that is, stuff

composed of coarse grains from 2 to 7 millimeters diameter. In the longitudinal
section, a a a the sieves are set so as to drop 1 inch in 36 ; h, grids supporting sieves

;

c, wrought-iron cylinders for regulating the outflow of ore and orey stuff; c?, discharge
pipes ; e, regulators attached to pipes by means of set screws

; /, ore boxes
; g, piston-

rods, two to each piston ; h, driving lever
; j, launder for admitting stuff to jigger ; k,

shoot for getting rid of castaways. In the transverse section g is the piston ; m,
launder for supplying water to piston boxes ; n, draw-off plug; y, ore boxes.
The width of sieve may vary from 20 to 30 inches, and the length increased to such

extent as may be found desirable.

Utsch's Patent Jigger.—This machine, introduced by Messrs. Kember and Co. of
London, is so constructed that the grains or particles of the material with which
it is supplied are properly balanced, and subjected to an unvarying pressure,
whilst a continuous self-acting delivery of the minerals is obtained. Fig. 694 is

a longitudinal vertical section of the apparatus, and fig. 695 is a transverse
section, a, supply launder; h. jigging compartment; c, d, and c, separating com-

i2
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partments
; /, g, A, y, discharge holes, which may bo fitted with regulators ; », o, j5,

inclined sieves
; g, horizontal sieve ; r, driving gear ; v, discharge shoot from main

sieve ; w, waste waggon ; ar, drip receptacle
; y, door through which stuff is withdrawn

from hutch; z, launder for receiving contents of hutch. When using the jigger, the

693

smaller divisions c, dy and c, are partly filled with equivalents, or grains of mineral
having equal velocity of fall in water, and of a certain determinate size, observing that
the proportionate size or density of the equivalents contained in every successive sieve

must be increased. Furtlier, as a preliminary to the effective separation of stuff, it is

expedient that it should be sorted or classified according to the varying size of its con-
stituents, or, if necessary reduced to a specified size. At the zinc-mines at Iserlolin,

where the stuff consists of galena, blende, calamine, and carbonate of lime, a sieve 24
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inches wide despatches 4 tons per hour, the grains varying in size from 2 to 4 milli-

meters. The size of stuff which can be treated per machine is 1 to 2, 2 to 4, 4 to 8,

and 8 to 11 millimeters.

The fine sand jigger shown in figs. 695 and 696 is designed for the enrichment of

sand from :|^ to 1 millimeter in diameter. The hutch is divided for 2 pistons, and a

695

corresponding number of sieves. Compartments are formed underneath the sieves for

receiving ore and orey stuff. The overhead gear consists of a shaft, driving wheels, and
discs, the latter slotted for piston rod-pins. The pistons are hung so as to balance

each other, and when 2 jiggers are employed the pistons of each are worked back to

back. The discharged launders are not shown, but these deliver into a main launder
set between the two hutches.

Fig. 696 is a section through the first piston and second sieve ; fig, 695, a front ele-

696

vation, cross section of hutch, and elevation of driving gear, a, hutch, 10 feet long, and
2| feet wide; b, piston, 5 feet long and 15 inches wide; c, sieve bottom of iron wire,
supported on a wrought-iron grid, and held down by wrought-iron cross-bars ; d, cast-
iron head gear frame ; e, jigger shaft

; p, discs
; g, driving rigger ; ^, driving wheel

\
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Ic h\ wheels on jigger shafts ; /, discharge valves, 3 inches diameter ; wj, collecting lx)xes,

12 inches wide ; o, receptacles, 15 inches wide. The piston-stroke is either lengthened
or shortened by shifting and fixing the pins in the slotted discs ; and, if necessary,

slides are fitted to the discharge ways, for the purpose of modifying the thickness of
the separating beds.

Fine Sand Jigger.—The Jigging Machine shown in figs. 697 and 698 is employed at

a great number of silver, lead, and blende mines in Germany, and elsewhere, for the pur-

697 698

pose of treating sand, classified or sized, into suitable sots of grains from ^- to 2 milli-

meters in diameter. The construction is rendered apparent from the longitudinal and
transverse sections, the sieve bottoms are 34 inches long and 1 5 inches wide, depth of

sieve from top of hutch 10-^- inches, and from discharging slot 3^ inches, piston 30
inches long, 15 inches wide, and 4 inches thick. The box for discliarging rough
sand is 3 inches wide and 9 inches deep. The plug-valve for regulating outflow of

stuff, 1 inch diameter ; launder 3 inches wide, for taking off fine sand
;
plug valves

1^ inch diameter, for discharging stuff from sieve boxes. The outside dimensions

of hutch are as follow:—length, 12 feet, 9 inches; width, 3 feet, 9 inches; height, 3

feet. For treating grains, say, ^ millimeter in diameter, the piston should make about
200 strokes per minute, with a length of stroke of from -^ to fths of an inch. For
enriching and separating blende and lead ore the first two separating beds should be
of lead ore grain from 3 to 4 millimeters diameter, and the other separating beds of

coarse blende grains. The depth of beds must depend.upon the richness and volume
of stuff flowing into the apparatus within a given time. For the No. 1 sieve, it may
be about 3 inches; No. 2 sieve, 2^ inches; No. 3 sieve, l^^.inch; and No. 4 sieve, 1

inch or less.
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Slime Jigger.—This jigger, fig. 699, is in use at Iserlohn, Prussia, for enriching

sand composed of clay, carbonate of lime, blende, and lead ore. The jigging is per-

formed on the sieve ; the ore and oroy stuff being progressed into receptacles. In

this respect it differs from those fine sand jiggers, where the orcy products pass, through

a coarse grain bed and sieve, into V-shaped boxes.
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A sheet of horse-hair forming the sieve is placed between two sheets of wire or

perforated places, having about eight holes to the lineal inch. The length of sieve is

30 inches : total length for 3 sieves, 7 feet, G inches ; width of sieve, 12 inches. The

depth from top of hutch to first sieve is 0^ inches; second sieve, 8^ inches; third

sieve, lOi- inches ; Avidth of receiving chamber between the sieves, 2 inches. Each

chamber 'is discharged at the side through a plug-hole into boxes set in the ground.

The height of discharge openings into the several receptacles is about ^gths ofan inch,

height of transverse plates above sieve bottom, ^", f", and | of an inch. The pistons

make from 120 to 250 strokes per minute, according to the nature and fineness of the

stuif treated. The quantity of water required per minute is from 1^ to 3 gallons per

sieve.

CoUom's Jigger.—The peculiar features of this jigger are its tappet piston gear, and

the arrangement for discharging such grains of ragging as are too large to pass

through the bed, and too heavy to flow from one sieve to another. The construction,

as well as the mode of working the jigger, will be clearly understood from the following

remarks :

—

1. These machines should be firmly set upon a frame of square timber (Jiff. 700).

700

2. The height of the vertical pipe e, supplying the clear water, through the

regulating cocks to the hutches f, -will be best determined by experience. Of the four
regulating cocks, the sketch only shows one of the lower pair, viz, those through which
the clear water passes before entering the pipes a, g.

3. The brass wire sieves H, on wood grids fastened with copper nails on the wood
cross bars q. should be set level sideways, about ^ inch lower at the outlet than at the
opposite end, and packed around the sides and ends with hemp or other suitable

material. The side pieces c, and end pieces t, must be properly set in their places,

and the whole secured by a wedge behind the outlet end of the side pieces.

4. The distributor i, and feed launders z, should then be placed in position, and
the regulating outlet arrangement J, applied. In this regulator there is a hole at both
the front and the back. The holes that are found to be least convenient for discharging
into the ore boxes should be fitted with wood-plugs k. To prevent an accumulation
of stuff too light to pass through the 'bedding,' yet too heavy to be carried over the
lips of the hutches, * ragging-gear ' is furnished. This consists of brass taper plugs,
with wrought-iron stems, the stems being screwed and fitted with regulating thumb-
screws, acting above and below the wrought-iron bridges Y. These plugs fit into
bevelled brass seatings fixed in the sieving h. By regulating the height of these
plugs, any undue accumulation of stuff is prevented.
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The coarse raggings having passed through tlio soatings, fiills into the portion of

the hutch which is divided by thin wooden partitions w, and passes out through

holes V.

5. Coarse ore should be placed upon the sieves, in grains twice the size of the sieve

holes, and of the same ore, or mineral as that wliich is to be treated. The bed should

be kept about | inch thick ; but in case of rich stuflf, the thickness, should be less, vary-

ing to h inch ; and vn\X\ poor stuff greater, extending to 1 inch, or oven more if found
necessary.

6. Clear water and a supply of stuff being furnished, and the machines started, the

stop bolts, M, should be adjusted by turning them down until they are found to regu-

late the motion of the plunger n, so that each stroke shall be of equal length. The
speed should be about 120 strokes per minute.

7. The degree of force operating upon the stuff may be increased by elevating nearer

to the rocker s, the adjustible thimble o, on the top of the plunger, or stem p, or by
increasing the supply of clear hutch water, or both. The stroke slwuld vary from
\ inch to 1 inch.

8. The spiral springs ii should be just strong enough to strike the plunger against

the stop bolts m, before the down stroke, but not stronger. Irregularity of stroke,

viz., alternately long and short, may be remedied by attending to the adjustment in

connection with the springs.

These jiggers have been introduced by Messrs. John Taylor and Sons, to whom the
miner is indebted for the round and impeller buddies.

HundCs Stream Separator.—This apparatus consists of an arrangement for sepa-

rating, washing, or sorting ores and other substances according to the size or specific

gravity of the particles. This is effected in a continuous manner by the agency
of a body of water rotating in a horizontal direction, through which the sub-

stances are made to fall ; and which are collected at distances increasing in inverse

proportion to their size or specific gravity. For this purpose an annular vessel {Jig. 701)

701

a, placed in a larger cylinder b, is caused to rotate round a central vertical axis <?, by
means of a pulley or cone n. This annular vessel is open at top and bottom, and
placed in the slightly larger and cylindrical vessel d, wliich is kept full of water
during the action of the apparatus. The bottom of this vessel is divided into com-
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partments «, corresponding in number with the degrees of fineness into which it is

desired to classify the ores. The vessel having been filled with water, the ore is

caused to fall regularly through a spout into the body of water rotating with the ves-

sel a b, round the axis c. In order to carry the water round with the vessel a 6, a
blade is fitted between the two cylinders a and 6, which, if put in a suitable position

does not interfere with the sorting.

The particles of ore having the greatest specific gravity will fall most rapidly

through the water, and will consequently pass out at the bottom of the vessel a b, at

a point nearest the stationary spout t, whilst the particles next in specific gravity will

fall in the next compartment, and so on. The particles of ore to be classified accord-

ing to their specific gravity must be as nearly as possible the same size, whilst any
material in a granular state, and of the same specific gravity in all its particles, will

be classed according to size. The action of the apparatus continues till the compart-

ments e are full of ore. When full, the weighted levers r, are lifted up, and the ore

allowed to escape with the water. In places where water is plentiful, the apparatus

may be made to work continuously by giving to the opening i, such a size that no
more water can escape with the ore than is continually supplied. The compart-

ments e, may in this case be much smaller. Where water is scarce the quantity re-

quired may be reduced considerably by fixing a bottom to the inner cylinder a, and
leaving this cylinder empty. The drum will thereby get a tendency to float, which
may be overcome as far as necessary by putting ballast in it. By these means a
quantity of water equal to the cubic contents of this cylinder will be saved ; at the

same time, by giving greater dimensions to the compartments e, the water will be made
to do duty a longer time. The number of revolutions of the drum will be found in

most cases to range between the limits of two to six per minute ; the diameter of the

drum from about four feet and upwards ; the size of the ore grains, or particles, from
one thirty-second to half an inch. The power required is extremely small, and one
man can attend to a greater number of these machines.

Edwards and Beacher's Mineral and Coal Washing Machine, consists of two rect-

angular cisterns. Within a few inches of the top of these, perforated plates or

screens, e fig, 702, are fixed, upon which the material to be washed is fed through

a hopper, which also connects the two cisterns. On the inner sides of the cisterns

are two apertures closed by flexible discs, or diaphragms of leather, c, which, when
the machines are filled with water, cause it to rise and fall through a certain space,

by means of a horizontal vibratory motion, which they receive from an excentric

on a shaft, which is driven either by a steam-engine attached directly to it, or by a
driving belt and piilley, a. See Washing Coai.

The action of the flexible diaphragms is similar to that of cylinders and pistons,

which are sometimes substituted for them. Above the driving shaft is a smaller one,

B, which is driven at a slower rate by means of spur-wheels, and gives, by cranks
or exeentrics, a horizontal motion backwards and forwards to sets of scrapers f, above
the cisterns. These are so arranged as to remove the upper stratum of the substance
being acted upon, and discharge it into waggons or other convenient receptacles

;
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these upper strata are of course the lightest, the heavier part settling upon the per-

forated plates below.

When from the action of the machine a considerable quantity of material has
accumulated upon these plates, the scrapei-s are thrown out of gear by moans of

apparatus attadied, h h', and the stuff raked off, the operation being then continued on
fresh supplies. Doors, g g', at the bottom of the machines, admit of any tine stuff which
may pass through the perforated plates being removed from time to time as may be
necessary.

These machines are in use for cleansing coal as well as other mineral substances.

In such cases the heaAnier stuff which remains upon the plates consists of shale

and pyrites, very injurious substances in the manufacture of coke. One machine of

two connected cisterns is capable of washing about thirty tons per diem of coal, but
the quantity of mineral work will depend upon the amount of ore present in proportion

to the waste. The size of the perforations in the screens is adapted to the quality of

the material acted upon.

The introduction of water skimming jiggers into our British mines is probably
due to Mr. John Hunt, late of Falmonth. This gentleman used an ore bed, two sieves

divided by a low partition, two ore chambers, and a horizontal flow of water. Hunt's
Specification, No. 707, is dated March 8, 1866.

In order to concentrate lead, zinc, copper, and other ores associated with vein-stone,

coarse and fine sand jiggers should be employed, the former to receive the stuff from
sizing trommels, the latter from trommels or classifiers. In the coarse sand jigger,

stuff 10, 7-^, 6, 3^ and 2 millimeters size is usually enriched on a plate, tlie holes in

which are oiless diameter than the grains, whilst in the fine sand jigger, sand 1^, f-

millimeter size is separated through the intervention of a bed of coarse grain ore, sup-

ported either on a perforated plate op wire work, the openings of which are larger

than the grains to be collected.

For the purpose of effecting a good separation of ore from its gangue it is necessary

to give great attention to the length of stroke, number per minute, and volume of

flowing water. Every distinct class of vein-stuff will necessitate the observance of

specific conditions, so that no absolute data can be offered ; as, however, approximate
figures may be useful, the following are given :

—

Coarse sand jiggers, speed from 60 to

75 strokes per minute ; flowing or skimming water required, say ten to fifteen gallons

each machine per minute. Fine sandjiggers, speed from 90 to 250 strokes per minute
;

piston and horizontal flow of water necessary, from flfteen to twenty gallons per minute.

The approximate length of stroke and piston speed for stuff ranging in size from one-

third to ten millimeters, the area of the piston being that of the sieve, may be gathered

from the following figures :

—

Size of stuff i, h f, 1^,2, 3^, 5, 7i, 10 millimeters

Approximate length of stroke ^, f, |, 1, H, Id, 2, 2}, 2.i inches

Piston speed 150, 120, 110, 100, 60 to 75 per minute.

Sefabatoss OB Classifiebs.

Of late years apparatus of this class have been steadily coming into operation, not

only in lead and copper mines, but also in the tlressing of tin ores. Unlike the trommel
which groups together grains of equal volume irrespective of their densities, the

classifier groups the grains into equivalents, that is to say, grains which differ from
each other in their densities, but which have an equal velocity of fall in water.

To separate such grains in the after dressing process, advantage is taken of the

resistance offered by the surface of a heavier over a lighter grain in passing upon a
bed of ore as in the fine sand jigger, or in traversing the surface of a buddle or table.

For the purpose of sizing stuff from x to grains of one millimeter diameter, trommels
should be employed, but for dividing grains from to 1 millimeter diameter, the

cistern, cone, or expanding launder, will be found suitable.

Sliine Separator.—This apparatus devised by Captain Isaac Richards, of Devon
Great Consols, is employed for removing the slime from finely-divided ores which
have passed through a series of sieves set in motion by the crusher. The finely-

divided ores are for this purpose conveyed by moans of a launder upon a small

water-wheel, thereby imparting to it a slow rotfitory motion. Whilst this is turning

time is allowed for the particles to settle in accordance with their several densities

;

the result obtained, is, the heavier and coarser grains are found at the bottom of

the buckets, whilst the lighter and finer matters held in suspension are poured out of

the buckets and flow away through a launder provided for that purpose. The stuff

remaining in the l>ottom of the buckets is washed out by means of jets of water ob-

tained from a pressure-column 10 feet in height, and passes directly into the funnel,

of a round buddle.
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The whool a, fig. 703, is 4 feet in diameter, 2 feet 6 inches in breadth ; it has twenty-

four buckets, and makes five revolutions per minute ; b, launder for supplying tlie

finely-pulverised ore ; c, pressure-column ; b, jet-piece ; e, launder for convejnng away

the slime overflow of the wheel ; f, launder for taking roughs to round buddle.

Sizing Cistern.—The tails from

round buddies are sometimes passed

through this apparatus. It con-

sists, jig. 704, of a wooden box pro-

vided with an opening at the bot-

tom, A, which is in communication

with a pressure-pipe, b, an outlet,

c, with a small regulating sluice,

D. The st\ifffrom the buddies enters

at E, and the pressure in the column

is so regidated as to allow the

heavier particles of the stuff to de-

scend, but at the same time to wash
away at f the lighter matters that

may be associated with the ore.

This is done by having the outlet c

of less area than the inlet, and fix-

ing on the extremity d a convenient regulating sluice by which means a greater or

less quantity of stuff may be passed over the weir f. Two cisterns of this kind are

705

generally employed, the second being used to colkcfc any rough particles that may have
passed off from the first. The depth of a box may be 18 inches, its width 13 inches,

and its length 3 feet 6 inches.
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706

The arrangement of another separating box is shown in figs, 705 and 706. The
slimo water flows in at m ; and water still holding a considerable portion of slime flows

away from the opposite end. It is necessary that pieces of chip, small lumps, or other

extraneous matter should be intercepted previous to entering this apparatus, also that

the slime should be evenly sized by means of a
trommel or sieve. The hea\nest portion of the

slimo water in which the sand and ore are con-

tained, is discharged at the hole o, about an
inch square. The launders jp^, are for the pur-

pose of conveying the slime water either to

buddies or shaking tables. The dimensions of

the cistern No. 1 are : length, 6 feet ; width,

15 feet; depth 12 inches. I3ut two other cis-

terns of similar form are attached. No. 1 cistern

will work about 10 tons of stuff in 2-i hours, and
by widening the box from 18 to 27 inches it will

get through 20 tons in 24 hours. Affixed to one
side of the boxes are hammers so contrived as to

give 30 blows per minute in the manner of a

dolly tub. Care must be taken in the construc-

tion of these classifiers that the sides forming the

pyramids be neither too steep nor too flat ; if too

flat, the sand is apt to settle until a quantity

has accumulated, when it would suddenly sink

and choke the discharge pipe 0'
; and if too steep

the ciasbihers would become of inconveniently large dimensions. A gradient of 60° to

1 K \ • V^y

the horizon is found to be the most suitable. The chief dimensions of two cisterns,

viz. one working 10, and the other 20 tons, arc given in the following Table :—
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No. of Box

Ten tons Twenty tons

Length of Breadth of

Box
Depth of Length of

Box
Breadth of

Box
Depth of
Box

2

3

4

ft.

9

12

15

1-

4
8

ft.

6

8

10

ft.

9

12

16

ft.

5
9
15

ft.

6

8

10

According to experiments made in the Stamping House of Schemnitz, where 12

tons are stamped in 24 hours, the 1st cistern separated from the slimes 40 per cent,

of the ore ; the 2nd cistern, 22 per cent. ; the 3rd cistern, 20 per cent. ; the 4th cistern,

12 per cent. ; together, 94 per cent., leaving a loss of 6 per cent.

From No. 1 box every cubic foot of water flowing through gave 16 pounds of sandy
matter. No. 2 afforded 13 pounds of finer stuff. No. 3, 16 pounds, and No. 4 yielded

12 pounds per cubic foot of water. It should be remarked that the outlet o is propor-

tioned to the dimensions of the machine.

Cone Classifier, fig. 707. The ore and minerals, after passing through the

crushing apparatus, are introduced at a, and flow through the spaces b b, passing

into c c. At the bottom is a circular chamber e e, with a perforated cylindrical

plate F. Water under pressure is supplied by the pipe g, and regulated by the

cock H.

It will be seen that this apparatus consists of an external and internal cone with

a space between them, and that a separation of the orey matter is effected by limiting

the power of the water between the density of the stuff to be retained, and that which
is to be discharged at j j into the shoot k.

At L the larger and denser portion of the mineral which has fallen through the

ascending current of water, is conveyed either to a jigging machine or some other

enriching apparatus.

Fig. 708 represents a wooden cistern a,

having an aperture b, at the bottom,
about an inch diameter, which is alter-

nately closed and opened by means of

an iron plate c, fitted upon the vertical

shaft, to which is also fixed an iron

paddle d, which revolving horizontally

keeps the ore and water in constant

agitation. The tails from the various
buddies, as well as the stuff from the
coffers at the end of the strips, flow in

at E, and pass through a perforated

sizing plate f, into the cistern. The
rougher and heavier portions escape

through the hole b into a strip where it

is continually stirred, in order that it

may be evenly deposited, and at the
same time freed from the lighter parti-

cles. The overflow containing fine ore

passes in the launder g into catch pits,

from which heads and middles are taken
to be elaborated by means of buddies or

other apparatus. When this separator
is employed in tin dressing, it is usual
to divide the stuff in the strip connected
with the bottom of the box, into heads
and tails. The first is taken direct to

the stamps, and again pulverised with rough tin stuff; but before the tails can be
so treated they are re-stripped in order to get rid of extraneous matter. A plan of the

iron plate covering the discharge hole is shown on j?^. 709. c, plate; b, discharge

hole.

Wilkin's Separator.—This is a ' self-acting tossing machine, by which the rough
particles are separated from the fine, and prepared for the inclined tables. The orey
matter is carried into a small cistern by a stream of water which enters at the top
and passes out at the opposite side, bearing the finer particles with it, whilst the
rougher and heavier particles escape at the bottom through a rising jet of clean water,
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which prevents the fine and light particles from passing in the same direction.' a,

fig. 710, inlet of clean water; b, launder delivering the orey matter; c outlet of fine

and inferior stuff; d, discharge orifice for rough and heavy stuff. This operation

must bo regulated by a slide. A cistern, 10 feet square on the top and 18 inches

deep, will pass through about 40 tons in 10 hours. When separating stamps work,

a smaller cistern is employed, say about 14 inches square, 10 inches deep, this will

despatch 6 tons in 10 hours.

A valuable form of classifier is shown in j/?^. 71 1| the peculiarity of which consists

in the manner of introducing the water and slimes. Instead of the latter depending
for separation upon the power of an ascending column of water, it here passes into a
horizontal flow of greater or less volume and velocity, produced by altering the tap o.

Compartments, viz. 1, 2, 3, and 4, are also fitted in the box, for the purpose of receiving

mineral of different densities and size, which is discharged and washed in strips set

underneath ; a, inlet launder to trommel ; c, trommel either of perforated plate, or

wire gauze ; d, shoot from trommel, serving to convoy away the rougher portions.

E, hopper for conveying stuff to shoot ir, and from thence into the box ; f, ascending

column of water ; o, tap for regulating the flow of v/ater; k, l, m, n, outlet pipes for

delivering the separated stuff to strips or buddies; o, launder for receiving overflow

from cistern ; p, q, e, weirs regulating the length of tlio compartments, also for tlio

purpose of effecting the disposition of the different minerals with which the ore may
be associated.

Horizontal Classifier.—This classifier, shown in longitudinal elevation fig. 712, plan

fig. 713, and end elevation Z^'. 714, is frequently employed at lead and blende mines in

Germany, and is known in some of the mines in this country. In many instances it is

built of wrought and cast iron ; but it may be equally well made in wood, and will cost

much less. The slimey water is introduced at the narrow end; the heaviest equivalents

fall into the first compartment, a ; equivalents of the second degree into the second, b]
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while the lightest collect into the third or largest one c ; the result in each ciso being
modified as may be desirable, by increasing or lessening the flow of water from the

vertical pipes, d, e,f,

712

The length of the trough is six feet, greatest width 28 1 inches, decreasing to 11^
inches, depth 18| inches, diameter of vertical pipes' f inch and of main pipe
3 inches

; length of first receptacle 18 inches, second
24 inches, third 30 inches. The classified sand from first,

second, and third compartments is in each case passed
to suitably enriching machinery. The principle affecting
tho classification by the apparatus described is as
follows :

—

In a horizontal current of decreasing velocity, the
larger equivalents introduced will be deposited first,

decreasing in size in an equal ratio with the decreasing
velocity, till with but a very slight flow even the finest
slimes are deposited. A stream rising vertically with
decreasing velocity, carries the smallest equivalents first

away and only the larger ones remain, while in propor-
tion to the decreasing velocity of the stream the fine
and finest particles will eventually be deposited. In
the construction of these classifiers, the following rules
should be adhered to :

—

The width of the first division should be ith of a
foot for each cubic foot of slime water introduced per
minute. The following divisions should increase in
geometrical progression, thus, 1, 2, 4, &c. The length
of the first division is usually taken at 6, the second,
third, and fourth in arithmetical proportion, thus, 6, 9, 12, &c.
the sides of the box should be about 50°.

The inclination
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The SxEiOCB, Tte, and Stbip.

These appliances nicay be considered modifications of each other. Instead of effecting
a separation by rel3dng upon subsidence according to the specific gravity of the sub-
stances, they are mechanically impelled against a volume of water so regulated as to
carry off the lighter particles.

Fig. 715 represents the ground plan ofastrake employed in the lead-mines of Wales.

716

Its extreme length is about 18 feet, width 3 feet. The top increases from 18 inches
to 2 feet 9 inches wide. It is constructed of wood, the bottom being covered with
sheet-iron.

The tye is usually 20 feet long, 2\ feet wide, and is often employed for cleaning
hutchwork. In some instances when the ore or dradge is very rich, it is crushed, and
then tyed into heads, middles, and tails, the first portion going to pile, the middles
re-tyed, and the tails treated as refuse or washed in the huddle.

Fig. 716, A, inflow of water ; b, head of tye ; c, partition board. The stuff is intro-

duced into the cistern d, flow? over the inclined front e, and is broomed at f. Between
E and G are the heads, from g to h middles, h to i tails. At k is an outlet launder,

regulated with a shute. An outline plan of the tye is shown, fig. 717.

717

The strip also consists of a wooden box, with its bottom inclined at a greater or less

angle, in order to suit the character of the stuff to be operated upon. The object of

this apparatus is somewhat analogous to that of the separating box, viz. to deprive the

ore of the fine particles with which it may be associated, and thereby to enrich it for

subsequent treatment. A rather strong stream of water is employed, against which
the mixed mineral is violently projected by means of a shovel. When ores are strong

and clean in their grain, but little loss can occur from this process, provided proper

care be exercised in conducting it ; but if their structure be delicate, and the consti-

tuents intimately mixed, the wastage must necessarily by great.

The illustration, fig. 718, shows a strip, coffer, and settling cistern, with filtering

apparatus contrived for lead ore. a, vertical launder 6 inches square, delivering water
into the box b, 9 inches long by 26 inches wide at the point c ; d, bottom of strip

covered with sheet iron, 6 feet long and 16^ inches wide at e. At this point a ledge

of wood is sometimes introduced for the purpose of modifying the velocity of the

water and forming a kind of shallow reservoir, so as to allow the workman to stir the

stuff. At the end of the strip a coffer, f, is fixed, 11 inches deep, 30 inches square;

H, settling box, 6 feet long and 30 inches deep ; k, outlet for wasto water. At o is in-

serted a filtering launder, 1 3 inches deep, extending across the cistern. At j a similar
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launder is placed, about 9 inches deep. Tho water coming in at a, is lodged in cistern

u, flows smoothly over the feather-edged board c, and falls into d ; here the orey matter

718

liSg '•virnr±
is exposed to its action, and a portion settles in f; the florrin and other light waste
then descends through g, depositing itself in the box h ; and to retain the valuable

products as much as possible it is filtered at j, through a perforated plate covering the

bottom of the launder. In stripping care must be taken to regulate the overflow of

water at c ; rough stuff must be subjected to a stronger current than finer matter,

and the bottom of the strip should be constructed with a greater inclination. In some
lead mines the buddies and hutchwork is stripped to be re-jigged, whilst the stuff

resulting from the filtering box is hand-buddled until sufficiently enriched for the

dolly. "When ore is associated with a heavy matrix, and the grain breaks into a
lesser size than the other particles, the stripping may be performed by inversion, that

is to wash the orey product into the cover and filtering hutch, retaining the worthless

portions at d.

The flat buddle, Jig. 719, is peculiar to the Welsh mines, and different from all

others in its great proportional breadth as well as in its very trifling inclination.

The stuff is placed in a small heap
on one side of the supply of water, 719
and drawn with a hoe partly against

and partly across the stream to the

other side of the buddle, losing in its

passage all the lighter parts, A heap
of ore treated in this manner may be
deprived of a portion of blende and
Pjrrites, minerals which from their

high specific gravity may have re-

sisted previous operations, a, platform of boards, inclined two and a half inches in

seven feet, b, catch pit, two feet deep. The width of this buddle varies from ten to

twelve feet.

Lisbume Buddie.—This apparatus has been successfully employed in separating

blende from lead ores. Fig. 720 represents an elevation, and^. 721 a ground plan

!. >^•:>^'

720

l-LSsLj'
of this machine, b, rakes or scrapers set at an angle, depending from rods having

their axis of motion on the arbor e. This arbor, as well as a parallel one, are

carried on friction rollers o o', and so braced together as to form a kind of frame. ?il,

Vol-. U. K
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roil attached to frame, and connected with water-wheel l, n, balance beam, counter-

poising the frame, and rendered necessary in order to equalise the motion, p p', balance
catches, serving to support the third arbor when elevated. This arbor is also pxrallel

to the other two, but has its position on the top of the guide frame shown in the
elevation. It pii.sscs immediately under the angle of the L-shaped rods, and is

mounted on friction wheels. Its nction is as follows : AVhen the scrapers have nearly

completed their ascending stroke this arbor is elevated by means of the wedge-shaped
proji'ction on the top of the frame, and immediately the balance catch acts so as to

722

retain it in this position during the descending stroke, at the termination of which the

catch comes in contact with the projecting screw shown in the elevation, thereby drop-

ping the scrapers upon the face of the buddle. Consequently, in the ascending stroke

these scrapers plough the vein-stuff against the flow of the stream. The orey matter

to be operated upon is introduced into the compartment shown on the top of the

723

plan, and by moans of the diagonal scrapers it is washed and passed slowly across the

table, the heavier portion being delivered into the bin f, and the lighter matter into

the box f', whilst the tails are lodged in the strips ii h. The water employed in

driving the wheel is also used for the buddle ; one portion of it servos to introduce the

ore, whilst the other is regularly diflfused over the surface of the table, and washes the

waste from the stuff. In case the quantity of water is too largo for settling the

residues flowing into the strips H H, and connected with the bins r f', discharge laun-

4eT8 are provide^ at o.
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The table of the huddle has an inclination towards the bins p f', and catch pits h h.

This machine makes about 12 strokes per minute, and may be furnished -with any
number of rakes. With 22 rakes, 40 tons of stuff may be concentrated in 10 hours, so

as to afford ore for the deluing sieve, whilst the blende will be sufficiently cleaned for

the market. The cost of this apparatus complete is about 30^.

Figs. 722 and 723 represent plan and side elevation of the knife or impellor buddlc.

The water-wheel a, is 6 feet diameter, and is constructed of wood, with sheet-iron

buckets. The speed of the trommel is carefully adjusted to the character of the stuff

intended to be treated. This is effected by shifting the band on the driving cones b b.

Straw, heath, and other extraneous substances are prevented from entering the sepa-

rating table by means of an iron grating c, fixed near the top of the hopper. The
trommel, d, is formed of 3 iron hoops braced together by flat lateral bars, 6 feet

in length. Into these bars are inserted the scrapers, which are set spirally in the form
of a screw. The hoops may be from 2 to 4 feet diameter, |ths inch thick, by 1 ^ inch wide.

The scrapers are made of light sheet iron, and are 9 inches wide by 4 inches deep,

with shanks 3 inches long. Twelve rows of scrapers are mounted on the periphery

of the trommel. The fijst, fifth, and ninth rows contain nine, and the remaining rows

are fitted with eight scrapers. Each scraper is adjusted by slightly rotating the stem,

and tightening the nuts over and under the trommel-ring.

The trommel is rotated against the flow of water. From the vertical axis of the

trommel, the table f is more or less inclined, according to the density of the minerals

to be separated. The enriched stuff is collected in the side-bin, 2^ feet in width by
8 feet in length. From this receptacle the sand may be transferred to jigging sieves,

round buddies, or other suitable dressing apparatus. The stuff deposited in the

strake h is either subjected to additional mechanical treatment, or, if sufficiently free

from ore, taken to the refuse heap.

The ' work ' to be enriched enters at c, on one side of the table, and is propelled

against the flowing water by the action of the scrapers. The heavier portion is pro-

gressed across the table, and passed into an ore bin, through an opening 18 inches

long and 3 inches deep. The lighter materials are drifted into the strake, and in this

way a separation is effected. Great care must be taken to distribute the stream of

water equally upon the surface of the table, and to proportion its volume so as to

divide the inferior from the more valuable minerals. The water flowing from the

wheel may serve not only to supply the table, but a part of it may also be diverted

into the feed-hopper c, and any excess discharged by the launder j. The quantity of

stuff which can be passed through this apparatus in a period of 10 hours will vary with
the densities of the minerals to be separated. The impellor huddle has recently been

improved by Mr. Henry E. Taylor of Aberystwyth, and applied to the washing of

coal and ores. See Specification 889, a.d. 1874. At Eestronquet Mine in Cornwall,

the Messrs. Taylor and Sons employ this huddle successfuly in the treatment of tin ores.

At Wildberg in Germany, the floor of the huddle was divided by moveable ledges,

and the stuff diverted to enriching tables.

Sand and Slime Dbessing Machineby.

In most mines a large proportion of the ore is composed of dradge, and has to be
brought to a fine state of subdivision either by the crushing mill or stamps. In this

condition the ore is freed from sterile matter, and rendered fit for metallurgic treat-

ment. A variety of machines have been invented and applied to this division of

dressing, in which the leading principle is to produce a separation by subsidence, ac-

cording to the density of the substances. In connection with this principle, the stuff

is not permitted to have a vertical fall, but is traversed by a flow of water, on a table

or bed set at such an angle to the horizontal plane as may be found expedient. With
extremely fine stiiff, apparatus including both of these features are sometimes sub-

jected to a mechanical jar or vibration, so as to loosen and eject, as it were, the worth-

less matter with which it may be charged. In concentrating crushed or stamped ore,

a certain quantity will often exist in a very minute state of division, imable to

withstand the currents and volume of water necessary for the separation of the larger

particles.

The amount and richness must necessarily depend upon the united produce and
character of the ore, as well as the mode of treatment observed. A good dresser will

form as little slime as possible, since when the ore is brought to this condition it is

usually associated with a large mass of worthless matter ; and not only so, but the
expense of extracting it is materially increased. The loss under the most favourable
manipulation is very large, whilst the machinery requisite is probably more compli-

cated and expensive than any other section of the dressing plant. Although several

jc3
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machines are illustrated under this head, and many more might have been added, it

tloes not follow that they may be advantageously employed for every variety of ore.

Thus an apparatus which would enrich slimes by one operation from 1
.J
to 5 per

cent, might bo both economical and desirable for treating copper ore, but would not
be so important in the cjise of lead ore of the same tenure; for after deducting the
loss of metal incident to the enrichment, charging the manipulative cost on the full

quantitj' of stuff, and estimating the relative value of the two products, it might be
found that on(v would scarcely leave a margin of gain, whilst the other would yield a
satisfactory profit.

Tlie proper sizing and subdivision of slime is as necessary as in the case of coarser

work. In some of the German mines four or five distinct classes of slime are made,
each class being treated on suitable enriching tables.

Richards' Slime Separator.—The water and stuff from the slime separated, is de-

livered through a launder into a pit, at the head of which is fixed a slightly inclined

plank, divided into channels by slips of wood set in a radial direction from the aper-

ture of the delivery launder. This pit has the form of an inverted cone, and since

the water passes through it at a very slow rate, the more valuable and heavier matters
will 1)0 deposited at the bottom. This apparatus thus becomes not only a slime pit,

but also a slime separator.

The ordinary slime pit has usually vertical sides and a flat bottom ; the slime and
water enter it at one of its ends by a narrow channel, and leave from the other by the
same means.
A strong central current is thus produced through the pit, which not only carries

with it a portion of valuable slime, but also produces eddies and counter-currents

towards the sides, which have the effect of retaining matters which from their small
density should have been rejected.

The improved pit, Jig. 724, receives its slimes from the launder b, and lets off a

portion of them at c, whilst the richer and heavier matters, which fall to the bot-

tom, escape through the launder d, regulated by means of the plug a, and screw a'.

In many cases sand and slime stuff are much commingled with clay, and require

to be broken and disintegrated before the ore can be extracted. A method for accom-
plishing this is shown in Jiff. 725. a is the circumferential line of a round buddle

;

B, launder, leading to such buddle ; c, sifting trommel ; d, rotating paddles ; e, tor-

mentor; F, driving shaft.

A modification of this method is found in the slime trommel. Jiff. 726. a, hopper,

into which slimes are lodged; b, launder, delivering clean water into hopper a; c,

trommel of sheet iron, fitted in the interior with spikes for the purpose of dividing

the stuff; d, disc, perforated to prevent the passage of pieces of chips or bits of clay
and stone ; e, Archimedean pipes fitted into a disc of sheet iron, conveying water
into gauze or perforated trommel f ; o, slime cistern ; h, cistern for receiving the
rough stuff; j, slime outlet, communicating with round buddle, or other suitable

apparatus ; K, outlet for trommel raff, which may be delivered to a sizing cistern.

The speed of the gauze trommel for fine slimes varies from 80 to 100 feet per
minute.

Hand Buddie.—This apparatus {Jiff. 727), is somewhat extensively employed in lead-

mines for the concentration of stuff which contains biit a sm^ll proportion of ore, 8ucU
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as middles and tails resulting from the round Luddle, or the tails firom strips, &c. A
rising column of water is shown at a. This flows into a trough b, and through peg-

holes into c. Here the stuff to be treated is introduced, and continually agitated by
the boy in attendance. The finer portion passes through the perforated plate at d,

and is distributed by the fan-shaped incline e in an uniform sheet on the head of

the buddies. A boy stands just below the line of the middles with a wooden

725

rake ; with this instrument he continually directs the descending current to the head
of the buddle, and by this means succeeds in separating a larger proportion of the

ore than would otherwise be done, Whether the rake or the broom be employed,
it is found that some of the fine lead is florrined to the extreme tail of the buddle. In
order to prevent this the frame g has been introduced. It is strained with canvas,

and floats on the water. This canvas retains the fine lead, which is from time to

time washed off in a cistern. The section to the first dotted line shows the heads
of the buddle ; from this to the second dotted line will be the middles, and from
the second dotted line the tails commence. It must, however, be remarked that the
exact line of heads, tails, and middles must depend upon their relative richness. The

wooden rake is undoubtedly preferable to the broom, as will appear firom the following

experiment, everything being equal in both trials :

—

Stuff operated upon ; tails from washing strips assayed 1 3 per eent.

No. 1. Heads, assayed
2. Middles, „
3. Tails,

With broom
16 per cent.

With rake

20 per cent.
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It woiildbo found a great improvement if these buddies were arranged so as to have
their bottoms elevated -nrhen it might be necessary. As they are fitted at present the
angle at the head is a constantly increasing one. The result is, the heads become
poorer and the tails richer, as the operation proceeds, provided the fixed inclination
of the buddle is correct at starting. In proportion to the poorness of the stuff the
huddle should have its width increased, as well as be made shallower. If the stuff be
also passed through a trommel before entering the buddle, the result will be found
much improved.
Roimd Buddie.—This machine serves to separate particles of unequal specific gravity

in a circular space inclined from the centre towards the circumference. Its construc-
tion will be best understood by reference to/^. 728 ; in which a is the conicjil floor,

formed of wood, and about 18 feet in diameter, on which the stuflf is distributed ; b is

a cone, supporting the upper part of the apparatus, and serving to effect the equal dis-

tribution of the orey matter, n, wheel for giving motion to the arrangement ; e, a funnel,

perforated with four holes and furnished at top with an annular trough ; f f are arms,
carrying two brushes babuiced by the weights g g ; h is a launder, for conducting the
stuff from the pit i ; ic is a receptacle in which the slimes mixed with water are

worked up in suspension by the tormentor, which is a wooden cylinder provided \^'ith

a number of iron spikes ; l is a pulley taking its motion from a water-wheel, and m a
circular sieve fixed on the arbor n. The stuff at k is gradually worked over a bridge

forming one of the sides of a catch pit between the sieve m and the tormentor, from
whence it passes off into the sieve by which the finer particles are strained into the

pit I, whilst the coarser, together with chips and other like substances, are dis-

charged on the inclined floor in connection with the launder o. From the pit i the

stuff flows by the launder h into the funnel e, and after passing through the perfora-

tions flows over the surface of the fixed cone b, and from thence towards the circum-

ference, leaving in its progress the heavier portions of its constituents, whilst the

surface is constantly swept smooth by means of the revolving brushes. By this means
the particles of different densities will be found arranged in consecutive circles. The
arms usually make from two and a half to four revolutions per minute, and a machine
having a bed 18 feet in diameter will work up from 15 to 20 tons of stuff per day of

10 hours.

In the ordinary round buddle the stuff is somewhat unevenly distributed, as well as

imperfectly separated. This arises from the small diameter of the cone at its base,

and the large volume of water and slime discharged upon its limited surface. These
objections are to a certain extent removed by an improved round buddle, Jiff. 729.

After the stuff has passed through a revolving trommel or grating connected with the

apparatus, and to a certain extent sized, it is conveyed, by moans of a launder, into
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a hopper a, and falls into the basin b. The slime from this basin flows freely over

the convex plate b e'. It will appear that this arrangement secures an uniform distri-

bution of the stujff, and at the same time the heavier portion is concentrated with
greater rapidity than can be accomplished by means of the common rotating buddle.

The diameter of the hopper from a to h is 12 inches, from j to k 6 inches ; the

basin from c to d is 9 inches diameter, and the conical centre from f to f' is 7 feet

diameter. The buddle bottom is covered with plank in the usual way. Its diameter
is 25 feet, with an annular ditch or gullet 12 inches wide. Into this gullet the sterile

sand is scraped ; and if the nature of the ground will admit, the bottom of the gullet

may be sufficiently inclined to scour away the stuff, by the action of a stream of water.

Captain Josiah Thomas states that the inclination of the buddle floor at Dolcoath
varies from 1 ^ inch to ^ an inch in the foot ; viz. for working ' roughs ' 1 ^ inch, for

slimes 1 inch, for treating stamps work, ^ an inch. The diameter of the wood centre

F f', also varies from 7 to 10 feet diameter. Mr. J. M. Pike, of Camborne, has
furnished the following dimensions of a buddle erected at Tincroft :

—

Floor of buddle, 20 feet diameter.

Inclination of floor of buddle, | of an inch in a foot.

Wood cone, 9 feet diameter, depth 15 inches.

Number of arms in buddle, 6.

Height of arms from wood cone, 7 inches.

Speed of distributing plate, 2^ revolutions per minute.
Buddie, 21 feet diameter, filled in 24 hours to a depth of 13 inches. Contents 128

cubic feet, or 5^ cubic feet per hour, requiring 1,080 gallons of water, or 204 gallons
per cubic foot of stuff treated.

The transverse section, Jiff. 730, shows the application of these buddies to the

730
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enrichment of tin ores, a, stamps pass ; b, framework of stamps ; c, stamps platform
;

D, launder for conveying stamp work to buddies e and f. Between the respective

buddies runs a gullet, o, into which the waste flows, when the flushets, h h, are

opened. The bed of each buddle is 20 feet in diameter, the annular spaces 1 1, one
foot wide, making the distance from wall to wall 22 feet. It will be observed that

the annular space is inclined towards the gullet, g. One buddle is suflScient to treat

the stuff pulverised by a set of twelve or sixteen stamp-heads.
The inclination of the buddle bottom is ^ of an inch per foot. Motion is given to

the centre plate and arms by means of bevil gearing, moved by the stamping engine.

The distributing plate of the buddle makes 2.} revolutions per minute. The stamp-
work, when passed through a perforated plate, having 36 holes to the lineal inch, can
be concentrated at the rate of 5 cubic feet per hour.

Slime Buddie.—This machine,
fiff. 731, is said to effect the separation of the earthy

matters from finely-divided ores more readily than the ordinary round buddle. For
this purpose the pulverised ore is introduced near the centre of a large slightly

conical rotating table, and flowing towards its periphery a portion of the upper
part or head becomes at once freed from extraneous substances. Beyond this line of

separation in the direction of the cii'cumference, the stuff is subjected to the action
of a series of brushes or rakes, and by means of a sheet of water flowing over the
agitated slimes, clean ore is stated to be produced almost at a single operation.

The illustration, /_^. 731, represents this machine at first erected at Clausthal, but
it may be remarked that some of its mechanical details have been since judiciously
modified by Mr. Zenner. a is an axis supporting and giving motion to the table b,

16 feet in diameter, and rising towards the centre 1 inch per foot; c, cast-iron
wheel, 15 inches in diameter, operated on by the screw p. The tooth-wheel f
drives the pinion /, the axis of which is pro\-ided vnth. a crank giving motion to a
rod fitted with brushes ; g is an annular receiving box, 44 inches wide and 6 inches
deep ; a, circular trough of sheet iron supported on the axis of the table an inch or
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two above its surface, and so divided that one quarter of it serves for the reception
and equal distribution of the slime, whilst the other three quarters supply clear

water ; b, launder for supplying slime ore, behind which is another not shown, for

bringing in clear water, o, trough supplying additional water to the stuflF

agitated by the brushes. One end of this water-trough is fixed about the

middle of the table, whilst the other advances in a curved direction nearly to the
circumference.

Cojicave Buddie,—The object of this apparatus, Jig, 732, is to concentrate on the

periphery of the floor, instead of the centre. This arrangement gives an immense
working area for the heads, and at the same time admits of the separation of a greater

portion of the waste than can be effected by the ordinary round buddle. After the

slimy water has been discharged on the edge, the area over which it has to be distri-

buted is gradually contracting, thereby increasing the velocity of the flow, and
enabling it to sweep off a proportionate quantity of the lighter matter associated with

the ore. a represents the inflow slime launder ; b, a separating trommel, through

which the slimes pass previous to their entrance into the launder a. c, outlet launder,

for taking off castaways ; d, arbor gi'V'ing motion to the buddle arms and diagonal

distributing launders attached thereto, held by the braces w u/ ; e, bevel wheel on
driving arbor

; /, downwright launder, to which is afl&xed a regulating cock, k, for sup-

plying slimes to trommel ; h, launder for delivering clean water to circular box m,

and which water passes through slot openings at p p, uniting with and thinning the

slimy matter previous to its passing into the dijigonal delivery launders ; I', circular

pit for receiving tailings. Attached to the wooden bar a: is a piece of canvas with

corresponding pieces depending in a similar manner from each arm, and which serve

to give an even surface to the stuff in their rotation. The slimes flow from four

diagonal launders, each having its upper end in communication with the box I. The
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speed of the arms and diagonal launders must vary with the nature of the stuflf to be

operated upon ; for rough sands eight revolutions per minute have been found sufficient,

but for fine slimes from fourteen to sixteen revolutions in the same time are necessary.

The inflow of slime and water should also be proportioned to the speed and density

of the stuff to be treated. No precise instructions can be offered on this head, but an

experienced dresser would easily determine the proportions after a few trials. The
bed is 18 feet diameter, and has a declination of about 6 inches from the edge to the

point where it unites with the horizontal portion of the floor.

Experiment on slime ore, very fine and much intermixed with carbonate of iron :

—

Per cent.

Produce before entering huddle . . 6

Heads of buddle averaging 3 inches deepl
^^^ ^^^ ^^ ^^^ ^^ ^^^^^

' ^^ ^^ j^^^
and 22 inches wide . . . . j -^

^

Tails of huddle averaging f inch deep. 3 and 55f oz. „ ,,

Castaways \

Time required to fill huddle, 3 hours ; number of arms in huddle, 4 ; number of

revolutions of arms per minute, 8.

Experiment on fine slimes, much associated with carbonate of iron :

—

Produce before entering the huddle . . .3 per cent.

Heads 3 inches deep, 16 inches wide . . . 7^ „
Middles H do. 12 do. ... 1

Tails traces.

Number of revolutions of arms per minute 14 ; time required to fill huddle 5 hours.

In working this huddle one month upon the fine and rough slimes, indicated in the

two foregoing experiments, the results obtained were :

—

Mean
Assay of Ptnff<before entering the huddle . . 5'0 per cent.

Heads afforded 12-5

Middles 6-0 „

Tails 0-77 „

Experiment on slime ore containing 7i per cent, of lead

:

In 12 hours 4 tons were washed, and gave 14 cwts. of crop, 28 cwts. middles,

12 cwts. tails, and 26 cwts. of waste. The 14 cwts. of crop were washed in 3 hours,

and afforded 3^ cwts. dressed slime ore, 5^ cwts. of middles, 4 cwts. of tails, and 1 cwt.

of castaways. The middles resulting from both operations, viz. 33^ cwts. were washed
in 8 hours, and gave crop 4 cwts., middles 12 cwts., tails 4 cwts. and waste 13^ cwts.

The tails were now washed in 3 hours, and afforded 4 cwts. of middles and 12 cwts.

of castaways. 16 cwts. of middles were also washed in 3 hours, and furnished 2 cwts.

crop, 6 cwts. middles, and 8 cwts. of castaways. In addition, 10 cwts. of crop ore were
washed during 3 hours, and gave \{^ cwt. of slime ore, crop 1 cwt., middles, 6 cwt.,

castaways 1 cwt.

The results, therefore, show that 4 tons of rough slimes were washed in 32 hours,

and afforded 5^ cwts. slime ore at 43^ per cent., leaving 1 cwt. of crop at 31 per cent.,

and 1 2 cwts. of middles yielding 4^ per cent. A comparison was also made with the

shaking table ; 6 tons of the same slimes were washed in 48 hours, and gave 7 cwts.

of dressed ore, 1 cwt. of heads, and 8 cwts. of middles.

The Table at top of following page shows the results of an experiment made between
the concave huddle and the ordinary round huddle ; time occupied, 24 hours.

The tails lying npon the horizontal part of the concave huddle contained 27A per

cent, of zinc and 2\ per cent, of lead.

It will be perceived that the much larger crop from the concave huddle was more
than twice as rich for lead, whilst it was only 2 per cent, richer for zinc.

Quartzose ore without blende was then tried, and a similar weight gave 1,570 lbs.

of crop, affording 56^ per cent, or 888^ lbs. of lead, and 3,450 lbs. of middles of
14 per cent, produce, equal to 483 lbs. of lead, or together 5,020 lbs. of stuff con-
taining 1,372 lbs. of lead. The round huddle, on the contrary, gave 455 lbs. of crop
ore, of 68^ per cent., equal to 290 lbs. of lead, 2,900 pounds of middles, of 18^ per
cent., representing 641 lbs. of lead, or a total of 3,365 lbs. of stuff, containing 881 lbs.

of lead.

Fig. 733 represents a huddle arranged for the treatment of fine slimes. It is entirely
constructed of metal, and every part is carefully fitted in order to secure an even atid

delicate action. The stuff is introduced into the hopper a, from whence it passes into
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Quantity of slimes

to each buddle .

Obtained from con-

cave buddle :

—

Crops .

Middles

Total .

Obtiiined from round
buddle :

—

1
Crops .

1

Middles

Total .

Pounds
Water.
Weight
per cent.

Dry
Weight

Lead Blende

Assay
per cent.

Total
AsMay

per cent.
Total

4262 23^ 3268 8-7 284-6 34-33 1121-5

606
1360

510
2530

15-4

25-7

24-8

39-9

427
1003

23-6

7-6

10-2

7-86

100-8

77-7

178-5

o6-65
37-0

34-64

27-59

155-6

371-0

1430 626-6

383-5

1621-0

39-

119-5

158-6

133-4

419-6

1904-6 663-0

Loss by concave budc

j

„ round ,,

1

le . •

•

• •

106*

125-9
• 694-0

568-6

the trommel b, turned by the band c. The fine stuff passing throiigh tlie perforated
cylinder d, falls upon the shoot f, and flows upon the concave table e. This table re-

volves in the direction of the arrow and acquires its motion by means of the strap o

driving the tangent wheel and screw shown at n. Concentric with the table a wrought-

iron pipe i is fixed, which is pierced with numerous small holes. The qiuintity of water

to this pipe is adjusted by the regulating cocks J j' j". Beneath the table is a circular

receptacle or bottom k, having three compartments for recei^nng the washed stuff. From
aU>d the jets of water are comparatively light ; from dioc the force ofwater is increased,

and still further augmented in that portion of the circle extending from c to o, whilst

from o to a: it is sufficiently powerful to clean the buddle. In each of the sections a
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734

portion of waste along with a littlo light ore is washed into the receptacles underneath,

Irom whence it may flow into strips or buddies for further separation, or is other-

wise manipulated upon a second huddle. The water is supplied to the machine

under pressure by the pipe l. This apparatus will wash from 80 to 100 cubic feet

of free slimes in 10 hours, or from 60 to 80 cubic feet of tough slimes in the same
period. Lead stuff aflfording 4 per cent, with a light waste has been enriched to

40 per cent, in a second revolution, and in a third and fourth rotation 40 per cent,

slime has been enriched so as to yield 60 per cent, of ore. The huddle table

makes two revolutions per minute; its diameter varies from 8 to 10 feet, and the

power required is about one-tenth of a horse-power. One boy can serve four

buddies.

Rittinger's Rotating Buddie.—This apparatus is employed at Schemnitz, and is

applicable to the treatment of fine slimes containing but a small proportion of

metallic substances. The accompanying sketch {fig. 734) will serve to explain

its construction and action. The machine may be said to consist of four principal

parts:

—

1st. The vertical axle a, which carries the buddle.

2nd. The surface of the buddle b.

3rd. The concentric launders c d, for supplying the diluted slimes, as well as clean

water to wash the mineral.

4th. The concentric launders d d, beneath the buddle for receiving the concentrated

minerals and waste.

The vertical axle a, is fitted with a cast-iron centre-piece, which receives 16 wooden
arms; these support the same number of segments, and form a circle 16 feet in

diameter. Each segment is divided into two parts, by radial strips of wood, so that

the whole surface of the buddle is divided into thirty-two parts, each being 5^ feet

long, and having a fall of about 6 inches towards the centre.

Motion is given by a tangent wheel and screw geared at the upper end of the axle,

one revolution in ten minutes being the required speed. Above the buddle are two
concentric launders, the one <f, at the periphery,

being for clean water, the other c, nearest the

centre, for the contents of the sizing apparatus.

The stuff is introduced by means of feeding

boards on the outer circumference of the buddle.

Between each feeding board a fine sheet of

water flows to the buddle from the launder c.

After the last feeding board, the launder

forms a curve towards the centre of the buddle,

and supplies along its length a thin fine stream

of water, which washes the deposited stuff from
top to bottom, carrying away all the lighter

particles, and leaving only the heaviest minerals

on the surface of the buddle. The buddle, after

passing this point in the course of its rotation,

comes under a strong jet of wat«r flowing from
a pipe/, supplied from a cistern about 12 feet

above. This water flows with sufficient force

to drive the concentrated mineral into the

launders d d, which is divided into different com-
partments, for receiving the middles and waste
from the buddle during its revolution. These
are thrown away, unless it be found that the

middles are worth repassing over the buddle.

The finer the slimes, the more perfect is the result. The slimes from the sizing

apparatus should be thin, from 2j to 4j lbs. of sand to a cubic foot of water being

sufficient.

The water required for cleansing is from eight to nine-tenths of a cubic foot per

minute.

The water for driving off the clean product is from one and a half to one and six-

tenths of a cubic foot per minute.
Altogether, the quantity of water required per minute is about 2\ cubic feet.

The buddle, if properly constructed, extracts about 80 per cent, of the ore contained
in the slimes, and will treat about 1 cwt. per hour. One-twentieth of a horse-power is

sufficient for rotating the buddle.
A valuable set of buddies for enriching palpable slimes, has been in use for many

years at the lead and silver ore dressing establishment near Ems, Prussia.

The apparatus is shown in elevation fig. 735 and plan fig. 736, and consists of a

,7^^'r

he::
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small and a large circular table, each rotated by means of a tangent wheel and screw.

Slime of the fourth class, exceedingly fine, passes first to the small table 10 feet

diameter, and after being deprived of the greater portion of its ore, flows to the larger

table 18 feet diameter, where it is divided into a weakly-enriched product and waste.
The fall of the table is 6°, and one revolution is performed in four minutes : the

washing water is distributed by means of 3 short wrought-iron pipes, through a line of
perforated holes, and a segmental launder ; sufficient water being supplied to effect the
desired separation, the brushes making 100 strikes per minute serving tq cl^^n the
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table. A fixed launder or trough coincideut with the periphery of the table is divided

so as to receive the ore and orey stuff.

In addition to the machines already described, a slime or sludge dressing apparatus
has been designed by Mr. Borlaso. Fig. 737 represents an elevation, and Juj. 738 a
plan of this machine.

It is described by the inventor as follows :—The mineral from which it is desired

to separate the motjillic ore having been crushed or pulverised, is conducted through
a pipe or channel into a revolving cylindrical sieve, A a. The larger parts pass into

a shoot or launder b, and from thence into a self-acting jigging machine. The
slime or fine portion passes through the meshes of the sieve into a shoot, c, and is

discharged into an annular launder, from whence it falls either into a stationary or

revolving distributor, d d. From thence it flows through suitable channels into the

outer part of the machine, e. The apparatus is fixed on a perpendicular axis, f, and
is kept in a continual oscillatory motion by means of cranks and connecting rods, o,

the speed of the cranks being adjusted so as to keep the slime in continual motion,

and at the same time cause the ore to descend and deposit itself at the bottom, whilst

the waste or lighter portion is carried towards the inner part of the machine, where

it passes over a moveable ring, h, which is raised mechanically, and in proportion as

the ore rises in the apparatus. The waste is discharged through the outlet i, and
conveyed away in launders. When the machine is filled with ore, it can be settled,

as in the dolly machine, by means of percussive hammers, j j. The ore can be

collected either by reversing the gear and lowering the ring h, or it may be washed
into a receiver as convenient.

Motion is given to the vertical bar k, which is made to \nbrato so as to turn by
means of a ratchet the wheel l, fitted on a horizontal shaft, m. The ratchet is

raised or lowered by a worm screw, in order to increase or decrease the speed ren-

dered necessary by the quality of ore operated upon. On the horizontal shaft m
is a worm pinion, that works a wheel on a perpendicular shaft, n, on which is fixed

a second worm pinion, raising or lowering the tooth segment on the end of the beam
o. This segment can be shifted out of gear. The opposite end of the beam o is

attached to the rod p, and connected with the crossbar r, as also with the ring h,

which has a reciprocatory motion in the centre of the perpendicular shaft f.

From the foregoing description it would appear that Mr. Borlase has combined in

this apparatus the principles of the round buddle with that of the dolly tub.

Slime Tricnking Apparatzis.—The illustration,^^. 739, shows the apparatus employed

in some of the lead-mines of Cardiganshire. The slimes are lodged in the several

settling pools marked a, and flow through the channels b. At c the slimes pass into

the launder d to the box e, where they are comminuted, and from thence progress

into the trommel f. From the circular cistern g, V-shaped launders diverge to the

trunks k, which are divided by partitions i. Upon the axis j in each buddle head,

paddles rotate, and flush the slimes over a head board, where a partial separation is

effected. The wheel l is driven by water from the pools a, and any excess is carried

off by the launder n. At o o two hand-buddies are shown; these are intended for

the concentration of the heads and middles produced in the trunk k. The axis at p
is furnished with spikes for the purpose of breaking up the slimes. After the

water has passed over the wheel l, it flows into the launder n, and from thence

into Q.

At the Minera lead-mines, where the ore produced is very massive and capable of

a high degree of enrichment, the slimes average 9 per cent., and are concentrated by

means of this apparatus, together with a round buddle and dolly tub, to 75 per cent,

of metal. With six trunks, one round buddle, one man, and four boys, about nine

tons of clean ore are obtained monthly.

Attempts have been made by Brunton and others to separate metalliferous ores

of different specific gra^^ties by allowing them to descend at regular intervals in

still water. By reversing the operation and causing the ciu*rent to ascend uniformly,

the particles may be much more conveniently and accurately classified. This has

been done in a machine designed by the lato Mr. Herbert Mackworth. Suppose a

funnel-shaped tube, larger at the top ; with a current of considerable velocity flowing

upwards through it, grains of equal size of galena, pyrites, and quartz, when thrown

in, will be suspended at different heights depending on the velocity of the current at

each height. Thus cubical grains of galena, iron pyrites, and quartz, of ^^ inch

diameter, will be just suspended by vertical currents moving at velocities of 12 inches,

7 inches, and 6 inches linear per second ; flat or oblong particles require rather less

velocities to support them, inasmuch as they descend more slowly in still water than

the cubical or spherical particles.

A simple form of applying this principle is presented by the vertical trunks shown

in Jigs, 740 and 741. Metalliferous ore, after being classified by sifting, or tin ore
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as it comes from tlio stamps, maybe allowed to flow mixed with water down the shoot
A. The supply of water should be taken from a head so as to be perfectly uniform i n
quantity. The water mixed with the ore flows in the direction of the arrows down
and then up the divisions b', b'', b', b*, b*, each of which increasing in area, the
velocity of the ascending current diminishes in the same proportion. The particles

I

of greatest specific gravity will be deposited in the bottom of b\ In the bottom of
B- will be found small particles of great specific gravity and large particles of small
specific gravity. The same relation will exist in b^, b* and b*, only the particles of
each will be smaller in succession. The plugs in the holes c c c being opened as is



144 DRESSING OF ORES

found necessary, allow the accumulations in the bottom of each trunk to discharge

themsolves into separate troughs, The rocking frame and rakes d d constantly stir

up the sediment so as to bring it under the action of the water. To produce the

oscillation of the rakes, two spade-shaped plates e e are exposed to the action of the

falling water discharged from the end of the box which rocks the frame to and fro.

The ore in the first trunk is fit for smelting ; the ore passing off from the bottom of

the other trunks is in a very favourable condition for framing, or it may be sifted to

remove the larger particles of less specific gravity.

The Rack or Hand-frame,—This is composed of a frame c, fig, 742, which carries

742

a sloping board or table susceptible of turning to the right or left upon two pivots k k.

The head of the table is the inclined plane t. A small board p, which is attached by
a strip of leather l, forms a communication with the lower table c, whose slope is

generally 5 inches in its whole length of feet, but this may vary with the nature of

the ore, being somewhat less when it is fiady pulverised.

In operating with the table, the slimy ore. to the extent of 15 or 20 pounds, is

placed on the head t, and washed over l and p on to the table ; then the operator

with a toothless rake distributes it equally over the head, the richest particles remain

on the highest part of the table by virtue of their greater specific gravity, whilst the

muddy water falls through a cross slit at the bottom into a receptacle b. When the

charge of ore has been thoroughly racked, the tiible is turned on its axes k k until it

is brought into a vertical position, and the deposit on ita surface is washed into boxes

b' b". The box b' will contain an impure slime, which must be again framed, whilst

b'' will probably contain a slime sufficiently enriched to be finished by the dolly tub.

The slope of the rack table for washing tin stuff is 7J inches in 9 feet. The width

is about 4 feet.

The average quantity of lead slime which can be washed per day of ten hours, is

about 30 cwts., and the water necessary, say 600 gallons.

The general appearance of the rack is shown in the illustration, fig. 743. a, table ;
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B, inclined plane upon -which tho stuff is lodged. Clean water flows over the ledge o.

When the table a is turned in a vertical position, tho racking girl washes it by de«

743

pressing the lever e attached to the V-shaped launder d, thereby discharging the
water which it may contain. Tho heads, middles, and tails are lodged in the com-
partments F, G, and H, respectively.

The Machine Frame, fig. 744, consists of an inclined table, about 8 feet long and

5 feet wide, with sides 5 inches high. At each end are fixed axles of iron, A b, which
are centred in two vertical pieces of timber c d, and admit of the frame being turned

perpendicularly. At the head of the frame is a ledge b, on which numerous lozenge-

shaped pieces of wood are fixed in order to distribute the liquid stuff on the entire

width of the frame.
From the frame head, the stuff falls on a sloping board f, which admits of being

turned, as it is hung by leathern hinges, when the frame assumes an upright position.

At one of the bottom corners of the frame is a box g, into which the chief part of the

water from the table flows. In operating with this machine, the liquid matter is

admitted to the frame head e, through the hole h, and flowing in a thin sheet on the
table I, deposits the vein- stuff according to its varying specific gravity, the best quality
being heads from 1 to 2, the middles from 2 to 3, whilst the tails are lodged at the end
of the apparatus. To the water wheel is attached a horizontal axle fitted at given
distances with cams, which disengage at the proper time parts of the machinery
connected with the frame. The first cam acts on the rod k, and stops the flow of tin

stuff; the second cam disengages a catch beneath the displacing box g, containing
Vol. II, L
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the frame water, and immediately the frame assumes a vertical position striking in its

movemont a catch at m, which upsets the V-sliaped launder n, containing pure water,

in such a way as to wash the ore on the table into two coflfors o and p. The frame
then returns to its horizontal position, and the orey matter is again admitted through
H. One boy can manage twenty of these frames. When employed in cleaning tin

BtufF. the two coffers o and p are discharged into separate pits about 16 feet long, 6
feet wide, and 12 or 15 inches deep. The refuse from the end of the frames as well as

the slimy water from the displacing box, is either thrown away or subjected to further

treatment ; the coffer o is usually taken to the hand frames, after which it is tossed

and packed, whilst the stuff from coffer p is again submitted to machine framing.

Hancocks Slime Frame,—The ores and accompanying waste are brought into a
state of suspension by water, and arc then by adjustment made to pass over a slight
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fall, so as to produce the greatest regularity in its flow over tables fixed upon a given
incline, each table having a sufficient drop from the table above. When the tables

are suJB&ciently charged, clean water is introduced to pass over the table. The
surfaces of the tables are subject to the action of brushes or brooms during a part or

the whole time of both operations until the ore is sufficiently cleaned. In some
cases the use of such brushes or brooms are dispensed with. The ore (on the tables)

thus cleaned is washed off into cisterns by the action of water passing over the

surfaces of the tables after they are raised to nearly perpendicular positions.

Fig. 745 represents, 1, framework to carry the gear on each side of the machine

;

2, the stretcher or pivot piece on which all the tables are resting ; 3, centre bearings
of the tables, to which is attached an adjusting screw for raising or lowering them

;

4, a slide valve, which admits or shuts off, as required, the ores, which are previously

brought into a thin consistency with water; 5, launder through which the ores,

pass to the heads, which are divided into sections and numbered ; 6, the ores, &c.,

dropping from the heads into a launder, 7, the working edge of which is made level

by an adjusting screw at each end for the ores to pass over ; 8 is a stretcher, passing

over the heads in both ends, bolted to 1, from which 6 and 7 are supported by three

adjusting screws ; 9 are four tables over which the ores have to pass, first receiv-

ing the deposit of the cleanest or best ores, and the rest in gradation ; 10, the drop or

fall from one table to another ; 11, the balance cistern, into which the refuse from the

tables passes, and when full, by lifting the catch 12 it forms a balance for turning up
the tables to be washed down, each table being connected with rods and lever a ; this

done, such catch is lifted up, and 13 forms a returning balance for the tables; at 14 a
stream of water is introduced, passing into 15 as a receiver ; on the turning up of the

tables, valves 16 are lifted by lever and rod 17, and admit the water into perforated

launders 18 to wash off the ores into receivers 19, through which it passes out into

deposit hutches. The slide valve 4 having admitted a sufficient quantity of ore, which
has been deposited on the tables, is now closed, and the valve 20 is opened by the

dresser at rod handle 21, through which a supply of water passes into launder

22, and fiows over the tables for the purpose of cleaning the ores. The framework
for the brushes 23 is carred on four wheels 24, each table being supplied with a brush
25, which brushes its respective table upwards, and on arriving at the heads of the

tables, the brushes being all connected, are lifted by lever and 26 slips into the catch

27, and the brushes pass back over the tables without touching until the lever of the

catch is struck out by 28, and the brushes drop again on the tables. Each brush is

adjusted by screws and carried on arbors running across the frame. This frame with
its appendages is propelled by a rod 29, attached to a beam 30, that can be worked
by any sufficient power that may be applied.

The ores passing from the third and fourth tables through the two lower receivers

19 into a cistern, are lifted by a plunger b, attached to beam 30, by a rod 31, and
passes back by launder 32 to be readmitted into slide valve 4, and repass the tables.

In 11 balance cistern is a valve 33, which on the dropping of the table lets out the
contents. 34 is a catch for holding the frame and brushes during the time of turning
down and washing the tables. The machine is to be worked with or without brushes,

as the character of the ores may require. It may be extended or diminished to any
number of tables, and their size may vary as may be found necessary on the same
principle, c is a wheel acting as a parallel motion for the plunger pole and running
on a bar of iron.

This machine was in constant use at the Great Polgooth Mine for some time,

and it is said effected a saving of 30 per cent, in the dressing of slime ore. It is

not so well adapted for rough as for the treatment of fine slimes.

Percussion Table.— ThQ diagrams, ^s. 746, 747, 748, exhibit a plan, vertical sec-

tion, and elevation of one of

these tables. The arbor or 746

shaft, is shown in section per-

pendicularly to its axis, at a.

The cams are shown round
its circumference, one of them
having just acted on n.

These cams, by the revolu-
tion of the arbor, cause the
alternating movements of a
horizontal bar of wood, o, u, which strikes at the point u against a table d, b, c, u. This
table is suspended by two chains t, at its superior end, and by two rods at its lower
end. After having been pushed by the piece, o, u, it rebounds to strike against a
block or bracket b. A lever p, g, serves to adjust the inclination of the moveable
table, the pivots g being points of suspension.

l2
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The Btuff to be washed is plaeod in tlio chest a, into which a current of water
runs. The ore, floated onwards by the water, is carried through a sieve on a

small sloping table ac, under
aESSto which is concealed the higher

7^7 ft end of the moveable table

db cu; and it thence fells

on this table, diffusing it-

self uniformly over its sur-

face. The particles deposited

on this table form an oblong

slope upon it ; the successive

percussions that it receives

determine the weightier mat-
ters, and consequently those

richest in metal, to accumu-
late towards its upper end at

u. Now the workman by
means of the lever p, raises

the lower end d a little in

order to preserve the same
degree of inclination to the

surface on which the deposit

is strewed. According as the

substances are swept along by
the water, he is careful to re-

move them from the middle
of the table towards the top,

by means of a wooden rake.

With this intent, he walks on

the table dbcu, where the

sandy sediment has sufficient

consistence to bear him.
When the table is abundantly
charged with the washed ore,

the deposit is divided into

three bands or segments d b,

hc,cu. Each of these bands
is removed separately and
thrown into the particular

heap assigned to it. Every
one of the heaps thus formed
becomes afterw.ards the object

of a boparulc luauipulutiou on a, porcussiou table, but always according to the sanie

procedure. It is sufficient in general to pass twice over this table the matters con-

tained in the heap, proceeding from the superior band c u, in order to obtain a pure
slime ; but the heap proceeding from the intermediate belt b c, requires always a
greater number of manipulations, and the lower band d b still more. These successive

manipulations are so associated that eventually each heap furnishes pure slime, which
is obtained from the superior band c u. As to the lightest particles which the water
sweeps away beyond the lower end of the percussion table, they fall into launders,

whence they are removed to undergo a new manipulation.

Fig. 749 is a profile of a plan which has been advantageously substituted, in the

Hartz, for that part of the preceding apparatus which causes the jolt of the piece o u
against the table dbcti. By means of this

plan, it is easy to vary, according to the circum-
stances of a manipulation always delicate, the
force of percussion which a bar xy, ought to

communiaite by its extremity y. With this

\new a slender piece of wood u is made to slide

in an upright piece, vx, adjusted upon an axis
at V. To the piece u a rod of iron is con-
nected, by means of a hinge z\ this rod is

capable of entering more or less into a case or
•^ sheath in the middle of the piece v x, and of

being stopped at the proper point, by a setscrew which presses against this piece.

If it be wished to increase the force of percussion, we must lower the point z; if

to diminish it, we must raise it. In the first case, the extremity of the piece u, ad-

749

A.
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vances so mucsh further under the cam of the driving shaft t; in the second, it goes

so much less forwards ; thus the adjustment is produced.

The water for washing the ores is sometimes spread in slender streamlets, some-

times in a full body, so as to let two cubic feet esfcape per minute. The number of

shocks communicated per minute, varies from 16 to 36 ; and the table may be pushed

out of its settled position at one time three quarters of an inch, ^it another nearly 8

inches. The coarse ore sand requires in general more water, and greater slope of

table, than the fine and pasty sand.

The following remarks on the Freiberg Shaking Table^ are by Mr. Upfield Green,

formerly of the Wildberg Mines, Prussia. The bed of the table is about fourteen feet

long, by six feet wide, and is formed of double one-inch boards, fastened to a stout

frame. The table is hung by four chains, the two hindermost are generally two feet

long with an inclination of 2 to 4 inches. The two front ones, which are attached

to a roller for the ptirpose of altering the inclination of the table, are five feet six

inches long, and hang perpendicularly when the table is at rest.

The tables receives its action from cams inserted in the axle of a water wheel,

acting on the knee of a bent lever. The slimes after being thoroughly stirred up by
a tormentor, are conveyed by a launder in a box, where they are still further diluted

mth clean water, and passing through a sieve with apertures corresponding to the

size of the grain to be (Pressed, fiow upon an inclined plane furnished with difiusing

buttons, and from thence drip on to the shaking table.

In treating rough slimes the two hindermost chains are set at an inclination of 5 to

6 inches, and the table with an inclination of 4 to 6 inches on its length, makes 36 to

39 pulsations of 5 to 6 inches in length per minute. About 2| cubic feet of diluted

slimes, twelve of clean to one of slime-water, enter the table per minute.

Before commencing the percussive action, the table is covered with a thin layer of

rough slimes, and during the first few minutes only clean water is admitted. In
consequence of the quantity of water and violent motion employed, the smaller and
lighter particles of ore are likely to drift down the table, and a rake is therefore em-
ployed at intervals to reconvey such particles towards the head of the table. Care
must, however, be taken not to allow the water to wear furrows in the deposit. From
two to three hours are usually required for the roughest sand-slimes to deposit four

to five inches on the head of the table. The crops are twice more passed over the

shaking table, and afterwards doUyed. The rapidity of movement and quantity of

clean water increase with each operation. The tails of the first operation, which are

considerably poorer than the original stuff, may be either thrown away, or once more
passed over the table, when the crop will be fit for treatment along with a fresh quan-
tity of original slime. The treatment of fine slimes is similar to that of the rough,

with the exception that the inclination of the table, quantity of slime-water, proportion

of clean water, and length of stroke, constantly decrease with the degree of fineness of
the slime ; and the number of strokes increase in proportion. In fact, for the finest

slimes, the table has no greater inclination than one inch on its whole length, while
the stroke, of which 35 to 45 per minute are made, is no longer than ^ to | an inch.

The time required for dressing varies with the nature of the slime operated on, five

tons of rough slimes occupies sixty-eight hours, whilst the same quantity of very fine

slimes requires no less than four times that period.

Bittenger's Percussion Tables.—The primary olyect intended to be accomplished by
these tables, is the extraction of gold, silver, and other valuable ores from the vein-

stuff with which they may be associated.

Fiffs. 750, 751, represent front elevation and plan of two tables in one frame,
divided by the strip s ; these tables are suspended by rods from the points o, in such
manner that they represent an inclined plane, the upper or higher end being at m n.

The sand and water, after passing through the sizing trommel x, is suppHed to the
tables at 1 1, the other places z^ and z^ being for the admission of water only. As the
tables are suspended from four points, they are free to oscillate in one direction, that
is, at right angles to the direction of their inclination. The oscillation is produced
by a cam wheel acting upon the end of the beam a, upon which the table is mounted,
the cam pushing it in one direction, and a spring bringing it back with a sharp blow,
when the cam catches it, and a quick succession of blows is the result. It will thus
be seen that the stuff under treatment is subjected to two forces, the one being the
stream of water tending to wash the particles to the bottom of the table, the other
being the blow, to bring the ores over to the ridges s s'. The effect of these com-
bined forces is to induce the heavier or metallic particles to describe in their descent
curvilinear lines, the light materials suspended in the water reaching the bottom
of the table much quicker, and being less acted upon by the side blows, describe the
shorter line r r', and leave the table almost in a straight line from the feeding plane
I and I,
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The tables are mounted on a rectangiilar frame, to which algo is fixed the transverse

beam which receives the blow. The surfaces of the table are planed as smooth ag

750

possible, and are framed in and divided by the strips s. Each table is about 8 feet

long by 4 feet wide.

At the lower end of the tables are openings, /, /*, Z^, /', under which are three

parallel launders, which receive the stuff from the respective divisions of the table,

the launder t receiving the clean mineral, the launder v a mixture of ore and waste,

and the launder e the waste. To obtain successful results fix)m these tables, care

761

n u
must be taken that the surfaces are perfectly smooth, and that in the direction of the

blows they are set so as to be quite horizontal.
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The stamp work must not flow on a feeding board above a foot in "width.

The length of stroke and number of blows vary according to the stuflf to be treated ;

the coarser the material, the longer, stronger, and fewer blows are necessary. The
quantity of water containing mineral in suspension, to be fed on a single table,

is of coarse stuff 1*2 gallon, containing 4 pounds of sand and of slimes, three-

quarters of a gallon of water, containing about 13 ounces of sand in suspension.

The action of these tables is precisely that of the vanning shovel ; and any ore

which can be cleaned upon the shovel can be dressed in a superior manner upon the

table.

Two tables, making 120 blows per minute, require to be driven by a 16-feet water-

wheel, and 50 gallons of water per minute. Each additional table will take 30 gallons

of water per minute to drive it.

The shaking table shown in fig, 752 has the merit of being extremely light, re-

quiring little power, and of performing its work in a highly satisfactory manner.
A, table swung by chains, b b', its width being 3 feet and length 12 feet. A greater

or less inclination is given to the table by raising or lowering the screws C c/. At the

upper end of the table is a buffer, d, which acts against a counter-buffer, b. A sliding

bar, F, is also fitted between the table and percussion lever g. This lever is struck

by cams fitted on the axis h, driven by the runner j. The slimes to be treated

flow into the cistern k, 30 inches long, 13 inches wide, and 18 inches deep. Into
this box a tormentor is introduced for the purpose of breaking up the slimes. The
bottom is fitted with a launder l, 7 inches long and 5 inches wide. From this laundei
proceeds a head-board m, expanded to the width of the table, and fitted with buttons,

for the purpose of dispersing the slimes equally on the head of the table.

About five tons of rough slime are enriched per day on four tables, whilst from
nine to ten tons of enriched slime are despatched in a similar period.

Sleeping Tables.—Figs. 753, 754 represent a set of sleeping tables. Fig. 753 is the
plan, and fig. 754 a vertical section. The ores, reduced to a sand by stamps, pass into

a series of launders, a a, b b, c c, which form three successive runs below the level

of the floor of the works. The sand taken out of these launders is thrown into the

cells q; whence they are transferred into the trough e, and water is run upon them
by turning two stop-cocks for each

trough. The sand thus difiused 753

upon each table, runs off with the

water by a groove /, comes upon a
sieve h, and spreads itself upon the

board q, and thence falls upon the

sleeping table i Jk. The under sur-

face k of this chest, is pierced with
holes, which may be stopped at plea-

sure with wooden plugs. There is a
launder m, at the lower end of each
table to catch the light particles

carried off by the water out of the

chest i Jc, through the holes properly
opened, while the denser parts are deposited upon the bottom of the chest A general

launder n, passes across at the foot of the tables i k, and receives the refuse of the

washing operations.

In certain mines of the Hartz, sweeping tables are employed. The whole of the

process consists in letting flow, over the sloping table, in successive currents, water
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charged with the ore, which is deposited at a less or greater distance, as also pure
water for the purpose of washing the deposited ore, afterwards carried oflf by moans

of this operation.

At the upper end of those sweeping
tables, the matters for washing are agi-

tated in a chest, by a small wheel with
vanes, or flap-boards. The launder of
the muddy waters opens above a little

table or shelf; the launder of pure
water, which adjoins the preceding,

opens below it. At the lower part
of each of these tables, there is a trans-

verso slit, covered by a small flap with
hinges, opening outwardly; by falling

tack towards the foot of the table. The water spreading over the table, may at

pleasure be lot into this slit, by raising a bit of leather which is nailed to the table, so

as to cover the small flap when it is in the shut position ; but when this is opened,

the piece of leather then hangs down into it. Otherwise the water may be allowed

to pass freely above the leather when the flap is closed. The same thing may be done
with a similar opening placed above the launder. By means of these two slits, two
distinct qualities of slime may be obtained, which are deposited into two distinct

canals. The refuse of the operation is turned into another launder, and after-

wards into ulterior reservoirs, whence it is lifted out to undergo a new washing.

BruntorCs Machine.—This apparatus is adapted for the concentration of ore con-

tained in very fine slimes.

The small water-wheel, shown in fig. 765, is sufficient to drive six of these

Wx^-U -

machines, viz. three on each side. Before the stuff is permitted to enter upon the

rotating cloth, it is disintegrated, and passed through a sizing trommel ; it then

flows over the head or dispersing board l, on to the cloth. This cloth rotates

towards the stream on two axles, n and m, and is supported by a third roller n. It

is also stiffened in its width by numerous laths of wood. Clean water is introduced

behind the entrance of the slime, in order to give it the proper consistency. Different

degrees of inclination are given to the cloth by raising or lowering the roller m, by means
of the screw k. The heavier particles lodged on the cloth are caught in the waggon e,

whilst the light matter is floated over the roller m.

One revolution of the cloth is made in 4^ minutes ; its length is about 29 i feet, so

that the speed is 6^ feet per minute. The width of the cloth is 4 feet 2 inches.

Before the slime comes upon the cloth, it is reduced to a size of ith of an inch, and
yields an average of 1^ per cent, of copper; but by means of this machine the stuff is

concentrated so as to afford 5 per cent. In ten hours it will clean 1^ ton. The speed

of the cloth must, however, bo varied with the condition of the stuff; if it be very

poor, the cloth must travel very much slower, since the enrichment requires a longer

period of time.

At the end of the machine, and worked by the same water-wheel, is a dolly tub

:

but the dimensions and mode of working this apparatus are fully stated at page 154.

Bradford's Slime Apparatus, fig. 756, is intended to imitate that of the vanning
shovel. The slime enters by the launder a, about 5 inches wide, and descends on
the inclined head a', which expands from the width of the launder to within a few
inches of the width of the table frame v. The slime box a" is perforated at d with
numerous holes, each of which is fitted with small regulating pins.

The table b n is 2 feet 2 inches wide, and 2 feet 10 inches long, with bottom formed

of sheet copper. It is suspended by the vertical rods k, k, and varying degrees of
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inclination are given to the table by altering the levers h h. For he purpose of

quickening or decreasing the action of the table two cones are employed l l', upon

which tho driving band is shifted as may be

necessary. A band from a runner, fitted on

the axis of the cone i,, communicates motion

to a pulley wheel m, upon the shaft of which

are cranks attached to connecting rods o,

giving motion to the table.

When the machine is in operation, the ore

flows over at f, into the laimder baneath it,

whilst tho waste is carried over the opposite

end into the trough e.

Professor B. Silliman and Mr. J. D.

"Whitney give the following particulars of

results results realised by this machine :

—

The total " weight of ore stuif dressed

during 122 days was 11,948,900 lbs. of rock

stamped and crushed, or 5,080 tons miners'

weight.

The total ore sold from this quantity of

stuff was 128 gross tons (2,352 lbs.), or

2^ per cent, of the stuff worked over. By
the Captain's vans the average richness of

the stamp work (forming much the larger part

of what goes to the separators) for 22 weeks

was 2"32 per cent. The humid assay of the

average work from the stamps for five weeks

in July and August gave for the richness

of the stuff dressed on the separators 3'28

per cent, of ore, or 0*984 per cent, of

metallic copper. There is, therefore, an

apparent loss in the tailings of^ per cent,

of 30 per cent, ore, or ^ of copper. The
amount of ore, however, lost in the tailings

does not exceed ^ to ^ per cent., or about

^ per cent, of copper. The actual products

of working, therefore, as may be seen, exceed

for the machines the average richness of tho

Captain's vans.

Of the total ore produced in this time,/

181,126 lbs. came from the separators,

and 160,858 lbs. from the jiggers. The whole amount of stuff, therefore, required

to produced this amount of ore, estimated from the above ratio (1*15 : 1) is

768,680 lbs. This may be taken approximately as the actual quantity which passed

over the separators, and if calculated on the Captain's vans, it should have produced

177,961 lbs. of ore, while in fact it did produce 181,126 lbs., or a variation in excess

for the machines of only 3,210 lbs. Each of the separators, therefore, dresses about

1^ ton of rock daily, of stuff yielding an average of 2-5 per cent, of 30 per cent,

ore.

JDolli/ Tub or TacJcing Kieve.—This apparatus is employed for the purpose of exclud-

ing fine refuse from slime ore, which has been rendered nearly pure by previous

mechanical treatment. In using it the workmen proceed thus :

—

The kieve Jiff. 757, is filled to a certain height with water, and the dolly A intro-

duced. A couple of men then take hold of the handle b, and turning it rapidly, cause

the water to assume a circular motion. The tossing is then commenced by shovelling

in the slime until the water is rendered somewhat thick. After continuing the stirring

for a short period, the hasps e e are loosed, and the bar d with the dolly are suddenly

withdrawn. The tub is then packed by striking its outside with heavy wooden mallets.

When this operation is terminated, the water is drawn off through plug-holes in the
Bide of the tub.

The object of the rotatory motion created by the dolly is to scour off clayey or
other matter adhering to the ore, whilst the packing hastens the subsidence of
the denser portions. In one portion of this kind four distinct strata may be procured,
as indicated by the lines ab, c d, efg, he k, infig. 758.
The upper portion, viz., from a to b, will probably have to be set aside for further

washing, whilst the slime c should be fit for market. The conical nucleus in the
centre of the tub generally consists of coarse sand, and is usually further enriched on
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6 copper bottom sieve, or else submitted to the action of a tyo, or other suitable

apparatus.

757 Bl

768

Machine DoUy Tub.—This tub, fig. 759, is packed by machinery represented in the
accompanying woodcut, in which a is a small water-wheel, working a vertical shaft

B, and driving another shaft o. At the bottom of this is fixed a notched wheel d, which
presses outwardly the hammers e e ; these are mounted upon iron bars f f*, and
violently driven upon the side of the kieve by means of springs a q'.

/

J - ^-^

The degree to which ore can be concentrated by dollying must evidently depend

upon several conditions :— 1st. The initial percentage of the ore. 2nd. The con-

dition to which it is reduced. 3rd. The matrix with which it is associated. 4th.

The proportion of water employed. And lastly, if the rotation and packing have been

judiciously performed. An experiment upon some sand slime lead ore, much inter-

mixed with fine carbonate of iron, gave the following results :

—

Introduced into dolly tub, 17 cwts., assayed, 48 per cent

Time required to introduce stuff .... 6 minutes.

Dolly rotated 6 „

Dolly withdrawn

—

Tub packed 6 »»

Kunning off water 6 m

Skimming and cleaning out tub 20 „

Total . . .42
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Top skimminga
Second .

Glean ore, middles

,, bottom

4 cwts., assayed . 20 per cent.

H . 46

5h . . 65 „

4i . . 67i „

Fine Slime . . M
Total . 17

It may be remarked, that none of the various processes of dressing is more satis-

factory than that of dollying, since, if carefully conducted, little or no loss of the

total quantity of ore can occur.

Vanning is a method commonly practised by the tin-dressers of Cornwall and Devon-

shire, by which they ascertain approximately the richness and properties of the ore

to be treated. If the object be to determine the value of a pile of stuff, it is care-

fully divided, then sampled, and a portion, say a couple of ounces, given to the

vanner. If the stuff thus given should be rough, it is reduced to the tenure of fine

sand, and in this state put upon the vanning shovel. The operator now resorts to a

cistern or stream of water, and by frequently dipping the shovel into it, and impart-

ing to the shovel when withdrawn a kind of irregular circular motion, he succeeds

in getting rid of a greater or less portion of the waste : that which remains on the

shovel is then considered equal to dressed work and assayed. So accurately, is this

operation performed by many of the tinners, that parcels containing only fifteen

pounds of tin ore per ton of stuff, are sold by it to the mutual satisfe^tion of both

buyer and seller.

The vanning process is also weU adapted for determining the properties of an
ore. If, by this method, vein-stuff should withstand concentration, no machinery is

likely to dress it. If also the loss of ore is found great, then the apparatus to be
employed for effecting the enrichment will have to be carefuUy considered and con-

structed.

Fig. 760. The vanning shovel A, is 14 inches long, and 13 inches wide at the

top, the edge of which is slightly turned up. The shovel is also formed with a
hollow or depression. The handle is about 4 feet long. The vanning cistern is

shown at b.

Hushing.—It often occurs, that the water employed on the dressing floors makes
its escape below the refuse or waste heaps. This may be used for the purpose of

hushing, which operation is performed in the following manner. The husher diverts

the escape water into a rivulet and introduces a given quantity of waste. He then

builds a dam or reservoir, with a door or trap valve at the high end, in order to collect

the necessary water for hushing, and puts aside all the large stones lying in the

middle of the hush gutter in order to form them into a waU. After this, he starts his

hush by lifting the door of the dam, which slides in a wooden frame adapted for that

purpose.

This allows the water to rush out, and displaces the waste to a certain depth, at the

same time driving it forward.

If the hush has bared or uncovered a further quantity of large stones in the

middle of the gutter, they are a^ain removed to one side, since they would retard the
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force and action of the water. When those impediments are removed, the water is

repeatedly discharged from the reservoir until the waste is hushed oiF the ore, which
is found lying in holes, and around earth and fast stones, in the bed of the rivulet.

A clay bottom is found to be most favourable for hushing, and the velocity and
power of the stream should be proportioned to the size and density of the waste to bo

treated.

FOEWAEDING AND LIFTING APPARATUS.

Besides the machinery required for the enrichment of ores, it is a matter of great

importance to introduce such auxiliary arrangements as shall not only facilitate actual

dressing, but also be in themselves somewhat inexpensive. In this division, as in

every other, the means should be strictly adapted to the end, and ought not to bear
a cost disproportionate either to the circumstances or prospective advantages of an
undertaking.

The shovel, fig. 761, usually employed in British mines is of triangular shape, and
made of good hammered iron pointed with steel. The dimensions vary, but one of

an average size is about 11 inches wide at the top, and 13 inches from the point to

the shank, weight 4 pounds, and costs one shilling ; to which must be added, five

pence for the hilt, or handle. The hilt should be of ash, free from knots and slightly

curved,

761 762

Picking Boxes, fig. 762, are employed for the purpose of collecting the prill and
dradge ore from the stuff with which it may be mechanically intermixed. These boxes
or trays are handled by children. They are made of deal, 1 inch thick, of the fol-

lowing dimensions : Length, 16 inches ; depth, 7 inches ; width at bottom, 7 inches

;

•width at top, 10 inches ; and cost about Is. Zd. each. A ledge of wood to servo as a
handle is sometimes nailed to the ends of the box.

Wheel-harrow.—The sides, ends, and bottom, are composed of deal \\ inch thick.

The ends are mortised to the sides, whilst the bottom is generally fastened by means
of nails, and bound with slips of hoop iron at the angles. Hoop iron is also employed
to protect the upper edges of the barrow. The wheel is often made of wrought iron,

(I round) and 14 inches diameter. Its axes rotate in wrought-iron ears. The extreme
length of the sides of a well-proportioned barrow is 60 inches, depth at centre 9
inches ; the ends are inclined as shown in the fi^. 763. The cost of a barrow with
wrought-iron wheel complete, will vary from 6s. Qd. to Is,

Hand Barrow.—When large quantities of stuff have to be removed from place to

place on the surface, and where it would be inconvenient to use the wheel-barrow, a

barrow having handles at both ends is employed

(Jig. 764). It is made of deal x)lank 1^ inch thick
;

the length of the sides is 6 feet 6 inches ; deptli in

centre, 9 inches; width, 18 inches at top and 10

inches at bottom; length, 24 inches at top and 18

inches at bottom ; cost complete about 4s. Qd.

Bailroads.—The gauge of surface roads varies from

16 inches to 2 feet 6 inches within the rails. In-

stead of manufactured rails, common flat wrought
iron, 2^ inches wide and ^ inch thick, is oftentimes

employed. An extremely serviceable rail is formed

of a strip of timber 2 inches squfire, upon which is

laid wrought-iron, IJ inch wide and \ inch thick,

fastened by means of nails or screws.

Tram Waggon and Tum-tahle,—A tram wag-
gon and turn-table is shown fig. 765. The waggon

built of wrought iron, with cast-iron wheels. The latter are usually 12 inches diameter.
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with flanges 1 inch deep and tires from 2 to 3 inches wide. The turn table is of cast

iron. It does not rotate, but the waggon is easily directed to either line of rail by

means of the circidar ring : the elliptical loops in advance serving to guide and

place the wheels on the rails.

luting Apparatus.—It sometimes happens that the surface is nearly level, and

affords very little natural fall. In such case the enrichment of ores becomes more
expensive from the necessity of shifting some of the various products by manual
labour, and of introducing l&.ing appliances in order to procure the requisite eleva-

tions for carrying out the various elaborative processes. It is, moreover, scarcely

practicable from the conformation of the ground to form useful reservoirs of water

within a reasonable distance ; neither does it commonly occur in such cases that a
free supply can be obtained for washing.

The pumping engine is therefore required to furnish the requisite quantity of water.

This is generally conveyed over the floors by wood launders, often interfering with

each other and obstructing the direct circulation of

carts, railways, &c. Now if a stand-pipe or pressure

column were erected at the engine, and a main judiciously

laid throughout the floors, it is obvious that it would not

only remedy this evil, but also afford water for the several

washing purposes, as well as motive power for common,
dash, or other wheels, together with turbines, flap

jacks, &c.

When an inconsiderable proportion of water has only

to be raised to a higher level the common shoe or chain-

pump will be found to render effective service ; but when
a larger stream is requisite it would be better to employ
the rotatory pump. This pump, fig. 766, has been brought

to great perfection by Messrs. Gwynne. a is the suction-

pipe, and B the discharge, the dotted lines showing the

discharge b, horizontal when required.

Pumps of the following dimensions are stated to raise and discharge per minute for

medium lifts, say from 10 to 30 feet high :

—

Diameter of Diameter of Gallons of
discharge-pipe. suction-pipe. water per minute.

\\ inch. 2 inches. 25
3 inches. 4 70
4 „ 5 »» 150
5 „ 6 » 300
6 „ 7 600
7 „ 8 » 1400

Stuff consisting of slimes and sand may be readily elevated by means of a Jacob's

ladder or the Archimedean screw. For short elevations, combined water and raflf

wheels may be advantageously employed.

A

Fig. 767, A, water-wheel ; B, raff or inverted wheel ; c, axis of both raflf and wat.er

"Wheels, carrying a tooth driving wheel ; d, sizing trommel ; e, launder for inlet of



158 DRESSING OF ORES

stuff; F, discharge launder ; g, shoot delivering water and raflf to launder h ; k,
cistern receiving slime from trommel.

Slime Pits.—In the several operations of cleansing ores from mud, in grinding, and
washing, where a stream of water is used it is impossible to prevent some of the finely
divided portions floating in the water from being carried off with it. Slime pits or
labyrintlis, called huddle holes in Derbyshire, are employed to collect fine sand and
slime at a little distance from the place of agitation.

Settling Pits.—The slime pits shown in section fig. 768 and plan fig. 769 are con-
structed on the principle of the Classifier. The viscid water from the jiggers and
buddies, takes the direction of the arrows. The stuff deposited in such a system of
pits, will gradually vary from a maximum degree of coarseness at the head of the first

pit, to the least degree of fineness at the end of the fourth pit. Should the water
•flowing into the pits be moderately charged with ore, the latter will be found mostly
at the narrow ends, and may therefore be readily collected for mechanical enrichment.
For the purpose of running off the pits, a side gullet is constructed which is in com-
munication by means of iron slides, one to each pit. The aggregate length of the pits
is 40 feet, width 31 feet, width of dividing walls 2 feet, depth of pit 4 feet. The

768

content of each pit is about 400 cubic feet. Settling pits may also be constructed on
the principle of the long classifier ; the object in this, as well as in the case illustrated,

being to effect an uniform distribution and classification of the slimes.

Dry Separation of Ores. Considerable attention has been given by various engineers
both in Europe and America to the subject of separating ores by the dry or pneumatic
method—theoretically the separation of grains of equal volume and of different

densities would not seem to be a difl&cult matter. But practically there are two or
three conditions which militate against success ; as, for instance, the grains require to

be accurately sized, and free from moisture, whilst if air jigging be attempted the
feed to the sieve must bo altogether uniform, and the bed such as to offer an equal
resistance throughout the whole of its surface. In countries where the climate is

both dry and hot, water scarce, carriage heavy, and mineral abundant, it is just
probable that pneumatic separation might be resorted to with partial satisfaction. K
the ores were crushed and sized, then exposed to the effects of a current of air, the
lighter grains would naturally be ejected to a greater distance than the heavier ones

;

but it may be assumed beforehand that most of the grains composed of gangue
and ore would be grouped together, and that the loss on such a mode of concentration

would be very heavy.

Magnetic Separation of Ores. When ores and vein-stones are nearly of the same
density, their separation by water dressing is almost impracticable or necessarily very
slow. Further, the value of such ores is greatly diminished both by the cost of en-

richment and the comparatively low percentage of the dressed product.

Becently Mr. F. J. King of London has found that carbonate and sulphide of iron,

as well as copper pyrites are rendered magnetic by simply heating these ores in

a retort or calciner. Carbonate of iron, parting with carbonic acid, is converted into a
magnetic oxide of iron, whilst iron and copper pyrites, each yielding up one atom of

sulphur becomes magnetic pyrites. In order to apply this important fact to the
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treatment of ores, Mr. King has designed a suitable retort and magnetic machine, and

sepairates blende from carbonate of iron, copper pyrites from blende, and any mixture

of ores in which one portion can be rendered magnetic, first getting rid of the lighter

gangues by water dressing.

Calcining Ores. In Taylor's ' Eecords of Mining ' published in 1829, a description

and drawing of Brunton's continuous calciner is given. This apparatus has long

been used at various mines in Cornwall for getting rid of arsenic, sulphur and other

impurities with which tin-stuff is sometimes associated. The table is about 12 feet

diameter, and makes from six to eight revolutions per hour, the stuff being introduced

at the centre, and discharged at a point on the periphery of the table. Oxland and
Hocking's calciner is now adopted at several mines, and consists of a trommel

mounted on carrier wheels, about three feet inside diameter and 32 feet long, with a
fall of 1 in 16 or 1 in 24, according to the size and nature of the stuff to be treated.

The inside of this trommel is lined with fire-brick, the fire-place being at one end, and

a feed-screw at the other. The calcination is performed by the heat generated in the

fire-place passing through the cylinder. The cylinder makes from six to eight

revolutions per hour. Inside of the cylinder, for about two-thirds of its length from

the fire-place, are four longitudinal ledges, as in a mortar mill, for the purpose of

turning over the stuff.

The time necessary for passing a chaise from the entrance to the exit point in the

trommel varies from three to six hours.

From the calciners the stuff is taken to various dressing machines, and sufficiently

concentrated for the smelting furnace.

Other continuous calciners are in use, some for the purpose of producing sulphurous

vapours to form sulphuric acid, such as Gerstenhofer and Hasenclever, and which
doubtless admit of ready application to the treatment of tin ores.

The machinery requisite for the enrichment of distinct classes of ore cannot well be
grouped within the limits of a specification. The quantity of stuff to be disposed of

within a given period, the value of the ore, the character of the vein-stone, the difference

of density between one substance and another, the price of labour, together with any
other direct or collateral feature, must carefully be considered. But in most cases,

the machines enumerated in the following list may be successfully applied for the

purposes stated :

—

Eedtjcing Macheneet.

1. Stone-breakers

2. Crushing mill

3. Disintegrators

4. Edge runners, horizon

tal mills, and pulver

izers

.

d. Stamps

For reducing to fragments all hard and non-elastic stuff,

for the cobbing process, crusher, stamps, and disinte-

grator.

For reducing to grains stuff for the hand-pickers, jiggers,

and buddies.

For producing sand for jiggers or buddies.

For reducing dradge grains for treatment on buddies and
tables.

For reducing stuff for treatment in fine sand jiggers,

buddies, or tables.

1. Kilns .

2. Wash Trommels

"Washing Appaeatus.

For disintegrating and freeing vein-stone, in order to
reader it suitable for hand picking, cobbing, stone-
breaker and crusher, also partly for the sizing tronamels
and jiggers.

Ditto.

Sizing and Classifying Appaeatus.

1. Trommels

2. Single ^ and divisional'

classifiers, ascending
columns, dividing
cones, and pyramidal
boxes ,

1. Rotatory separator

For sizing stuff, sometimes for hand picking, but chiefly

for coarse and fine sand jiggers.

^For classifying stuff for fine sand jiggers, buddies and
tables.

CONCENTBATOES.

For freeing sand from slime, and partly classifying the
sand for jiggers or buddies.
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2. Jiggers . . . For getting rid of worthless vein-stuff and increasing the

metallic percentage of the resulting product for subse-

quent treatment.

Sbpakating and EmiiCHiNa Machineby.

1. Rough jiggers .

2. Coarse sand jiggers

3. Fine sand jiggers

4. Slime sand jiggers

For dividing stuff into (1) castaways, (2) orcy stuff,

(3) ore, the stuff ranging in size from 10 mm. to x.

For separating grains from 2 mm. to 10 mm. into (1 ) waste,

(2) orey stuff, (3) ore.

For separating sand from f mm. to 2 mm. into (1) waste,

(2) orey stuff, (3) ore.

For separating sand from mm. to f mm. into (1) waste,

(2) orey stuff, (3) ore.

6. Convex aiid concave \ For separating sand from | mm. to 2 mm. into (1) waste,
buddies . . . J (2) orey stuff, (3) ore.

6. Side and end blow ^ For separating sand from mm. to f mm. into (1) waste,
tables . . .J (2) orey stuff, (3) ore.

7. Brunton and slime 1 For separating sand from mm. to ^ mm. into (1) waste,
tables . . .J (2) orey stuff, (3) ore.

Getieral Table relating to Ore Dressing Machines.

Approximate Approximate Gallons of water
quantity worked horse-power required per

per 10 honrs required minute

cwts.

Rotating picking table . 200 %
„ „ ^

band 150 ^
Common skimming jigger, coarse stuff 2^1 .§

1
u-

„ „ „ fine »> 2 ri 1^
Kember's continuous jigger 20

1 i 15
Continuous coarse sand jigger 15

• o
i 20

fine 8 to 10 i i 18

„ sand slime „ 5 „ 6 J t-t 15
Round huddle . variable Zi

^0
Concave buddle . variable

Side blow table . 100 ? 14

End „ „ . . . 100 i 7

Dead frames

In the year 1857, Herr Von Sparre, of Eisleben, Prussia, patented four machines
for separating substances of different specific gravities, in all of which water is em-
ployed, either as a medium through which the said substances fall under the action

of gravity, or as an agent for facilitating the motion of portions of the said substances
along inclined surfaces. The particulars, together with illustrations, will be found in

Patent No. 1405 for the year 1857.

The mechanical preparation of tin and copper ores has from time to time been
noticed by several writers. In 1758 Borlase described the method employed in the
west of Cornwall. Twenty years later. Price, in his Mineralogia, added to Borlase's

description, and illustrated some of the apparatus then in use. Afterwards Dr. Boase
published, in the second volume of the Transactions of the Geological Society of Corn-

wall, an article upon the dressing of tin in St. Just. In volume four, Mr. W. Jory
Henwood inserted a paper on dressing ; and some general remarks will bo found on
the subject in De la Beche's Report on the Geology of Cornwall. The enrichment of

lead ores has been noticed by Forster, in his Section of Mineral Strata ; also by
Warington W. Smyth, in his memoir On the Mines of Cardiganshire, in the second

volume of the Memoirs of the Geological Survey of Great Britain. In 1858, Mr.
James Henderson presented a paper to the Institution of Civil Engineers 'on the

Methods generally adopted in Cornwall in Dressing Tin and Copper Ores,' to which we
are indebted for some of our illustrations. In the ' Proceedings of Mechanical Engi-

neers, 1873,' will bo found valuable papers on the ' Mechanical Appliances for Dressing

Tin and Copper Ore,' by Mr. Henry T. Ferguson, and on the • Tin Stream Works in

Restronquet Creek,' by Mr. Charles D. Taylor.

In France, Dufrenoy, Elie do Beaumont, Coste, Perdonnct, Iluot and Geyler, and
Moissenet have treated on the mechanical enrichment of copper, tin, and lead ores.

The latter gentlomau has frequently visited this country, and given the results of his
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observations in a highly interesting memoir, entitled Preparation du Miniral d'Etain

duns Ic Cornwall, and also in the Annales des Mines, tome ix. 1866. But it is to

Germany we must look for an exhaustive literature on the Dressing of Ores, and ma-
chinery employed therein. In 1867, 1870, and 1873, Von Rittinger's Lehrbuch der

Aufbereitungskunde appeared, with an atlas, containing forty-nine plates. In 1872

Die Avfbereitung, by M. F. Gaetzschmann, with an atlas of sixty-six plates, was pub-

lished. In addition Hundt of Siegen, Neuerberg of Kalk, Cologne, Utsch of Iserlohn,

Hoffmann of Lohmansfeld, Max Braun of Altenberg, and many others have promoted

the science and art of Dressing. In England there are hopeful signs that the subject

will be deemed worthy the attention of Mine Engineers. Continuous machinery is in

operation at several mines, and its use somewhat extending. In South Australia

Hancock has successfully applied himself to the subject of continuous Dressing;

while in America the mechanical enrichment of minerals will necessarily command
much consideration. Too much attention cannot be given to this section of mining

economics ; for with the increasing production of ores, especially of ores of low pro-

duce, and the ill-adapted machinery oftentimes employed, the loss in concentrating

them is an item of most serious moment.
In this paper we have included those machines which have been long employed in

our metalliferous mines,—many of them having been proved by experience to be

most economical,—together with such of the modern introductions as appear to

promise the most advantage, and some suggestions which cannot but be valuable,

since the principles involved are founded upon the universal laws of gravitation,

as applied to solids and fluids in motion.

It is not essential to describe the dressing routine observable in a particular mine,

since it is scarcely possible to observe the same system in any two distinct concerns.

In the various modes of treatment, however, it may be remarked that the two leading

features will always be reduction to a proper size and separation of the ore from the

refuse. Until the vein-stuff arrives at the crusher or stamps, the labour is chiefly one

of picking and selecting ; but from these machines usually commence a long series of

divisions, subdivisions, selections, and rejections. To follow these out in their various

ramifications wotdd not only exceed the limits of this paper, but would perhaps be
misunderstood by those not intimately acquainted with the subject.—J. D.
SRUGGET is a coarse, but rather slight, woollen fabric, used for covering carpets,

and as an article of clothing by females of the poorer classes.

The manufacture of druggets of various kinds has been of late years considerably

improved ; and carpets, many of them handsomely figured, are now found in common
use.

DRUXD-STOirES. Masses of quartzose rock scattered as loose blocks over the

Chalk downs in the south of England, and known vaiously as Druid-stones, Sarsen-

stones, and Greyweathers.

BRTTSE. A mineralogical term, signifying a hollow space in veins of ore or in

rocks, which is lined with crystals. A driisy cavity is one covered with crystals.

DRT BOSTE. A term sometimes applied by American miners to calamine or

carbonate of zinc.

BRY* GRZIO'BXM'G. The practice of employing dry stones has been long adopted
for the purpose of quickening the processes of sharpening and polishing steel goods.

The dry dust from the sand-stone, mixed with the fine particles of steel, being inhaled

by the workmen, produces diseases of the pulmonary organs to such an extent, that

needle and fork grinders are reported rarely to live beyond the ages of twenty-five or

thirty.

Mr. Abraham, of Sheffield, first invented magnetic guards, which, being placed

close to the grindstone, attracted the particles of steel, and thus protected the men
from their influences. Still they suffered from the effects of the fine sand-dust, and
the grinders heedlessly abandoned the use of them altogether.

Mr. Abraham de^^sed another plan, which is employed, although only partially, in

the Sheffield works. The grindstone is enclosed in a wooden case, which only ex-

poses a portion of the edge of the stone ; a horizontal tube proceeds at a tangent from
the upper surface of the circle to the external atmosphere. The current of air gene-

rated by the stone in rapid revolution, escaping through the tube, carries off with it

nearly all the dust arising from the process. It is curious to find so simple a con-

trivance frequently rejected by the workmen, notwithstanding that sad experience
teaches them, that they are thereby exposing themselves to the influences of an atmo-
sphere which produces slowly but surely their dissolution.

BRTHSTG OXXiS. When oils, especially linseed and nut oils, are boiled with litharge

or oxide of lead, they acquire the property of solidifying or drying quickly on expo-
sure to the atmosphere. These are very useful to the painter, as without them the
pigments with which they are mixed would remain soft. The oxide of lead appears

Vol. II. M
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to establish a state of more easy oxidation in the oils, so that they assume readily the
conditions of a resin.

SRT ROT. This kind of decay in wood is ascribed to the attacks of fungi,

especially to Poh/porns hybridus and ThelepJiora putcana. Tliere is no doubt that,

by the formation of fungus, rot or decay may bo commenced, and continued to a
certain extent ; but there are numerous cases where rot is due to an entirely different

cause—a spontaneous decomposition.
Dry rot differs but little in the causes producing it, or in the result, from "Wet

Rot. They are botli alike the effect of the conversion of the carbon of wood into

carbonic acid, and its hydrogen into water. The process is again the same as that
by M'hich wood is converted into humus, and into brown-coal. Mayer gives the
analysis of oak wood, and of humus produced from it, as follows :

—

Oak wood. • Humus.

Carbon 5253 48-32

Hydrogen . .... 5*27 4-57

Oxygen 42-20 36-58

In this change, 7 '73 per cent, of carbonic acid and 2-8 per cent, of carburetted
hydrogen are disengaged.

The examination of the decay of wood, and its conversion into the brown powder
(humus) which marks rottenness, shows that the change is almost entirely dependent
on the absorption of oxygen. The decrease in the volume of wood during its decay is

difficult to account for, unless we suppose, which is probable, that as much escapes in

the form of carburetted hydrogen as there does of carbonic acid and water.

Hollow trees are sometimes met with, whose wood is entirely decayed away,
nothing being left but the bark, and a quantity of pulverulent wood, which is altogether

disproportionate to the hollow space. In most cases, likewise, the cavity extends so

far below the lateral opening in the trunk that we cannot suppose the decayed wood
to have been washed away by rain, at least, not during the last stages of the change.

It is, therefore, yQvj desirable that continued careful observations should be made
with regard to this point. On the other hand, the slight loss of substance by the

wood during the first stages of its decomposition, explains why the alteration of

wooden piles under water appears to have taken place without any diminution of

volume. If, indeed, besides this, inorganic substances—for instance, silica—should be
introduced into the place of the organic constituents separated, it would not be

difficult to account for the increased firmness and density presented by wood which
has remained for some time under water. It has been seen that the conversion of

ligneous fibre into a pulverulent substance, and into humus, admits of adequate ex-

planation by means of the three cases mentioned above, and, what is especially

important, that it may be supposed to take place independently of external oxygen.

The formation of carbonic acid is, then, during the first stages of the decomposition,

either extremely small or altogether wanting. The change commences with tlie

separation of oxygen and hydrogen in the form of water, and the separation of

oxygen and carbon, as carbonic acid, does not commence xintil a later period. It is,

likewise, probable, that at a still later period carbon and hydrogen are separated in

the form of carburetted hydrogen.
The remedy for dry rot is the use of such substances as will, when penetrating the

wood, combine witli its albuminous matter, and solidify it. Hence corrosive subli-

mate, sulphate cf copper, and arsenic acid have beenfound to be excellent preserva-

tives. Where they can be applied, nitric acid and sulphuric acid are very advan-
tageous, especially where the growth of fungi is the cause of rot, or when vegetation

has followed the decomposition, as it not unfrequently does. See Wood Preservino.
BXTAXiZZrE. A sawdust gunpowder impregnated with nitroglycerine. It re-

sembles dynamite in most respects, but is not equal to it. See Dynamite ; Explo-
sive Compounds.
Sircx:. {DuJc, a cloth, Swedish ; Tiich, Ger.) A coarse cloth, a light sort of

canvas. It is used for common articles of apparel, for small sails, and the like.

BUCTIUTY {Strcckharkcit, Ger.) is the property of being drawn out in length

without breaking, possessed in a pre-eminent degree by gold and silver, as also by
many other metals, by glass in the liquid stite, and l)y many semifluid, resinous, and
gummy substances. The spider and the silkworm exhibit the finest natural exercise

of ductility upon the peculiar viscid secretions from which they spin their threads.

When a body can bo readily extended in all directions under the hammer, it is said

to be malleable, and when into fillets under the rolling press, it is said to belaminablo.

There appears to be therefore a real difference between ductility and malleability
;

for the metals which draw into the finest wire are not those which afford the thinnest

leaves under the hammer or in the rolling press. Of tliis fact iron affords a good
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illustration. Among the metals permanent in the air, 17 are ductile and 16 are brittle.

But the most ductile cannot be wire-drawn or laminated to any considerable extent

without being annealed from time to time during the progress of the extension, or

rather the sliding of the particles alongside of each other, so as to loosen their lateral

cohesion. See Malleability.

Table of the Ductility and Malleahility of Metals •

Ductile and malleable Metals in the order of Metals in the order of

metals in alphabetical
order

Brittle metals in

alphabetical order
their ^\ire-drawing

ductility
their laminable

ductmty

Cadmium Antimony Gold Gold
Copper Arsenic Silver Silver

Gold Bismuth Platinum Copper
Iron Cerium Iron Tin
Iridium Chromium Copper Platinum
Lead Cobalt Zinc Lead
Magnesium Columbium Tin Zinc

Mercury Iridium Lead Iron

Nickel Manganese Nickel Nickel

Osmium Molybdenum Palladium Palladium
Palladium Osmium Cadmium Cadmium
Platinum Ehodium
Potassium Tellurium
Silver Titanium
Sodium Tungsten
Tin Uranium
Zinc

DU&SE. The Blwdymenia palmata. See Alg^.
SITMrss. Low hills of blown sand, which are seen on the coasts of Cheshire and

Cornwall, in this country, and also in many places skirting the shores of Holland and
Spain.

DmrGXlTG, in calico-printing, is the application of a bath of cow-dung, diffused

through hot water, to cotton goods in a particular stage of the manufacture. Dunging
and scouring are commonly alternated, and are two of the most important steps in the
process. See Calico-Peinting.
DTTHrSTOXrE. Magnesian limestones of a dun colour, occurring near Matlock in

Derbyshire.

BUTCH FOZIi, XiEAF, or METAK. A composition of copper and zinc, or of
beaten bronze or of copper leaf. See Alloys ; Bra.ss ; and Beonze Powdees.
DUTCH IiZQUZD. A name given to an oily substance produced by the action

of chlorine on defiant gas. It was discovered at the close of the last century by an
association of Dutch chemists.

BUTCH RUSH. Equisetvm liyemale. This rush is known also as the Large
branchless Horse-tail. The dried stems are much employed for polishing wood and
metal. For this purpose they are generally imported from Holland.
lyXSlirO (Teinture, Ft. ; Fdrberci, Ger.) is the art of imparting to and fixing

upon wool, silk, cotton, linen, hair, and skins any colour, with sufficient tenacity not
to be removed by water or the ordinary usage to which these fibrous bodies are
exposed when worked up into articles of raiment or furniture. We shall here consider
the general principles of the art, referring, for the particular dyes and the manner of
treating the stuffs to be dyed, to the different tinctorial substances in their alphabetical
order.

Dyeing, although altogether a chemical process, and requiring for its correct ex-
planation an acquaintance with the properties of the elementary bodies, and the laws
which regulate their combination, has been practised from the most ancient times,
long before any just views were entertained of the nature of the changes that took
place ; and it is still practised by many who know very little of chemical science :

indeed, like many of the other chemical arts, its practice is often in advance of the
science by which its principles are explainable. The art no doubt originated in that
love of distinction inherent in the human mind, inducing man, for its gratification,
to stain his dress or his skin with the gaudy colours of the vegetable kingdom. The
earliest historical record speaks of coloured garments being worn as marks of dis-
tinction for offices both political and religious, and also as marks of favour. Jacob
gave his favourite son Joseph a coat of many colours, and Moses speaks of a raiment

M 2
.. ^
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dyed blue, and purple, and scarlet, and of sheepskins dyed red, circumstances which
indicate no small degree of tinctorial skill. He enjoins purple stuflFfor the works
of the Tabernacle and the vestments of the high priests.

In the article Calico-Printing it has been shown, from Pliny, that tlio ancient
Egyptians cultivated the art of dyeing witli some degree of scientific precision, since
they knew the use of mordants, or those substances which, though they impart no
colour themselves, yet enable white robes {candida vela) to absorb colouring drugs
{colorem sorbentihus medicamentis).

Tyre, however, was the nation of antiquity which made dyeing one of its chief
occiipations and a staple of its commerce, and it is asserted by all writers iipon the
subject, that the invention of the celebrated purple dye, known as the Tyrian purple
was made in that city, and the king of Phoenicia, being so captivated with the
colour, it is stated that he made it one of his principal ornaments, and it became
afterwards, and continued to be for many centuries, a badge of royalty.
The discovery of the purple dye is said to have been made 1,600 years before the

Christian era. It must have met with a very early and general appreciation, and
rapid commercial progress, as we find that, nine years after the above date, the
Children of Israel, an enslaved people, on their leaving Egypt, had in their possession
large quantities of this dye ; it was extensively used by them, a short time after,

for the furniture of the tabernacle and the vestments of the priests ; and in after

years this dye was always named amongst the valuable spoils of war. That it was the
dress of royalty at a very early period, is indicated by the mention, amongst the
spoils of the Midians collected by the Israelites, of the purple garments worn by their

kings.

The juice employed for communicating this dye was obtained from two different

kinds of shell-fish, described by Pliny under the names of Purpura and JBiiccinum
;

being extracted from a small vessel, or sac, in their throats, to the amount of only
one drop from each animal, A darker and inferior colour was also procured by
crushing the whole substance of the buccinum. A certain quantity of the juice col-

lected from a vast number of shells being treated with sea-salt, was allowed to

ripen for three days ; after which it was diluted with five times its bulk of water,
kept at a moderate heat for six days more, occasionally skimmed to separate the
animal membranes, and when thus clarified was applied directly as a dye to white
wool, previously prepared for this purpose by the action of lime-water, or of a species

of lichen called Fucus. Two operations were requisite to communicate the finest

Tyrian purple : the first consisted in plunging the wool into the juice of the purpura
;

the second, into that of the buccinum. Fifty drachms of wool required one hundred
of the former liquor, and two hundred of the latter. Sometimes a preliminary tint

was given with coccus, the * kermes ' of the present day, and the cloth received merely
a finish from the precious animal juice. The colours, through probably not nearly
80 brilliant as those producible by our cochineal, seem to have been veiy durable, for

Plutarch says, in his 'Life of Alexander' (chap. 36), that the Greeks found in the
treasury of the king of Persia a large quantity of purple cloth, which was as beautiful

as at first, though it was 190 years old.

The quantity of purple, said to be found by Alexander in the treasury of the king
of Persia, is differently stated :—1st, as amounting to 5,000 talents ; 2nd, as being
of the valw of 5,000 talents ; 3rd, as weighing 5,000 quintals. Besides these dis-

crepant statements, it is not clear whether these values or weights refer to cloth dyed
or to the dye-drug, although it would be an important fact to know that the dye could
be thus preserved for a length of time. Horace celebrates the Laconian dye in the
following lines :—

Nee Laconicas mihi
Trahunt honestae purpuras clienta;

;

which have been translated as

—

' No honourable lady dependents
Spin Laconian purple for my use.'

Notwithstanding its almost universal use in more ancient times, it gradually de-

clined, so that, either from the difficulty of collecting the dye, or the tedious com-
plication of the dyeing process, so expensive was it that, about the commencement
of the Christian era, one pound of the purple wool of Tyre cost, in Rome, a])out thirty

pounds of our money.
Notwithstanding this enormous price, such was the wealth accumulated in that

capital, that many of its leading citizens decorated themselves in purple attire, till the

emperors .arrogated to themselves the privilege of wearing purple, and prohibited
its use to every other person. This prohibition operated so much to discourage this

curious art as eventually to occasion its extinction, first in the Western and then in the
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Eastern oinpire, where, however, it existed in certain imperial manufactories till the

eleventh century.

Gage, Cole, Plumier, Keaumur, and Duhamel have severally made researches con-

cerning the colouring juices of shell-fish caught on various shores of the ocean, and

have succeeded in forming a purple dye, but they found it much inferior to that

furnished by other means. The juice of the buccinum is at first white ; it becomes

by exposure to air of a yellowish green bordering on blue ; it afterwards reddens,

and iiually changes to a deep purple of considerable vivacity. These circumstances

coincide with the minute description of the manner of catching the purple-dye shell-

fish which we possess in the work of an eye-witness, Eudocia Macrembolitissa, daughter

of the Emperor Consttintine VIII., who lived in the eleventh century.

The beautiful purple dye, which is now extracted from guano, is probably closely

allied, both in property and appearance, to the Tyrian purple.

Dyeing' seems to have been little cultivated in ancient Greece. The people of

Athens generally wore woollen dresses of the natural colour : a circumstance forming

a peculiarity in that nation, composed of a people who were such lovers of art.

The Eomans appear to have bestowed some care upon the art of dyeing. In the

games of the circus parties were distinguished by colours. Eour of these are described

by Pliny : the green, the orange, the grey, and the white. The following ingredients

were used by their dyers :—A crude native alum mixed with copperas, copperas itself,

blue vitriol, alkanet, lichen rocellus or archil, broom, madder, woad, nut-galls, the

seeds of pomegranate and of an Egyptian acacia.

In Europe the progress of dyeing, as of all other arts, was completely stopped for

a considerable time by war and invasion, and did not revive till about the beginning,

of the thirteenth century, and then so rapidly did its progress extend in some
localities, that, towards the beginning of the fourteenth century, there were no less

than two hundred dyeing establishments in Florence. At the same time the Italians

and Venetians also prosecuted the art of dyeing to a large extent.

The art of printing proved for dyeing, as well as for other arts, its great pioneer

and propagator. In the middle of the sixteenth century, Plictho's ' Ajt of Dyeing ' was
printed, which gave general instructions for dyeing all kinds of fabrics, and laid the

foundation for that improvement of this art, which soon after followed throughout
Germany, France, and England.

In the East, the art of dyeing did not experience that decline which passed over all

the arts of Europe ; hence the beautiful dyes of India maintained their high charac-

ter : and, to this day these dyes are produced by processes differing little from those

practised in the days of Pliny.*

The discovery and opening of America to commercial enterprise formed an era in

the history of the art of dyeing, as from that country were introduced a variety of

new dye-drugs, such as logwood, brazilwood, quercitron, cochineal, annotta, &c.,

which, with the discovery of the use of tin as a mordant about the same time, gave
the dyer a facility and power of producing such a variety of tints, and of such a depth,

durability, and lustre, that it is now difficult to conceive possible to have been pro-
duced in former times.

About the same time was discovered the art of using indigo as a dye, which it is

believed the ancients only knew as a pigment. The introduction of this dye-drug
into this country met -with strong opposition ; concerning which a writer in the
* Penny Cyclopaedia ' says :-^

* Indigo, the innoxious and beautiful product of an interesting tribe of tropical

plants, which is adapted to form the most useful and substantial of all dyes, was
actually denounced as a dangerous drug, and forbidden to be used, by our Parliament
in the reign of Queen Elizabeth. An act was passed authorising searchers to burn
both it and logwood in every dye-house where they could be found. This act remained
in full force till the time of Charles II., that is, for a great part of a centiiry. A
foreigner might have supposed that the legislators of England entertained such an
affection for their native woad, with which their naked sires used to dye their skins
in the old times, that they woiild allow no outlandish drug to come in competition
with it. A most instructive book might be written illustrative of the evils inflicted

upon arts, manufactures, and commerce, in consequence of the ignorance of the
1 gislature.'

More recently another class of dye-drugs have been introduced, and have super-
seded some of those of the former century ; these are bichromate of potash, red and
yellow prussiate of potash, manganese, catechu, arsenic, &c.

* In India was discovered the mode of dyeing Turkey red, which is the most durable dye known,
as well as the richest tint that can be produced on cotton. It was introduced into France and
England about the middle of last century, and iij still carried on and practised with much perfection.
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Colours aro not, properly speaking, material ; tlioy are iniprossions which wo roceivn

from the rays of light reflected, in a decomposed state, Ly the surfaces of bodies. It

is well known that a white sunbeam consists of an indeterminate number of differently-

coloured rays, which, being separated by the refractive force of a glass prism, form the
solar spectrum, an imago divided by Nowton into seven sorts of rays : the red, orango,

yellow, green, blue, indigo, and violet. Hence, when an opaquo body appears coloured,

for example, rod, we say that it reflects the red rays only, or in greatest abundance,
mixed with more or less of the white beam, which has escaped decomposition. Accord-
ing to this manner of viewing tho colouring principle, the art of dyeing consists in

fixing upon stuffs, by means of corpuscular attraction, substances which act upon light

in a different manner from tho surfaces of tho stuffs themselves. The dyer ought,

therefore, to be familiar with two principles of optics; tho first relatively to the

mixture of colours, and the second to their simultaneous contrast.

Whenever the different coloured rays, which have been separated by the prism, arc

totally reunited, they reproduce whito light. It is evident, that in this composition

of light, if some rays were left out, or if the coloured rays be not in a certiiin propor-

tion, we should not have whito light, but light of a certain colour. For example : If

we separate the red rays from the light decomposed by a prism, tho remaining coloured

rays will form by their combination a peculiar bluish green. If we separate in like

manner tho orange rays, the remaining coloured rays will form by their combination

a blue colour. If we separate from the decomposed prismatic light tho rays of greenish

yellow, the remaining coloured rays will form a violet. And if we separate tho rays

of yellow bordering on orange, the remaining coloured rays will form by their union

an indigo colour.

Thus we see that every coloured light has such a relation with another coloured

light that, by uniting the first with the second, we reproduce white light ; a relation

which wo express by saying that the one is the complement of the other. In this

sense, red is the complementary colour of bluish green ; orange, of blue
;
greenish

yellow, of violet ; and orange yellow, of indigo. If we mix the yellow ray with the

red, we produce orange ; the blue ray with the yellow, we produce a neutral tint ; and
the blue with the red, we produce violet or indigo, according as there is more or less red

relatively to the blue. But these tints are distinguishable from tho orango, green,

indigo, and violet of the solar spectrum, because when viewed through the prism they

are reduced to their elementary component colours.

If the dyer tries to realise the preceding results by the mixture of dyes, he will

succeed only with a certain number of them. Thus, with red and yellow he can make
orange ; with blue and yellow, green ; with blue and red, indigo or violet. These
facts, the results of practice, have led him to the conclusion that there are only three

primitive colours : the red, yellow, and blue. If ho attempts to make a white, by
applying red, yellow, and blue dyes in certain quantities to a whito stuff, in imitation

of the philosopher's experiment on the synthesis of tho sunbeam, far from succeeding,

he will deviate still further from his purpose, and the stuff will by these dyes become
coloured of a depth varying according to tho quality of the stuff used ; until a full

black is produced. Nevertheless, the principle is applicable,, and in many cases

adopted in practice by blending the yellow, red, and blue rays in order to produce or

improve an otherwise imperfect white. When a little ultramarine, cobalt blue,

Prussian blue, or indigo is applied to bleached goods with the view of giving them the

best i)0ssible whito, if only a certain proportion be used, tho goods will appear whiter

aftor this addition than before it. In this case the violet blue forms with tho brown
yellow of the goods a mixture tending to white, or less coloured than the yellow of

the goods and the blue separately were. For the same reason a mixture of prussian

blue and cochineal pink, or archil and cudbear, is used for whitening of silks in

preference to a pure blue, for on examining closely the colour of tho silk to be neutra-

lised, it was found by tho relations of the complementary colours, that tho violet was
more suitable than the pure blue alone. The dyer should know, that when he applies

several different colouring matters to stuff, as yellow and blue separately, tlioy will

appear green, not because tho colouring matters jiavc combined, but because the eye

cannot distinguish the points which reflect tho yellow from .those which reflect tho

blue, and it is this want of distinction that produces tho combined colour. With such

a dye tho colour will appear of different tints, tho blue or yellow prevailing according

to the position in which it is placed to tho eye, whether seen by reflected or trans-

mitted light, but when the dye applied to tho stuff is in chemical union, producing a

green, such as arsenite of copper, tho yellow and blue rays cannot bo thus dis-

tinguished. Other instances of mixed colours will be seen by examining certvin grey

substances, such as hairs, feathers, &c. with tho microscope, by which it is seen grey

colour results from black points disseminated over a colourless or slightly-coloured
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surface. The imcroeeopo may bo thus usefully applied by the dyer to distinguish

whether a colour be the result of a mixed or a combined dye.

The dyer should also be acquainted with the law of the simultaneous contrast of

colours. When the eye views two colours close alongside of each other, it sees them

differing most, in the height of their tone, when the two are not equally pale or full-

bodied. They appear most different, when the complementary of the one of them is

added to the colour of the other. Thus, put a green alongside of an orange, the red

colour complementary of green being added to the orange, will make it appear redder.

And in like manner, the blue complementary of orange being added to the green, will

make it appear more intensely blue.

It is not sufficient to place complemenfciry colours side by side to produce harmony

of colour, the respective intensities having a most decided influence; thus, pink and

light green agree, red and dark green also ; but light green and dark red, pink and

dark green do not ; therefore, to obtain the maximum of effect and perfect harmony,

the following colours must be placed side by side, taking into account their exact

intensity and tint :

—

Primitive Colours Secondary Colours

Eed . . . Green .... Light blue; Yellow; Eed
Blue . . . Orange .... Eed; Yellow; Blue

Yellow orange . . Indigo .... Blue ; Ked ; Yellow

Greenish yellow . Violet . . . . Bed ; Blue ; Yellow

Black . . . White .... Yellow; Blue; Red

The mixed contrast gives the reason why a brilliant colour should never be looked

at for any length of time, if its true tint or brilliancy is to be appreciated ; for if a

person looks, for example, at a piece of red cloth for a few minutes, green, its comple-

mentary colour is generated in the eye, and adding itself to a portion of the red,

produces black, which tarnishes the beauty of the red. This contrast explains why
the shade of a colour, may be modified, either favourably or otherwise, according to

the colour which the eye has previously looked at. An example of the first instance

is noticed, when the eye first looks to a yellow substance, and then to a purple one
;

and as exemplifying the second case looking at a blue and then at a purple.

The relations of dyeing with the principles of chemistry constitute the theory of the

art, properly speaking ; this theory has for its basis the knowledge

—

1st. Of the nature and properties of the bodies which dyeing processes bring into

contact.

2nd. Of the circumstances m which these bodies are brought together, facilitating

or retarding their action.

3rd. The phenomena which appear during their action ; and,

4th. Properties of the coloured combinations which are produced.

The first of these generalities embraces a knowledge of the preparations which stuff

necessarily undergoes previous to dyeing, and also the preparations of the dye-drug

before bringing it into contact with the stuff.

The operations to which stuffs are subjected before dyeing, are intended to separate

from them any foreign matters which may have become attached, or are naturally

inherent in the stuff. The former are such as have been added in the spinning,

weaving, or other manipulations of the manufacture, and are all removed by steeping

in an alkaline lye and washing. The second are the natural yellow colouring sub-

stances which coat some of the various fibres, both vegetable and animal ; and the

chlorophylle, or leaf-green of vegetables. The removal of these is generally effected

by boiling in soap and alkaline lyes. A weak bath of soda, in which the stuff is

allowed to steep for some time, and then washed in water, is generally the only pre-

paration required for wool, in order that it may take on a uniform dye.

To remove the gummy or resinous matter from silk, it requires boiling in soap-lye
;

however, its removal is not essential to the stuff combining with the dye, as silk is

often dyed while the gum remains in it, in which case it is only rinsed in soap-lye at

a very moderate heat, to remove any foreign matters imbibed in the process of manu-
facture.

Vegetable fibre, as cotton, has such natural resinous matters that retard the re-

ception of the dye removed by boiling, either with or without alkaline lyes ; but the
natural dun colour of the fibre is not removed, which from the laws of light and
colour already referred to, would interfere with the production of bright light tints

;

under these circumstances, the natural colour of the fibre has to be previously removed
by bleaching : for which see the article. Bleaching.
The necessary preparation of the dye-drugs within the province of the dyer, is to

obtain the colour in a state of solution, so as to allow the fibre to absorb it, and to
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produce chemical combination, or to get the dye or colour in such a minute state of
division as it will penetrate or enter into the fibre of the stuff. These preparations
embrace the formation of decoctions, extracts, and solutions, and also in some cases of

precipitation, previous to immersing the stuff into the bath. Stuffs, chemically
considered, have but a feeble attraction for other matters, so as to combine with them
chcmi&illy ; still that they do possess certain attractions is evident from A'arious

phenomena observed in the dyeing processes, and that this attraction is possessed
with different degrees of intensity by the different fibres, is also evident from the ease

and permanence that woollen stuff will take up and retain dyes compared with
cotton ; and also, that certjiin dyes are retained and fixed within or upon one kind of
fibre and not at all in another. This may be determined by plunging the dry stuff

into solutions of the salts, and determining the density of the solution before the
immersion and after withdrawing the stuff. Wool abstracts alum from its solution,

but it gives it all out again to boiling water. The sulphates of iron, copper, and
zinc resemble alum in this respect. Silk steeped for some time in a solution of
protosulphato of iron, abstracts the oxide, and gets thereby dyed, and leaves the

solution acidulous. Cotton in nitrate of iron produces the same effect. Wool put in

contact with cream of tartar, decomposes a portion of it ; it absorbs the acid within its

pores, and leaves a neutral salt in solution in the liquor. Cotton produces no such
effect with tartar, showing by these different effects that there are certain attractions

between the stuff and dyes. This attraction, however, may be more what is termed
a catalytic influence, the fibres of the stuff producing a chemical action with the salt

or dye, with which it is in contact. This attraction or affinity of the fibre for the

dye-drug, docs not produce a very extensive effect in the processes of dyeing. More
probably the power of imbibing and retaining colours possessed by the fibre is more
dependent upon a mechanical than a chemical influence.

All dye-drugs must in the first instance be brought into a state of solution, in order
that the dye may be imbibed by the fibre ; but if the fibre exerts no attraction for the
colour so as to retain it, it is evident that so long as it remains capable of dissolving

in water, the stuffs being brought into contact with water, will soon lose their colour.

A colour thus formed does not constitute a dye, however strongly stained the stuffs

may appear to be, in or out of the dyeing solution ; in order to form a dye, the colour

must be fixed upon or within the stuff, in a condition insoluble in water. Hence
the mere immersion of the stuff into a solution of a colour will not constitute a dye,

except where the stuff really has an attraction for the colour and retains it, or causes

a decomposition by which an insoluble compound is fixed upon it, such as is referred to

by putting stuffs into solutions of iron. The abstraction of the colour from a solution

by the immersion of the stuff, is often the result of a mechanical attraction possessed

by porous substances, enabling them to absorb or imbibe certain colouring matters

from solutions that are held by a weak attraction by their solvents. On this principle,

a decoction of cochineal, logwood, brazil-wood, or a solution of sulphate of indigo,

by digestion with powdered bone-black, lose their colour, in consequence of the

colouring particles combining by a kind of capillary attraction with the porous carbon,

without undergoing any change. The same thing happens when well-scoured wool
is steeped in such coloured liquids ; and the colour which the wool assumes by its

attraction for the dye, is, with regard to most of the above coloured solutions, but
feeble and fugitive, since the dye may be again abstracted by copious washing with
simple water, whose attractive force therefore overcomes that of the wool. The aid

of a high temperature, indeed, is requisite for the abstraction of the colour from the

wool and the bone-black, probably by enlarging the size of the pores, and increasing

the solvent power of the water.

Those dyes, whose colouring matter is of the nature of extractive, form a faster

combination with stuffs. Thus the yellow, fawn, and brown dyes, which contivin

tannin and extractive, become oxygenated by contact of air, and insoluble in water
;

by which means they can impart a durable dye. When wool is impregnated with

decoctions of that kind, its pores get charged by capillarity, and wlien the liquid

becomes oxygenated, they remain filled with a colour now become insoluble in water.

The fixation of iron oxide and several other bases also depends on the same change
within the pores or fibre ; hence all salts that have a tendency to pass readily into the

basic stjite are peculiarly adapted to act as a medium for fixing dyes ; however, this

property is not essential.

In order to impart to the stuffs the power of fixing the colour in an insoluble form
upon it, recourse is had to other substances, which will combine with the soluble and
form with it an insoluble colour ; and it is not necessary that this new substance

should have an attraction for the stuff, or be Ciipable of passing into a basic form, any
more than the original colour, but it is necessary that it be rendered insoluble while

in contact with the stuff.
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Such substances, used to unite the colour with the stuff) haYoheentermedmordants;
it appeared that they had a mutual attraction for the stuff and colour, and combining

^vith the stuff first, they afterwards took up the colour ; but this is only so in some
instances. A few examples will illustrate the action of these mordants. If a piece

of cotton stuff is put into a decoction of logwood, it will get stained of a depth accor-

ding to the colour of the solution, but this stain or colour may be washed from the

cotton by putting it into pure water, the colour being soluble. If another piece of

cotton stuff be put into a solution of protosulphate of iron, and then washed from this,

a portion of the iron will have undergone oxidation, and left the acid, and become
fixed upon the fibre and insoluble in water. Whether this oxidation is the result of

an influence of the stuff, or the effect of the oxygen of tlie air and water in which the

goods are exposed, it does not now matter ; this fixed oxide, however, constitute an
example of a mordant, by its combining with the stuff. If this stuff is now put into

a decoction of logwood, the colouring matter of the logwood will combine with the

oxide of iron fixed upon the fibre, and form an insoluble colour, which after washing
-will not remove from the stuff. If, instead of washing the stuff from the sulphate-of-

iron solution in water, it be passed through an alkaline lye of soda or potash, the

acid holding the iron in solution is taken hold of by the alkali, and removed.^ The
oxide of iron is thus left upon the stuff in a much larger quantity than in the

former case, and as firmly fixed, although not by any attraction between it and the

fibre, but simply by being left within it. And this stuff being now put into the logwood

liquor, will form a dye of a depth according to the quantity of iron thus fixed upon
the stuff, and equally permanent with that which had been fixed on the stuff by the

oxidation in working.

Such then are the methods of fixing within the stuff insoluble colours from soluble

compounds, and from these remarks the necessity of having the dye in solution will

also be evident.

Suppose again that the sulphate of iron be mixed with the logwood decoction, there

will be produced the same colour or dye as an insoluble precipitate : if the cotton

stuff is put into this, no colour worthy of the name of a dye will be obtained, as the

cotton will not imbibe within its fibre this precipitate. Place woollen stuff in the same
liquid, and there is formed a very good dye, the woollen fibre having imbibed a great

portion of the solid precipitate, probably owing to woollen fibres being much larger than

those of cotton. Thus, with cotton and other stuff that will not imbibe freely solid pre-

cipitates, the mordant must be fixed within the fibre previously to applying the colouring

substances, such as the vegetable decoctions. It will also be seen that the dye which
is the product of combination between the mordant and colour is not that of the natural

colour of the drug, but the colour of the compound. Hence the great variety of tints

capable of being produced from one dye-drug, by varying either the kind or intensity

of the mordant. So that in the above instances, it is not the colour of the hematoxylin

fixed on the stuff, but its compound with iron, or tin, or alumina, as the case may be,

all of which give different tints.

It is this principle of rendering bases insoluble while within the fibre, by chemi-

cal means, that has brought to the use of the dyer a great number of mineral dyes

which in themselves, whether separate or combined, have no attraction whatever
for the fibre ; such as solutions of sulphate of copper, and yellow prussiate of potash,

nitrate of lead, and bichromate of potash, &c. Suppose the stuff to be dyed a yellow

by the two last-named salts were Ib-st put into the solution of lead and then washed
previously to being put into the bichromate solution ; the greater portion of the lead

would be dissolved from the stuff, and a very weak colour would be obtained. If the

stuff from the lead solution was put directly into the bichromate solution, a very good
dye would be the result ; but the portion of the solution remaining upon the surface of

the stuff will combine with the chrome and form a precipitate which the fibre cannot

imbibe, but it will form an external crust or pigment upon the surface, which blocks up
the pores, and exhausts to no purpose the dye, causing great waste : hence the stuff

from the solution of lead is put into water containing a little soda or lime, and the

lead is thus reduced to an insoluble oxide within the fibre. The goods may now be
washed from any loose oxide adhering, and then passed through the bichromate
solution, when the chromic acid combines with the oxide of lead, forming a permanent
yellow dye. Thus it will be seen that whether the combination of the colour with
the stuff be chemical or mechanical, the production of the dye which is fixed upon the
fibre is certainly a chemical question, and the dyer shoxild be familiar with the nature
and principles of these reactions.

There are a few instances where the dye produced does not come within the sphere
of these principles, there being no mordants required, nor any combination of the
colour formed within the stuff, but the dye-drug in its natural hue is fixed within the
fibre. Such colours have been termed substantive, to distinguish them from those pro-
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(luced by means of mordants wliicli are termed culjcctim. Amongst tliis class of dyes
and dye-drugs stands pre-eminent indigo-blue. Indigo in its natural state is entirely

insoluble in water, and is of a deep blue colour. The composition of this blue indigo
is represented as—C"*H^N02 (CH^WTO). But it is found capable of i)arting with a
portion of the oxygen, and by so doing, losing entirely its blue colour; and in this

deoxidised condition it is solublein alkaline lyes and lime-water; this colourless com-
ix)und is termed indigogcne. The opinion of Liebig upon the constitution of this

substance was, that indigo contained a salt radical, which he termed Anylc, composed
of C'^H^JSr (C^H^m). He considered that indigogeno or white indigo is the hydrated
protoxide of "this radical, and that blue indigo is the peroxide, represented thus

—

Salt radical, anyle, C'^H^N. Indigogene, C'^H^NO. HO. Blue indigo, CoH^NO'.

Advantage is taken of this property of indigo, of parting with its oxygen and becom-
ing soluble, to apply it to dyeing, and it is oifccted by the following means, when
for the purpose of dyeing vegetable stuff, as cotton ; from the circumsUuice of these

operations being done cold, the method is termed the cold vat, which is made up as

follows :—The indigo is reduced to an impalpable pulp, by being ground in water to

the consistence of thick cream. This is put into a suitable vessel filled with water,

along with a quantity of copperas, and newly-slaked lime, and the whole well mixed
by stirring. After a short time the indigo is deoxidised and rendered soluble by a
portion of the lime which is added in excess, the reaction being represented thus :

—

1. Indigo, composed of
{ o^^^^^f

''''
' " -/Djoing Solution.

{Protoxide of Iron . ^^^^*Peroxide of Iron.

Sulphuric Acid .

fLimo . . . .

—

-A—^^^--.^^^^'^Sulphate of Lime.

3. Lime . . .s Lime . . . .—/- ~^^Sulphate of Lime.

I^Lime ...
The peroxide of iron and sulphate of lime are precipitated to the bottom, and the indi-

gogene and lime form a solution of a straw colour, -with dark veins through it.

The operation of dyeing by this solution is simply immersion, technically, dipping.

The stuff by immersion imbibes the solution, and when taken out and exposed to the

air, the indigogene upon and within the fibre »apidly takes oxygen from the atmo-
sphere, and becomes indigo-blue, thus forming a permanent dye, without any necessary

attraction between the indigo and the stuff.

The indigo vat for wool and silk is made up with indigo pulp, potash, madder, and
bran. In this vat the extracts of madder and bran perform the deoxidising functions

of the copperas in the cold vat, by undergoing a species of fermenbition.

Pastel and woad, either alone or with the addition of a little indigo, are also used for

the dyeing of wool and silk stuff, the dcoxidation being effected by the addition of

bran, madder and weld. In dyeing with these vats, the liquor is made warm, and they

require much skill and experience to manage, in consequence of their complexity,

being always liable to go out of condition, as the dyeing goes on, by the extraction of

the indigogene and the modification of the fermentable matter employed to deoxidise

the indigo to supply that loss. The alkaline solvent also xmdergoes change, .so there

must bo successive additions of indigo and alkali ; the principal attention of the dyer

is the maintaining the proper relation of these matters, as too much or too little of

either is injurious.

Sulphate of indigo forms an intense blue solution, unaffected also by mordants.

Vegetable stuffs dipped in this retain no dye, for the washing-off the acid in order to

preserve the fibre removes the colour ; but animal fibre, such as woollen and silk,

becomes dyed ; a portion of the blue remains upon the stuff after washing-off the acid,

being retained by capillary attraction. This dye is termed Saxon blue, but it has very

little of the permanence of indigo or vat blue, although it is also a substintive colour.

Another truly substantive colour is that dyed by carthamus or safRower, but the

fixation of this dye upon the stuff differs from any of those referred to. Like indigo,

it has no aJBfinity for any base or substance cipablo of forming a mordant ; its solvent

is an alkali, but in this dissolved state it does not form a dye. The mode of proceed-

ing in dyeing with carthamus is, first, to extract the dye from the vegetable in which

it is found, by soda or potash, which is afterwards neutralised by an acid previous to

dyeing, which renders the colour insoluble, but in so fine a state of division that no

precipitation can bo seen for some time and the stuff immersed in this imbibes the
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colour within its fibre, its lightness assisting this action, as the precipitate will

remain suspended in water for days before it will subside. Vegetable fibre takes up

this dye as easily as animal, but whether by an attraction for the stuff, or by a

mechanical capillary attraction of the fibre is not so easily determined. A piece

of stuff suspended in a vessel filled with water, having in it some insoluble cartha-

mine, all the colouring particles will flow to and combine with the fibre from

a considerable distance, giving a proof of the existence of some force drawing them

together.

Such then are the various conditions and principles involved in the processes of

fixing the dye within or upon the stuff.

During the operations of dyeing there are certain circumstances which have to be

attended to, in order to facilitate and affect certain hues or tints of colour. Thus,

with many of the colouring substances, heat not only favours but is necessary for

the solution of the dye, and also its combination with the stuff or mordant. Decoctions

of woods are always made by hot water, and the dyeing processes with decoctions are

in hot liquor. When the colouring matter of quercitron bark is extracted by boiling

water, the coloxur produced upon the stuff will be a rich amber yellow, but if the

extract be made by water at 180° Eahr., a beautiful lemon yellow will be the dye pro-

duced by it, using the same mordant in each case. Colours dyed by madder and

barwood mu>st be done at a boiling heat during the whole process, or no dye is effected.

Sumach, another astringent substance, is most advantageously applied at a boiling

heat ; and in order to have a large body of this dye fixed upon the stuff, it should be

immersed in the liquor while hot and allowed to cool together, during which the

tannin of the dye undergoes some remarkable change in contact with the stuff.

SaflQower dyes are kept cold, so are tin bases, Prussian blues, and chrome yellows : by
applying heat to the last a similar result is effected to that with bark ; instead of a

lemon yellow, an amber yellow will be obtained. Almost all colours are affected less

or more by the temperature at which they are produced. Some mordants are fixed

upon the stuff by heat, such as acetate of alumina ; the stuff being dried from a solu-

tion of this salt at a high temperature loses part of the acid by being volatilised, and

there remains upon the fibre an insoluble suboxide, which fixes the dye. These

remarks respecting the methods apply more particularly to vegetable stuffs, as cotton,

and in many cases also to silk, but wool is always dyed at a high heat. Although

wool seems to have a much greater absorbing power than cotton, the latter will absorb

and become strongly dyed in a cold dye-bath, in which wool woidd not be affected
;

but apply heat and the wool will be deeply dyed, and the dye much more permanent
than the cotton.

The permanence of colours is another property to be carefully studied by the

practical dyer, as the colour must not be brought under circumstances that will destroy

its permanency during any of the operations of the dye-house. The word ' permanent,'

however, does not mean fast, which is a technical term applied to a colour that will

resist all ordinary operations of destruction. For instance, a Prussian blue is a
permanent colour, but not a fast colour, as any alkaline matter will destroy it ; or a
common black is permanent, although any acid matters will destroy it ; while Tiirkey

red is a fast colour and not affected by either acid or alkaline matters. A few of the

circumstances affecting colours in the processes they are subjected to may be referred

to in this place. If, for instance, the air in drying the dyed stuff in a hot chamber be
moist, there is a great tendency to the colour being impaired in these circumstances.

Por example, a red colour dyed with safflower will pass into brown, a Prussian blue
^vill pass into a grey lavender, whilst chrome yellows take an amber tint. Almost all

colours are more or less affected by being subjected to strong heat and moisture ; even
some of those colours termed fast are affected under such circumstances. A dj^ heat
has little or no effect upon any colour, and a few colours are made brighter in their

tint by such a heat, as chrome orange, indigo-blue, on cotton, &c.
Some of these effects of heat and moisture differ with different stuffs ; thus indigo-

blue upon cotton is not so much affected as indigo-blue upon silk, while safflower-red
upon cotton will bo completely destroyed before the same colour upon silk will be
perceptibly affected. The same colouring matter fixed by different mordants upon
the same stuff is also differently affected under these conditions.

Light is another agent effecting a great influence upon the permanence of colours,
which should be also considered by the dyer. Eeds dyed by a Brazil wood and a
tin mordant, exposed to the light, become brown ; Prussian blue takes a purple tint

;

yellow becomes brownish ; safflower-red yellowish, and these changes are facilitated
by the presence of moisture ; such as exposing them to strong light while drying from
the dye-bath, either out or within doors. The direct rays of the sun destroy all dyed
colours ; even Tm^key red yields before that agency.

Boiling was formerly prescribed in France as a test of fast dyee. It consisted in
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putting a sample of the dyed goods in boiling water, holding in solution a determinate
quantity of alum, tartiir, soap, and vinegar, &c. Dufay improved tliat barbarous test.

He considered that fast-dyed cloth could be recognised by resisting an exposure of

twelve hours to the sunshine of summer, and to the midnight dews, or of sixteen days
in -winter.

In trying the stability of dyes, we may offer the following rules :

—

That every stuff should be exposed to the light and air ; if it be intended to bo
•worn abroad, it should bo exposed also to the wind and rain ; that carpets, moreover,
should be subject to friction and pulling, to prove their tenacity ; and that cloths

to be washed should be exposed to the action of hot water and soap. However, such
tests are not at all applicable to most of the colours dyed upon cotton stuff. Not
many of them can stand the action of hot water and soap, or even such acids as the

juice of fruits. Indigo-bluo, one of the most permanent dyes on cotton, yields its

intensity to every operation of washing, even in pure water.

Delaval's observations on the nature of dyes may be thus summed up. In tran-

sparent coloured substances, the colouring substance does not reflect any light ; and
when, by intercepting the light which was transmitted, it is hindered from passing

through substances, they do not vary from their former colour to any other colour,

but become entirely black ; and he instances a considerable number of coloured

liquors, none of them endued with reflective powers, which, M-hen seen by transmitted

light, appeared severally in their true colours ; but all of them, when seen by incident

light, appeared black ; -which is also the case with black cherries, black currants, black

berries, &c., the juices of which appeared red when spread on a white ground, or

otherwise viewed by transmitted instead of incident light ; and he concludes, that

bleached linen, &c. 'when dyed with vegetable colours, do not differ in their

manner of acting on the rays of light, from natural vegetable bodies ; both yielding

their colours by transmitting, through the transparent coloured matter, the light which
is reflected from the white ground :

' it being apparent, from different experiments,

'that no reflecting power resides in any of their components, except in their white

matter only,' and that ' transparent coloured substances, placed in situations by which
transmission of light through them is intercepted, exhibit no colour, but become
entirely black.'

The art of dyeing, therefore (according to Mr. Delayal), ' consists principally in

covering white substances, from which light is strongly reflected, with transparent

coloured media, which, according to their several colours, transmit more or less

copiously the rays reflected from the white,' since * the transparent media them-
selves reflect no light ; and it is evident that if they yielded their colours by reflect-

ing instead of transmitting the rays, the whiteness or colour of the ground on
which they are applied would not in anywise alter or affect the colours which they

exhibit.'

But when any opaque basis is interposed, the reflection is doubtless made by it

rather than by the substance of the dyed wool, silk, &c., and more especially when
such basis consists of the white earth of alum, or the white oxide of tin ; -which, by
their strong reflective powers, greatly augment the lustre of colours. There are,

moreover, some opaque colouring matters, particularly the acetous, and other solu-

tions of iron, used to stain linen, cotton, &e., which must necessarily themselves

reflect instead of transmit the light by which their colours are made perceptible.

The compound or mixed colours are such as result from the combination of two
differently-coloured dye-stuffs, or from dyeing stuffs with one colour, and then with

another. The simple colours of the dyer are red, yellow, blue, and black, witli which,

when skilfully blended, he can produce every variety of tint. Perhaps the dun or

fawn colour might be added to the above, as it is directly obtained from a great many
vegetable substances.

1. Ked with yellow, produces orange ; a colour, -which upon wool is given usually

with the spent scarlet bath. To this shade may be referred flame colour, pomegranate,

capuchin, pra-wn, jonquil, cassis, chamois, cafe au lait, aurora, marigold, orange-peel,

nrwrdores, cinnamon, gold, &c. Snuff, chestnut, musk, and other shades are produced

by substituting walnut peels or sumach for bright yellow. If a little blue be added

to orange, an olive is obtained. The only direct orange dyes are annotto, and sub-

chromate of lead.

The latter is never used for dyeing orange upon silk and wool, while the former is

now never used for cotton. An orange with annotto is very fugitive, even upon the

animal fibre ; but much more so upon cotton. iSubchromate of lead is produced upon

cotton by dyeing it first a deep chrome yellow by acetate of lead and bichromate of

potash, as already noticed, and then passing the stuff so dyed through a hot solution

of an alkali or lime, which changes the dye from the yellow chromato to the state of

subchromate, which is deep orange. See Silk and Wool Dyeino,
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2. Ked with blue produces purple, violet, lilac, pigeon's neck, mallow, peach-

blossom, hku de roi, lint-blossom, amaranth, &c.

Thus a Prussian blue dyed over a safflower red, or vice versd, will produce any of

these tints by varjdng the depth of the red and blue according to the shade required ;

but the same shades can be produced direct by logwood and an aluminous or tin

mordant ; the stuff being steeped in sumach liquor previously to appljdng the tin

mordant produces the reddish or purple tint when such is required.

3. Ked with black ; brown, chocolate, maroon, &c. These tints are produced by
various processes. To dye a deep orange by annotto liquor, and then form over it a
black by sumach and sulphate of iron, gives a brown ; or dye the stuff first a rich

yellow by quercitron and a tin mordant, and then over the yellow produce a purple bv
passing it through logwood ; chocolates are thus produced. A little brazil-wood with
the logwood gives more of the red element. When maroon is required, the red is

made to prevail, and so by a judicious mixture, these various tints are produced.

Brown, especially upon cotton fibre, is more often produced direct by means of catechu.

Steep the stuff in a hot solution of catechu, in which the gummy principle has been

destroyed by the addition of a salt of copper ; then pass through a solution of bichro-

mate of potash at boiling heat, when a rich brown is obtained.

4. Yellow with blue
;
green of a great variety of shades ; such as nascent green, gay

green, grass green, spring green, laurel green, sea green, celadon green, parrot green,

cabbage green, apple green, duck green, &c.

Green is essentially a mixed dye, and produced by dyeing a blue over a yellow or

a yellow over a blue. In almost all cases the blue is dyed first, and then the yellow,

and according to the depth of each or any of these are the various tints of green

produced. With silk and wool, one kind of green dye may be produced simul-

taneously by putting sulphate of indigo into the yellow dye-bath, and then working
the previously-prepared or mordanted stuff in this. With cotton, an arsenite of

copper (Scheele's green) may be produced by working the stuff in a solution of

arsenite of potash or soda, and then in sulphate of copper, which produces a peculiar

tint of green.

6. Mixtures of colours, three and three, and four and four, produce an indefinite

diversity of tints : thus, red, yellow, and blue form brown olives and greenish greys

;

in which the blue dye ought always to be first given, lest the indigo vat should be
soiled by other colours, or the other colours spoiled by the alkaline action on the vat.

Red, yellow, and grey (which is a gradation of black) give the dead-leaf tint, as well

as dark orange, snuff colour, &c. Red, blue and grey give a vast variety of shades

;

as lead-grey, slate-grey, wood-pigeon grey, and other colours too numerous to specify.

Care must be taken, however, in mixing these colours, to study the depth of the

tint required ; as, for instance, were we wishing to dye a slate-grey, and to proceed
first by dyeing a blue, then a red, with a little of the grey, we should produce, instead

of a slate grey, a purple or peach. The arrangement referred to, applies only to the
elements of the colours that enter into the composition of the various tints, so that a
slate-grey is a blue with a small portion of red, and a still smaller portion of the
black element, that produces the grey tint. Thus, dye the stuff first a deep sky-blue

by the vat, then by passing through a solution of sumach, with a small quantity of
logwood, brazilwood, copperas, and alum, grey will be produced. The brazilwood
gives the red tint, sumach and copperas the black tint, the logwood assisting in this,

and with the aid of the alum throwing in the puce or dove-neck hue ; and thus by the
variation of these hues by such arrangements, any of the grey tints can be produced.
See Calico-Printing.
Anixine Dyes. Dyeing and printing have undergone a considerable change through

the introduction of these dyes. The colours produced are more brilliant than formerly,
and, since the use of mordants has been almost dispensed with, the processes are very
much shorter. The styles and patterns have undergone a marked change.

These dyes, however, have not yet supplanted the use of dyewoods and the other
colouring matters formerly in use. They are not so permanent, and at the same
time they are much more expensive. But continued improvements in the modes of
producing and applying these dyes will no doubt greatly advance and develope their

commercial importance.

Reference to the article Aioline, and also to CAiico-PBiKTiNa, will show the sim-
plicity of the applications of these tinctorial substances, and the great variety of
decided colours and varying tints which are produced.
We have not only the true aniline colours available for the use of the dyer and

calico-printer, but we have the Murexide Dyes, and others of an analogous descrip-

tion—especially such as belong to the Picric Acid series—which, by intercombination,
produce an almost infinite variety.

In dyeing silk and wool with aniline colours no mordant is required. Solution



174 DYKE

in a suitable solvent (acetic acid or alcohol) is all that is necessary. In the case of
the rosaniline salts, however, a neutral solution and a temperature not exceeding
180° F. are requisite.

In dyeing vegetable fibres, albumen, glutin, gelatine, casein, tannin or tannic
acid, &c. are used as mordants.

In printing with these colours the process is the same as in the case of steam
colours. Either the mordant is first printed on the fabric, which is then steamed and
dyed, or the colouring matter is thickened with the mordant (albumen, &c.), the
fabric dyed with this, and then steamed so as to fix it.

Aniline Black has been quite recently produced by the direct oxidation of aniline
on cotton fibre. A mixture consisting of an aniline salt, perchlorido of copper, and
chlorate of potash, is printed on the cotton, which is then exposed to an atmosphere
of steam. After some time a black is developed.
The follo^^dng figures show the rapidity with which aniline and its derivatives

have fallen in price during the last few years, and thus give an idea of their rapid
industrial development :

—

Aniline and Colours, Average Prices.

Colour

Aniline per lb.

„ Violet paste , . . „

„ „ powder . . . „
Violet or mauve, alcoholic solution, per gallon
Magenta, alcoholic solution . „
Aniline blue per lb.

1860

s. d.

14
£ s. d.

1 6

10

5

2 5

12

1872

1 6

7

1 6

16

7

1 17

BYSR'S AZiBLAXTET, Anchusa tincioria. See Alkanet.
STER'S MABBER, Bubia tinctormn. See Madder.
BYER'S OABl, Querelas infectoria. See Galls and Oak.
BYER'S ORCHEIiKA IVEEB, Roccella tinctoria. See Archil ; Orciiella.
BYER'S SAFFIiO-WER, or Bastard Saffron, The Carthanms tinctoriv.s. The

flowers are of a deep orange colour, but they are used for dyeing various shades of

red. The flowers of the carthamus are employed in Spain for colouring dishes and
confectionary. See Carthamtjs.
BYER'S "WOOBROOF. Asperula tinctoria. The roots of this plant are used in

some parts of Europe, particularly Dalmatia, instead of madder for dyeing wool and
cloth of a reddish colour ; but in bulk the crop obtained is inferior to that of the

madder.

—

Lawson.
BYXE. (Scot, a wall or fence.) Applied to those wall-like intrusions of igneous

rock which fill iip rents and fissures in the stratified rocks. Tliey may sometimes fill

up pre-existing rents and fissures, but they usually burst through and displace the
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rocks through which they are forced. Dykes are generally understood to bo connected

•with the volcanic rocks below, from which they have been forced, in a molten state,
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through the superincumbent rocks—often overflowing the newer strata; filling

fissures which may have been pre-existent, or may have been formed by the me-

chanical force of the fluid mass in its upward movement. The substances of which

dykes are composed is basalt, in one or the other of its varieties—or trap in some of

its many forms. Dyke-matter is of different degrees of fineness, some of it being

coarse and granular, and some of it of a fine texture, like the cinder of iron furnaces.

The Giant's Causeway is a good example of the lithological character of the rocks

forming dykes, or they are like the ' whin-sill ' of South Staffordshire or the green-

stone rocks of Rowley and other places.

In the North of England the dykes have been very carefully examined. From the

* Practical Treatise on Mine Engineering,' by G. C. Greenwell, we extract the following

notices of some of the principal dykes observed in the Newcastle coal-field :

—

Name Magnetic
bearing

Width
1

Dislocation

1. Hitchcroft dyke, near Aln-wick .

2. Acklington dyke....
3. Blyth dyke
4. Mausoleum dyke. Hartley .

5. Swallow dyke, „

i 6. Coaley Hill dyke
7. Walbottlo HiU dyke .

8. Tynemouth dyke....
9. Willington or Tudhoe dyke .

10. Cockfield dyke .

N. 72° W.
N. 80° W.
N. 60° W.
N. 61° W.
N. 65° W.
N. 45° W.
N. 45° W.
N. 63° W.
N. 82° W.
N. 45° W.

feet

69

9

12

11

12

8

66

fathoms

12

6

Many of these dykes passing through the coal, by dissipating the volatile bitumen,

bring it into an anthracitic state, and in some instances the coal is actually coked by
the heat of the intrusive mass.

The main dyke running from near CuUecoates, in a south--westerly direction to

Hedley, is usually called the 90-fathom dyke, because it has a downthrow to the north

from 90 to 180 fathoms.

The Mausoleum dyke (fig. 770) was discovered and passed through in the workings of

the low main seam at the depth of 53 fathoms in the Old Hartley Colliery, its position

being nearly underneath the mausoleum in the Seaton Delaval grounds ; hence its

name. It is frequently called the ' Hartley Whin Dyke.' By it the strata are thrown
down to the north-east to the extent of 8^ fathoms. This dyke consists of two walls

of basalt of the thickness respectively, of 9 feet and 4 feet 4 inches, separated from each

other by a mass of the debris of other strata of the thickness of 8 feet 10 inches.

771!

In the neighbourhood of Dudley, in South Staffordshire, these overflows of trap,

upon the beds of coal, and in many cases through them, are strikingly exhibited.

Flff. 771 shows the passage of a dyke through the coal, the portions of the coal near
the trap being changed by its heat, or ' blacked,' as it is locally Gilled, the coal losing
all its brilliancy. The late Mr. Jukes thus describes these intrusive dykes in the
coal of South Staffordshire :

—

' All parts of these galleries, indeed, were riddled, as it were, with these trap veins
running here and there in the coal, and also in the sandstone, altering the coal to a
greater or less extent, according to the bulk of the trap, but -producing very little

apparent alteration in the sandstone.
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•From the fine tortuous and branching veins which the rock forms, it sooms hardly
possible to suppose that at the time of its injection it was not in a fluid sbito and
almost perfectly liquid. The distances to which these narrow veins run seem also to

make it necessary to suppose that, at the time of injection, it had a temperature not
merely just sufficient to melt it, but a much higher one ; sufficiently high to allow of
the loss of a considerable quantity of heat, and yet for the matter to remain still

molten in its passage to very considerable distances from the volcanic focus.'

DTXriLIIIITZi. In 1867 Mr. Nobel, in his endeavours to lessen the dangers
attending the use of nitroglycerine, made the important observation that the readiness

or certainty with which it is exploded through the agency of a detonation is not
reduced, but, on the contrary, somewhat favored by mixing the liquid with solid

substances in themselves thoroughly inert. This discovery led at once to the pro-
duction by Nobel of solid, or more or less pasty, preparations of nitroglycerine, which
under the name of dynamite were first brought before the public in 1867. The form
in which dynamite was first presented to the public was that ofa soft, readily-moulded
powder of a pink or buff colour, which consisted of about 75 parts of nitroglycerine

held absorbed by 25 parts of a porous, infusorial, silicious earth known in Germany as
' Kieselguhr '. The moist appearance of this powder favored the opinion that the

nitroglycerine would be liable to exude from it ; and it undoubtedly was open to this

objection. Dynamite has, however, been supplied for some time past in the form of

small cylindrical cartridges consisting of the material in a compact condition, enclosed

in a single wrapping of parchment-paper. These cartridges are consolidated by pres-

sure whereby any excess of nitroglycerine which the porous earth will not hold ab-

sorbed, is expelled, and thus the separation of the nitroglycerine in dressing, handling,

transport, or exposure to elevated temperatures appears effectually guarded against.

The consistence of the dynamite charges is like that of dry putty. The Kieselguhr
selected as the medium for the application of nitroglycerine appears the material best

calculated to hold absorbed a large proportion of the liquid, and to retain it even
when the mixture is submitted to considerable pressure. Mr. Abel, in his paper ' On
Explosive Compounds,' published in the 'Proceedings of the Institution of Civil

Engineers,' states that when dynamite factories were established in the outskirts of

Paris during the siege, and this particular silicious earth could not be procured, a
series of experiments was instituted for the purpose of discovering a good substitute.

The most efficient absorbents next to this material were found to be precipitated silica,

kaolin, tripoli, precipitated alumina and sugar, but none of these appeared thoroughly

equal to I^jeselguhr in their power of retaining a very large proportion of the oil.

Eventually the ashes of Boghead coal were used for the production of dynamite during

the siege of Paris. Mr. Nobel's No. 2 dynamite, which is sold as a cheaper blasting

agent than the so-called No. 1, contains a much smaller proportion of nitro-

glycerine mixed with finely-powdered saltpetre, and resin or coal, but this cartridge

can only be used when the violent crushing and rending action of the stronger

dynamite is not required.

The danger, real or supposed, attending the use of dynamite has led to many restric-

tions, not only on its manufacture, but on its transmission : the following particulars

contributed to one of our scientific periodicals in 1873 will be read with some surprise

a few years hence :

—

' Not very long ago a coasting screw steamer embarked a cargo of 42 tons of

dynamite at the Dynamite Company's works, on the Aiyshire coast, to be distributed

along the west coast of England and Wales—at Whitehaven for the Cleator and
Furness haematite ironstone districts ; at Aberystwyth for Mid-Wales, at Cardiff for

South Wales, at Sydney for the mining districts of the Forest of Dean, Gloucestershire,

and the South Midland Coiinties ; and at Hayle, in Cornwall, for the county, and
the adjoining county of Devon. Soon afterwards another cargo of 25 or 30 tons was
shipped and despatched to the north-east coast of England vid the Forth of Clyde

Canal, to be delivered in varying quantities at Newcastle; at Rcdcar, for tin; districts

of Cleveland and North Yorkshire ; and at Goole, for East and West ^'orkshire.

Since these arrangements have been put in train for establishing agencies in, and

sending large quantities of dynamite into, the North of Scotland—Aberdeenshire,

Caithness, &c., and various parts of Ireland. More recently additional large con.«<ign-

ments have been forwarded to the principal agents in England, and at present

arrangements are in progress for sending a very large cargo down along the west coast.

The greatest proportion of the material yet despatched from the dynamite works

seems to have been greedily absorbed into use in the districts that ai'e reached with

more or less ease from Whitehaven, and thither a number of consignments have found

their way, both by railway and steamer.
' Great anxiety is being manifested to get large supplies of dynamite sent out to the

Australian colonies, and it is not unlikely that a ship-load -vvill accordingly soon bo
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sent to the other side of the world. Shipowners, equally with railway companies, still

' boggle ' at, and express great fear of, dynamite, otherwise considerable quantities oi

it might already have found their way to the antipodes.
' Besides being used in pit-sinking and coal-getting, in slate-quarrying and lime-

stone-quarrying, in the ironstone mines and the metalliferous mines generally, in

railway cutting, tunnelling, &c., dynamite is pro^'ing itself to be eminently serviceable

in breaking up and removing the immense masses of mixed iron and slag which form
the bottoms, or ' salamanders, ' of blown-out blast furnaces. It is also about to be

used extensively in subaqueous blasting on the Clyde for the removal of a large quan-

tity of a whinstone dyke that occupies the bed of the river near Erskine Ferry ; and
wo have recently learned that half a ton of it is to be employed in connection with the

torpedo experiments that the naval authorities have at present in progress.'

The following particulars respecting the storing of dynamite cannot but prove

interesting to those who are using this useful explosive agent :

—

• The district store magazines are constructed in accordance with plans approved
of by the Inspector of Gunpowder Factories and Magazines. At first they were
intended to contain a maximum quantity of five tons, but there is some expectation

that the license may be extended to twice that amount. The internal dimensions of

these magazines are 12 feet 6 inches square, by 8 feet high from floor to top of side

walls. In structure they are so simple that they may easily be erected by the ordi-

nary tradesmen found in the mining districts. The walls may be of 9-inch brick and
mortar work ; but where stone walls, of hammer-dressed rubble set in mortar, can be
more conveniently or economically used, it is recommended that they should be 15

inches thick.

They are arranged on what is technically known as the ' shelf system, ' the internal

fittings consisting simply of joists or battens set on edge, resting on the floor, and let

half-way into the end walls for further security. Upon these as bearers, cross-spars,

3-inch by 1-inch, cut out of flooring boards, or similar materials, and kept an inch or

so apart, are pegged down on the joist with wood tree-nails, and the vertical, 3-inch

by-^ inch, wood strips are fastened on the walls in a similar manner; the latter being

put four inches apart, so as to prevent the packing-boxes chafing on the rough walls.

On the shelves thus described the boxes of dynamite are placed in rows, and the floor

space within the doorway may be of earth, clay, or sand, and should be raised six or

eight inches above the level of the ground outside. By this simple arrangement the

use of special magazine shoes or slippers is dispensed with. The door in each case

consists of red pine frame, 1^ inch thick, covered back and front with |^-inch flooring

boards, grooved and feathered; the outside boards being put on vertically, the inside

boards horizontally, and the spaces between being packed with dry sawdust or sifted

engine ashes. It is fitted with strong double-tail hinges, and provided with a good,

safe, and strong lock and key, all of brass by preference. It is insisted that the

doors always open outwards, and that when closed they shall shut against a hardwood
kerbstep. The roof, main, or corner principals are formed of sound red pine battens,

9-inch by 3-inch, having spars 6-inch by 2^-inch, spaced two-feet centres, and well

secured to the principals and wall-plates in the usual manner ; the spars being covered

on the lower side with -f-inch close-jointed lining-boards, and the spaces between the

spars being packed similarly to the doors, and then sacked over and slated. A square

box ventilator, with cowl, is placed in the apex of the roof, and the whole is finished

off with lead or zinc ridge-plates on skews and lead or zinc cover on the top of the

ventilator, the air spaces for ventilation on the lower side of the cowl being covered

with perforated zinc. A district store magazine of a different design, but of the same
size, has been approved of by Major Majendie. It consists entirely of wood, the

framework having a covering of 3-inch planking, which is carefully coated with tar

outside and inside, to preserve the timber, and then felted over externally to render

it watertight. Suitable provision is made for the ventilation, and then the magazine
is covered over with sand or earth, to the depth of 1 j yard on the top, by 2^ to 3

yards at the sides, finished with turf sods, and provided with requisite drainage, &c.
* All exposed ironwork in the interior of these magazines is distinctly prohibited by

Her Majesty's Inspector of Gunpowder Factories and Magazines, so that wood-pegs or

tree-nails or zinc nails are preferred for all fastenings. If iron nails are anywhere
used they must be punched in and puttied over. Where it is practicable. Major
Majendie urges the desirability of a high fence being placed round the magazine with
a locked door ; such a fence as may be made with old railway sleepers has been
strongly recommended.

' Consumers ' store-magazines are arranged for, which are capable of containing one
ton of dynamite. They are also arranged on the * shelf system, ' and are 6 feet 6
inches square internally, and 6 feet 6 inches from the fioor line to the top of the side
walls.
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* Special licenses for storing dynamite in magazines of approved construction nro

granted by the Homo Secretary : the quantity stored in any one magazine being never
more than five tons, unless witli the authorisation of the officer of state. Important
conditions are laid down as regards the distance of the site of the proposed magazino
from buildings of various kinds. For instance, a magazino licensed for five tons ui'

dynamite may not be nearer to a royal palace, or the metropolis, as defined in the

Local Management Act of 1855, than three miles. It may not bo nearer than two
miles to any magazino belonging to the Crown, and containing gunpowder or any
other explosive. Then lesser distances, varying down to 200 yards, are stipulated for

in the case of any borough or market town, clmrch, liospital, other magazine or store

for explosives, dwelling-house and factory, or workhouse (except with the consent in

wTiting of the occupier), school or charitable institution, highway, river or sea-wall,

canal or railway. But the limits as to distances may be lessened, liowever, in special

cases, if, in the opinion of the Government Inspector, the natural features of the site

selected admit of so doing without endangering the public safety. The authorities

desire it to be distinctly and clearly understood that, where an applicant to have a
magazine licensed is unable to comply \\-itli the co-iditions of the general license as to

distiinces, construction, &c., it is open to apply for a special license, which is in all

cases granted where the proposition appears to be one which can be safely acceded to.

For example, a person desirous of using dynamite finds that he is unable to erect the

necessary magazine at the required distance of 200 yards from a dwelling-house,

factory, &c. In this case it would be for him to consider whether he should reduce

the quantity, or whether he should so construct or protect his magazine as to render

the full distances assigned in the general license unnecessary. It might happen that

a quantity of, say, a quarter of a ton, would answer all his purposes, and, in this case,

reduced distances would clearly be admissible. Again the full distances ofthe general

license are not insisted upon when such protection is obtainable as is aiForded by
burrowing into the earth, or into the itice of a colliery or mine waste heap, and pro-

tecting by mounds, or traverses, &c.'

See Explosive Compounds ; Gun-Cotton ; Nitkoglyceeine.
BirsOBZIiZ:. A combustible mineral found in secondary limestone, at Melili,

near Syracuse, in Sicily. It is laminated and fragile, and has an argillaceous odour
when breathed on. It burns with a crackling noise, and considerable flame, with much
smoke, giving out a foetid smell, whence it has acquired the name of Stercus Diaholi or

Merda del Biamlo in Sicily. It is also found in some parts of France—(Bristow,
' Glossary of Mineralogy.') A kind of dysodile has been brought from the Mersey
river in Tasmania, and has been described by Prof. Church under the name of

Tas7nanite.

Tasmanite is a material of organic origin, foupd iu Tasmania, described some-
times as resinferous or combustible shale; it is distinctly laminated, the organic

matter, which occurs in scales, being disposed in planes parallel to the lamination, and
probably causing it. These scales are of a reddish-brown colour, and form from
30 to 40 per cent, of the rock. The average diameter of the discs is about '03 of an
inch, while their thickness at the centre is sometimes as much as '007. As none of

the ordinary solvents of resinoids seemed capable of dissolving out tlie carbonaceous
constituent of the mineral, the following plan of oiFecting the separation was adopted :

—

A large quantity of the mineral was crushed to a coarse powder, placed in a

Phillii)'s precipitating glass, and strong hydrochloric acid poured upon it. A trace of

carbonic anhydride was thus set free from the small quantity of carbonate of calcium
present, while the alumina and ferric oxide of the mineral were partly dissolved.

These actions break up the mineral, and the 'scales' mostly became disengaged and
floating, owing to the high gra^^ty of the hydrochloric solution, which had been
further increased by the addition of chloride of calcium. The scales were collected

by a strainer, and repeatedly washed by decantation, the inorganic matter being

reduced to a minimum. The substance thus prepared presents such remarkable
distinct chemical and physical characters as to lead to its receiving a distinct name.
When tasmanite is heated in the air it burns readily, with a very smoky flame and
offensive odour. Submitted to destructive distillation, it fuses partially, and yields

oily and solid products of a disagreeable smell, resembling the odour of Canadian
petroleum. Qualititive analysis of tJismanite showed it to contain a large quantity

of carbon and liydrogen, and a considerable portion of sulphur. It was found im-
possible to free the specimens completely from mineral impurities, even with the most
careful mechanical treatment. The sulphur detected was an integral part of the

carbonaceous matter itself, and not owing to the presence of an inorganic sulphide or

sulphate ; this was proved in several ways, and was further confirmed by the observa-

tion that the more completely the mineral matter had been removed, the more siUphur
was found in the specimen of tasmanite operated upon.
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SACrlLE-STOirE. A name applied to nodular concretions of iron-stone, which

present a concentric structure, and are often hollow, containing loose materials, whicli

rattle when the stone is shaken.

EAGl^E-'WOOB. (JSois dIAiale, Fr.) The wood of the Aquilaria Malaccmsis or

A. ovata. This is the ' aloes-wood of commerce ; an exceedingly aromatic wood, much
used in Hindostan and in all Mohammedan and Catholic countries for fumigation and
incense. The trees, belonging to the AquilariacecB, are natives of tropical Asia.

Eagle-wood, or aloes-wood, is also jdelded by the Aloexylon AgaUochum.
EARTB. Common alluvial deposit, or agricultural soil. Weight of a cubic foot

varies from 95 to 125 pounds. Specific gravity from 1-5 to 2*0.

EARTH-COAl^, or Earthy Brown Coal. A name sometimes given to Lignite or

Brown Coal. See Bkown Coal, Lignite.

EARTHEinVARE. See Potteby.
EARTH-FKAX. Asbestos is sometimes so called. See Asbestos.

EARTH-xrVT. The fruit of the Arachis hypogaa, a leguminous creeping plant,

native of India, South Africa, and South America. It is cultivated in North America
and Southern Europe. The legumes are ripened under ground, whence the name, and
the seeds are edible.

EARTB-KTITT OZIm, {Huilc d^Arachide ; Huile de pistacJie de terre, Fr. ; Erd-
nussol, Ger.) The oil expressed from the earth-nut by cold pressure. It is nearly

colourless, and has an agreeable odour. It is used for culinary purposes instead of

olive oil, l3Ut it is liable to become rancid much sooner. The hot-pressed earth-oil is

coloured, and has a disagreeable taste and smell. A soap made from the oil of earth-

nuts is manufactured in France, and to some extent in Germany. Earth-nut oil is

much used by watchmakers.
EARTHS. (Terres, Fr. ; Erden, Ger.) It has been demonstrated that the' sub-

stances called Earths, and which, prior to the electro-chemical discoveries of Davy,
were deemed to be elementary bodies, are all compounds of certain metallic bases and
oxygen. Five of the earths, when pure, possess decided alkaline properties, being

more or less soluble in water, having (at least three of them) an acrid alkaline taste,

changing the purple infusion of red cabbage to green, most readily saturating the

acids, and affording thereby neutral salts ; these are baryta, strontia, lime, (calcia),

magnesia, and lithia. The earths proper are alumina, glucina, yttria, zirconia,

and thorina ; these do not change the colour of infusion of cabbage or tincture of

litmus, do not readily neutralise acids, and are quite insoluble in water.

EARTHT BZTirilKEiar. A bituminous schist found at Hurlet near Glasgow,
and in the Binney quarries near Edinburgh. See Bitujien.

EARTH'S* COBAXiT. A manganese ore, containing oxide of cobalt sometimes
to the amount of 33 per cent. See Wad.
EARTHV MAZa-GAN-ESE. See Wad and Manganese.
EAST-ZM-BZA BZiACK -WOOD. The Sit Sal of the natives of India ; the Bal-

bergia latifolia. It is a wood of a greenish black colour, with light coloured veins. It

takes a fine polish, and is very heavy. This wood is sometimes called East India Ebony.
EAU BE COILOGXTE. See Perfumery.
EATT BE JAVEXiXiE. A solution of ' chloride of potash,' occasionally used as

a bleaching agent. See Chloride of Potash.
EAtr BE XiBCE. See Perfumery.
EBOlflTE. A name given to vulcanised India-rubber, or Vulcanite. The

process of manufacture has been fully described under Caoutchouc. Ebonite
has been applied almost to every kind of small ornamental manufacture. A large

trade is done in imitations of jet ornaments made of it. It is also used for electrical

machines and apparatus. In Poggendorf's *Annalen,' 1873, F. Kohlrausch has a
paper on the expansibility of ebonite by heat. He observed that ebonite lids stuck

fast in glass vessels and even cracked them. Some experiments were therefore made,
and ebonite was found to be three times as expansible as zinc.

The coefficient for 1° was found to be

0-0000770 measured between 16°-7 and 25°"3

0-0000842 „ „ 25°-3 and 35°-4

thus the increase with the temperature is very considerable. The linear coefficient of
expansion for the temperature t can be put

0-000061 -(-0-0000076 2J,

n2
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Two Btrips of ebonite and sheet zinc, when rivetted together, curve very materially
with even a mwlerate heating. A thin strip of ivory, 20 centimes in length, cemented
l)y means of isinglass to a similar one of ebonite, forms a delicate thermometer, seeing
that its free end moves through several millimeters for one degree. The curvature in
consequence of unequal expansion may be most simply demonstrated by the aid of a
mere plate of ebonite, for, owing to its bad conductivity, it curves considerably when
heated on one side. See Caoutchouc.
BBOmr. Of this black wood three kinds are imported :

—

The Mauritius Ebony, which is the blackest and finest grained.

The East-Indian Ebony, which is not of so good a colour.

The African Ebony, which is porous and bad in point of colour.

The ebony of the Mauritius is yielded by the Diospyros Menus. Colonel Lloyd
says, that this ebony when first cut is beautifully sound, but it splits, like all other
woods, from neglectful exposure to the sun. The workmen who use it immerse it in

water, as soon as it is felled, for from six to eighteen months ; it is then taken out, and
the two ends are secured from splitting by iron rings and wedges. Colonel Lloyd
considers that next to the Mauritius, the ebony of Madagascar is the best, and next
that of Ceylon.

The Mauritius ebony is imported in round sticks like scajffold poles, about fourteen
inches in diameter. The East-Indian variety comes to us in logs as large as twenty-
eight inches diameter, and also in planks. The Cape-of-Good-Hope ebony arrives in

England in billets, and is called billet wood, from about three to six feet long and two
to four inches thick.

The uses of ebony are well known.
White Ebony comes from the Isle of France, and is much like box wood. See

Green Ebony.
XiBITXiXiZOSCOPE. See Ebullition Alcoholometer.
EBiriiZiZTZOZr. (Eng. and Fr. ; Kochen, Ger.) Boiling, When the bottom

of an open vessel containing water is exposed to heat, the lowest stratum of fluid

immediately expands, becomes therefore specifically lighter, and rises through the
colder and heavier particles. The heat is in this way diffused through the whole
liquid mass, not by simple conmiunieation of that power from particle to particle as in

solids—called the condiiction of heat—but by a translation of the several particles

from the bottom to the top, and the top to the bottom, in regular succession. This is

denominated the carrying power of fluids, being common to both liquid and gaseous
bodies. These internal movements may be rendered very conspicuous and instructive,

by mingling a little powdered amber with water, contained in a tall glass cylinder,

standing upon a sand-bath. That this molecular translation or locomotion is almost
the sole mode in which fluids get heated, may be demonstrated by placing the middle
of a pretty long glass tube, nearly filled with water, obliquely over an argand flame.

The upper half of the liquid will soon boil, but the portion under the middle will con-
tinue cool, so that a lump of ice may remain for a considerable time at the bottom.
When the heat is rabidly applied, the liquid is thrown into agitation, in consequence of
elastic vapour being suddenly generated at the bottom of the vessel, and being as
.suddenly condensed at a litUe distance above it by the surrounding cold column.
These alternate expansions and contractions of volume become more manifest as the
liquid becomes hotter, and constitute the simmering, vibratory sound which is the
prelude of ebullition. The whole mass being now heated to a pitch compatible with
its permanent elasticity, becomes turbulent and explosive under the continued in-

fluence of fire, and emitting more or less copious volumes of vapour, is said to boil.

The further elevation of temperature, by the influence of heat, becomes impossible
in these circumstances with almost all liquids, because the vapour carries off" from
them as much heat in a latent state as they are capable of receiving from the fire.

The temperature at which liquids boil in the open air varies with the degree of
atmospheric pressure, being higher as that is increased, and lower as it is diminished.
Hence boiling-water is colder by some degrees in an elevated situation, Avith a de-

pressed barometer, than at the bottom of a coal-pit in fine weather, or, when the
barometer is elevated. A high column of liquid also, by resisting the discharge of
the steam, raises the boiling point. As wo ascend from the sea-level, the boiling point

becomes lower ; the tjible at the head of page 181 illustrates this.

In vacuo all liquids boil at a temperature about 124° F. lower than under the

average atmospheric pressure. For a table of elasticities, see Vapour. Gay-Lussac
has shown tliat liquids are converted into vapours more readily, or with less turbu-
lence, when they are in contact with angular or irregular, than with smooth surfaces

;

that they therefore boil at a heat 2° V. lower in metallic than in glass vessels, pro-

bably owing to the greater polish of the latter. For example, if into water about to

boil in a glass mati-grss, iron filings, ground glass, pr any other insoluble powder, bp



EBULLITION" 181

Places

Farm of Antisana
Quito
Mexico .

St. Gothard .

Brian9on
Monte Dor6 .

Madrid .

Moscow .

Lyons ,

Paris

Yards high

4488
3170
2490
2302
1423
1136
665
328
177
71

Inches of
pressure

17-87

20-74

22-62

2302
25-39

26-26

27-72

28-82

29-33

29-69

Boiling point

187-34

194-18

198-14

199-22

203-9

205-7

208-04
210-2

210-92

211-46

thrown, such a brisk ebullition -will be instantly determined, as will sometimes throw
the water out of the vessel ; the temperature at the same time sinking 2° F.

The following table exhibits the boiling-heat, by Fahrenheit's scale, of the most
Important liquids :

—

Ether . ....
Ether, specific gravity 0-7365 at 48°

Bisulphide of carbon .

» • •

Alcohol, sp. grav. 0-813

Nitric acid, „ 1-500

„ 1-42

Water
Saturated solution of Glauber salt

acetate of lead

sea salt

chloride of calcium

Ammonia
Crystallised chloride of calcium
Muriatic acid, sp. grav. 1*094

1 + water,

35-5 + water, 64-5

40-6 + water, 59-5

J» 1-127

Nitric acid. 1-420

)» 1-30

Rectified petroleum , .

Oil of turpentine .

Sulphuric acid, sp. grav. 1-848

1-810

1-780

1-700

1-660

1-520

1-408

1-300

Phosphorus
Sulphur
].inseed oil

Whale oil

Mcicury

Saturated solution of acetate soda, containing 60 per cent.

nitrate of soda. 60
Eoehelle salt. 90
nitre 74
chloride of ammonium. 50
tartrate of potash, 68
chloride of sodium. 30
sulphate of magnesia, 67-6

borax, 52-6

phosphate of soda, ?

Graham . 96°

, , . 100

, . 113
Graham . 118
Ure . . 173-5

Dalton . 210
Graham . 248
. . 212
Blot . . 213^

»» • . 215f
i» • . 224^

Ure . . 285

>» • . 230
. 235
. 240

Graham . 140
. 302

Dalton . 232

» . 222

>» . 248-

it . 236
Ure . . 306

. 316
Dalton . 600

i» . 473

»» . 435

u. . 374

n . 350

$t . 290
. 260

>» . 240

»» . 554

»» . 570
. 640

Graham . 630
Dulong . 662
Crighton . 650
Griffiths . 256

. 246

»» « . 240

>» ' . 238

M • . 236

J» ' . 234

f» . 224

f* • . 222

f» • . 222

ft • . 222
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Saturated solution of carbonate of soda ....
„ „ alum, containing 62 per cent.

,, ,, chlorate of potasli, 40

„ „ sulphate of copper, 45

Griffiths 220
220
218
216

EBtr:LZiZTZOXrAXiCOBOKOMETER. That the boiling temperature ofwater is

increased by holding neutro-salino and saccharine substances in solution has been long
known, and has been the sul>jcct of many experiments, made partly with the view of

ascertaining from that temperature tlie proportion of the salt or sugar, and partly with
the view of obtaining a practical liquid bath. But it seems to have been reserved for

the Abbe Brossard-Vidal of Toulon to have discovered that the boiling temperature
of alcoholic liquors is, in most cases, proportional to the quantity of alcohol, irrespec-

tively of the quantity of neutro-saline or saccharine matter dissolved in them. When,
however, such a quantity of dry carbonate of potash, or sugar, is added to a spirituous

liquor as to abstract or fix in the solid state a portion of the water present, then the

boiling temperature of that mixture will be lowered in proportion to the concentration

of the alcohol, instead of being raised, as would be the case with water so mixed.

But, generally speaking, it may be assumed as a fact, that the boiling point of an
alcoholic liquor is not altered by a moderate addition of saline, saccharine, or extrac-

tive matter. On this principle, M. Brossard-Vidal constructed the instrument repre-

sented in fig. 772, for determining by that temperature the proportion of alcohol

present. His chief object was to furnish the revenue boards of France with a means
of estimating directly the proportion of alcohol in wines, so as to detect the too

common practice of introdxicing brandy into their cities and towns under the mask of

wine, and thereby committing a fraud upon the octroi ; as the duty on spirits is much
higher than on wines.

The above instrument consists of a spirit-lamp, surmounted by a small boiler, into

which a large cylindric glass Imlb is plunged, having an upright stem of such calibre

that the quicksilver contnined may, by its expansion and ascent when Jieated, raise

before it a little glass float in the stem, which is connected by a thread with a similar

glass bead, that hangs in the air. The thread passes round a pulley, which turning

•with the motion of the beads causes the index to move along the graduated circular
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scale. The numbers on this scale represent percentages of absolute alcohol, so that

the number opposite to which the index stops, when the liquor in the cylinder over

the lamp boils briskly, denotes the percentage of alcohol in it. ^

Dr. Ure introduced another form of instrument {fig. 773). It is thus described by

the inventor :

—

It consists, 1, of a flat spirit-lamp A, surrounded by a saucer for containing

cold water to keep the lamp cool, should many experiments require to be made in suc-

cession ; 2, of the boiler b, which fits by its bottom cage c, upon the case of the

lamp. At the point c, is seen the edge of the damper-plate for modifying the flame

of the lamp, or extinguishing it when the experiment is completed, d is the thermo-

meter, made with a very minute bore, in the manner of the Rev. Mr. Wollaston's in-

strument for measuring the height of a mountain by the boiling point of water on its

summit The bottom of the scale in the ebullition thermometer, is marked p for

proof on the left side, and 100 (of proof spirit) on the right side. It corresponds

to 178-6 Fahr. very nearly, or the boiling point of alcohol of 0-920 specific gravity.

The following table gives the boiling points corresponding to the indicated densities :

—

Temp. Fahr. Specific Gravity Temp. Fahr. Specific Gravity

178-6 . 0-9200 P. 185-6 . 0-3665 50 U. P.

179-75 . . 0-9321 10 U. P. 189-0 . 0-9729 60 „

180-4 . 0-9420 20 „ 191-8 . 0-9786 70 „

1810 . 0-9516 30 „ 196-4 . 0-9850 80 „

183-4 . 0-960 40 „ 202-0 . 0-992 90 „

The above table is the mean of a great many experiments. "When alcohol is

stronger than 0-92, or the excise proof, its boiling point varies too little with its

progressive increase of strength to render that test applicable in practice. In fact,

even for proof spirits, or spirits approaching in strength to proof, a more exact

indication may be obtained by diluting them with their own bulk of water, before

ascertaining their strength and then doubling it.

The boiling point of any alcoholic liquor is apt to rise if the heat be long continued,

and thereby to lead into error in using this instrument. This source of fallacy may
be in a great measure avoided by adding to the liquor in the little boiler about a
teaspoonful (thirty-five grains) of common culinary salt, which has the curious effect

of arresting the mercury in the thermometer at the true boiling point of the spirit,

wine, or beer, to enable a correct reading to be had. The small measure marked m
holds the requisite quantity of salt.

The thermometer is at first adjusted to an atmospheric pressure of 29*5 inches.

\yhen that pressure is higher or lower, both water and alcohol boil at a somewhat
higher or lower temperature. In order to correct the error which would hence
arise in the indications of this instrument under different states of the weather,
a barometrical equation is attached, by means of the subsidiary scale e, to the ther-

Tiiometer d.

Having stated the principles and the construction of the ebullition alcoholometer,
I shall now describe the mode of its appUcation.

First.—Light the spirit-lamp a.

Second.—Charge the boiling vessel b, with the liquid to be tested (to within an
inch of the top), introducing at tlie same time a paper of the powder ; then place the
vessel B (the damper-plate being withdrawn) on to the lamp a.

Third—Fix the thermometer d on the stem attached to b, with its bulb immersed
in the liquid. The process yaW then be in operation.
The barometrical scale indicated on the thermometer is opposite the mean boiling

point of water. Prior to commencing operations for the day, charge the boiler b
with water only, and fix the instrument as directed ; when the water boils freely, the
mercury will become stationary in the stem of the thermometer, opposite to the true
barometrical indication at the time. Should the mercury stand at the line 29*5 this
will be the height of the barometer, and no correction will be required ; but should
it stand at any other line, above or below, then the various boiling points will bear
reference to that boiling point.

In testing spirituous or fermented liquors of any kind, when the mercury begins
to rise out of the bulb of the thermometer into the stem, push the damper-plate half-
way in its groove to moderate the heat of the flame. When the liquor boils freely
the mercury will become stationary in the stem ; and opposite to its indication, on the
left, the underproof percentage of spirit may be read off at once, if the barometer
stand that day at 29-5 inches ; while on the right-hand scale, the percentage of
proof spirit is shown ; being the difference of the former number from 100. The
damper-plate is to be immediately pushed home to extinguish the flame.
The alcoholometer will by itself only indicate the percentage of alcohol contained
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in any wine ; but, by the aid of the hydrometer, the proportionate quantity of sac-

charum in all wines may bo readily and easily determined. The hydrometer will

show the epecific gravity of the liquid upon reference to table No. 1 , annexed. In
testing a sample of wine, first take the specific gravity, and suppose it to be 989,

then charge the boiler of the alcoholometer with the wine, ns directed, and at tho

boiling point it indicates the presence of alcohol at 69*6 per cent."-!*-, whose specific

gravity will be found to be 979 ; deduct that gravity from the gravity of the bulk,

or 989, and 10 ^v^ll remain, which 10 degrees of gravity, upon reference to tho wine
table, will be found to represent 25 lbs. of saccharine or extractive matter in every
100 gallons, combined with SO^ths gallons of proof spirit.

Sikes's hydrometer will only show the specific gravity of liquids lighter than water
(or 1,000), and for wines in general use, the gravities being lighter than that article,

will answer every purpose ; but there are wines whoso gravities are heavier than water,

such as mountain, tent, rich Malagas, lachrymse Christi, &c., to embrace which
additional weights to the hydrometer will be required, as for cordialised spirits, &c.

In testing a sample of ricli mountain, its specific gravity was found to be 1032, or 39°

heavier than water; that wine at the boiling point indicated the alcohol 72'5 per

cent."-P-; but 980 specific gravity deducted from 1039 leaves 39° of specific gravity
;

against 59 of the wine tables will be found 147'5 or 147| lbs. of saccharine or extrac-

tive matter, combined with 27|- gallons of proof spirit to every 100 gallons.

Should the barometer for "'the day show any other indication above or below
the standard of 29*5, the thermometer scale will then only show the apparent strength,

and reference must be had to the small ivory indicator, k, it being the counterpart

of the barometrical scale of the thermometer ; thus, should the barometer indicate

30, place 30 of the indicator against the boiling point of the liquid, and opposite the

line of 29-6 will be found the true strength.

Example 1.—Barometer at 30.—Suppose the mercury to stop at the boiling point
72"-P-, place 30 of the indicator against 72 on the thermometer, and the line of 29'5

will cut 69-6"-P-, the true strength.

Example 2.—Barometer at 29.—Suppose the mercury to stop at the same point,

72"-P', place 29 of the indicator against 72 on the thermometer, and the line of 29*5

will cut 74-3"-P-, the true strength.

For malted liquors.—To all brewers and dealers in fermented liquors, this principle,

by its application, will supply a great desideratum, as it will not only show the alcohol

created in the wort by the attenuation, as well as the original weight of the wort prior

to fermentation, but it will indicate the value of malt liquors in relation to their com-
ponent parts. It will likewise be a ready means of testing the relative value of worts

from sugar compared with grain, as well as being a guide to the condition of stock

beers and ales.

To ascertain the strength of malt liquors and their respective values, the instrument

has been supplied with a glass saccharometer, testing-glass, and slide-rule. Commence
by charging the testing-glass with the liquid, then insert tlio saccharometer, to ascertain

its present gravity or density per barrel, and at whatever number it floats, that will

indicate the number of pounds per barrel heavier than water.

Example 1.—Suppose the saccharometer to float at the figure 8, that would indicate

8 lbs. per barrel ; then submit the liquid to tho boiling test, with the salt as before

directed, and suppose it should show (the barometrical differences being accounted for)

90"-P-, that would be equivalent to 10 percent, ofproof alcohol. Refer to the slide-rule,

and place a on the slide against 10 on the upper line of figures, and facing n on the

lower line will bo 18, thus showing that 18 lbs. per barrel have been decompo.sed to

constitute that percentage of spirit ; then, by adding the 18 lbs. to the present 8 lbs.

per barrel, the result will be 26 lbs., the original weight of the wort after lea-vnng tho

copper.

Example 2.—The saccharometer marks 10 lbs. per barrel, and at the boiling point it

indicates 88"-p-, equivalent to 12 gallons of proof spirit per cent.
;
place a against 12,

and opposite b will be 21^ lbs. per barrel, when, by adding that to the 10 lbs. present,

31^ lbs. will be the result.

To ascertain the relative valv£,—Suppose tho price of the 26 lbs, of beer to be 3 65. per

barrel, and the 31^ lbs. beer to be 405. per barrel, to ascertain which beer will be the

cheapest, place 26 on the opposite side of the rule against 36, and opposite 31 J lbs. will

be 435. Td., showing that the latter beer is tho cheapest by 35. 7d. per barrel.

By taking an account of the malt liquors by this instrument prior to stocking, it

may be ascertained at any time whether any alteration has taken place in their condition,

either by an increase of spirit by after-fermentation and consequent loss of sugar,

or whether, by an apparent loss of both, acetous fermentation has not been going on

towards the ultimate loss of the whole.

This instrument will likewise truly indicate the quantity of spirit per cent, created



EBULLITION ALCOHOLOMETER 185

I

I

3 ^

2>

I-

G>
VC 00 o (M »o »» OS ^ •^ CO OS
t~. t>- 00 00 OO OS 00 OS a o OS

o
00 02 . 7^ "^ ^ ^ I-H

"

g
c r-^ C4 ec ^ »o CO b- 00 o> o
00 '-*

6 <N «5 t^ o> (N •^ CO 00 ^ CO >o

1
W3 »o »o «o CO CO CO CO *^ t^ t^

o 02 l-H f-H :^ 7^ •-•
l"H t-l ^ ::^

'^

£
^

O l-l <N CO •* ti CO t^ 00 OS o
t^ t^

•g

d o» rH rfH CO cs cH CO »o 00 o <N
i^<M CO CO CO CO rj< •* •* Tj4 >o »o

o 02 l-H i-H ^ ^3 l-H fl ^ ^
1

$
O ^ (N OO •^ o CO t^ 00 cs o ^
CO o
l-H

?6 t^ Oi ,_, CO CO 00 o co 'O t^ cso o l-H (M <M (M c<» (M

1-H

02*
l-H l-H - ^ l-H JI^ ^ CI

i
^

o
«3

»-< (M CO •* o CO t^ 00 cs o

1 ^
dj

W5 r^ CS _ CO CO 00 o <M * t^2 00 00 00 Oi OS o cs o o © o

s

i

? tn
o o o o o o o I-H

I-H ^

o r-t <N CO >«J< kO CO t^ 00 cs o
I-H 1

6 CO M3 t>. cs l-H •^ CO CO o (M 'O

1

i

o «o <o CO CO t^ t- t>- t>. 00 00 00

I

o
CO
I-t

m o o o o o o o
r-H

o
l-H

o o o

^
- <N CO •^ o CO »>• 00 cs o

6 ^ tH CO 00 o (M -* CO 00 I-H CO ao :f tH •«* ^ o lO M3 >o »o CO COo 02
o
t-l

O o o
l-H

o o 2 o o o o
?.

i ^ §
^ <M CO r}4 o CO t- 00 o o

o

1

1d o (St * CO OS -H CO lO »<• o l-H

1'
M <N o<o DQ

o
l-H

o O o o o o
»-H

cs o o o
g

g

1

•-i

I
g

o '- <M CO * o CO r* 00 c» o
f-l

o 5^ * CO 00 o c<» •«*« CO 00 o
m o o O o o (M

1-4

CO o o o o o o o o o o
^

H

*"* '"' *"* "^
nT*

^
oo »H <M CO •* »c CO »>. 00 a o

l-H 1

6 ^ CO »o t>. cs ^_ CO ua t^ cs ^
122 00 00 00 00 OS cs cs <5S cs o

o 02 o cs o cs a cs cs OS cs OS 2 rf3

o»

^
^ g - <M CO ^ o CO t>. 00 cs o

3
CS 1-1 CO lO t^ OS ,^ CO Wi r» OS f-l H

to CO cn CO t>k t~<. t- t^ t^ 00
^o QQ o cs cs OS a cs OS OS cs cs

00

i o
00

-^ <N CO •^ o CO t^ 00 cs o ^
IH

ctj C<J CO W5 t^ cs CO «5 t^ o f-l 5-n •^ Tj< ^ M< »o lO >o >o lO CO
o 02* cs o CS cs a cs o OS cs o cs
t>.

^
o r-1 C<l CO ^ wa CO r* 00 o o
t*

6 <M -* CO 00 o <M M<' CO 00 o c^
(M CI (M d CO CO CO CO CO •* *

o 02 o C5 CS cs cs o cs cs o cs OSo
s

o ^ <M CO ^^ o CO t^ 00 o o
CO



186 EBULLITION ALCOHOLOMETER

in distillers' -worU, whether in process of fermentation or ready for the still; the only

difference will bo in tho allowance on the slide-rule.

N.U.—Tho saccharometers applicable to tho foregoing rules for beer, ales, &c.,

have been adjusted at the temperature of 60° Fahrenheit, and will bo found correct for

general purposes ; but where extreme minuteness is required, tho variation of tempe-
rature must be taken into account; therefore, for every 10° of temperature above

60, ^ths of a pound must bo added to the gross amount found by tho slide-rule ; on
the contrary, for every 10^ below 60, V^ths of a pound must bo deducted.

For cordialised Spirits.—The operation in this instance is somewhat different from
that of beers, which have the alcohol created in the original worts ; whereas, in cor-

dialised spirits, gins, &c., tho alcohol is the original, and tho saccharine matter, or

sugar, is an addendum.

No. 2.

Table skoiving the lbs. of Sugar per Gallon in Cordialised Spirits, with Per Ceniages

to be added to the identical Strength, per the Alcoholometer,

Difference of
Gravity

Lb3. of Sugar
per Galloa

10

4oz.
or 26
to 100

15

6oz.

to 100

20

8oz.
50

to 100

25

10 oz.

62i
tolOO

30

12 oz.

75
to 100

35

14 oz.

87i
to IOC

40

1-0

45

oz.
1-2

50

oz.
1-4

Difference of

Gravity

Lbs. of Sugar
I)er Gallon

Sp. Grav.
of Spirit

920

Per Cent,
of Spirit

1-6 2-5 3-4 4-4 5-3 6-2 71 8-1 90

Per Cent.
of S|iirlt

Pf.

Sp. Grav.
ofSi.iiit

920
923 2-5 1-6 2-5 3-3 4-3 5-2 61 6-9 7-8 8-8 2-5 923
926 5- 1-5 2-4 3-2 4-2 50 5-9 68 7-7 8-6 5- 926
929 7-5 1-5 2-3 3-2 4-1 4-9 5-8 6-6 7-5 8-4 7-5 929
932 10- 1-4 2-2 31 4-0 4-8 5-7 6-5 7-4 8-2 10- 932
935 12-5 1-4 2-2 3-1 3-9 4-7 5-5 6-3 7-2 80 12-5 935
938 15- 1-4 2-1 3-0 3-8 4-6 5-4 6-2 7-0 7-8 15- 938
040

.

17-5 1-3 2-1 2-9 3-7 4-5 5-3 60 6-8 7-6 17-5 940

I
943 20- 1-3 2-0 2-8 3-6 4-4 5-2 5-9 6-7 7-5 20- 943
945 22-5 1'3 2-0 2-7 3-5 4-3 50 5-7 6-5 7-3 22-5 945
948 25- 1-2 1-9 2-6 3-4 4-1 4-8 5-5 6-3 70 25- 948
950 27-5 1-2 1-9 2-5 3-3 40 4-7 5-3 61 6-8 27-5 950
952 30- 11 1-8 2-4 3-1 3-8 4-5 51 5-8 6-5 30- 952
954 32-5 M 1-7 2-3 3-0 3-6 4-3 48 5-5 6-2 32-5 954
956 35- 1-0 1-6 2-2 2-9 3-5 4-1 4-6 5-3 60 35- 956
958 37-5 1-0 1-6 21 2-8 3-4 3-9 4-4 5-1 5-8 37-5 958
960 40- •9 1-5 20 2-7 32 3-8 4-3 4-9 5-5 40- 960
962 42-5 •9 1-5 2-0 2-6 3-1 3-6 41 4-7 5-3 42-5 962
964 45- •9 1-4 1-9 2-5 3 3-5 40 4-6 51 45- 964
965 47-5 •8 1-4 1-9 2-4 2-9 3-4 3-9 4-4 4-9 47-5 965

967 50- •8 1-3 1-8 2-3 2-8 3-3 3-8 4-3 4-8 50- 967
969 52-5 •7 1-2 1-7 2-2 2-6 31 3-6 4-1 . 4-5 52-5 969
970 55- •7 1-2 1-6 2-0 2-4 2-9 3-4 3-8 4-2 55- 970
972 57-5 •6 . 1-1 1-5 1-9 2-2 2-7 31 3-5 3-9 57-5

.

972
973 60- •6 1-0 1-4 1-8 21 2-5 2-9 3-3 3-6 60- 973
974 62-5 •6 1-0 1-3 1-7 2,0 2-4 2-7 31 3-4 62-5 974
976 65' *5 •9 1-2 1-5 1-8 2-2 2-5 2-8 3-1 65- 976

977 67-5 •5 •8 1-1 1-4 1-7 20 2-3 2-6 2-9 67-5 977
979 70- •4 •7 1-0 1-3 1-5 1-8 2-1 2-4 2-6 70- 979
980 72-5 •4 •7 •9 1-1 1-3 1-6 1-9 2-1 2-3 72-5 980
982 75- •3 •6 •8 1-0 1-2 1-4 1-6 1-8 20 75- 982
983 77-5 •3 •5 •7 •9 10 1-2 1-4 1-6 1-8 77-5 983
984 80- •2 •4 •6 •8 •9 1-0 1-2 1-4 1-6 80- 984

986 82-5 •2 •3 •5 •7 •8 •9 1-0 1-2 11 82-5 986

988 85- •2 •2 •4 •6 •7 •8 •9 10 1-2 85- 988
990 87-5 •1 •2 •3 •5 •6 •7 •8 •9 10 87-5 990
992 90- •1 •1 2 •4 •5 •6 •7 •8 •9 90- 992
994 92-5 ... •1 •2 •3 •4 •5 •6 •7 •8 92-5 994
996 95- ... .,, •1 •2 •3 •4 •6 •6 •7 95- 996
998 97-5 ... ... ... •1 •2 •3 •4 •5 •6 97-5 998

If 100 gallons of spirits are required at a given strength, say 50 per cent, under proof,

53 gallons of proof spirit, with the addition of 50 gallons of water, would effect that
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object, and upon testing it by the alcoholometer, it would be found as correct as by ther

hydrometer. But in cordialising spirits it is diflferent, for to the 60 gallons of proof

spirit 60 gallons of sugar and water would be added, thereby rendering the hydrometer

useless, except for taking the specific gravity of the bulk, and according to the quantity

of sugar present, so a relative quantity of water must have been displaced ; and as the

sugar has no reducing properties, the alcoholometer will only show the strength of the

cordial in relation to the water contained in it, as the principle indicates, irrespectively

of saccharine or extractive matter.

Suppose, in making 100 gallons of cordial at 50"-p-, 3 lbs. of sugar are put to the

gallon, or 300 lbs. to the 100 gallons, that 300 lbs., displacing 18^th gallons of water,

only 31 j^th gallons of water instead of 50 have been applied; the sugar, without

reducing properties, making up the bulk of 100 gallons, which is meant to represent

60 per cent."-P-.

The alcoholometer will only show at the full point of ebullition the alcoholic strength

in relation to the water in the 100 gallons of the mixture, or 36 per cent^-P-, leaving 16

per cent, to be accounted for on the bulk.

As the quantity of sugar present must be determined before that percentage

can be arrived at, a double object will be effected by so doing, namely eliciting in all

instances the quantity of sugar present, as well as the percentage of spirit to be ac-

counted for.

Example 1.—In taking the specific gravity of a cordial, suppose it to be found 1076,

then submit the liquid to the boiling point, and having ascertained the percentage of

alcohol, and it proves to be 35^-p-, the specific gravity of alcohol at that strength will

be found to be 956 ; deduct 956 from the specific gravity of the bulk, 1076, and 120

will remain ; refer that to its amount on the head line of the table No. 1, namely,

120, under which will be found 3, representing 3 lbs. of sugar to the gallon ; and by
running the eye down tlie column table No. 2 to opposite the alcoholic strength in-

dicated (35^-P-), will be found 14r'9, which represents the percentage of water displaced

by the sugar, and which amount of 14*9, added to the 35 per cent, ascertained, makes
the total upon the bulk 49-9 per cent."-?-, with 3 lbs. of sugar to the gallon.

For Gins, ^-c.—Example 2.—^In taking the specific gravity, suppose it to be found

957 ; then submit to the boiling point, and it proves to be 14"-p-, whose specific gravity

is 937, which, deducted from 957, leaves specific gravity 20 ; on the head-line of table

No. 2, under 20, will be found 8oz., or ^Ib. of sugar to the gallon, and on running
the eye down to opposite 14"-p-, will be found 3*0, which, added to the 14, makes the

total on the bulk 17 per cent.^-P-, with 50 lbs. of sugar to the 100 gallons.

To chemists for their tinctures, &c., this instrument will be found essentially useful.

N.B.—Care must be taken that the mercury is entirely in the bulb of the thermo-

meter before it is fixed on the stem for operation,'and in all cases (except for water)

the salt must be used.

fiCXiOGXTS. See EEXoarTE!.

SSBOSS. A plant {Antm esmlentUTn) which is found in most tropical climates,

and cultivated for food. It contains 63 parts of matter soluble in water, and 37 parts

insoluble. It ranks with the potato as an article of nutrition.

ESSirZTS. A variety of hornblende, occurring at Edenville, New York.
EBGfi TOOIiS ; more properly cutting tools, of which the chisel may be regarded

as the type. Holtzapffel, whose book on ' Mechanical Manipulation ' is the best to be
found in any language, divides cutting tools into three groups : namely, paring tools,

scraping tools, and shearing tools.

First. Paring or splitting tools, with thin edges, the angles of which do not exceed

sixty degrees, one plane of the edge being nearly coincident with the plane of the

work produced (or with the tangent in circular work). These tools remove the

fibres principally in the direction of their length, or longitudinally, and they produce
large coarse chips, or shavings, by acting like the common wedge applied as a mecha-
nical power.

Secondly. Scraping tools, with thick edges, that measure from sixty to one hundred
and twenty degrees. The planes of the edges form nearly equal angles with the
surface produced, or else the one plane is nearly or quite perpendicular to the face

of the work (or Ijecomes as a radius to the circle). These tools remove the fibres

in all directions with nearly equal facility, and they produce fine dust-like shavings
by acting superficially.

Thirdly. Shearing, or separating tools, with edges of from sixty to ninety degrees
generally duplex, and then applied on opposite sides of the substances. One plane of
each tool, or of the single tool, coincident with the plane produced.
Mr. James Bouydell introduced a process which professed to produce cheap edge

tools of excellent quality, He welded iron and steel together in such a manner that
when cut up to form edge tools, the steel constituted a thin layer to form the cutting
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EGGS

edge. He piled a slab or plate of steel upon two or more similar plates of iron ; heated
it in a furnace to a good welding heat, and then passed it between grooved or other

suitable rollers to convert it into bars ; the steel being in a thin layer either on one
of the outer surfaces of the bar, or between two surfaces of iron, according to the kind
of tool to be made therefrom. The bars thus produced were cut up and manufactured
into the shape of the desired articles by forging. If the cutting edge was to extend
but a short distance, the steel was applied only near one edge of the pile. The com-
pound bars which have the steel on one side are suitable for chisels and other tools,

which have a cutting edge on one side, the iron being ground away when making or
sharpening the tool. See Cutlery ; Steel.

SBTTXiCORATS {Edulcorer, Fr. ; Aicssusseii, Gor.) is a word introduced by the
alchemists to signify the sweetening, or rather rendering insipid, of acrimonious pul-
verulent substances, by copious ablutions with water. It means, in modern language,
the washing-away of all particles soluble in water, by agitation or trituration with this

fluid, and subsequent decantation or filtration.

SFFERVESCSirCE. (Eng. and Fr. ; Aiifbrausen, Ger.) When gaseous matter
is suddenly extricated with a hissing sound during a chemical mixture, or by the

application of a chemical solvent to a solid, the phenomenon, from its resemblance to

that of simmering or boiling water, is called effervescence. The most familiar ex-

ample is afforded in the solution of sodaic powders ; in which the carbonic acid gas of

bicarbonate of soda is extricated by the action of citric or tartaric acid.

EFF&ORZiSCSXrCfi (Eng. and Fr. ; Verwittcrn, Ger.) is the spontaneous con-

version of a solid, usually crystalline, into a powder, in consequence either of the

abstraction of the combined water by the air, as happens to the crystals of sulphate

and carbonate of soda ; or by the absorption of oxygen and the formation of a saline

compound, as in the case of alum schist, and iron pyrites. Saltpetre appears as an
efflorescence upon the ground and walls in many situations.

EGGS. The eggs of birds become useful in many processes of manufacture. They
consist of four parts :

—

1. The shell, consisting of

—

Carbonate of lime 89"6

Phosphate of lime and magnesia . . . . 5'7

Animal matter and sulphur ..... 4*7

2. A membrane {membrana jputaminis) which lines the shell, which analysis shows
to be composed of

—

Carbon . . 50*7

Hvdrogen Q'Q

Nitrogen 16-8

Oxygen and sulphur 26*0

3. The white. Albumen, a colourless liquid, enclosed in large cells formed of a thin

membrane.
4. The yolk, or vitellum. Surrounded by the albumen ; also enclosed in a membrane.
The albumen, or white-of-egg, is used for numerous purposes in the arts. It con-

tains carbonates in variable quantity, albumen, a small quantity of fat, glucose, and
extractive matter.

The yolk of birds' eggs consists mainly of fat and pigment. See Watts's ' Dic-

tionary of Chemistry.*

Eggs, non-incubated, respire, giving off water and carbonic acid, and absorbing

oxygen, so that the air confined at the broad end of the egg is richer in oxygen than

the external air. This indicates the method to be adopted in the preservation of

eggs, viz., to fill the pores of the shell, so as to prevent entirely the osmose force to

which this process of respiration belongs. If the eggs are dipped into melted tallow

or wax, or into a cream of freshly-slaked lime, this is effected. Dipping eggs into a

strong brine is said to be effectual ; the effects are similar in either case. The trade

in eggs is large.

The Importation of eggs in the last five years was as follows :

—

Year Great hundreds Computed value

1868
1869
1870
1871
1872

3,199,742

3,684,772

3,590,352

3,351,106

4,650,676

1,009,285

1,120,853

1,102,080

1,265,484

1,837,886
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EOOS, HATCHZWO. Seo Incubation, Artificial.

ECG-APPZiES. Tho edible fruit of Solanum ovigerum and 8. Mehngena.
EG-YPTZAir JASPER. Kolled pebbles of brown jasper from the Valley of the

Nile. They are cut and polished as ornamental stones.

EH3bZTE. A hydrated phosphate of copper, occurring generally in reniform and
hotryoidal masses. It takes its name from one of its localities—Ehl, near Linz, on
the Khine. According to the analyses made by Bergemann, this mineral contains vana-
dium, and it has hence been sometimes called phosphovanadato of copper.

EHREXTBERGXTE. A mineral found as a deposit in trachyte in the Siebenge-

birge. It was examined by Ehrenberg, after whom it was named. It contains silica

and alumina, and, according to Bischof and Schnabel, water extracts from it chlorine,

sulphuric acid, and magnesia, while hydrochloric acid extracts both iron and manga-
nese. Its composition is very variable.

EZDER-BOlVir is so called because it is obtained from the Eider-^VLok.

EZBER-SU'CK. Sometaria. There are two species of these ducks, abundant in

the frozen regions of the North, especially in Iceland, Lapland, Greenland, Spitz-

bergen, Baffin's Bay, and Hudson's Ba3% To the inhabitants of these countries

these birds are exceedingly valuable. They build their nests among precipitous;

rocks, and the female lines them with fine down plucked from her breast, among
wliich she lays . her five eggs. The natives of the districts frequented by the eider-

ducks let themselves down by cords among the dangerous cliffs, to collect the

down from the nests. They also catch the hen bird while she is sitting, and pluck
the down. When brought to market the down is in balls, weighing from three to

four pounds, and not much larger than a man's fist. But the down is so fine and
elastic that when opened and held near a fixe to expand, one ball would fill a quilt

five feet square. See Swan's Down.
EZSEXKIESEXi. A German name for ferruginous quartz, sometimes used for

convenience by English mineralogists.

EJOO. Saguerus Bumphii. A vegetable fibre possessing considerable strength.

See Fibres.

EXXiOGZTE. A rock composed of green smaragdite, in which red garnets are

embedded. "When polished, it forms a beautiful stone for ornamental purposes. It is

found in the Sau Alp, in Styria ; and at Miinchberg, in the Fichtelgebirge.

EXJEZS. A genus of palm-trees, containing one or two species which grow in

tropical Africa and America. The oil-palm, or Elais guinecnsis, is a native of the
western coast of Africa.

The oil resides in the fleshy portion of the fruit, which is about the size of pigeons'

eggs, ovate, somewhat angular, deep orange-yellow, collected in beads. They have
a thin epicarp, a fibrous, oily, yellow sarcocarp, which covers and closely adheres to

tho hard stony putamen or endocarp, within which is the seed. The oil is obtained
from the sarcocarp, and in this respect resembles that of the olive. It is obtained
either by expression, or by boiling the fruit with water, when the oil separates and
rises to the surface. It is imported principally from Cayenne and the coasts of Guinea.
It is, when freshly imported, of the consistence of tallow, of an orange colour,

possesses the smell of violets, and fuses at about 80° F. It speedily becomes rancid,

and decomposes with liberation of glycerine and the fatty acids, and as this change
progresses, its fusing-point gradually rises till it sometimes even reaches 97° F. It is

composed principally of a peculiar fat, palmitin, and a little oleine and colouring-

matter, lib is used in the manufacture of soap and candles, and is imported in very
large quantities. The following is a general oxitline of the treatment of palm-oil at

Price's Candle Company's works. (See ' Pharmaceutical Journal,' vol. xv. p. 264.)
The crude palm-oil is melted out of the casks in which it has been imported, and
allowed to remain in a melted state in large tanks until the mechanical impurities
have settled to the bottom. The clear oil is then pumped into close vessels, where it

it is heated and exposed to the action of sulphuric acid. The glycerine and fatty acids
are thereby separated, and the colouring-matter and impurities are carbonised and
partly rendered insoluble. The mixtxrre has now a greyish-brown colour, and is

washed with water to remove the acid. From the washed product, distillation now
separates the mixed fatty acids (palmitic and palm-oleic acids), as a white crystalline
fat, while the residuum in the still is converted into a fine hard pitch. This pitch is

fit for any of the purposes for which ordinary pitch is applicable. The mixed fatty
acids may be made directly into candles, or they may be separated by hydraulic
pressure, aided, if necessary, by heat. This effects the separation of the liquid part
(oleic acid), which, after purification, is fit for burning in lamps and other purposes.
The hard cake left in the presses is nearly pure palmitic acid ; it is brilliantly white,
not at all greasy, and has a melting point of 135° to 138°, It is fit for the manu-



190 ELASTIC BITUMEN

facturo of the finest candles, either alone or in admixture with the stearino of the
cocoa-nut oil.

Palm-oil often requires to be bleached for its various uses, and there are several

processes used to effect it, viz. chlorine, powerful acids, and the combined influence of

air, heat, and light.

M. Bohl has bleached palm-oil by heating it quickly to 464° F., and keeping it at

that temperature for a few minutes, without the aid of light or air. And ho says this

process has been carried on for some time in a factory. The heating of the palm-oil

is effected as rapidly as possible in cast-iron pans ; it is kept for ten minutes at the

temperature of 464° F., and the bleaching is complete. Ten or twelve hundred-
weight of palm-oil may be conveniently heated in one pan, which, however, must only

be two-thirds full, as the oil expands greatly by the heat. It must be covered with a
well-fitted cover, which prevents inconvenience from the disagreeable vapours which
arise. This answers better on the large scale than on the small. By this process it

acquires an empyreumatic odour, which disappears after a little time, and the original

odour of the palm-oil returns.

The yellow fat which is used to grease the axle-trees of the railway carriages is

prepared with a mixture of palm-oil and tallow, with whicli is mixed a little soda-lye,

{Gerhardt.)

For the properties of palmiiin and palmitic acid, see Palmitic Acid.

Of palm-oil our Imports have been :

—

Places

1868 1869 1870 1871 1872

cwts. Value cwts. Value cwts. Value cwts. Value cwts. Value

From
France
Portugal .

Fernando Po
Portuguese
Possessions
in Western
Africa

Ditto, not
designated

Western
Coast of
Africa .

Sierra Leone
British Pos-
sessions on
the Gold
Coast

Other parts

Total .

4',478

30,993

791,548

20,947

102,629

9,464

£

*8*,776

61,472

1,557,554

41,673

203,861

18,237

6',899

3,854

23,310

653,268

C,249

109,709

11,231

£

1*3*,350

7,518

45,298

1,270,308

12,084

213,388
21,755

14,546
7,440

11,029

22,026

711,509

10,882

77,512

13,320

£
26,145
13,512

19,999

39,870

1,298,194

19,783

141,835
24,486

19,406

„

872,678
22,056

118,847
14,835

£

33,923

1,618,487

35,582

208,574
24,132

6,994

7,702

824,488

7,129

139,057
18,919

£

12,965

14,286

1,474,016

13,260

252,932
33,437

960,059 1,891,573 814,520 1,583,701 868,270 1,583,830 1,047,882 1,820,693 1,006,494 1,805,153

SZiCEOX^STXiR. A variety of hydrometer which is sometimes used for detecting

adulterations in fixed oils by their specific gravity, and by their different rates of

expansion by heat. The determinations by this instrument are not, however, to be

strictly relied on.

EllAZITE (called also Oleine) is the name given by Chevreul to the thin oil, which
may be expelled from tallow and other fats, solid or fluid, by pressure either in their

natural state or after being saponified, so as to harden the stearins. It may be extracted

also by digesting the fat in seven or eight times its weight of boiling alcohol, specific

gravity 0*798, till it dissolves the whole. Upon cooling the solution the stearine falls

to the bottom, while the elaino collects in a layer, like olive-oil, upon the surface of

the supernatant solution, reduced by evaporation to one-eiglith of its bulk. If this

elaine be now exposed to a cold temperature, it will deposit its remaining stearine,

and become pure. Braconnot obtained it by exposing olive-oil to a temperature of

about 21° F. in order to cause the congelation of the margarine or stearine (?). The
elaine was a greenish-yellow liquid ; at 14° F. it deposited a little margarine. See

Oils and Stearine.
EZiASTXC BAITDS. {Tissus elastiques, Fr. ; Federluirz-ze^e, Ger.) See

Caoutchouc and Beaidino Machine.
EZiASTZC BZT'UIIXEia', called also mineral caoutchouc and claterite, was first

observed in Derbyshire, in the forsaken lead-mine of Odin, by Dr. Lister, in 1673, who
called it a subterranean fungus. It was afterwards described by Hatchett. The
analysis of this variety, by Johnston, gave tlic following as its composition :

—

Carbon 85-47 . . . . . Hydrogen 13-28,
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Two descriptions of elastic bitumen were analysed by M. Honry fils (' Ann. dcs

Mines '). He'statcs tlio English to have been in brown masses, slightly translucid, of

a greenisli colour, soft, elastic, burning with a white ilame, and giving off a bitu-

minous odour, and of specific gravity 0*9 to 1-23, and obtained from Derbyshire.^

The French elastic bitumen generally resembled the English, excepting that it was

opaque, and floated on water. It was discovered at the coal-mines of Montrelais.

English French

Carbon .... 0-5225 . . 0-5826

Hydrogen .... 0*0742 . . 0-0489

Nitrogen . . . . 0-0015 . . 00010
Oxygen .... 0-4011 . , 0-3675

1-0000 1-0000

SeeElastic bitumen is found in soft, flexible masses at Castleton in Derbyshire.

BixrMEN.
EZiASTZCITY. The property which bodies possess of occupying, and tending

to occupy, portions of space of determinate volume, or determinate volume and figure,

at given pressures and temperatures, and which, in a homogeneous body, manifests

itself equally in every part of appreciable magnitude (NicJiol), The examination of

this important subject in Kinetics does not belong to this work. A few remarks, and

some explanations, only are necessary.

Elastic Pressure is the force exerted between two bodies at their surface of contact.

Compression is measured by the diminution of volume which the compressible

(elastic) body undergoes.

The Modulus or Coefficient of Elasticity of a liquid is the ratio of a pressure applied

to, and exerted by, the liquid to the accompanying compression, and is therefore the

reciprocal of the compressibility. The quantity to which the term Modulus of
Elaslicity was first applied by Dr. Young, is the reciprocal of the extensibility or

longitudinal pliability. (See the Edinburgh Transactions, and those of the Royal

Society, for the papers of Barlow, Maxwell, and Eankine, and the British Association

Reports for those of Fairbairn, Hodghinson, &c.)

Names of the woods Density Sound velocity Coefficients of elasticity Cohesion

L. E. T. L. R T. L. R. T.

Acacia . 0-717 14-9 ... 1216-9 ... 7-93 ... ...

Fir 0-493 13-96 8-05 4-72 1113-2 94-5 34-1 4-18 0-220 0-297

Hornbeam 0-756 11-80 10-28 7-20 1085-7 208-4 103-4 2-99 1-007 0-618

Birch . 0-812 13-32 6-46 9-14 997-2 81-1 155-2 4-30 0-823 1-063

Beech . 0-823 10-06 11-06 8-63 980-4 269-7 159-3 3-57 0-885 0-752

Oak 0-808 ,. ... ... 477-8 ... ... 6-49 ... 1

Holm-oak 0-872 11-58 9-24 7-76 921-3 188-7 129-8 5-66 0-582 0-406

Pine 0-559 10-00 8-53 4-78 564-1 97-7 28-6. 2-48 0-256 0196
Sycamore 0-692 13-43 9-02 6-85 1163-8 134-9 80-5 6-16 0-522 I 0-610

Ash 0-697 14-05 8-39 7-60 1121-4 111-3 1020 6-78 0-218 .0-408

Alder . 0-601 13-95 8-25 6-28 1108-1 98-3 59-4 4-54 0-329 0175
Aspen . 0-602 15-30 9-72 5-48 1075-9 107-6 43-4 7-20 0-171 0-414
Maple . 0-674 12-36 9-26 6-23 1021-4 157-1 72-7 3-58 0-716 0-371

Poplar . 0-477 12-89 8-44 6-32 517-2 73-3 38-9 1-97 0-146 0-214

Elm . ... ... 8-56 6-11 ... 122-6 63-4 ... 0-345 0-366

L refers to rods cut lengthwise with the grain,

R to those cut in a direction radial, and
Tto those tsmgenti*iltot tie annu al rings .

Various tables, showing the elasticity of metals, glass, &c., have been constructed,
and will be found in treatises on mechanics. The following notices of the mecha-
nical properties of woods may prove of considerable interest. The experiments were
by Chevandier and Wertheim.

Rods of square section 10 mm. in thickness and 2 m. in length were prepared, being
cut in the direction of the fibres, and the velocity of sound in them was determined by
the longitudinal vibrations, thdr elasticity from their increase in length, and their co-
hesion by loading them to the point of rupture. Small rods were cut in planes per-
pendicular to the fibre grain (in directions radial and tangential to the rings of growth)
and their elasticity and sound velocity were measured by the lateral vibrations. It was
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thus again established, that the coefficients of elasticity, as deduced from the vibra-

tions, como out higher than those derived from the elongation.

BjLATBRZTfi. See Elastic EiraMKx.
E^ATERZITAI. A peculiar extract obtained from the juice of the wild cucumber.

{Mormordica claterium.) It owes its properties to a crystallisable priuciplo called

Elatcrin.

EZiAirZi. See Olefiant Gas.

EZiBEB. {Bureau, Fr. ; Holunder, Ger.) Sanihucus nigra. Pith-balls for elec-

trical purposes are manufactured from the pith of the elder-tree, dried. The wood is

employed for inferior turnery-work, for weavers' shuttles, netting-pins, and shoe-

makers' pegs. Its elasticity and strength render it peculiarly fitted for these latter

purposes. The flowers of the elder are largely collected for distillation, yielding the

well-known elder-flower water ; 9 pounds of flowers distilled with 4 gallons of water

give 3 gallons of the fragant distillate ; they are also heated in lard for making
elder-ointment. The berries or fruit of the elder are employed for making one of

the truly British wines.

E]LECTZVE AFFZSrZTT. ( Wahlverwandtschafi, Ger.) See DECOMPosmox
;

Equivalents.
EbECTBZC CILOCBLS. The application of electricity as a motive power to

clocks, and as a moans of transmitting syn-

chronous signals or time, is naturally inti-

mately connected with the attempts (not yet

realised in an economic point) to apply it as

a motive power to machinery, and with its

application, so fully realised to telegraphy

proper (see article Electro-Telegraphy)
;

and it has grown up side by side with the

latter. Prof. Wheatstone's attention was
directed to it in the very early days of tele-

graphy. Without entering upon the history

of electric clocks, it will suffice to describe

two principles on which they have been con-

structed, and which are best known : Bain's

and Shepherd's. In the former, electricity

maintains the pendulum in motion, and the

pendulum drives the clock-train ; in the latter,

the motion of the pendulum is maintained

by electricity, but the clock-train is driven by
distinct currents, sent to it by means of

pendulum contacts.

The bob of Bain's pendulum consists of a

coil of wire, wound on a bobbin with a hollow

centre. The axis of the bobbin is horizontal.

Bar magnets, presenting similar poles, are

fixed on each side of the coil, in such a posi-

tion that, as the pendulum oscillates right and
left, the poles on either side may enter the

coil of wire. It is one of the laws of electric

currents, when circulating in a helix, or spiral,

or coil, or even in a single ring, that each

face of the coil presents the characters of a
magnetic polo ; of a south pole, if the current

circulates in the direction in which the hands
of a watch move, of a north pole, if it circu-

lates in the reverse direction. Things are so

arranged in Bain's pendulum that a battery

current is alternately circulating in and cut

oflf from the coil. When the current is circu-

lating, the coil has the character of a magnet,

with a north end and a south end ; if the

permanent magnets present north poles, the

north end of the coil-bob will be repelled from
one of the magnets, while its south end will

be attracted by the other magnet. This con-

stitutes the impulse or maintaining power in

one direction. Now the connections are such that, when the arc of vibration is com-

plete and the pendulum ready for the return vibration, the pendulum rod pushes aside
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a golden slide, by which the electric circuit had been completed, and the current is

cut off; the pendulum ia thus able to make its return-ribration by mere gravity. It

starts to repeat the above operations also by gravity ; but, ere it completes the arc,

the rod pushes back the slide, and again completes the electric circuit, and gives rise

to a second impulse, and so on. A small amount of magnetic attraction is sufficient

to supply the necessary amount of maintaining power. One pair of zinc-copper,

buried in the moist earth, has been found ample.

In an ordinary clock, the train is carried by a weight or by a spring, and the time

is regulated by the pendulum. In Bain's the time is regulated and the train is driven

775

by the pendulum. The rod hangs within a crutch in the usual way ; the crutch carries

pallets of a particular kind, acting in a scape-wheel ; and, from the latter, the motion
Vol. 11.
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is transmitted to a train of the usual character, but much lighter. For largo clocks,

Mr. Bain proposes a modification of the slide, which shall invert the current at each

oscillation, so as to have attraction as a maintaining power in both oscillations. The
general arrangement of the pendulum is shown mjig. 774. b is the pendulum bob,

with its coil of wire, the ends of which pass up on either side of the rod. z and c are

the battery plates, with their attached wires d and d'. The arrows show the course of

the voltaic current from the plate c by the wire d', thence down the pendulum rod by
the right-hand wire, through the coil b, up by the wire on left side of rod, then by the

wire c, along the slide at k, and by the wire d to the zinc plate z. "When the slide

E is in position, the circuit is complete, and the bob is attracted by the n polo of one
of the magnets, and repelled by the n' pole of the other. When the slide is displaced,

the attraction ceases, and the pendulum is left to the mere action of gravity.

Shepherd's electric clock has a remontoir escapement. There is no direct connec-

tion between the electric force and the pendulum, or between the pendulum and the

clock-train. The attractive power, derived from the electric current, is simply em-
ployed to raise the same small weight to the same height; and the clock-train is

carried by the attractive force derived from electric currents, whose circuits are com-
pleted by the pendulum touching contact springs. The pendulum is thus protected

from the influence of change in the force of the current, or from irregular resistances

in the train. Fig. 775 is a perspective view of this pendulum, with batteries, s z,

attached, and the clock connections and those of its batteries, s z, s z, shown. The
electricity leaves the pendulum battery by the wire a, and returns to it by the wire f.

There is only one break in this circuit, namely, at e, which is a slender spring faced

with platinum, that is in contact with platinum on the pendulum at the extreme of its

right vibration, but at no other time. The wire a reaches the pendulum from the

battery by the coils b, the plate c, and the frame d ; the wire f goes direct from the

spring E to the zinc z. From this arrangement, it happens that every time the con-

tact at B is completed, the iron core, of which the ends n s are visible, contained

within the coils b, becomes a magnet, and when the contact at e is broken, the

magnetism ceases. The poles n s have, therefore, a power alternately to attract and
to release a, which is a plate or armature of soft iron, moving on an axis, as shown
in the figure, and to which is attached a bar b, with a counterpoise i. We have said

that the office here of the electric force is merely to raise a weight ; the fall of the

weight maintains the pendulum in motion. When the armature a is attracted, the

lever h is raised ; this raises the wire c into a horizontal position, and its other part

d into a vertical position ; the latter is caught and retained by the latch or detent e ; so

that when the magnetic attraction ceases, the counterpoise i descends with the lever

h ; and so the armature a leaves the electro-magnet n s. But the wire d remains

vertical, and its other part with the small weight c remains horizontal. Now, when
the pendulum makes its left-hand oscillation, the point of the screw / impinges upon
the stem g, and carries it a little to the left ; this raises the detent e, and liberates the

piece d c, which descends into its original position by gravity ; the small ball c adds

to its weight. In descending, the vertical piece c strikes against the point of the

screw h, and gives a small impulse to the pendulum p. The ball c is not larger than

a pea, and its fall is not an eighth of an inch ; but the impact is sufficient to keep the

pendulum in motion ; and it is constant, being this same body falling through the

same space ; and is independent of any variation in the battery power, which latter is

only concerned in raising the ball. The arc of the pendidum's vibration is regulated

by adjusting the small ball to a greater or less distance from the centre. Provision is

thus made for maintaining the pendidum in motion, and giving it an impact of con-

stant value. If this arrangement is in connection with a compensating mercurial

pendulum, extreme accuracy of time-keeping is attained. The next step is to transfer

the seconds thus secured to a dial or clock. The same movement of the keeper a

with its counterpoise i, has sometimes been made to impart motion to the seconds

wheel of a clock-train ; but more commonly the clock train is distinct, as shown in the

drawing, and is carried by a special electro-magnetic arrangement, in connection with

separate batteries, z s, z s, the contacts of which are, however, under the control of

the pendulum. Insulated springs, k and I, are fixed near the top of the rod ; from k

a wire leads to the silver s, of the left-hand battery ; and from I another wire leads to

the zinc z, of the right-hand battery. The other metals of the respective batteries are

connected by a wire with an electro-magnet within the clock, the other end of the Niid

electro-magnet being connected with the metal bed and frame of the pendulum. When,

therefore, the pendulum oscillates to tlie right, the circuit is completed at k ; and the

current of the left-hand battery circulates from 8 through the wire k: and tlionce

through the metal frame and by the wire to the clock, and so to the zinc z. When
the oscillation is to the left, and I is in contact, the right-hand battery is in action, and

the current circulates from s, through the clock, to the metal frame, and thence to /

and to the zinc z of the battery. In one case, a voltaic current enters the clock by
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the wire shown below, and leaves it by the upper wire ; and, in the other case, it

enters by the upper and leaves by the lower wire. There is a double set of electro-

magnets within the clock, showing four poles in all ; there are also two magnetised

steel bars, mounted see-saw fashion, with their poles alternate, and facing the four

electro-magnetic poles. When the current enters the clock from below or in one

direction, the bars oscillate this way ; when it enters from above or in the reverse

direction, they oscillate that way. They are both fixed at right angles to and upon
the same axis ; which axis carries a pair of driving pallets, that act on a scape-wheel,

and so the clock-train is driven. It will be seen at a glance that two or more clocks

may be connected in the same circuit, as readily as one ; it being merely necessary in

such case to modify the battery power, to correspond with the work to be done.

For instance, three such clocks have been going for several years at Tonbridge by
the same pendulum ; several are actuated in like manner at the Koyal Observatory,

Greenwich. Nor is it necessary that the clocks should be in the same room with the

pendulum, or in the same building, or even in the same parish. All the clocks above

referred to, are variously distributed ; and one of the Observatory clocks is six miles

distant from its pendulum, being at the London Bridge Station of the South-Eastern

Eailway.
In cases where it has not been found convenient to drive the clock-train, especially

in the case of a public one, the movement of which is heavy, great advantage has

been derived for regulating the oscillations of the pendulum of the lai^e clock, by
means of electric currents, under the control of a standard pendulum. ]\Ir. Jones

has adopted this method, and it is likely to meet with much favour. The turret-

clock, under this arrangement, is driven by weights in the usual way, and the time is

regulated by a pendulum. The bob of the pendulum is placed under a condition

analogous to that of Bain's {fig. 774), the permanent magnet, however, being attached

to the pendulum, and the electro-mag-net fixed facing it. If currents are made to

circulate synchronously in the latter, by means of a standard pendulum, the oscillations

of the pendulum of the turret-clock are constrained to accord with those of the

standard, and a very perfect system of time-keeping is obtained. This is practised at

Liverpool ; and has been introduced at Greenwich.

Under the above arrangements the clock is controlled by the standard pendulum
second by second, and the two keep time together throughout the day. There are

cases in which it is sufficient, and also more convenient, to correct a clock once a day
only by means of a telegraph-signal transmitted from a standard clock. This is

managed in several ways. There is a clock at the Telegraph Office in the Strand

;

a good regulator, adjusted to gain a second or two during the twenty-four hours, and
to stop at one p.m. A telegraph-signal is sent from the Koyal Observatory precisely

at one, that drops a time-ball at the Strand office, which, in falling, starts the clock.

At Ashford, seventy-three miles from Greenwich, there is an electric clock which has

a gaining rate, and which is so constructed that the battery circuit is opened at one

o'clock by means of pins and springs attached to the movement, and the clock there-

fore stops. At one p.m., Greenwich mean time, a signal is sent through the Ashford
clock from the Eoyal Observatory, which starts it at once at true time. At the Post
Office, Lombard Street, there is a clock which,
in the course of the twenty-four hours, raises a
weight. At noon a telegraph signal is sent

from Greenwich, which passes through an
electro-magnet; the latter attracts an armature
of soft iron and liberates the ball, which falls,

and in falling it encounters a crutch or lever,

attached to the seconds-hand, and thrusts it

this way or that, as the case may be ; but so

as to bring it to sixty seconds on the dial, and
thus to set the clock right.

Intermediate between the one method of
sending a signal every second to regulate a
clock, and the other method of sending it once
a day, we have the following arrangement of
Bain's for sending it once an hour. Fig. 776
shows the arrangement, with part of the dial

removed, to show the position of the electro-

magnet. The armature is below ; it carries a
vertical stem terminating above in a fork. Its ordinary position is shown by the dotted
lines. The minute hand (partly removed from the cut) carries a pin on its back sur-

face. When the hand is near to sixty minutes, and an electric current is sent through
the magnet, the armature is attracted upwards and tlie fork takes the position shown

o 2

776
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by the full lines at the top of the dial, and, in doing so, it encounters the pin and
forces the hand into the vertical position, and sets the clock to true time, providing
the signal comes from a standard clock, or is sent by hand at true time. A dial

of moderate character keeps so near to time that once or twice a day would be, for
all common purposes, often enough to correct it.

Fig. 777 is an arrangement of Bain's, by which a principal clock, showing seconds,

sends electric currents at minute intervals to other clocks, and causes the hands to

move minute by minute, a is a voltaic battery ; b is the principal clock, which may
be an electric clock or not at pleasure ; g and h are two out of many subordinate

clocks. The seconds hand of the principal clock completes a voltaic circuit twice

(for the case of two clocks) during the minute ; at the thirty seconds for the clock o,

and at the sixty seconds for the clock h. The clock ii shows time in leaps from one
minute to the next ; and the clock g from one half minute to the next half minute.

As many more contacts per minute may be provided for the seconds-hand of the

prime clock as there are subordinate clocks.

Next akin to the time signals above described, and which act automatically upon
clocks, either to drive the clock-train or to correct the clock errors, are mere time
signals, which are extensively distributed throughout the country by the ordinary tele-

graph wires, and are looked for at the various telegraph stations, in order to compare
the office dials with Greenwich mean time, and to make the necessary correction

;

they are also re-distributed by hand the moment they appear, through sub-districts

branching from junction-stations. Large black balls, hoisted in conspicuous stations,

are also dropped daily by electric currents in various places, for the general infor-

mation of the public, or of the captains of ships.—C. V. W.
EAECTRZCZTY FOR SZiASTUrG in Mines and QuaYries. Professor Hare

was the first who entertained this idea, but Mr. Martin Roberts devised the following

process. In order not to be called upon to make afresh a newapparatus for each explosion,

Mr. Roberts invented cartridges, which may be constructed beforehand. With this view,

two copper-wires are procured, about a tenth of an inch in diameter, and three yards

in length, well covered with silk or cotton tarred, so that their insulation may be

very good. They are twisted together (Jig. 778) for a length of six inches, care being

taken to leave their lower extremities free, for a length of about half an inch (sepa-

rating them about half an inch), from which the insulating envelope is removed, in

order to stretch between them a fine iron wire, after having taken the precaution of

cleaning them well. The upper extremities of the two copper-wires are likewise

separated, in order to allow of their being placed respectively in communication with
the conductors, that abut upon the poles of a pile. The body of the cartridges is a

tin tube, three inches long, and three quarters of an inch in diameter, the solderings

of which are very well made, in order that it may be perfectly impermeable to water.

A glass tube might equally well be employed, were it not for its fragility, which lias

caused a tin tube to be preferred. The system of coppor-wiros is introduced into the

tube, fixing them by means of a stem that traverses it at such a height that the fine

iron wire is situated in the middle of the tin tube, so arranged that the ends of the

copper-wire do not anywhere touch the sides of the tube {Jig. 779). 'The cork is firmly

fixed at the upper extremity of the tube -with a good cement. Mr. Roberts recom-
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mends for this operation, a cement composed of one part of bees'-wax and two parts of

resin ; the tube is then filled with powder by its other extremity, which is likewise

stopped with a cork, which is cemented in the same manner. Fig. 780 indicates the

manner in which the cartridge is placed in the hole, after having care-

fully expelled all dust and moisture ; care must be taken that the car-

tridge is situated in the middle of the charge of powder that is intro-

duced into the hole. Above the powder is placed, a plug of straw

or tow, so as to allow between it and the powder a small space filled

with air ; and above the plug is poured dry sand, until the hole is

filled with it. The two ends of the copper-wires that come out of the

cartridge are made to communicate with the poles of the pile, by
means of conductors of sufficient length, that one may be protected

from all dangers arising from the explosion of the mine.

M. Euhmkorff, and after him M. Verdu, have successfully tried to

substitute the induction-spark for the incandescence of a wire, in order

to bring about the ignition of the powder. This process, besides the

considerable economy that it presents—since instead of from fifteen

to twenty Bunsen's pairs, necessary for causing the ignition of the

wire, it requires but a single one for producing the induction-spark

—

possesses the advantages of being less susceptible of derangement.

Only it was necessary to contrive a plan to bring about the ignition

of the powder ; in fact, it happens that when by the effect of the

length of the conductors that abut upon the mine, the circuit pre-

sents too great a resistance, the induction-spark is able to pass

through the powder without inflaming it. M. Eiihmkorff has con-

ceived the happy idea of seeking for a medium, which, more easily

inflammable by the spark, may bring about the ignition of the powder
in all possible conditions. He found it in Statham's fuzes, which are

prepared by taking two ends of copper-wire covered with ordinary

gutta-percha; they are twisted {fig. 781), and the ends are bent so

as to make them enter into an envelope of vulcanised (sulphured)

gutta-percha, which has been cut and drawn off from a copper-wire
that had been for a long time covered with it. Upon this envelope
a sloping cut a, b, is formed; and after having maintained the ex-

tremities of the copper-wires at about the eighth of an inch from
each other, their points are covered with fulminate of mercury, in

order to render the ignition of the powder more easy. The cut is

filled with powder, and the whole is wrapped round with a piece of caoutchouc tube <?, d,

or else it is placed in a cartridge filled with powder.

779

In the Statham fuzes, it is the sulphide (sulphuret) of copper adhering to the wire,
produced by the action of the vulcanised gutta-percha which is removed from the
copper-wire that it covered, which by being inflamed under the action of the induction-
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spark brings about an explosion. But it is necessary to take care -when the fusee has
been prepared, as we have pointed out, to try it in order to regulate the extent of the

solution of continuity. It might, in fact, happen that while still belonging to the same
envelope of a copper-wire, the sheath of a vulcanised gutta-percha with which the

fusee is furnished, may be more or less impregnated with sulphide of copper;
now, if the sulphide of copper is in too great quantity, it becomes too good a
conductor, and prevents the spark being produced ; if, on the contrary, it is not in a
sufficiently large quantity, it does not sufficiently facilitate the discharge.

The first trials on a large scale of the application of the process that we have just

described were made with Kuhmkorff's induction apparatus, by the Spanish colonel,

Verdu, in the workshops of M. Herkman, manufacturer of gutta-percha covered wire,

at La Villette, near Paris. Experiments were made successively upon lengths of wire
of 400, 600, 1,000, 6,000, and up to 26,000 metres (of 3-28 feet each); and the success

was always complete, whether with a circuit composed of two wires, or replacing one
of the wires by the earth ; two ordinary Bunsen's pairs were sufficient for producing
the induction-spark with Euhmkorfif's apparatus. Since his first researches with
M. Euhmkorff, M. Verdu has applied himself to fresh researches in Spain ; and he
was satisfied, by many trials, that of all explosive substances, not any one was nearly

so sensitive as fulminate of mercury ; only, in order to avoid the danger that arises

from the facility of explosion of this compound, he takes the precaution of intro-

ducing the extremity of the fusees into a small gutta-percha tube, closed at the end.

After having filled with powder this species of little box, and having closed it

hermetically, the fuzes may be carried about, may be handled, may be allowed to

fall, and even squeezed rather hard, without danger. The elastic and leather-like

nature of gutta-percha, which has been carefully softened a little at the fire, preserves

the fulminate from all chance of accident. We may add, that with a simple Bunsen's
pair, and by means of RuhmkorflTs induction apparatus, M. Verdu has succeeded in

producing the simultaneous explosion of six small mines, interposed in the same
circuit at 320 yards from the apparatus. He has not been beyond this limit ; but he
has sought for the means of acting indirectly upon a great number of mines, by
distributing them into groups of five, and by interposing each of these groups in a
special circuit. The fusees of each group are made to communicate by a single wire,

one of the extremities of which is buried in the ground, and whose other extremity

is near to the apparatus. On touching the induction apparatus successively with

each of the free ends that are held in the hand, which requires scarcely a second of

time, if there are four wires, that is to say, four groups and consequently twenty

mines, twenty explosions are obtained simultaneously at considerable distances.

There are no limits either to the distance at which the explosion may take place, or

to the number of mines that may be thus made to explode.

The following account of experiments on the application of permanent magnets to

the explosion of charges and to submarine operations, is from a memoir by Professor

Abel, F.R.S. The ignition of gunpowder by the direct magneto-electric current,

though well known to be practicable, has never yet been applied to military or in-

dustrial operations, and no satisfactory experiments appear to have been made, before

those undertaken at Woolwich, showing its practical applicability to these purposes.

In the first experiments on this application of the magneto-electric current, a very

large powerful magneto-electric machine was employed, which had been constructed

by Mr. Henley (and had been exhibited by him at the Paris Exhibition in 1855).

The principle of this instrument was precisely the same as that of the machine

devised by Mr. Wheatstone, for ringing magneto-electric bells. Its armature, instead

of being rotated, was suddenly detached from the magnet by means of a lever. It

was soon established by a few experiments that, even with this instrument, gun-

powder itself could not be ignited with any degree of certainty. Results obtained

with Statham's and other fuzes, though superior to those furnished by gunpowder
alone, were still far from satisfactory. The first efforts wore therefore directed to the

discovery of a suitable agent to serve as a perfectly certain medium (or priming

material) for effijcting the ignition of charges by means of the magneto-electric

machine. For this purpose, a variety of compounds and mixtures of a more or less

sensitive character were prepared for trial with the magnet.

Many of these compositions furnished results to a certain extent favourable, a

number of fuzes, primed with them, having been fired in succession with the magnet,

and from two to four charges in one circuit having been ignited, in a very few in-

stances. But no perfect certainty of discharge was attained with any one of the

materials used ; the attempt to fire a fuze being frequently unsuccessful, while no

diflference between it and a successful fuze, containing the same composition, could

be detected by careful examination.

Some successful results, obtained accidentally with one of the experimental com-
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positions, which had become damp by exposure to air, led to a trial of the effect of

moisture in promoting the ignition of but slightly sensitive compositions ; and it was

ultimately found that the impregnation of ordinary gunpowder with a small amount of

moisture (by an expedient similar in principle to one adopted with considerable success

by Captain Scott, R.E., in connection with charges to be fired by the induction coil-

machine), rendered its ignition by means of the magnet a matter of certainty.

Some important precautions were, however, indispensable to the attainment of this

definite result. K the slightly-damp powder was employed in a finely-divided con-

dition, it very frequently became caked between the wire-terminals in the fuze, and
the current would then pass through the composition without igniting it. This was
found to take place occasionally, even when the powder was employed in its original

granular condition. Several attempts were made to overcome this difficulty by
modifying the form and position of the terminals or poles in the fuze, and I at last

contrived a perfectly successful arrangement, in which only the sectional surfaces of

the terminals, consisting of fine copper-wire (0022 inch diameter), were exposed to

the interior of the fuze (see a, Jig. 782), so as not to project at all. The prepared

gunpowder, therefore, simply rested upon the surfaces, and a perfect uniformity in

the action of the fuze was attained. The priming composition consisted of fine-

grain gunpowder, which had been soaked in an alcoholic solution of chloride of

calcium, of a strength sufficient to impregnate the grains with from one to two per

cent, of that salt. The prepared powder was exposed to the air for a short time, to

permit of a sufficient absorption of moisture by the deliquescent salt. Upwards of

500 quill-fuzes (of the description employed for firing guns), primed with the pre-

pared gunpowder, and fitted with the arrangement of the terminals above referred to

(fig. 782), were fired with the larger lever-magnet. The failures yg2
did not amount to more than 3 per cent., and were all proved to

be due to defective manufacture. In the experiments with these

fuzes, one or two simple rheotomic arrangements were success-

fully employed for effecting the rapidly successive discharge of

a series of fuzes.

The above fuze was found to be easy of manufacture and
permanently effective. While, however, it presented a certain

means of effecting the ignition by the aid of a powerful magnet,
of single charges, or of a large number, to be fired in moderately
rapid succession, it was inapplicable to the ignition with cer-

tainty of more than one charge in circuit. After a great number
of experiments, I at length succeeded in the production of a
priming material for the fuze, which greatly exceeded in sensitive-

ness any of the other compositions hitherto tried.

The new priming composition consisted of a very intimate mixture of sub-

phosphide of copper, chlorate of potassa, and levigated coke, the latter substance
being employed to add to the conducting power of the mixture, which was found
otherwise insufficient.

In the course of experiments subsequently carried on with fuzes which contained
this composition, it was found that a slight residue, consisting principally of the

coke employed, occasionally remained on the surfaces of the terminals in the fuze,

after its discharge, and by forming a good conducting link between them, interfered

with any future effects of the magnetic current in other directions, by the establishment
of a complete circuit. This obstacle to the perfect success of the composition was
entirely removed by the substitution, for the coke, of another material, more easily

acted on by the chlorate of potassa, and answering equally well as a conducting
medium ; namely, the sub-sulphide of copper. No instance has occurred in the dis-

charge of several thousand fuzes, primed with the mixture of sub-phosphide and sub-
sulphide of copper with chlorate of potassa, in which the terminals have not been
found quite free from adherent residue, after the ignition.

The sub-phosphide of copper, which is produced at an elevated temperature, is a
compound of very stable character, and the mixture of the three constituents is quite
as unalterable as the explosive mixtures which are in general use for the preparation
of percussion caps, &c. The stability of the mixture has already been submitted to
very satisfactory tests. Fuzes primed with it have been found to have lost none of
their delicacy and certainty, when tried more than two years after preparation.
The sub-phosphide of copper, intimately blended with chlorate of potassa, forms a

mixture in a high degree sensitive to the effect of heat, and possessed, at the same
time, of some power of conducting electricity. With the employment, however, of
magneto-electric machines of comparatively low power, and in cases where the re-
sistance to be overcome by the current is considerable, this conducting property is

not sufficient to insure the ignition of the mixture by assisting the passage of the
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current across the interruption in the metallic circuit (i.e. across the small distance
between the terminals of the wire in the fuze). It must be lx)rno in mind that
the striking-distance, or the space between the terminals across which the current
from even a powerful magneto-electric machine will leap, is very small. With the
large lever-magnet the spark could only be produced when the wires were almost in

contact. Since, however, it is indispensable to the proper insulation of the wires in
the fuze-arrangement, that the terminals should bo at least one-sixteenth of an inch
apart, it will be readily imderstood how essential to success, in operations with these
machines, it is that the priming material should possess considerable conducting
power. Hence the necessity of increasing the conducting power of the mixture of
sub-phosphide of copper and chlorate of potassa : a result which, it has been already
stated, was obtained in the first instance by the employment of finely-levigated coke,

and afterwards by the substitution of sub-sulphide of copper for that substance.

Many experiments were of course required to determine the proportions in which it

was advisable to employ the conducting constituent, so as to facilitate the passage
of the current through the mass as far as possible, without interfering too much with
the sensitiveness of the explosive mixture, or producing an almost perfectly continuous
connection between the two poles in the fuze, and thus promoting the passage of the
current so greatly as to prevent the ignition of the composition.

The fuzes contrived by me for use with magneto-electric apparatus are of two
kinds, the one being adapted for mining purposes and the other for firing cannon.
The fuze for mining purposes, fig. 783, consists of :

—

a. A head for receiving the wires which connect the fuze with the magnet and the

earth, ^. 784.

b. Of the insulated wires, with the terminals of which the priming material is in

close contact.

c. Of a small cartridge or charge of powder, enclosing the terminals, upon which
the sensitive composition rests.

The wooden fuze-head contains three perforations (a a, bb, c c, fig. 784) ; the one,

'83 785

784

passing downwards through the centre, receives about two inches of double insulated

wire, d. The other two perforations, which are parallel to each other on each side of

the central one, and at right angles to it, serve for the reception of the circuit-wires.

The arrangement for securing the connection of these with the insulated wires in the

fuzes is as follows :

—

The piece of double-covered wire above referred to, is originally of a sufficient

length to allow of the gutta-percha being removed from about 1.^ inch of the wires.

These bare ends of the fine wires, which are made to protrude from the top of the

fuze-head a, fig. 784, are then pressed into slight grooves in the wood provided for

their protection, and the extremity of each is passed into one of the horizontal per-

forations in the head, in which position it is afterwards fixed by the introduction into

the hole of a tightly-fitting piece of copper tube, so that the wire is firmly wedged
betweeen the wood and the exterior of this tube, and is thus at the same time brought

into close contact with a comparatively large surface of metal. It will be seen that it

is only necessary to fix one of the circuit-wires into each of those tubes in the opposite

sides of the fuze-head, in order to ensure a sufficient and perfectly distinct connection

of each one of them with one of the insulated wires in the fuze.

The phosphide-of-copper fuze for firing cannon, fig. 785, diffi:»rs somewhat in con-

struction from the mining fuze. The head is somewhat longer, and of such a form

that the douTjle-covercd wires are completely enclosed in it, the lower extremity of its
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central perforation still remaining free to receive the top of the quill or copper-tube,

which is charged with gunpowder in the same manner as the ordinary tube arrange-

ment for firing cannon.
The plan originally suggested by M. Savare, of arranging the charges in divided

circuits was next tried, and furnished far more successful results. The simultaneous

ignition of twenty-five charges was repeatedly effected ; and forty charges were simi-

lariy exploded on several occasions. These results were all obtained with the large

magnet constructed by Henley, the current being established by rapidly separating

the armature from the poles by means of a lever. By a simple arrangement for

shifting the connection of the main wire with the exploded charges from them to a
second series, similarly arranged, twenty-five were almost simiiltaneously ignited on
allowing the armature to return to the poles of the magnet.

The system of firing charges by means of magneto-electricity, with the aid of the

phosphide-of-copper fuze, having been thus far successfully developed, a series of

experiments was instituted at Chatham, for the purpose of thoroughly testing its

certainty and applicability in the field, and subsequently for ascertaining the extent to

which it admitted of application to the explosion of submarine charges. These expe-

riments extended over a period of six months, and were performed under various

conditions of weather. It will readily be understood that the best and most simple

method of connecting the fuzes, enclosed in the charges, with the branch-wires and the
earth, of arranging the experimental charges for explosion, and of carrying out the

various small but essential details involved in the operations, were only gradually
arrived at; and that, consequently, in many of the first experiments, which were
only partially successful, the failures were traced to causes unconnected with the
efficiency of the magneto-electric apparatus, or the fuze. It would be superfluous to

enter into details with regard to those preliminary experiments, however important
they were at the period of the investigation; the description of the operations at

Chatham will therefore be confined to those which were carried on according to

the plan wfiich was ultimately proved to be most efficient. The magneto-electric

apparatus employed in all the field experiments was Mr. Wheatstone's arrangement
of six small magnets, the whole apparatus having been enclosed in a box, so that the
only exposed portions were the binding screws for the attachment of the wires, a
handle for setting the armatures in motion, and a key, by the depression of which,
at a given signal, the circuit could be completed.
To employ the instrument at any moment, only the following operations were

necessary : tie insulated wire and the copper wire passing to the earth were fixed to
the apparatus by means of binding screws: the instrument was raised from the
ground by being placed on its packing-case ; at that height, a man could operate
with it when in a kneeling posture. At the signal * Heady ' the handle was turned
with

^
one hand, so as to cause the armatures to revolve with the greatest possible

velocity, whilst the other hand was pressed against one corner of the instrument
close to the key, so as to steady the box and to be ready, at the signal ' Fire,' to
depress the key with the thumb.
The connection of the instrument with the earth was effected as follows : a mode-

rately clean spade was selected from among those used by the men in digging holes
for the charges. One end of a piece of stout copper-wire was placed under the edge
of the spade, so that, when the latter was firmly forced into the ground, the wire was
pressed by the earth on both sides against the iron surface. The protruding wire
was wound once or twice round the bottom of the spade handle, and then attached
to the binding screw of the magnet.
The gutta-percha covered wire used in the experiments having been in occasional

service at Chatham for some years, the coating had sustained some injury in two or
three places. Such defects were protected from possible. contact with the earth by
means of waterproof cloth or sheet India-rubber. The total length of wire used
was 881 yards, of which 600 were extended, lying along the ground.
To the extremity of the covered wire a number (from 12 to 25) of pieces of similar

insulated wire, varying in length between three and six yards, and serving to connect
it with the individual charges, were attached in the following manner : about six
inches of the extremity of the main wire and of each of the branch wires were laid
bare and cleansed ; the end of the former was then surrounded with those of the
latter (placed in an opposite direction) and the whole tightly twisted together by
means of pliers, so as to be brought thoroughly in contact with each other and with
the main wire. The twisted wires were then bound round with moderately fine
copper-wire, which was made to bring every portion of the exterior of the bundle into
connection. The joint was made rigid with pieces of stick tied against it, and the
whole securely enveloped in a piece of waterproof cloth or canvas, to protect it from
damp and contact with the earth.
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These connections, tliough of a very rough description and most readily prepared

by any soldier, were thoroughly effectual. No instance occurred, in the -vvhoio of

the experiments, of the failure of a charge, which could bo attributed to an imperfect

connection of its branch wire with the main wire.

The following was the method adopted for connecting the fuzes with their respec-

tive branch wires and with the earth :

—

The fuzes, as they were manufactured, were always fitted with two pieces of

covered wire twisted together, fig. 786, which were tightly fixed into their proper

786

positions by forcing a short pin of copper-wire into the holes of the fuze-head. They
were thus ready for insertion into the bag or other receptacle containing the charge
of gunpowder, the ends of the covered wires protruding from the opening of the

latter to a convenient distance for effecting the junction with the branch and earth-

wires. The extremities of one of the fuse-wires and of a branch wire (from both of

which the gutta-percha was removed to a distance of about two inches) were con-

nected by hooking them firmly one in the other with pliers (in the manner shown in

fig- 787). A piece of fine copper binding wire was then twisted over the whole of

787

the connection, and the joint was finally enclosed in a small wrapping of oiled canvas,
in a manner similar to that adopted at the principal junction with the main wire.

The extremity of the other fuze-wire was attached to an uncovered copper-wire,
of sufficient length to bring the whole of the charges into connection with each
other in this manner. The wire was fixed in a convenient position by being twisted

round short stakes or pickets driven into the ground, and
its extremities were buried in the earth, being atttiched

either to spades, as already described, or to zinc plates

about eight inches square.

The experiments instituted at Chatham with the object

of applying the niagneto-electric current to the ignition

of suhmarine charges were attended with greater diffi-

culties than those which served to test the system in its

application to land operations ; nevertheless, tlie results

ultimately attained were also of a character to lead to

definite and fiivourable conclusions.

The method of establishing the connections of a charge
with the wire and the earth differed naturally in some
respects from the mode of proceeding already described.

The charges of powder were contained in canisters of
block tin carefully soldered so as to bo watertight.' The
fuze, with two wires attached as before, the one a few
inches longer than the other, was inserted into the charge,
and fixed in its proper position in the canister by means
of a loose-fitting bung, (see fig. 788) pushed a little dis-

tiince into the neck, and cut out on one side, so as to

admit of the passage of the longer insulated wire, while
the bare part of the shorter wire was firmly pressed by
tlio cork against the inside of the neck. The latter was
then completely filled up with melted gutta-percha, and
tlio extremity of the short uncovered wire was bent
back over its side, so as to be in close contact with
tlio metal surface. In this manner, the enclosed fuze
was brought into good metallic connection with the wet
earth, or water, by which the canister was surrounded.

The insulated wire, projecting from tlio mouth of the canister, was connected with
one of the branch wires in the manner already described ; but in order thoroughly to
protect the connection from the water, in which it would become immersed, a piece of

• Any vessels of tlus material, snch as turpentine cans, may bo employed, provided they bo per-
fectly coated inside with marine glue, or some other description of vamiah.
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vulcanised India-rubber tubing, of suitable length, and a tin tube, rather longer and
wider than the latter, were slipped on to the branch wire, before it was joined to the

fuze-wire, and, when the junction had been effected, the India-rubber tube was pulled

over it, and tied very firmly at both ends on to the gutta-percha covering of the wires,

fig, 789. A small quantity of a cement (consisting of bees'-wax and turpentine) was

789

rubbed in between the latter and the ends of the India-rubber tube, so as thoroughly
to ensure the exclusion of water, and finally the tin tube was pulled over the joint,

and fixed (by compressing the ends) for the purpose of imparting rigidity to the
junction, and thus protecting it from injury by any sudden twist or strain. By these

arrangements, when carried out with moderate care, the perfect exclusion of water
from the charge and from its connection with the branch wire was effected.

The first trials of these charges were made in a shallow canal with a mud bottom,
and from which, at the time of experiment, the water was receding so rapidly, that

before the whole of the charges had been immersed, several of them were exposed to

view, being partly imbedded in the mud. Twenty-five charges were arranged, of

which thirteen were exploded, though less rapidly than in the experiments on land.

On the next occasion, when twenty-five charges were entirely surrounded by water
(simply resting upon the firm bed of a pond of some depth), only four of the charges
were exploded. Several other attempts were made to fire a smaller number of (ten

and five) charges similarly immersed, but in every instance only four were ignited.

A careful examination into the cause of the invariable explosion of so comparatively
limited a number of charges under water led to the following explanation :

It will be remembered that the explosion of numerous charges in a divided circuit

by the magneto-electric apparatus with revolving armatures is effected by the action

of an exceedingly rapid succession of currents. The rapidity with which they
follow each other, however great, cannot equal that with which the terminals of a
fuze, enclosed in a small charge, under water, come into contact with the latter

after the explosion. The instant this occurs, a complete circuit is established through
the water, and any further action of the current is at once arrested. By the time,
therefore, that four charges had been ignited in extremely rapid succession, so as to
be apparently exploded at once, a sufficient interval of time had in reality elapsed to
allow the water to re-occupy the space filled for a brief period by the gaseous pro-
ducts of the first explosion, and thus to rush in upon, and complete the circuit with,
the terminals of the fuze. It appears probable that, with the employment of larger
charges of powder (about eight ounces was the quantity exploded in each charge) when
the volume of water displaced by the explosion would be more considerable, a great
number of charges would be exploded before the circuit could be completed by the water.
EZiECTRZC XiZGHT. Various attempts have been made, from time to time, to

employ electricity as an illuminating power ; but hitherto without the desired success.

The voltaic battery has been employed as the source of electricity, and in nearly all

the arrangements, the beautiful arc of light produced between the poles, from the
points of the hardest charcoal, has been the illuminating source. One of the great
difficulties in applying this agent arises from the circumstance that there is a trans-

ference of the charcoal from one pole to the other, and consequently an alteration in
the distance between them. This gives rise to considerable variations in the intensity
and colour of the light, and great want of steadiness. Various arrangements, many
of them exceedingly ingenious, have been devised to overcome these difficulties.

The most simple of the apparatus which has been devised is that of Mr. Staite,

which has been modified by M. Archereau. Two metal columns or stems, to which
any desired form can be given, are connected together by three cross pieces, so as to
form one solid frame ; one of these cross pieces is metallic, namely the one which occupies
the upper part of the apparatus ; the others must be of wood. These latter serve as
supports and points of attachment to a long bobbin placed parallel to the two columns
and between them, and which must be made of tolerably thick wire, in order that the
current, in traversing it without melting it, may act upon a soft iron rod placed in the
interior of the bobbin. This iron rod is soldered to a brass stem of the same calibre,
and of the same length, carrying at its free extremity a small pulley. On the opposite
side the iron carries a small brass tube, with binding screws, into which is introduced
one of the carbons, when the entire rod has been placed in the interior of the bobbin.
Then a cord fixed to the lower cross piece, and rolling over a pulley of large diameter,
is able to serve as a support to the moveable iron rod, running in the groove of the
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little pulley. For this purpose, it only requires that a counterpoise placed at the end
of the cord shall be enabled to bo in equilibrio with it. The metal cross piece "which

occupies the upper part of the apparatus, carries a small brass tube, whicli descends
perpendicularly in front of the carbon that is carried by the electro-magnetic stem,

and into which is also introduced a carbon crayon. By means of a very simple ad-

justment, this tube may besides be easily regulated, both for its height and for its

790

direction ; and consequently the two carbons may be placed very exactly above one
another. The apparatus being adjusted, we place one of the two metal columns of

the apparatus in connection witli one of the poles of the pile, and cause the other

pole to abut upon the copper-wire of the bobbin (one end of which is soldered upon
its socket). The current then passes from the bobbin to the lower carbon by the rod
itself that supports It, and passing over the interval separating the two carbons, it
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arrives at the other pole of the pile by the upper cross piece of the apparatus and the

metal coliunn, to which one of the conducting wires is attached.

So long as the currrent is passing and producing light, the bobbin reacts upon the

iron of the electro-magnet rod, which carries the lower carbon and attracts it on

account of the magneticreaction that solenoids exercise over a moveable iron in their in-

terior. It is this which gives to the carbons a ssparation sufficientfor the luminous effect.

But immediately the current ceases to pass, or is weakened, in consequence of the

consumption of the carbons, this attraction ceases, and the moveable carbon, acted on

by the counterpoise, is found to be drawn on and raised until the current passes

again ; equilibrium is again established between the two forces, and the carbons may
be employed again. Thus, in proportion as the light tends to decrease, the coun-

terpoise reacts ; and this it is that always maintains the intensity of the light equal.

M. Breton has an apparatus which diflfers somewhat from the above, and M.
Poucault has also devised a very ingenious modification.

M. Duboscq has made by far the most successful arrangement {fig. 790), for a descrip-

tion of which we are indebted to De la Kive's ' Treatise on Electricity/ translated by

C. V. Walker.
The two carbons, between which the light is developed, bum in contact with the

air, and shorten at each instant ; a mechanism is consequently necessary, which

brings them near to each other, proportionally to the progress of the combustion

;

and since the positive carbon suffers a more rapid combustion than the negative, it

must travel more rapidly in face of this latter ; and this in a relation which varies

with the thickness and the nature of the carbon. The mechanism must satisfy all

these exigencies. The two carbons are unceasingly solicited towards each other,

the lower carbon by a spiral spring, that causes it to rise, and the upper carbon by
its weight, which causes it to descend. The same axis is common to them.

The galvanic current is produced by a Bunsen's pile of from 40 to 50 elements

:

it arrives at the two carbons, as in apparatus already known, passing through a hollow

electro-magnet, concealed in the column of the instrument. When the two carbons

are in contact, the circuit is closed, the electro-magnet attracts a soft iron, placed at

the extremity of a lever, which is in gear with an endless screw. An antagonist

spring tends always to unwind the screw as soon as a separation is produced between
the two carbons ; if it is a little considerable, the current no longer passes, the action

of the spring becomes predominant, the screw is unwound and the carbons approach
each other until the current, again commencing to pass between the two carbons, the

motion that drew them towards each other is relaxed in proportion to the return of

the predominance of the electricity over the spring ; the combustion of the carbons

again increases their distance, and with it the superior action of the spring ; hence
follows again the predominance of the spring, and so on. These are alternatives of

action and reaction, in which at one time the spring, at another time the electricity,

has the predominance. On an axis, common to the two carbons, are two pulleys

:

one, the diameter of which may be varied at pleasure, communicates by a cord with
the rod that carries the lower carbon, which corresponds with the positive pole of the

pile ; the other, of invariable diameter, is in connection with the upper or negative

carbon. The diameter of the pulley, capable of varying proportionately to the using

of the carbon, with which it is in communication, may be increased from three t«

five. The object of this arrangement is to preserve the luminous point at a con-

venient level, whatever may be the thickness or the nature of the carbons. It is only

necessary to know that at each change of kind or volume of the carbon, the diameter
of the pulley must be made to vary. This variation results from that of a moveable
drum, communicating with six levers, articulated near the centre of the sphere ; the
moveable extremity of the six arms of the lever carries a small pin, which slides in

cylindrical slits. These slits are oblique in respect of the sphere ; they form inclined

planes. A spiral spring always rests upon the extremity of the levers ; so that if

the inclined planes are turned towards the right, the six levers bend towards the
centre, and diminish the diameter. If, on the contrary, they are turned towards the
left, the diameter increases, and with it the velocity of the translation of the carbon,
which communicates with the pulley. We may notice, in passing, that this apparatus
is well adapted to the production of all the experiments of optics, even the most
delicate ; and that, in this respect, it advantageously supplies the place of solar light.

Mr. (now Justice Sir William) Grove calculated, some years ago, that for acid, zinc,

wear and tear, &c. of batteries, a light equal to 1,444 wax candles could be obtained
for about 35. Qd. per hour. The cost of the light employed for about five minutes at Her
Majesty's Theatre, as an incident in the ballet, which was obtained by employing 75
cells of Callan's battery of the largest size, was said to be H. per night. In this
calculation we expect we have not a fair representation of all the conditions. To ob-
tain a light for ten minutes, a battery as large must be used as if it were required to
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be maintained in activity for hours—and probably the batttery was charged anew
every evening. There can bo no doubt but the cost of light or of any other force from
electricity, with our present means of producing it, must be greatly in excess of any
of our ordinary means of producing illumination. For a consideration of this subject,
see Electro-motive Engines. Mr. Grove proposed a light which should bo obtained
from incandescent platinum, but the objection to this was, that after a short period,
the platinum broke up into small particles, the electric current entirely disintegrating
the metal. Mr. Way exhibited a very continuous electric light, produced from a con-
stant flow of mercury rendered incandescent by the passage of the electric current.
The light obtained by the action of a magneto-electric engine, especially in the form
employed by Mr. Holmes, is not by any means so expensive as the electric light ob-
tained from the voltaic battery. After the first cost of the machine, the only cost of
importance is the mechanical power produced by a small steam-engine. The following
is perhaps the most important advance which has been made in the direction of the
useful application of electrical power.

Wilde's Magneto-Electric Machine.—The principle of this apparatus, which
has been invented by Mr. Wilde of Manchester, for the purpose of obtaining the
electric light more promptly and of higher density than had hitherto been done,
consists in directing a current of electricity from an electro-magnetic machine armed
with permanent magnets, so as to excite a still more powerful electro-magnet. This
electro-magnet is again used by Mr. Wilde as the basis of a still larger electro-magnetic
machine, in which induction currents are generated by its agency. The electric current
is obtained by the well-known ijieans of causing the rotation of an armature close to

the poles of a permanent magnet, this electric current being made to pass round an elec-

tro-magnet, which causes it to produce a far greater amount of magnetism than was
possessed by the first magnet. If, again, the amount of magnetism thus obtained is

passed round a still larger electro-magnet, we should produce a vastly greater develop-
ment of electric force ; therefore, by the application of sufficient power to rotate the
several armatures, there seems to be no limit to this multiplication of force, excepting
the excessive heat developed by the rotation of the armatures and the intensity of the

light produced. The construction of this machine will be more readily understood by
the annexed diagram (Jiff. 791 ), representing an end view.

At a are sixteen permanent horse-shoe magnets, which
are bolted on to a hollow magnetic cylinder, bed,
composed of brass and iron, and so arranged that the

iron portions of it, b b, are screwed on to the respective

poles of the magnets at d, separated from each other by
the brass pieces c, and forming one entire north pole

and one entire south pole to the sixteen magnets. The
armature n, which is made to revolve in close proximity
to the interior of this cylinder, in suitable bearings at

the extremities, consists of a cylinder of cast iron on
which is wound, in direction of its length, about fifty feet

of insulated copper wire one-eighth of an inch in dia-

meter, and is bound round with brass rings, in order

that the centrifugal force caused by the rapid rotation

may prevent the wires from flying out of position ; the

inner extremity of this wire is fixed in good metallic

contact with the armature, the other end being con-

nected with the insulated half of a commutator which
is placed on one end of the armature. The armature
is made to revolve at the rate of 2,600 revolutions per
minute, by a driving band working on a pulley attached

to the other end of the armature. During each re-

volution of this armature two waves of electricity, mov-
ing in opposite directions, are induced in the insulated

copper-wire surrounding the armature ; the rapid suc-

cession of the alternating waves thus generated at the

rate of 5,000 per minute, are converted by means of the commutator into an inter-

mittent current moving in one direction only, which is conducted along the wires.

The electro-magnetic machine by which the light is produced is of precisely the

same construction as the magneto-electric machine above described, except that instead

of the permanent magnets a, an electro-magnet i is substituted ; this electro-magnet is

formed of two rectangular plates of rolled iron, 36 in. in length, 26 in. in width, and
1 in. in thickness ; they are bolted parallel to each other, to the magnetic cylinder

j, which is similar in construction but of larger dimensions to that described above.

These plates are connected together at their upper extremities by a cross piece formed

pf two thicknesses of the same iron ; around the sides of this electro-magnet is coiled
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an insulated conductor 3,300 feet long, consisting of a bundle of seven No. 10 copper-

wires, laid parallel to each other and bound with a double covering of linen tape ; the

extremities of this conductor are connected with the studs k k, thereby connecting

them with the wires h h. The currents of electricity which produce tlie light are

taken from steel collars by means of springs g g, thence to the studs at 1 1, from which

they can be conveyed by conductors to any required place. The power necessary to work

such a machine as this is derived from a seven -horse engine, at a cost for coal of on«

halfpenny per hour. In addition to this must be added the expense of the carbon

rods for the lamps, which will be about ten inches per hour, worth perhaps a penny.

The total cost of working, including interest on the cost of purchase of machines,

expense of maintenance and repairs, would be perhaps about 4c?. or %d. per hour.

The light produced is estimated to have an intensity equal to 6,000 wax caudles. A
more detailed account of this machine will be found in the ' Quarterly Journal of

Science,' No. XII. October 1866.

Mr. Wilde has lately introduced some improved apparatus for the production of

light of great intensity. His machine, as recently employed, consists of two parts—an

electro-magnetic induction machine for producing the electricity, and an arrangement

for regulating the light produced by the current, and projecting it upon distant objects.

The electro-magnetic induction machine is founded upon a new and somewhat para-

doxical principle discovered by Mr. Wilde—that magnets and electric currents inde-

finitely weak can produce magnets and currents of indefinite strength. The machine

consists ofa circular or cylindrical framing of cast iron, round the interior of which are

arranged a number of electro-magnets at equal angular distances from each other. A
cast-iron disc is mounted on a driving shaft, running bearings fitted to each side of

the framing, and carries a number of armatures revolving before the electro-magnets.

A slight charge of magnetism is imparted to the electro-magnets before the machine is

used for the first time by transmitting a momentary current through the wires sur-

rounding the iron cores, or by touching their extremities with the poles of a permanent
magnet. This initial charge is always retained by the electro-magnets, and is the

basis of the augmentations of the electricity and magnetism produced by the rotations

of the armatures. As the armatures revolve they become slightly magnetised in their

passage between the poles of the electro-magnets, generating weak currents in the

insulated wires surrounding them. These currents are transmitted by means of a

commutator through the wires surrounding the electro-magnets, so as to increase their

magnetism, until, by a series of actions and reactions of the armatures and electro-

magnets on each other, the magnetism is exalted to the highest degree of intensity

and the most powerful currents of electricity are produced. A small fraction of the

current thus produced is sufficient to sustain the power of the electro-magnets, while

the major portion of the current produces the light. The machine is 28 in. high,

34 in. in length, and 21 in. in diameter. Its weight is 11 cwt. About four-horse

power is reqmred to drive it a velocity of 600 revolutions per minute, and this driving

power is obtained from the fly-wheel of a small steam-engine. At this velocity the

current will fuse an iron wire 6 ft. long and 0"0o in. in diameter, and will burn ' car-

bons ' half an inch square. In this machine the alternating current is used for pro-

ducing the light, past experience in lighthouse illumination having proved it to be
greatly superior to the direct or continuous current, since it has the important advan-
tage of consuming the carbons equally, and thus always retains the luminous point in

the focus of the optical apparatus used in connection with the machine. The alter-

nating current also dispenses with commutators, and the destructive spark on the

rubbing surfaces is also avoided when the light may be accidentally extinguished, or
when the circuit becomes broken from any other cause. The carbons as they consume
are made to approach each other by means of a right- and a left-handed screw, the

screws being made to act independently of each other, so as to allow of the adjustment
of the carbons to the focus of the optical apparatus used for projecting the light. The
regulator with its carbon points is placed in the focus of a catadioptric lens, which
parallelises the divergent rays of the light into a single beam of great intensity.

This machine has been introduced to the Admiralty by Mr. Wilde, and the following
account of some experiments made at Portsmouth, on board the ' Comet,' with a view
to test the power of this electric light as a means of detecting the advance of torpedos,

or anything indeed, at night, over the sea, is quoted from the 'Times' of Feb-
ruary 23, 1874:—

' The Naval Torpedo Committee have given the subject of attack by torpedo boats
at night upon ships at anchor considerable attention, and have proved by experimental
practice that in the majority of instances the torpedo attack upon the ship must be
successful. The " Monarch," one of the ships experimented upon, was anchored at
Spithead, and on one occasion was considered to have been made almo: t impregnable
against any attack by a strong crinoline framework of booms and spars built up round
her, supplemented by her boats rowing guard round her within hailing distance.
The ship had also the advantige of knowing that a boat torpedo attack would
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be made upon her, and the time when the attack might be expected. Not-
withstanding those important advantages in the ship's favour the torpedo
boats—steam pinnaces—burst through the "Monarch's" cordon of guard boats,

got over the difficulty of the projecting crinoline spar defence, and struck the
frigate with their dummy torpedoes. These results proved that any vessel lying at
anchor at night must be fatally deficient in her defensive powers in a want of means
for searching with lightning quickness and distinctness the surface of the water to a
considerable distance around the ship.

' To supply this want effectually, Mr. H. Wilde, of Manchester, some time since

submitted to the Admiralty a proposition for the use of one of his electro-magnetic
induction machines, fitted with a proper apparatus for projecting the beam of light

produced upon distant objects. One of these machines has been fixed on board the
" Comet," twin screw gun vessel at Portsmouth (one of the short and light draught-boats
carrying one 18-ton gun on a rising and lowering platform, on the Armstrong-Kendell
plan), and was tested during the nights of Thursday and Friday, under the super-

vision of Captain Boys, commanding the " Excellent " gunnery establishment, and mem-
bers of the Naval and War Office Torpedo Committee, with the most complete success.

' On Thursday the "Comet " left Portsmouth Harbour for the eastern entrances to

Spithead, from the Channel, at about 8 p.m. ; but half an hour before leaving a first

experiment was made with the machine and its projector lens in throwing the beam
of light round the upper part of Portsmouth Harbour. The results were startling.

The gunnery ship " Excellent," with her tenders and the boats alongside and at the

boom-ends, the long lengths of the sea-wall enclosing the dockyard extension works,

the mud-banks—it being nearly low water—the "Asia" and the vessels about her,

and farther away into Fareham Creek, Her Majesty's yacht " Victoria and Albert,"

the " Glatton " monitor, and the few men-of-war boats moving about between the

ships at the time, all stood out with wonderful distinctness as the electric light touched
them. But, beyond all the others, the " Glatton," in her French-grey paint, given her

as an invisible dress at certain distances by daylight, shone out in weird splendour.

It needed no subsequent experiment to prove that a vessel painted in neutral colour

must stand out very much more distinctly under the influence of the electric light than
another vessel at the same distance, and painted with the ordinary black coating of

our broadside ironclads. When the " Comet" subsequently left the harbour and had
taken on board the members of the Torpedo Committees off Southsea, she steamed to

a position off Brading and the east end of the Isle of Wight, and anchored, attacks

being then made upon her by two steam-pinnace torpedo boats, from directions, of

course unknown on board the " Comet." When the boats had been away a certain

time the electric light was l^rought into play, its beam sweeping the surface of the

water, and in each instance discovering the torpedo boats before they could lessen a
mile's distance between them and the " Comet." Discovered at such a distance, their

attack, of course, was considered to have utterly failed.

' On Friday the " Comet " was anchored in Stoke's Bay, near the west end of the

measiired mile, and buoyed off for the speed trials of Her Majesty's ships. Captain

Boys and the members of the Torpedo Committees made a number of experiments with

the light, upon whicli official reports will be made, as will also bo done with the

experiments conducted on the previous day. If we knew, which we do not, the exact

details of all these experiments, comment upon them hero would bo out of place as

anticipating the reports to be yet made by Captain Boys and the members of the

committees. What was evident to all afloat and on the look-out for the trial of the

new light on the nights of Thursday or Friday was that its power was immense, and
of this we may speak freely and yot briefly. On Friday, as on Thursday, no boat

could approach the light within a mile without being at once discovered, and the grey

or white painted steam-pinnace was always much more prominently and longer in view

under the light than the other in its coat of black paint. In a boat at 2,000 yards

distance from the " Comet," and with tlie beam of light brought to bear upon the

boat, the " Times " could be read with the greatest ease.'

For a description of Gramme's Magneto-electric machine, see Elbctro-motivb

Engines.
SXiECTRZC TEZiEGXtiLPH. See Electro-Telkosafht.
EIiSCTRZC IWISAVIHG. M. Bonelli devised a very beautiful arrangement,

by which all the work of the Jacquard loom is executed by an electro-magnetic ar-

rangement. The details of the apparatus would occupy much space in the most con-

cise description, and as the invention has not passed into ueo, although M. Froment
has modified and improved the ma»-hine, we must refer those interested in the subject

to the full description given in Do la Rive's ' Treatise on Electricity' by Walker.

EIiZZCTRO-GZZiDZXrC BATH. See Cyanides.

ZSKECTRO-XMEETAAILURGY'. The art of working in metals was carried on

exclusively by the aid of fire until the year 1839. At that epoch a new light dawned
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upon the subject ; considerable interest was excited in the scientific world, and much
jistonishmont among the general public by the announcement that electricity, under

proper management, and by most easy processes, could supersede the furnace in not

a few operations upon met-ils ; and that many operations with metals, which could

scarcely bo entertained under the old condition of things, might be placed in the

hands of a child, when electricity is employed as the agent.

Public attention was first directed to the important discovery by a notice that

appeared in the 'Athenjeum' of May 4, 1839, that Professor Jacobi of St. Petersburg

had ' found a method of converting any line, however fine, engraved on copper, into

a relief, by galvanic process.' Jacobi's own account of the matter was that, while at

Dorpat, in February 1837, prosecuting his galvanic investigations, a striking phe-

nomenon presented itself, which furnished him with perfectly novel views. Official

duties prevented his completing the investigation, thus opened out to him, during the

same year ; and it was not until October 5, 1838, that he communicated his dis-

covery, accompanied with specimens, to the Academy of Sciences at St. Petersburg

;

an abstract of which paper was published in the ' German News ' of the same place on

October 30 of the same year. And in a letter of Mr. Lettsom, dated February 6,

1839, the nature of the discovery is thus given in the following March number of the
' Annals of Electricity.' Speaking of a recent discovery of Professor Jacobi's, he says,

' He observed that the copper deposited by galvanic action on his plates of copper

could by certain precautions be removed from those plates in perfect sheets, which
presented in relief most accurately every accidental indentation on the original plate.

Following up this remark, he employed an engraved copper-plate for his battery,

caused the deposit to bo formed on it, and removed it by some means or other ; he found
that the engraving was printed thereon in relief (like a woodcut) and sharp enough
to print from.' This paragraph does not appear to have caught the eye of the

public so readily as the briefer note that appeared a couple of months later in the
' Athenseum.'

On May 8, or four days after the appearance of the notice in the ' Athenaeum,' Mr.
Thomas Spencer gave notice to the Polytechnic Society of Liverpool that he had a
communication to make to the society relative to the application of electricity to tho

arts. He subsequently desired to communicate the result of his discoveries to the

British Association, whose meeting was at hand ; but, for some cause, which does not

appear, the communication was not made ; and it eventually was made public, as at

first proposed, through the Polytechnic Society of Liverpool, on September 12, 1839.

In the meantime, namely on May 22, Mr. C. J. Jordan, referring to the notice in the
' Athenaeum,' wrote to the ' Mechanics' Magazine ' that, at the commencement of the

summer of 1838, he had made ' some experiments with the view of obtaining im-
pressions from engraved copper-plates by the aid of galvanism.' His letter de-

scribing this process appears in the number for June 8. It occurred to him, from
what he had gathered from previous experience, that an impression might be ob-

tained from an engraved surface ; and so it was, ' for on detaching the precipitated

metal, the most delicate and superficial markings, from the fine particles of powder
used in polishing to the deeper touches of a needle or graver, exhibited their cor-

respondent impressions in relief with great fidelity.'

Mr. Spencer in his communication, besides noticing the fidelity with which the
traces on an original plate were copied, recorded the case of a copper-plate that had
become covered with precipitated copper, excepting in two or three places, where by
accident some drops of varnish had fallen ; whence it occurred to him, and experiment
confirmed his conjecture, that a plate of copper might be varnished, and a design made
through the varnish with a point, and copper might bo deposited upon the metal at

the exposed part, and thus a raised design be procured.
In the ' Philosophical Magazine ' for December, 1836, Mr. De La Kue, after describing

a form of voltaic battery, refers to the well-known condition on which the properties

of the battery in question mainly depend, that ' the copper-plate is also covered with
a coating of metallic copper, which is continually being deposited ;' and he goes on
to describe that ' so perfect is the sheet of copper thus formed, that being stripped
out, it has the counterpart of every scratch of the plate on which it is deposited.'

Daniell himself, whose battery is here in question, noticed as he could not fail to
<io in common with all who had employed his battery to any extent, the same pecu-
liarities

; but it does not appear that either he or De La Kue, or any one else, to whom
the phenomenon presented itself before Jacobi, Jordan, or Spencer, caught the idea of
its applicability in the arts. It would also appear that the impression came with the
greater vividness to the two latter ; for, while but little time seems to have been lost
to them in realising their idea, twenty long months elapsed between the time when
the • perfectly novel views ' first presented themselves to Professor Jacobi, and the
time when his ' well-developed galvanic production ' was commimicated to the
Vol. n. p
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Iniporial Acndcmy of Sciences. But, on the other hand, neither Mr. Jordan nor Mr,
Spencer appears, as far as wo are aware, to have been so sensible of the importance

of the results to which they had aiTivcd as to have t^iken any steps to secure them
as an invention or to publish thcni, until their attention was roused by the previous

publication of the successes of Jacobi.

Jaeobi's ' Galvano-plastik,' Smce's and also Shaw's * Electro-metallurgy,' Walker's
' Electrotype Manipulation,' four well-known works on the subject before us, present

the different names under which the art is known ; and from which it is gathered

that mebils may become, as it were, plastic under the agency of galvanic electricity,

and may be worked and moiilded into form. Voltaic pairs are described in general

terms in the article on Electbo-Telegeaphy. The particular voltaic pair which led

to the discoveries now before us, here requires special notice ; because, on the one

hand, while in xise for other purposes, it was the instrument which
first directed attention forcibly to the behaviour of metals under

certjiin conditions of electric current; and, on the other hand, it

has been itself extensively used in electrotype operations. Pro-

fessor Daniell first described his mode of arranging a voltaic pair,

in the ' Philosophical Transactions,' for 1836. Fig. 792 shows one

cell complete of Daniell's combination, which from its behaviour

is called a constant battery, a is a copper vessel ; b a rod of

zinc, contained in a tube c of porous earthenware. The liquid

within the tube c is salt and water, in which case the zinc is in

its natural state ; or, sulphuric acid and water, in which case the

zinc is amalgamated ; the latter arrangement being the more active

of the two. The liquid in the outer vessel A, consists of crystals

of sulphate of copper, dissolved in water. At c is a perforated

shelf of copper below the surface of the liquid, upon which are

placed spare crystals of sulphate of copper, which dissolve as re-

quired, and serve to keep up the strength of the solution in pro-

portion as the copper already there is extracted by the voltaic

action hereafter to be described, a and b are screws, to which
wires may be attached, in order to connect up the cell and con-

vey the current from it into any desired apparatus. Certain chemical changes take

place when this instrument is in action : oxygen, from the water within the porous

tube, combines with zinc, making oxide of zinc, which enters into combination with
sulphuric acid, producing as a final result sulphate of zinc ; hydrogen is liberated

from w'ater in the outer cell, and itself liberates oxygen from oxide* of copper, and
combines ndth it producing water, and leaving copper free. As far as the metals

are concerned, zinc is consumed/row the rod b, at the one end, and
copper is liberated upon the plate a, at the other end. These

actions are slow and continuous ; and the copper, as it is liberated

atom by atom, appears upon the inner surface of the cell; and
after a sufficient quantity has been accumulated, may be peeled

off or removed ; when it will be found to present the marks and
features of the surface from which it has been taken, and which,

as we have already said, arrested the attention of many into whoso
hands this instrument fell. A slight modification of the above

arrangement gives lis a regular electrotype apparatus. The cell

c in this arrangement {fig. 793), is of glass or porcelain, or gutta-

1
percha, filled as before with a saturated solution of sulphate of

copper, to which a little free acid is generally added ; it is provided^ with a shelf or other means of suspending crystals of sulphate of

copper. A zinc rod z is placed in a porous tube p, as already de-

scribed ; and m, the other metal of the voltaic pair, is suspended in

the copper solution and connected witli the zinc z by the wire w.

The electric current now passes ; zinc is consumed, as in fig. 792, but copper is now
deposited on the metal m front and back, and on as much of the wire w as may be in

the liquid ; or, if Mr. Spencer's precaution is taken of A'amishing the ^nre and the

back of the metal m, all the copper that is liberated will be accumulated on the face

of m. If salt and water, or very weak acid water, is contained in the porous tube p,
and the zinc z docs not considerably exceed in size the metal on, the conditions will bo

complied with for depositing copper in a compact regnline form.

It is obvious that, with this arrangement, m may bo a mould or other form in

metal, and that a copy of it may be obtiincd in copper. Fusible metal, consisting

of 8 parts of bismuth, 4 of tin, 6 of lead, and 1 of antimony ; or 8 parts bismuth,

3 tin, and 5 lead, is much used for tiking moulds of medals. The ingredients aro

well meltod together and mixed; a quantity sufficient for the object in view is
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poured upon a slab or board and stirred together till about to set ; the film of dross

is then quickly cleared from the surface with a card, and the cold medal is either

projected upon the bright metal, or being previously fitted in a block of wood is

applied M'itii a sudden blow. Moulds of wax or stoarine variously combined, or

more recently and better in many cases, moulds of gutta-percha, are applicable to

many purposes. But, as none of these latter materials conduct electricity, it is ne-

cessary to provide them with a conducting surface. Plumbago or black-lead is

almost universally employed for this purpose ; it is rubbed over the surface of the

mould with a piece of wool on a soft brush, care being taken to continue it as far as

to the conducting wire, by which the mould is connected with the zinc. With
moulds of solid metal, the deposit of copper commences throughout the entire sur-

face at once ; but, with moulds having only a film of plumbago for a conductor,

the action commences at the wire and extends itself gradually until it has been de-

veloped on all parts of the surface.

Tlie nature of the electro-chemical decompositions that are due to the passage of

voltJiic currents through liquids, especially through liquids in which metal is con-

tained in certain forms, can be best understood by studying the arrangement that is

most commonly used in the arts, wherein the voltaic apparatus, from which the

electric current is obtained, is distinct and separate from the vessel in which the

electro-metallurgical operations are being brought about. Such an arrangement is

shown in fig. 794, where A is a Daniell's cell, as in fig. 792 ; and b a trough filled with

795

an acid solution of sulphate of copper ; m is a metal rod, on which the moulds are hung

;

and c a metal rod, upon which plates of copper are hung facing the moulds ; tlio

copper-plates are connected by the wire z with the copper of the battery cell, and
the moulds by the wire x with the zinc rod. The voltaic current is generated in the
cell A, and its direction is from, the zinc rod, through the solutions to the copper of
the cell ; thence by the wire z to the plates of copper c ; through the sulphate solu-
tion to the moulds m ; and thence by the wire x to the zinc rod. In this arrangement,
no slielf is necessary in the trough b for crystals of sulphate of copper to keep up the
strength of the solution ; for the nature of the electro-chemical decompositions is

such, that in proportion as copper is abstracted and deposited upon the moulds m,
other copper is dissolved into the solution from the plates c. Water is the prime
subject of decomposition. It is a compound body, consisting of the gases oxygen
and hydrogen, and may be represented by fi^. 795,
where the arrows show the direction in which the cur-
rent, by the wire ;p, enters the trough b of fig. 794, by
the plate of copper c, and passes through the water in
the direction shown, and leaves it after traversing the
mould by the wire n. Two atoms of water o h and o'
h', as bracketed 1 and 2, are shown to exist before the
electric current passes ; and two atoms, one of water
H o' (bracketed 1'), and one of oxide of copper o c,

exist after the action. On the one hand, an atom of copper c has come into the solu-
tion

;
and, on the other hand, the atom of hydrogen h', belonging to the second atom

of water, is set free and rises in the form of gas. The explanation is to show that
oxygen is liberated where the current enters, and combines there in its nascent state
with copper

; it would not have combined, for instance, with gold or platinum. We
might easily extend this symbolical figure, and show how that, when free sulphuric
acid is in the solution, the oxide of copper on its formation combines with this acid
to produce the sulphate of copper required ; and how, when free sulphate of copper

p2
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is present, tho hydrogen, instead of being freed in the ^rm of gas, combines with
oxygen of the oxide of copper, and liberates the metal, which in its nascent stato

is deposited on tho mould, and produces the electrotype copy of tho same. One
battery cell is sufficient for working in this way in copper ; it is increased in size in

proportion to the size of the object operated upon. And, although for small subjects,

such as medals, a vertical arrangement will act very well ; for large objects, it has
been often found of great advantage to adopt a horizontal arrangement, placing tho
mould beneath the copper-plate. The varying density of a still solution in the
vertical arrangement is not without its effect upon the nature of the deposit, botli on
its character and its relative thickness. This has been in some instances obviated,

and the advantage of the vertical method retained by keeping the solution in motion,

either by stirring or by a continuous flow of liquid.

We have described principally Daniell's battery as the generating cell in electro-

metallurgical operations ; but Mr. Smee's more simple arrangement of platinised

silver and zinc, excited with diluted sulphuric acid, has been found in practice more
economical and convenient.

Fig. 796 is a Smee's cell ; a vessel of wood, glass, or earthenware, contains diluted

sulphuric acid, one ptirt of acid in eight or ten of water ; a platinised silver plate s,

sustained by a piece of wood w, is furnished with a plate of zinc, z z, on each side, so

as to turn to useful account both sides of the silver plate. The zinc

plates are connected by the binding screw 6. Platinisation consists in

applying platinum in fine powder to the metallic surface. "When
hydrogen is liberated by ordinary electric action upon a surface so

prepared, it has no tendency to adhere or cling to it ; but it at once

rises, and in fiict gets out of the way, so that it never, by its presence

or lingering, interferes with the prompt and ready continuance of the

electric action ; and in this way the amount of supply is well kept up.

Platinisation is itself another illustration of working in metal by
electricity. A few crystals of chloride of platinum are dissolved

in diluted sulphuric acid. A voltaic current is made to enter this

solution by a plate of platinum and to come out by a silver plate.

Two or three Daniell's or Smee's cells are necessary for the opera-

tion. The chloride of platinum is decomposed, and the metal is

deposited upon the silver plate ; not, however, in the reguline compact
form, as in the case of copper, but in a state of black powder in no
way coherent. This affords also an illustration of the different

behaviour of metals under analogous circumstances. Copper is of all metals the most

manageable
;
platinum is among the more unmanageable.

Mr. C. V. Walker has, with great advantage, substituted graphite for silver. Tho
material is obtained from gas retorts, and is cut into plates a quarter of au inch tliick,

or thicker, when plates of a larger size are cut. He platinises these plates in the

usual way as above described, and deposits copper on their upper parts, also by elec-

trotype process, and solders a copper slip to the electrotype copper, in order to make
the necessary connection.

Utilisation of Copper Scraps in Electro-Plating.—The following description of M. C.

Guerin's method of utilising scraps of copper, in lieu of plates, as a soluble anode in

electro-plating, has been published by the ' Scientific American.' By this process the

inventor utilises cuttings and other scraps, previously-deposited films, and, in a word,

all the metal which would be otherwise thrown aside as useless for such a purpose.

Fig. 797 is a representation of the receptacle used fo» holding the copper scraps. It

is simply a prismatic box about 1^ in. broad, sustninod in the bath by the two longi-

tudinal rods shown at tho top. Tho acting sides aro pierced each with about 100
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holes, of 0*1 in. in diameter, per 16 square inches, and are of oak or beech wood, and
about 0-2 in. thick. Before it is put together, the apparatus is plunged in a bath of

melted wax, and is covered with several coats of gum-lac varnish, in order to protect

the parts from the action of the acid, brass screws being used to connect it.

The following practical hints will be of use in selecting scraps to fill the recep-

tacle :—Choose pieces free from solder or rivets of brass or iron. Flatten out with a
hammer such bits as are curled up, and divide with shears those of irregular form, so

that all may fit closely upon each other. With these, pack the receptacle as uniformly
as possible. For the band of copper, which serves as a conductor, choose a long piece,

so that it may bury anew in the mass as its lower end becomes dissolved. Every four

or five days stir the pieces vigorously with a brass rod.

The soluble anode, in its rectangular form as before described, acts as a plate, and
hence gives proofs of unequal thickness ; but if the active surface of the receptacle,

instead of being flat, be so disposed as to form a sort of counterpart, following the
contour of the mould, the deposit will have a uniform thickness. This is illustrated

in fig. 798.

M N is the mould in section ; over it, at a distance of 0*3 in., is arranged a gutta-

percha box D p, of which the bottom is perforated vrith a large number of small holes.

This box first has its bottom covered with linen cloth, and is then filled with copper
scraps, and the copper conducting band is inserted.

In order to localise or concentrate the galvanic action at certain places, it is only
necessary to heap up the copper pieces at the desired points ; and conversely, when a
part has become covered vsith a deposit of sufficient thickness, it is obviously unneces-
sary to employ the protecting coverings of wax or gutta-percha ordinarily used with
plate anodes. The mode of forming the gutta-percha counterpart consists in coating

the interior of the mould with several layers of fine thin plaster for a thickness of
0-3 in. This is allowed to harden. Into the hollow cast the gutta-percha, softened

by warm water, is pressed by the hand, so as to cause it to conform to the indenta-
tions of the plaster, care being taken to keep it of uniform thickness. After cooling,

it is easily removed, and after perforation is ready for use as above described. It is

of course a reduced copy of the interior of the mould.
With the exception of silver and gold, copper is the metal which has been most

extensively worked by these electro-metallurgical processes.

Seals are copied by obtaining impressions in sealing-wax, pressing a warm wire
into the edge for a connection ; rubbing black-lead over the wax to make the surface
conducting ; fastening a slip of zinc to the other end of the wire ; wrapping the zina
in brovra paper, and putting the whole into a tumbler containing sulphate of copper,
a little salt-water having been poured into the brown paper cell.

Flaster-of-Paris medallions may be saturated with wax or stearine, and then
treated, if small, like seals ; if large, in a distinct trough, as in fi^. 794. In this case
the copy is in intaglio, and may be used as a mould for obtaining the facsimile of the
cast. More commonly, the cast is saturated with warm water, and a mould of it

taken in wax, stearine, or gutta-percha. This is treated with black-lead, and in other
respects the same as seals.

Woodcuts are treated with black-lead, and a copper reverse is deposited upon
them. This is used as a mould to obtain electrotype duplicates, or as a die for
striking off duplicates.

Stereotype plates are obtained in copper by taking a plaster copy of the type,
treating it plaster fashion, depositing a thin plate of copper upon it, and giving
strength by backing up with melted lead.

Old brasses may be copied by the intervention of plaster.

Embossed cards or paper vclq,j be copied by first saturating with wax and then using
black-lead.

Fruit may be copied by the intervention of moulds, or may be covered with
copper. Leaves, twigs, and branches may have copper deposited upon them. The
same for statuettes, busts, and statues.

Leaves and flowers are furnished with a conducting surface by dipping them into
a solution of phosphorus in bisulphide of carbon, and then into a solution of nitrate
of silver. Silver is thus released in a metallic state upon their surface.

Plaster busts, &c., have been copied in copper, by first depositing copper on the
plaster prepared for this operation ; when thick enough, the original bust is destroyed,
the copper shell is filled with sulphate of copper, as in fig. 794, and copper is deposited
on its inner surface till of sufficient thickness ; the outer shell is then removed.

Tubes and vessels of capacity do not appear to have been profitably multiplied by
electrotype.

Plates have been prepared for the engraver to work on by depositing copper oi^
polished copper-plates, and removing the deposits when tbick enough.
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For the multiplication of engraved copper-plates, tho olectrotypo process has boon
very oxtonsively adopted. A revorso of tlie plato is first obtained by the deposition of
copper; this serves as a mould, from which many copies of tho orif^nal plato are ob-
tained by depositing copper upon it, and then separating tho two. The mode practised
by uhe Duke of Leuchtenborg is to print from an engraved plate on very thin paper
^vitll a mixture of resin of Damara, red oxide of iron, and essence of turpentine. While
the impression is wet, the paper face downwards is pressed upon a polished plate of
copper. When dry tho paper is washed away, and tho impression remains. An
electrotype copy from this is obtained in intaglio, and is fit for tho uso of the printer.

Galvanography is a picture drawn originally in varnish on tho smooth plato, and
then treated in a similar way to the above.

The plates on rollers used by calico printers have boon multiplied like engraved
plates.

Glyphography is a name given by Mr. Palmer to his process. Ho blackens a fViir

copper-plate with sulphuret cf potassium, covering it uniformly with a coating of wax
and other things, then draws the design through the wax with fine tools. From the
plate thus prepared, an electrotype is taken in the usual way, and is backed up and
mounted as an electro-glyphic cast to print from as from a wood-block. For a sterco-

glyphic cast to work from as a stereotype-plate, a plaster copy is taken of the original

drawing, the high lights are cut out, and then an electrotype copy is made.
Electro-tint is done by drawing with wax or varnish any design on a fair copper-

plate, and making an electrotype copy for the printer's use.

Fern-leaves, &c., are copied by being laid on a sheet of soft gutta-percha, pressed
into the surface by a smooth plate to which pressure is applied, and then removed in

order to subject the gutta-percha mould to the electrotype process. This is Nature
PfiiNTiNG, which see.

MM. Auer and Worring have copied lace, embroider?/, flowers, leaves of trees, en-
tire plants, fossils, insects, &c., in their natural relief, by laying the objects upon a
plate of copper, after having soaked them in spirits of wine and turpentine so as to fix

them. A plate of clean lead is laid over, and, on being pressed, an intaglio copy is

produced on it of the object. From this an electrotype is obtained.

Undercut medallions, &c., are copied in elastic moulds made of treacle and glue
in the proportions of 1 to 4. Masks and busts may also be obtfiined in such moulds.

Electro-cloth was made by saturating the fibre of canvas or felt, making it con-
ducteous in the usual way ; it was proposed in place of tarpaulins as a water-tight
cover.

Betorts and crucibles, &c., of glass or porcelain, have been successfully coatod

with electrotype copper by first varnishing or otherwise preparing the surface to retain

the black-lead, and then treating them as usual.

Soldering copper surfaces has been accomplished by galvanic agency. Tho ends
to be united are placed together in the solution of sulphate of copper, and connected
with the battery as for ordinary deposition. Parts not included in tho process are

protected off by varnish ; copper is then deposited, so as to unite the separate pieces

into one.

Iron may be coated with copper. But here a new feature comes into view.
Sulphuric acid leaves the copper of the sulphate, combines with iron, and deposits

copper on its surface without the aid of tho voltaic apparatus. Tho iron surface is

imperfectly covered with copper, and no firm perfect deposit occurs. In order to obtain
solid deposits of copper on iron, it is necessary to use a solution that has no ordinary
chemical reaction upon iron. Cyanide of copper is used, which may be obtiiincd by
dissolving sulphate of copper in cyanide of potassium. This solution requires to bo
raised to and retained at a temperature not greatly below 200°, in order to give good
results.

Electro-zincing is applied to surfaces of iron, in order to protect them from cor-

rosion. A solution is made of sulphate of zinc, which is placed in a trough B,Jig. 794.

Two or three battery colls are required. The iron to bo zinced is connected with tho
zinc end of the battery, and a plato of zinc with tho copper end.

Volicric brass does not appear to have been obtained in a solid distinct form, but
has been successfully produced as a coating upon a copper surface. Separate solutions

are made of sulphate of copper and of sulphate of zinc in cyanide of potassium. Tho
two solutions are then mixed, and placed in a decomposing trough. Two or three cells

of a battery are used, and a brass plato connected with tho copper end. An electrotype

copper medal or other prepared surface is connected with the zinc. Brilliant and per-

fect brass soon appears, and will deposit slowly for some hours ; but after a while, tho
character of the solution changes, and copper appears in place of brass.

This hasty glance at tho leading applications of this art will give an idea of its

utility. It also comes into play in cases where least suspoctod, Pins were tinned by
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electrotype long before the art was known. Brass pins are thrown into solution of tin

in cream of tartar, and are unchanged ; but when a lump of tin is thrown among them,

a A-oltaic pair is formed, and tin is deposited on all the heap. Any stray pins detached

from the mass, escape the influence.

Space would fail us were we to go through the list of crystalline and of simple

bodies formed by these processes ; as for instance, octahedral crystals of protoxide of

copper ; tetrahecbral crystals of proto-chloride of copper ; octahedral crystals of sul-

phide of silver ; crystals of subnitrate of copper ; bibasic carbonate of copper, and

others too numerous to name, have all been formed by slow voltaic actions. The alka-

line metals, potassium, sodium, &c., were first obtained by Davy in the galvanic way;
magnesium, barium, aluminiimi, calcium, &c., are obtained by M. Bunsen by operating

upon the chlorides of these metals either in solution or in a state of fusion.

Electro-etching is produced at the place where the current enters the decomposing

trough, as at the copper-plates c of fig. 794. A plate of copper is prepared as if for

the graver ; its face is then covered with an etching ground of asphalte, wax, black

pitch, and burgundy pitch ; and its back with varnish. The design is then traced

through the etching ground with a fine point ; the plate is then placed in the trough

B, containing either sulphate of copper or simply diluted sulphuric acid, and connected

with the copper of the battery. After a few minutes it is removed, and the fine lines

are stopped out with varnish ; it is then replaced, and again, after a few minutes is

removed, and the darker shades are stopped out ; the parts still exposed are again

subjected to the action, and the etching is complete. When the ground is removed,

the design will be found etched upon the copper-plate ready for the printer.

Daguerreotype etching is a delicate operation, and requires much care. The solution

employed by Professor (now Sir W.) Grove was hydrochloric acid and water in equal

parts, and a battery of two or three cells.

Platinized silver is used in face of the daguerreotype, instead of copper. The result

comes out in about half a minute. An oxy-chloride of silver is formed, and the mer-

cury of the plate remains untouched.

A Photo-galvano-gra'phic Company was formed in London for carrying out the

process of Paul Pretsch. He made solutions of bichromate of potash in glue-water, or

in solution of gelatine, instead of in pure water. He then treated the glass or plate

with these, and in the usual way took a picture. He washed the gelatine picture with
water, or solution of borax or carbonate of soda, which left the picture in relief ; when
developed, he washed with spirits of wine, and obtained a sunk design. The surfaces

thus prepared, or moulds made from them, were placed in a galvano-plastic apparatus

for obtaining an engraved plate from which to print. The process was not, commer-
cially, successful. See PHOTO-GAxvANoeniAPHY.
The Duke of Leuchtenberg prepares a plate for etching by leaving the design on

tlie ground, and removing the ground for the blank parts. When his electrotype

operation is complete, the design is in relief instead of being in intaglio as in ordinary

etching.

Mctallo-chromes consist of thin films of oxide of lead, deposited sometimes on
polished plates of platinum, but most commonly on polished steel plates. The colours

are most brilliant and varied. Nobili is the author of the process.

A saturated solution of acetate of lead is prepared and placed in a horizontal trough.

Three or four battery cells are required. A steel plate is laid in the acetate of lead
with its polished surface upward, and is connected with the copper of the battery. If
a wire is connected with the zinc end of the battery, and held over the steel plate in

the solution, a series of circles in brilliant colours, arise from the spot immediately
beneath the wire, and expand and spread, like the circles when a stone is thrown into

a pond. Silver-blond is the first colour ; then fawn-colour, followed by the various
shades of violet, and indigoes and blues ; lake, bluish lake, green and orange, greenish
violet, and passing through reddish yellow to rose-lake, which is the last colour in the
series.

According to the shape of the metal by which the current enters—be it a point,

a slip, a cross, a concave, or a convex disc— so is the form of the coloured figure

varied. And if, in addition to this, a pattern in card or gutta-percha is cut out and
interposed between the two surfaces, the action is intercepted by the portions not
removed, and the design is produced on the steel plate, in colours, that may be greatly
varied, according to the duration of the experiment. The different colours are due to
the different thicknesses of the thin films of peroxide of lead.

M. Becquerel proposed the deposit of peroxide of lead, and also the red peroxide of
iron, for protecting metals from the action of the atmosphere. For the latter, proto-
sulphate of iron is dissolved in ammonia solution, and operated upon by two or three
batteries.

The most important application of electro-metallurgy in the arts has been foy
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plating and gilding, which is most oxtonsivoly carried on both at homo and abroad.

Kesults that were unattainablo, and others attainable only at groat cost, are readily

produced by this mode of manipulating. The liquids most in use are the cyanide
solutions, first introduced by Messrs. Elkington. They are prepared in various ways.
Cyanide of potassium is added carefully to dilute solution of nitrate of silver ; and the

white deposit of cyanide of silver is washed, and then dissolved in other cyanide of

potassium ; or lime-water is added to the nitrate solution, and the brown deposit of

oxide of silver is washed, and, while moist, is dissolved in cyanide of potassium ; or

common salt is added to the nitrate solution, and the white deposit of chloride of silver

is washed and dissolved in cyanide of potassium. Or a solution of cyanide of potas-

sium is placed in the trough b, fig. 794, and the current from three or four colls is

passed into it from a silver plato at c, which combines with and is dissolved in the

liquid, converting it into a cyanide of silver solution. To prevent silver being ab-

stracted by deposition at m, as the current leaves the trough, the metal at m is placed

within a porous cell of cyanide solution, so as to limit the action.

Gold solution is obtained by dissolving the anhydrous peroxide of gold in cyanide

of potassium, or by treating chloride of gold with cyanide of potassium, or by using

a gold plate and a voltaic current with a solution of cyanide of potassium in the same
way as described for silver, and allowing the action to continue until the solution is

sufficiently strong of gold. With those solutions electro-plating and gilding are readily

accomplished. There are other solutions more or less valuable, which will be found
in the books that treat upon the subject.

Fig. 799 shows a single-cell arrangement for plating. The zinc is outside, and is

799

bent to embrace both sides of the porous cell. The article to be plated is within this

cell, because, being the vessel of smaller capacity, less of the more valuable silver

solution is required, and there is less of loss or waste. The same holds good in a

greater degree of gold. In a few minutes the article is covered with silver. If a few

drops of sulphuret of carbon are added to the silver solution, the silver is deposited

bright. Gold does not come down quite so rapidly as silver.

Except for mere experiment, these operations are better accomplished, and with

less waste, by using distinct batteries, as a, fig. 800, the solution of gold or silver being

in a distinct trough h, plates of silver or gold, as the case may be, being suspended

in front of the article to be coated. One or two cells, according to the result re-

quired, are used for plating ; and three or four for gilding. But gilding is never so

well accomplished as it is with hot solutions. The modes of keeping solutions hot

vary with circumstances, and with the extent of the operations. FHg. 801 is an

arrangement for operations on a small scale. The vessel a b, containing the gold

solution, rests over a small stove or spirit-lamp. The objects to be gilt are suspended

by wires to the conducting rod d, in connection with the zinc end of the battery ; and

the gold wire or plate c is connected with the other end. A temperature of from 100°

to 200° is desirable ; the higher temperatures require fewer battery cells ; ^vith the

highest, one will suffice. The solution, of course, evaporates under the influence of

heat ; and distilled water must be added to supply the loss, before each fresh ope-

ration.

Plating and gilding are successfully, and, in point of economy, advantageously,

carried on at Birmingham, in <more than one manufactory, by means of magneto-

electricity. In the article on Electho-Telegraphy will be found a description of this

form of electric force, and the means by which it is produced. An electro-piagnet i#
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set in motion in front of the poles of a permanent magnet, in such a manner that the

soft iron core of the electro-magnet becomes alternately a magnet and not a magnet

:

in the act of becoming a magnet, it raises up a current in one direction in the wire
with which it is wound ; in the act of ceasing to be a magnet, it raises up a current

in the reverse direction. The ends of the wire are led away and insulated. The in-

strument is fitted with a commutator, so adjusted that it collects the currents from the
ends of the wire, and guides them in a uniform direction into the vessel that contains

the solution and articles to be gilded or plated. In practice, a single machine consists

of many electro-magnets grouped together, and many powerful magnets for exciting

them ; by which means a continuous flow of a large amount of electricity is ob-
tained. Fi^. 802 is an illustration of such an arrangement as adapted by Mr. Wool-

rich : aaaa are four clusters of permanent steel magnets, seen from above ;
h h h h h

is the frame-work of the machine ; cccc are four bars of soft iron, wound with largo

size insulated copper-wire ; <Z is a circular disc, on which they are mounted, and which
rotates on a vertical axis, of which / shows the upper end ; e is the commutator,
from which two -Nvires are led off to the solution to be operated upon. The permanent
magnets are U-shaped ; one pole only of each bui;dle is visible ; the other is beneath
the disc d, and its freight of electro-magnets c c, &c. The axis is set in rotation by
a strap passing over the drum of a shaft of the steam-engine, that does the ordinary

. ^ork in a factory ; ajid the disc carrier the electro-magnets between the poles of tlje
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permanent magnets, and exposes thom to the most favourable action of these poles.
The number of coils and magnets varies in proportion to the work required. By this
arrangement, not only does each coil pass under the influence of many magnets, but
each magnet acts successively on many coils; and a proportionate supply of electri-
city is the result.

Electro-Deposition of Ikon. This has been often attempted, vrithout much
success until recently. A process has now been discovered which answers admirably.

This new process has been perfected by M. Eugene Klein, who is at the head of the
chemical department in the Imperial State paper manufactory in St. Petersburg.
Many difficulties have arisen and have been successfully surmounted in developing
this process to its present practical issue. Attempts were made to effect the object so
far back as the year 1846, but which were unsuccessful, and it was about twenty
years before the problem was definitely solved. The importance and reality of the
progress, however, are now unquestionable, and an extended knowledge of the process
must inevitably lead to its general adoption. At the present time we believe its

application is confined to the Eussian Imperial State paper works, where it has been
in active operation for some time, the iron plates replacing those of copper for bank-
note printing and for other similar purposes. The application of the invention, how-
ever, extends to all the other branches of the art of electrotyping.

From a paper upon the present subject, read by the late Prof. Jacobi before the Aca-
demy of Sciences in Eussia, in 1868, it appears that in the previous year M. Feuquiferes
sent to the Paris Exhibition some specimens of iron electrotype which presented a fair
appearance as regarded surface, but still were inferior to those produced by M. Klein
in the year following. M. Feuqui^res does not appear to have published the process
by which he obtained his results, and he moreover only spoke of it with the greatest
reserve. Professor Jacobi, however, states, on the authority of Professor Varrentrapp
of Brunswick, that the process and the bath employed differ essentially from those of
M. Klein, whose results may be considered as being perfectly independent.

Eeferring to the process of electrotyping in iron. Professor Jacobi observes that the
good quality of the iron deposit depends principally upon the greater solubility of
the anode. The augmentation of its surface not having produced the desired effect,

M. Klein conceived the idea of combining the anode of iron with another of copper.
The Professor varied this combination by replacing the copper with horn-charcoal, which
gave more powerful results. The effects of this combination were thus rendered com-
plete, the negative metal combined with the iron in the same batli formed a duplicate
layer, which worked as a cathode opposite the iron, and as an anode by its combination
with the copper-wire, or the positive pole of the pile which furnished the principal
current. The surface of this electrode consequently disengaged hydrogen and oxygen
simultaneously, which combined in the proportions which form water. The surplus
hydrogen freely disengaged itself, or produced a polarisation of the electrotype. If,

observes the Professor, the oxygen is most abundant, and if the electrotype consisted
of an inoxidisable substance, such as horn-charcoal, it would also have disengaged gas,

and have given a feeble polarisation. If, however, the electrotype is oxidisable like

copper, it will be oxidised and dissolved. By immersing a galvanometer in the
circuit. Professor Jacobi has observed the deviation of the needle diminish by degrees
whilst the current was very feeble, and it became perfectly still after the force of tho
current had been increased to a certain degree. At length, passing that degree, the
Professor noted that the deviation again became inconstant. By means of the galva-
nometer, therefore, it becomes easy to so regulate tho current as to disengage neither

tho oxygen nor the hydrogen from the cathode.

So far Professor Jacobi. Turning now to a letter from M. Klein, which was
placed before the Eussian Academy of Sciences in 1868, we have recorded tho methods
employed by him in the production of iron electrotype. M. Klein saw M. Feuquiires'

specimens at the Paris Exhibition, and, encouraged by Professor Jacobi, he, on his

return to St. Petersburg in October 1867, renewed his attempts to electrotype in

iron. The scientific interest which attached to tho new development, and the emi-
nently useful applications of which ho saw it was susceptible, especially in the
departments of engraving and printing, stimulated M. Klein, and in the early part of
1868 he had accomplished his object. The medals produced in the early part of M.
Klein's researches showed, on their reverse, porosities and deep hollows which pene-
trated nearly through the thickness of tho deposit. These cavities were also observ-
able in great numbers in tho productions of M. Fouquiires. In M. Klein's later

specimens these singular cavities—which probably proceeded from bubbles of gas

—

entirely disappeared, and their reverses are no way inferior to those of copper speci-

mens produced under the best conditions. The starting point of M. Klein was the
steeling of engraved copper-plates, which process was effected in a bath composed of
the chlorates of ammonia and iron, to which ho added a small proportion of glycerine,
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Those however, who have paid attention to this steeling process, have had occasion

,to remark that in giving the deposit of iron a greater thickness, the surface cracked,

and the deposit detached itself from the cathode in excessively brittle flakes. It

became necessary, therefore, to employ baths of two different classes, composed of

sulphate of iron and sulphate or chlorate of ammonia. Finally, M. Klein devised

three baths, after the formula FeO, SO* + NH*0, S0» + 6H0. The first bath consists

of a concentrated solution of crystals of this double salt. The second bath was com-
posed by mixing the concentrated solution of each of these two salts in the propor-
tions of their equivalents. At length M. Klein obtained the third bath by taking a
solution of sulphate of iron, precipitating the iron by carbonate of ammonia, and
dissolving the precipitate by sulphuric acid, getting rid of all excess of acid. In pre-

paring the baths of the second class, M. Klein, as we have stated, mixed the solutions

of chlorate of ammonia and sulphate of iron in the proportions of their equivalents.

Another method employed is to dissolve in a solution of iron as much chlorate of am-
monia as it will readily absorb at a temperature of about 66° Fahr. All these baths
were concentrated as highly as they could be. As an anode, M. Klein employed iron

plates giving a surface about eight times that of the copper cathode. In using a
Daniell battery for the decomposition, the deposit was formed in twenty-four hours
upon the whole of the cathode. The deposit, however, was full of flaws, -and was easily

detached and broken up into fragments. As it often happens that the solution of sul-

phate of copper improves by use, M. Klein hoped that the iron solutions would act in

a similar manner. He therefore continued the.experiments for several days, without,

however, obtaining any better results. Under the advice of Professor Jacobi, instead

of a pair of Daniell cells for each of the five stages of decomposition, he then employed
four pairs of feebler Meidinger cells, uniting them in series with the five stages of

decomposition. This arrangement was found to give a smaller development of liydro-

gen at the cathodes, and better final results. The deposits, however, were not yet

perfect, some exhibiting porosity, and others being furrowed.
Conceiving from previous experience that this was due to acidification of the bath,

M. Klein tested it, and found a very decided acid reaction. He attributed this acidi-

fication to the circumstance that the quantity of iron deposited on the cathode was
greater than that dissolved by the anode. It was, therefore, necessary to give the
anode a greater degree of solubility, and as that could only bo effected by increasing
its area, M. Klein conceived the idea of placing in the bath a plate of copper and
uniting it with the iron. The result of this combination was very remarkable ; not
only were the baths of the first class rendered neutral after several hours, but the
deposits became much more uniform. Their colour was a dull grey ; they adhered
perfectly to the cathode without warping or cracking in any part. During the first

24 hours the surfaces remained perfectly even ; but afterwards they began to exhibit
minute cavities similar to the appearances often produced upon galvanic deposits of
copper. These cavities, however, rarely penetrated to the depth of the deposit.

Their production is attributed to the superabundant disengagement of gas pn the
surface of the cathode. It probably happens that these bubbles attach themselves
strongly enough to hinder the formation of the deposit. If the energy of the current
becomes too great, these annoying phenomena are produced more frequently. By
reducing this energy in the process, and having only an imperceptible disengagement
of gas, by diminishing the concentration of the bath, or augmenting the resistance of
the solid portions of the circuit, the formation of these cavities entirely disappeared,
and the beautiful results to which we have already referred have been obtained. A
microscopical examination of the reverses of the deposits produced by M. Klein's
final process fails to discover any porosity or irregularity in the specimens.
On leaving the bath the iron is as hard as tempered steel and very brittle. Ee-

heated to a dull red heat it loses much of its sharpness and hardness. Heated to a
cherry-red, it becomes malleable and may be engraved as easily as soft steel. If the
deposits are produced in good condition and annealed uniformly and with the ne-
cessary precautions, they are neither subject to warp nor bend. There is no contrac-
tion, but on the contrary, a slight degree of expansion, almost imperceptible however.
Owing to the necessity of ha^^ng bank-note and similar plates identical in every
respect, it is of the first importance that they should not be distorted, nor have their
dimensions altered in the process of annealing. It appears that the galvanic deposit
of iron has not only permanent magnetism, but that, like soft iron, it receives the
magnetism of position.

We have now reviewed both the failures and the successes of M. Klein. Of the
importance of the practical application of the process there can be no doubt whatever.
By replacing plates of copper by those of iron greater facilities will bo afforded for
producing publications, works of art, and especially bank-notes and cheques. Iron
plectrotype plates are found to be almost indestructible. They not onl^ can b^
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printed from an almost unlimited number of times ; but they are better calculated
than those of copper to withstand those inevitable accidents constantly occurring in

printing establishments. Printers are sometimes obliged to set aside as useless their

best plates, which are often damaged by a grain of sand, or by a chance knot in the
paper. These accidents not only involve the expense of renewing the plates, but
sometimes occasion interruptions and delays in works of a very pressing nature.

These are some amongst the many advantages which may be expected to accrue from
the introduction of iron electrotype.'

Electro-Deposition of Nickel. * It is only within the last few years that nickel-

plating has been brought prominently into notice but Mr. Smee, in his " Elements
of Electro-metallurgy," published in 1852, has the following on the subject:

—

' The nitrate and siUphate of nickel, the ammonio-nitrato, and sulphate of nickel,

the nickelo-cyanide of potassium, but especially the chloride of nickel, require con-
sideration. The nitrate is very soluble, but the metal has no great inclination to

be precipitated, for the hydrogen appears rather to prefer being evolved than to reduce
the metal. The sulphate of nickel is also used as a double salt, and the metal is re-

duced more readily from it than from the nitrate. It is best reduced by the compound
battery process with a platinum positive pole, though a nickel positive pole may be
employed. The solution of either nitrate or sulphate combined with alkalis, these of
ammonia deserving the preference, ought to be as strong as possible. The chloride

forms an excellent material for precipitation, by means of a nickel positive pole with
one or two batteries. The nickel so deposited has a peculiar white, brilliant lustre,

looking almost like glass. The deposit is so beautiful when removed from the negative
pole that it forms a great contrast to the common nickel metal, and no person would
ever suppose that there was any similarity of composition between that substance,

still less identity. For practical purposes the chloride is first, and next to it is the
sulphate for the reguline deposit." Several processes for nickel-plating have been
patented within the last four years, but it is difficult to see how the inventors can
claim any right to more than the exclusive use of some probably immaterial detail.

Napier coated articles with nickel in 1847 ; and although there have doubtless been
improvements in the various methods, it will be seen from the extract from Smee
above quoted, that it is only some special detail of the process that can be claimed.

In one of the latest of these patents, taken out in the United States this year, the in-

ventor claims a solution of either of the soluble salts of nickel, which must be free

from potash, soda, lime, alumina, or nitric acid, the said solution to be perfectly

neutral. M. Becquerel, however, states that potash in no way affects the deposition

of the nickel, the double sulphate of nickel and potash being as useful as the double
sulphate of nickel and ammonia. The batteries in use for nickel-plating are, wo
believe, principally the Smee and the Bunsen with their modifications, although the
Daniell and the Grove elements are also suitable ; but the chief requirement from the

battery is a uniform and unchanging current perfectly free from variation. Napier
says it is indispensable that the battery should be so arranged that the quantity of

electricity generated should correspond with the extent of surface to be coated ; and
it appears to us that Napier is correct in this, but wo take from Dr. Feuchtwanger
the details of the apparatus employed in an extensive nickel-plating establish-

ment in the United States. The plating-trough consists of a large wooden box
5 ft. 6 in. long, 2 ft. wide, and 14 in. deep, lined with asphaltum varnish. (We have
reason to believe that good dry oak is the best wood of which to make the troughs
used in electro-plating: other woods will answer, but oak is both cheapest and best

in the long run.) The capacity of this vat is about 70 gallons, the liquid consisting

of hot water, to each gallon of which three quarters of a pound of the double sulphate

of nickel and ammonia is allowed. The battery consists of six zinc plates, 9x10 in.,

well amalgamated, and six carbon plates of the same dimensions. The box containing

these is lined with lead, and holds ten gallons of water, to which 20 ozs. of sulphuric

acid are added. This battery is said to remain in active operation for two weeks, tho

zinc plates needing no re-amalgamation for four months. The articles to be plated

are suspended from copper and brass wires stretched across the vat, and require from
6 to 10 hours' immersion. The battery is kept constantly at work ; as soon as one set

of articles is plated another replaces it. According to Dr. Feuchtwanger, tho plating

solution must be kept neutral, litmus-paper being frequently nsed, and if acid is

present caustic ammonia must be added till tho liquid is brought to the normal state,

tho tendency being to work acid. It is also necessary, of course, to replace the con-

sumed salts. If chloride of nickel and ammonia is used, the proportions are four

ounces of the salt to a gallon of water. Dr. Feuchtwanger also describes what he
terms " a simple nickel-plating apparatus ; " but his account is not so explicit as may
be deemed needful. However, the apparatus consists of a •' bath or vat containing tho

Toaual nic)tel solution of double salt (the sulphate, wo ppesume), three quarters of §
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pound to the gallon of hot water ; five gallons is to be applied to the porous cell which
contains the amalgamated zinc pole, three inches broad, seven inches deep, and seven

inches long ; but touching within one-half of an inch all around from the cell. The
copper-wire is connected to hold suspended the articles, such as faucets, pistols, or

other ware to be plated with nickel ; the operation goes on at once and deposits the

metallic nickel from its solutions in the space of three or four hours." It must be ac-

knowledged that the details here given are not of the clearest kind, and some portions

of the apparatus appear to have been forgotten. Mr. Beardslee, whom Dr. Feucht-

wanger says is the veteran nickel-plater of the States, gave the latter valuable infor-

mation. Mr. Beardslee finds the best results to be given by the chloride of nickel

and a certain quantity of ammonia. He uses the chromium negative plate battery in

two cells. The amount of battery-power required for a given amount of work should

be in zinc surface equal to the surfaces to be coated at one time. The surface of a
nickel anode should never be less than the surface to be coated. *' The anode surface

for a nickel solution may be much greater than the surface to be coated ; and more
and better work will bo the result." A nickel solution of 40 gallons requires 10

anodes of 6 x 12 in. and so in proportion to the greater or less quantity of gallons.

The nickel anodes are connected to the chromium or carbon plates of the battery (Mr.
Beardslee prefers chromium) ; the articles to be coated with the zincs. In the small

way Mr. Beardslee employs in one gallon of the nickel solution a nickel anode of

4x6 in., with two one-gallon cells of the chromium negative plate battery ; and ho
states that the chloride solution works better when it exhibits an acid reaction.

Possibly, however, Stolba's method is the simplest of all, and is easily applicable. To
some chloride of zinc add double the quantity of water, boil and add hydrochloric acid

slowly till the precipitate is re-dissolved. A very little zinc powder is added, and in

a few minutes the vessel is coated with zinc wherever the liquid touches it. The
nickel salt (either the chloride or sulphate) is then added in sufl&cient quantity to turn
the liquid of a greenish tint. The articles are then introduced with some cuttings of
zinc; the whole being boiled for about 15 minutes, when the coating will be found
complete. It is scarcely necessary to say that whatever process is employed, the

surfaces to be coated must be perfectly clean, which is best seciu-ed by dipping in acid
;

and when they are plated they must bo washed with hot water and polished with
cloth buffs and crocus, rouge, or other polishing powder. By means of the thin

coating of nickel, articles of iron and steel are prevented from rusting, while those of
brass, copper, lead, or zinc, are preserved from tarnish ; nickel-plating, too, has tho
advantage over silver-plating that it lasts four times as long and costs about one-
fourth, while it is less liable to lose its polish.'

Electro-deposition of nickel has been effected from several of the salts of nickel in
solution ; but, until recently, the process has not been worked commercially. The
Plating Company working Brookes' patent have been eminently successful by tho
following processes : which we copy from their Specification of Patents :

—

* The solutions from which nickel has been heretofore most successfully deposited
are the chloride of nickel, the cyanide of nickel and potassium, the double sulphate of
nickel and ammonia, and the double chloride of nickel and ammonium. The inventor
of the recently-patented process believes the chloride is the best, but the deposits
obtained from it are very far from what is required for the general purposes to which
the electro-deposition of this metal may be applied. As this solution is ordinarily
prepared, it is a good conductor of electricity as compared with most liquids, and the
nickel is deposited from it freely, but in a spongy, brittle condition, and more or less

mixed with the peroxide of nickel, which gives it a brownish appearance. The deposit
has also a great tendency to accumulate on the edges of the plate on which it is made
in nodules or warty protuberances. Therefore, although the deposits may be obtained
of considerable thickness, they are practically useless for electrotyping or electro-plating.

Moreover, a portion of the electricity is expended in forming a sub-chloride of nickel,

which falls to the bottom of the vessel as an insoluble precipitate. In consequence of
this, the solution is soon exhausted, both of nickel and chlorine, and the process of
deposition stops. Even when tho solution is formed in the best-known manner, by
subliming a pure nickel-chloride, the deposited metal, though free from the oxide, and
therefore white, is deposited in the brittle, warty condition, accompanied with the
precipitation of sub-chloride. The double cyanide of nickel and potassium is a poor
conductor of electricity, and requires high battery-power. With a low battery-power
very little metal can be deposited, and that little is accompanied with the deposition
of peroxide of nickel to such an extent as to be black or nearly black. With a high
battery-power a film of white nickel may be obtained, but not thick enough to satisfy
the ordinary requirements of electro-plating.

• Neither of these solutions gives for any great length of time the fuU equivalent of
TOetal for the electricity employed ; and, so far as the patentee has been able to
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discover, those two solutions are inherently incapable of giving a cohoront, tenacious,
flexible metal, such as is required in the arts of elcctrotyping and electro-plating. Of
the other two solutions named, the inventor believes that, before his improvements,
the best results were obtained from tlio double chloride of nickel and ammonium, but
the metal deposited from it is of such a character as to bo worthless when deposited
to any appreciable thickness. It is accompanied with the deposit of peroxide, and is

therefore brown or black. It is extremely liable to split up into thin scales, which
may be rubbed off even with the hand. This want of coherence and tenacity unfits it

for the requirements of the arts. The metal deposited from the double sulphate of nickel
and ammonia is subst<intially the same as the above, but it is not so easily obtained.
If, with these solutions, a battery-power is used of an intensity of two Grove cells, or
thereabouts, a white deposit may be obtained of considerable thickness, but still with
such a tendency to split up in scales that it is practically useless, and neither solution
gives the full equivalent due to the current.

' It has been discovered, however, that the difficulties attending the uso of those
last-named solutions, and the character of their deposits, are not inherent in the nature
of the solutions, but are due to the modes of preparing them, or to the presence in

minute quantities of certain substances which are generally employed in making them,
or in the reduction of the nickel used in making tliem. In order, therefore, to prepare
these solutions in such a manner as to give the results reached, it is necessary to adopt
processes in their preparation and observe precautions which shall either dispense
with the use of these substances altogether or shall effectually remove them if they
are employed.'

The patentee then proceeds to give the following directions :—
' In preparing this

solution, I prefer the use of pure nickel ; but commercial nickel may be used. Com-
mercial nickel almost always contains more or less of the re-agents employed in tho puri-
fication or manufacture of the metal, such as sulphate of lime, sulphide of calcium,
sulphide of sodium or potassium, chloride of sodium, and alumina. When any of
these substances are present it is necessary to remove them ; this can bo done by
melting the nickel, or by boiling it in water containing at least 1 per cent, of hydro-
chloric acid. The boilings must be repeated with fresh acid and water until the waste-
waters give no indication of the presence of lime when treated with oxalate of
ammonia. When the metal is purified by melting, the foreign substances collect on
the top of the melted metcil in tho form of a slag, which can be removed mechanically.
If the nickel contains zinc it should be melted, in order to volatilise the zinc and drive
it off. The crucible in such case must not be closed so tightly as to prevent the
escape of tho zinc fumes. If copper, arsenic, or antimony is present in tho nickel it

can be removed after the nickel is dissolved by passing sulphuretted hydrogen
through the solution. Tho acid to be used in dissolving the metal consists of one
part strong nitric acid, six parts muriatic acid, and one part water. Nitric acid or

muriatic acid may be used separately, but the above mixture is preferred. A
quantity of this acid is taken, sufficient to dissolve any given amount of tlie metal,

with as little excess of the former as possible ; a gentle heat is all that is required.

The resulting solution is then filtered, and to prepare the solution of the double
sulphate of nickel and ammonia, a quantity of strong sulphuric acid, sufficient to

convert all the metal into sulphate, is added, and the solution is then evaporated to

dryness. The mass is then again dissolved in water, and a much smaller quantity

than before of sulphuric acid is added, and tho whole again evaporated to dryness,

the temperature being raised finally to a point not to exceed 650° Fahr. This tempe-
rature is to bo sustained until no more vapours of sulphuric acid can bo detected. The
resulting sulphate of nickel is pulverised and thoroughly mixed with about ~th of its

weight of cjirbonate of ammonia, and the mass again subjected to a gradually-

increasing temperature, not to exceed 650° Fahr. until the carbonate of ammonia is

entirely volatilised. If any iron is present, tho most of it will be converted into an
insoluble salt, which may be removed by filtration. The resulting dry and neutral

sulphate of nickel is then dissolved in water by boiling, and if any insoluble residue

remains, the solution is filtered. From the weight of tho nickel used before solution,

tiie amount of sulphuric acid in the dry sulphate can be ailculated. This amount of

sulphuric acid is weighed out, diluted with four times its weight of water, and
saturated with pure ammonia or carbonate of ammonia ; the former is preferred.

This solution, if it is at all alkaline, should be evaponitod until it becomes neutral,

to test-paper. Tho sulphate of ammonia of commerce may likewise bo used, but pure

sulphate of ammonia is to bo preferred. The two solutions of tho sulpliato of nickel

and sulphate of ammojiia are then unit^'d and diluted with sufficient water to leave

l^oz. t) 2ozs. of nickel to each gallon of solution, and tho solution is ready for use.

•In preparing the solution of the double chloride of nickel and ammonium, tho

fiickel is to be purified and dissolved in the same manner as is described for tlie
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previous solution, and it is to be freed from copper and other foreign matters in the

same manner. The solution is then to be evaporated to dryness ; it should be made
as nearly anhydrous as possible. The salt is then placed in a retort and heated to

a bright red heat. The salt sublimes and is collected in a suitable receiver, the earthy

matter being left behind. The salt thus purified is dissolved in water, and to the

solution is added an equivalent quantity of pure chloride of ammonium. The solution

is then ready for use : it may have a specific gravity of 1050 to 1 1 00.'

Of these two solutions the inventor much prefers the double sulphate, as it gives a

softer metal, which can be polished, or otherwise worked more readily than that

obtained from the double chloride solution. The double sulphate solution has this

important advantage over any other solution, that it gives a deposit with a smooth

surface, which can be polished with comparatively little labour. When the process is

properly conducted, the deposit can be made much thicker than is ordinarily required

for plating other metals before it acquires a rough or matted surface. With a metal

so hard as nickel this is a matter of great importance.

The Specification of the Patent and the Disclaimer and Memorandum of Alteration

of The Plating Company (Limited) to Brookes' patent give still further directions for

seciiring the purity of the nickel solution. These are points, however, to wliich those

only who are likely to carry out the electro-deposition of nickel on a large scale need

attend, and to such the papers referred to are always available.

Having prepared the solutions and anodes, nickel may be readily deposited ; but, in

order to carry on the deposition continuously, it is necessary to observe certain pre-

cautions.

First. The use of a battery of too high an intensity must bo avoided ; an intensity

of two Smee's cells is sufficient. A high intensity decomposes the solution and liberates

free ammonia, thus rendering the solution alkaline, and impairing its value. When-
ever the smell of free ammonia arises from the decomposing cell, the operator may be
sure that the solution is being injured. It is important that the depositing shall not
be forced by the use of too strong a current.

Second. It is important that great precaution should be used to prevent the intro-

duction into the solution of even minute quantities of potash, soda, or nitric acid.

When an article to be coated is cleaned in acid or alkaline water, or is introduced into

it for any piirpose, the greatest care must be taken to remove all traces of these sub-
stances before the article is introduced to the nickel solution, as the introduction of
the most minute quantities of acids or alkalis will surely be injurious.

Third. The anode of the depositing cell—a nickel plate of the utmost purity- -of

copper, or alloyed with a little iron to secure the precipitate, should present a surface
to the action of the solution somewhat larger than the surface upon which the deposit
is being made, particularly in the double sulphate solution. The reason is that
nickel dissolves so slowly that if the exposed surface is not larger than the surface on
which the deposit is made, the solution will not keep saturated. On the other hand,
if the anode is very much larger than the positive pole, it tends to give a deposit of
black powder.

Fourth. With solutions and anodes thus prepared and used, the deposition of
nickel can be carried on continuously, and almost as surely and certainly as the depo-
sition of copper from the common sulphate solution, though the limits of the battery-
power which may be used are narrower. The metal deposited is compact and
tenacious. It may be deposited of nearly uniform thickness over any surface, however
large.

^
The deposited metal is capable of being annealed by a heat below a low red

heat
; it then becomes flexible, malleable, and ductile, either to furnish effectual pro-

tection to the metal on which it is deposited, or to be removed and used separately
from the surface on which it may be deposited. Thus electro-type plates of nickel may
be produced, either as copies of irregular surfaces which it is desired to reproduce, or
as plain sheets of nickel, which, after being annealed, may be rolled, hammered, or
spun into a variety of forms or articles.

Far more extensive use has been made of these properties in America than in this
country. There itis used for carriage and harness fittings, for guns and pistols, for
various scientific instruments, and for numerous domestic utensils and articles of
furniture from fenders to flat-irons. For brass and iron fittings on board ship,
and for lever handles of engines of all kinds it is especially adapted, and for the
metals mentioned in all places where they are liable to oxidation or corrosion.
The process is, wo believe, carried on in London on an extensive scale, but one
establishment, or even half-a-dozen, cannot supply the needs of the public when
the value of the process becomes better known, even if they can keep pace with the
present demand. Without doubt many improvements upon the process introduced
by Prof. Boettger in 1843 will be introduced as soon as the utility of nickel-plating
becomes known.
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EIiECTRO-MOTZVE TiNGlNHS, Tlio following remarks on this siibject are

an abstract of a communication road by the editor to the Institution of Civil Engi-
neers, for which they awarded him their Telford Medal.
Numerous electro-magnetic machines have been made, but a few only of these

require to be described. In 1832, Salvatore dal Negro published an account of the
attempts made by him in this direction. As Dal Negro's engine was of a very simple

and effective kind, the Professor's description of it may be quoted :
—

' As I had been
successful in producing temporary magnets of very great power, with very small elec-

tro-motors, I endeavoured to apply this power to rao^ang machinery. I will now
briefly state by what means I endeavoured to set a lever in motion. I first used a
magnetic steel bar, placed vertically between one end of a temporary magnet. The
bar vibrated from the attractions and repulsions which took place between its north

polo and the north and south poles of the electro-magnet. In the same way a motion
may be effected in a horizontivl plane. I also set in motion a similar bar, by allowing

a piece of iron, set free from the magnet at the moment when its power became =
to fall on one of its ends, after this it was immediately re-attracted. This can be
effected in two ways : the one may be employed when a quick motion is to be produced,

and tlie second when a greater force is wanted ; in the first case the weight falls only

just out of the power of the magnet's attraction, and the instant the weight has fallen

upon the bar, or lever, it is re-attracted by the magnet that the action may be re-

peated : it is always small in comparison with that which the magnet cannot support

whilst in contact. In the second case the whole weight which the magnet can carry

is employed, and use is made of the force which draws it to the magnet.' Upon this

was founded several other attempts, particularly one by Dr. Schulthess, who wiis so

satisfied with the result, that he wrote in 1833 :
—'If we consider that electro-magnets

have already been made, which were capable of carrying 20 cwts., and that there is

no reason to doubt that they may bo made infinitely more powerful, I think I may
boldly assert that electro-magnetism may certainly be employed for the purpose of

moving machines. Professor Botto, of Turin, also employed ' a lever put in motion
(in the manner of a metronome) by the alternating of two fixed electro-magnetic

cylinders, exerted on a third moveable cylinder, connected with the lower arm of the

lever, the upper part of which maintiiins a metiillic wheel, serving in the ordinary

way, as a regulator in a continuous gyratory motion.' It will be evident to any one

who has observed the motion of many of the electric clocks, that this is in several

respects similar to the pendulous motions adopted.

In 1835, the late Prof. Jacobi, of St. Petersburg, published an accoimt of his expe-

riments, which were carried out on a largo scale, regardless of cost, at the expense
of the Emperor Nicholas. His first idea was to employ the attractive and repellant

powers of magnetic bars, so that he might obtain an advancing and receding motion,

which could be easily changed into a continuous circular motion. A great many
machines have been made upon this principle ; but Jacobi alone, as far as can bo

learned, has pointed out the true cause of their failure. ' We know,' he says, • the

ill effects of shocks in the movements of machines, but there is here another incon-

venience which is not simply mechanical. The soft iron, by these repeated shocks

and vibrations, gradually acquires at the surface of contact the nature of steel ; there

will be a considerable permanent magnetism, and the transient magnetic force which
alone produces the movement, will be weakened in proportion. A number of ex-

priments, which I have made upon the magnetic force of a bar of soft iron, bent

into a horseshoe form, has shown me the great disadvantage of often-repeated shocks,

proceeding from the sudden contact of the armature.*

Jacobi, finally setting aside all oscillating motions, produced a machine giving con-*

tinuous circular motion, by fixing eight electro-magnetic bars on a disc, moveable round

an axis—and eight fixed bars similarly arranged upon a fixed platform. The arrange-

ment of the bars admitted of much variety, pro^^ded it was exactly symmetrical, and
that it allowed the poles to approach each other as nearly as possible. Arrangements
were made, with much ingenuity, by which the poles of the magnets were inversed

directly, and so that inversion should take place precisely at that point where
the bars were opposite each other. One hundred and forty-four inversions in the

second were readily effected, and Jacobi declared it would be easy with his apparatus

to change, or to completely interrupt, the electric current one thousand or more
times in a second.

A machine constructed upon this principle was, at the desire and at the cost of an
Imperial Commission, put on board a ten-oared shallop, equipped with paddle-wheels,

to which the electro-magnetic machine communioited motion. The boat was 28 feet

long, and 7a feet in width, and drew 2.^ feet of water. In general, there were 10 or

12 persons on board, and the voyage on the Neva was continued during several entire

days. By these experiments Jacobi was led to the conclusion that a battery of
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20 square feet of platinum would produce power equivalent to one horse ; and the

vessel wont at the rate of four miles an hour. In 1839, Jacohi tried another experi-

ment, with a battery of 64 platinum plates, each having 36 square inches of surface

;

when the boat, with a party of 14 persons on hoard, went against the stream at the

rate of three miles an hour.

In 1837, Mr. Thomas Davenport, of the United States, constructed a rotary engine,

in which permanent and electro-magnets were employed. Mr. Taylor, in 1839,

patented an electro-magnetic engine, both in America and in this country, the prin-

cipal novelty in which was, that instead of changing the poles of the magnets, the

electric action was, at fixed rapid intervals, entirely suspended. In 1837, Mr. David-

son, of Edinburgh, constructed an engine, in which he produced motion by simply

suspending the magnetism, without a change of the poles. Mr. Eobert Davidson
placed an electro-magnetic locomotive on the Edinburgh and Glasgow Railway ; the

carriage was 16 feet long and 6 feet broad, and weighed about 5 tons. All the

arrangements appear to have been very complete, but when put in motion on the

rails, it was not possible to obtain a greater speed than four miles an hour.

I^ofessor Page's electro-magnetic engine was for some time looked upon as a

triimiph. The fundamental principle of it is thus described:—'It is well known
that when a helix of suitable power is connected with the poles of a battery in action,

an iron bar, within it, will remain held up by the induced magnetism, although the

helix be placed in a vertical position ; and if the bar is partly ^-awn out of the helix

by the hand, it goes back with a spring, when the hand lets go its hold. This power
—the action of the helix upon the metallic bar within it—is the power used in Page's

engine.' Professor Page exhibited one of his engines, of between 4 and 5 horse-

power, at the Smithsonian Institution ; the battery to operate with being contained

within a space of 3 cubic feet. It was a reciprocating engine of 2-feet stroke, and
tlie whole, including the battery, weighed about one ton. Professor Page stated that

the consumption of 3 lbs. of zinc per day would produce one horse-power. This
statement requires further investigation.

Many similar attempts have been made to construct effective machines to be
moved by the power of the voltaic battery. Among others, Mr. Henley constructed

an electro-magnetic engine of considerable power for Mr. Talbot, and another for

Professor Wheatstone. In these . there were many ingenious mechanical arrange-

ments, invented to overcome some of the difficulties hitherto encountered ; but the

physical conditions were similar to those already described. Mr. Talbot's engine

was 3 ft. 6 ins. long, and 2 ft. 6 ins. wide ; when excited by a Grove's battery, con-

sisting of four cells with double plates of zinc, 9 ins. by 6^ ins., platinum plates 9 ins.

by 65 ins., excited by diluted sulphuric acid in the proportions of 1 to 4, and concen-

trated nitric acid, it drove a lathe, with which was turned a gun-metal pulley, 5 ins.

in diameter ; but in three quarters of an hour the battery was quite exhausted.

Mr. Hjorth, a few years since, exhibited in London a large machine, constructed

somewhat on the principle of Page's ; this, however, failed to produce any great me-
chanical effect, and it appears to have been abandoned. Dr. Lardner stated, in 1851,
that M. Gustavo Froment, of Paris, was using, with much advantage, an electro-mag-

netic engine in his workshops for turning lathes, planing machines, &c. Its use,

however, appears to have been abandoned, on account of the great cost of the battery
power.

Hankel and Fessel, on the Continent, the Rev. James William M'Gauley, Dr.
Kemp, and others, in Great Britain, have, at different times, excited much attention

by the ingenious machines which they have constructed.

Notwithstanding these numerous trials, and, connected with them, an almost infinite

amount of experiment, it does not appear that any satisfactory explanation has ever
been given of the causes which have led to the abandonment of the idea of employing
electricity as a motive power. It was mainly with the view of directing attention to

these causes, that the essay read was written.

Electro-magnetism undoubtedly affords an almost unlimited power. An electro-

magnet may be constructed which shall have a lifting power equal to many tons. It
is probable, that there are limits beyond which it would not be possible to increase the
power of electro-magnets ; those limits have not yet been reached ; but supposing them
to be attained, there is nothing to prevent the multiplying of the number of electro-

magnets in the arrangements. It may be stated, in connection with this part of the
subject, that from experiments made with Hoarder's magnetometer, it appears that the
development of magnetism in iron observes some special peculiarities. These may be
thus stated :

—
"With the same electro-magnet there is, as the voltaic pairs in the battery

are increased, a gradual increase of magnetic force. With from one to seven elements
there appears an average excess of 31 lbs. ; after this point, with the increase of battery
power, by the addition of pair after pair of zinc and platinum elements, the production
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of power tears a decreasing ratio to the power employed, and at last, the addition of
five elements was not found to produce an increase of effect equivalent to the value of
one element. In all experiments, therefore, on electro-magnetic macliines, tlie experi-

mentalist has first to determine the utmost power which the soft iron is capable of
assuming, in relation to— 1st, the number of coils of wire on the iron ; and 2nd, the
number of elements employed in the exciting source—the voltaic battery. The length
of the iron and its thickness are also points demanding special considerations from the
constructor of an electro-magnetic macliino.

There remains now to examine the production of the power, Electro-Magnetism.
The electro-mechanician is dependent upon his battery, in the same way as a steam

engineer is dependent upon his fire and his boiler, for the production of mechanical
effect.

Voltaic batteries vary in their effects, and henco arise statements which differ widely
from each other, as to the result obtained, by the destruction (? change of form) of a
given quantity of metal in the battery.

Dr. Botto states, that 45 lbs. of zinc, consumed in a Grove's battery, are sufficient to

work a one-horse power electro-magnetic engine for twenty-four hours.

Mr. Joule says the samu results would have been obtained, had a Daniell's battery

been used, by the consumption of 75 lbs. of zinc.

It is impossible, on the present occasion, to enter into the theory of the voltaic

battery, or to describe the varieties of arrangement which have been adopted for

generating (developing) electrical force in the form of a current, with the greatest

efffect, at the smallest cost.

On this point the evidence of Jacobi maybe quoted :—
' With regard to the magnetic

machine, it will be of great importance to weaken the effects of the counter current,

without at the same time weakening the magnetism of the bars. It is the alternate

combination of the pairs of plates in the voltaic pile, which permits us to increase the

speed of rotation at will. "We know the magnetic power of the current is not sensibly

augmented by increasing the number of the pairs of plates, but the counter current is

considerably weakened by its being forced to pass through a great many layers of

liquid. In fact, on using twelve voltaic pairs, each, half a square foot, instead of four

copper troughs, each with a surface two square feet, which I had hitherto used, the

speed of rotation rose at least 250 or 300 revolutions in a minute.'

Mechanical force, whether obtained in the form of man-power, horse-power, steam-

power, or electrical power, is the result of a change of form in matter. In the animal,

it is the result of muscular and nervous energy, which is maintained by the due supply

of food to the stomach. In the steam-engine, it is the result of vapour-pressure, which

is kept up by the constant addition of fuel to the fires, under the boilers. In the

magnetic machine, it is the result of currents circulating through wires, and these

cmrents are directly dependent upon the chemical change of zinc or of some other

metal in the battery. Then,

Animal-power depends on food.

Steam-power depends on coal.

Electrical power depends on zinc.

An equivalent of coal is consumed in the furnace—that is, it unites its carbon with

oxygen to form carbonic acid, and its hydrogen with oxygon to form water, and during

this change of state the quantity of heat developed has a constant relation to tho

chemical action going on.

Mr. Joule has proved by a series of most satisfactory experiments, that :
' The

quantity of heat capable of increasing the temperjvture of a pound of water by one

degree of Fahrenheit's scale is equal to, and may be converted into, a mechanical force

capable of raising 838 lbs. to the perpendicular height of one foot.'

Mr. J. Scott Russell has shown that in the Cornish boilers, at Iluel Towan and tho

United Mines, the combustion of one pound of "Welsh coal evaporates of water, from

its initial temperature, 10-58 lbs. and 10*48 lbs. respectively. 'But,' says Mr. Joule, ' we
have shown that one degree is equal to 838 lbs. raised to the height of one foot.

Therefore the heat evolved by the combustion of one pound of coal is equivalent to tho

mechanical force capable of raising 9,584,200 lbs. to tho height of one foot, or to about

ten times the duty of the best Cornish engines.'^

Such are the conditions under which heat is employed as a motive power. An
equivalent of zinc is acted on by the acid in the cells of the battery, and is oxidised

thereby. In this process of oxidation a given quantity of electricity is set in motion
;

but the quantity available for use falls very far below the whole amount developed

by the oxidation of the zinc. The electricity, or electrical disturbance, is generated

on the surface of the zinc ; it passes through the acidulated fluid to the copper plate

or platinum plate, and in thus pasbing from one medium to another it has to oyetcome
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certain mechanical resistances, and thus a portion of the force is lost. This takes place

in every cell of the voltaic arrangement, and consequently the proportion of zinc which

is consumed, to produce any final mechanical result, is considerably greater than it

should be theoretically.

Joule gives as the results of his experiments, the mechanical force of the current

produced in a Daniell's battery as equal to 1,106,160 lbs. raised one foot high, per

pound of zinc, and that produced in a Grove's battery as equal to 1,843,600 lbs. raised

one foot high, per pound of zinc.

It need scarcely be stated, that this is infinitely above what can be practically ob-

tained. A great number of experiments, made by the Author some years since, enabled

him to determine, as the mean average result of the currents, produced by several forms

of battery-power, that one grain of zinc, consumed in the battery, would exert a force

equal to lifting 86 lbs. one foot high. Mr. Joule and Dr. Scoresby thus sum up a series

of experimental results :
* Upon the whole, we feel ourselves justified in fixing the

maximimi available duty of an electro-magnetic engine, worked by a Daniell's battery,

at 80 lbs. raised a foot high, for each grain of zinc consumed.' This is about one-half

the theoretical maximum duty. In the Cornish engines, doing the best duty, one grain

of coal raised 143 lbs. one foot high. The difference in the cost of zinc and coal need

scarcely be remarked on. The present price of the metal in sheets is 28^. per ton, and
coal can be obtained, including carriage to the engines, at less than 1^. per ton ; and
the carbon element does two-thirds more work than can possibly bo obtained from the

metallic one.

By improving the battery arrangements, operators may eventually succeed in getting

a greater available electrical force. But it must not be forgotten, that the develop-

ment of any physical force observes a constant law. Whether in burning coal in

the furnace, or zinc or iron in the battery, the chemical equivalent represents the

theoretical mechanical power. Therefore, the atomic weight of the carbon-atom being

6, and that of the zinc-atom being 32, it is not practicable, under the best possible

arrangements, to obtain anything like the same mechanical power from zinc which
can be obtained from coal. Zinc burns at an elevated temperature ; in burning a
pound of zinc there should be obtained, as heat, the same amount of mechanical power
which is obtained as electricity in the battery. The heat being more easily applied

as a prime mover, it would be far more economical to burn zinc under a boiler, and to

use it for generating steam-power, than to consume zinc in a voltaic battery for

generating electro-magnetical power.

With the advance of our knowledge some of the difficulties may be overcome. An
important and substantial step in advance has been made in practical electricity by
M. Gramme, of Paris, who substitutes a rotatory for a reciprocating motion in the me-
chanical arrangement employed in the production of an electrical current. Hitherto
magneto-electric machines have acted upon a principle analogous to that of the ordinary

pump, and the current produced has consequently been intermittent in its character.

The new machine acts in a similar manner to the rotary pump, and, like that apparatus,

gives a continuous stream, and with a very small expenditure of power, while the great

drawback to other systems, self-heating, is in it scarcely appreciable. It is, moreover,
the first recorded instance of a perfectly continuous magneto-electric current having
been obtained on a practical scale, and the circumstance derives additional interest

from the fact that the inventor is from the ranks of mechanical workers in electrical

science, and not a highly-educated electrician. Had he been one, the probability is

that the present apparatus would never have been invented by him, for to obtain a
continuous stream an electrician would have followed a course of experiment and in-

ductive reasoning which would have landed him in an entirely opposite direction.

Even M. Gramme's explanation of the reasons operating to produce the results he has
achieved are at variance with several known facts in electrical science, and with the
views entertained by electricians upon the subject. The production of the apparatus
is therefore to be attributed more to intuition on the part of its inventor than to the
study and practical application of the laws which govern the artificial production of
electrical currents. The machine by means of which this important improvement is

effected is composed of three rings of soft iron encircled with an endless coil of copper-
wire. Each of these rings is made to rotate between the two poles of a strong electro-

magnet. The magnets are vertical cylinders of soft iron 3 ft. 6 in, high by 3jin. in
diameter, and are coiled round with insulated copper-wire. They are connected at the
top by a square cast-iron plate, and at the bottom are let into a base-plate 2 ft. 8 in.

square. In operation the half of each ring which is in proximity with the north end
of the magnet takes south polarity, while the opposite half near to the south end takes
north polarity. The two neutral points of the system are equi-distant on each side.

The rings or bobbins are rotated on a horizontal axis, and when they are set in motion
their polarity remains unchanged in position with regard to the operator. The action

q2
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is therefore equivalent to the coils alone being rotated over a stationary ring-shaped
magnet. The effect of this is to produce currents in the two halves of each ring in op-
posite directions between its two neutral points. At these points, however, contacts

are placed, which touch in succession a series of studs connected, at regular intervals,

with the wire-coil. Thus the opposite currents in the two halves of each ring, instead

of neutralising each other, unite and form a single current. The machine requires a

very small amount of force to drive it—much less than one horse-power being ample

—

and it produces a very intense and steady flow of liglit. With this apparatus some
interesting experiments have lately been made by Mr. Robert Sabine at the works of

Messrs. Whieldon and Cooke, in the Westminster-bridge Road, where the machines
are being manufactured. It was shown that the current is producible in large

quantities, at a nmch cheaper rate, and of greater constancy than by galvanic batteries.

A further superiority over the batteries was also demonstrated in the fact that the

resistance remains the same no matter at what speed the machine is driven, within

reasonable limits. Therefore, by driving it at double speed twice as much electro-

motive force is obtained, which represents, therefore, more than twice as much current.

In the experiments the machine was driven at a speed of about 320 revolutions per

minute, and the first object of the exhibitors was to show the power developed by the

system. In the next place a length of 10 ft. of platinum-wire was made red-hot in a

few seconds. This experiment was afterwards repeated with a chain of about the

same length and composed of alternate links, six inches long, of silver and platinum.

Wliile the platinum rapidly became red-hot, and remained so, the silver never became
more than inconveniently heated. The light-producing power of the apparatus was
then exhibited from the rear portion of Messrs. Whieldon's works. The light was
produced in the usual way from carbon points and condensed in a concave reflector,

whicli threw the rays down a by-street on to premises in the York Road, a long dis-

tance off, and which were brilliantly lighted up. The light was very intense and
remarkably steady, and would doubtless have fallen brightly on the Thames Embank-
ment had not the rays been intercepted by the York Road premises. After the light

had been exhibited for some time, the experimenters illustrated the power of the cur-

rent to fuse metals. This was done in the interior of the building, and platinum,

aluminium, silver, magnesium, strontium, metallic sodium, and steel were successively

and successfully burnt, the spectrum of each being thrown on a screen. The invention

will undoubtedly prove of great importance, for use in lighthouses and for metallurgical

purposes, as well as on shipboard, owing to the portability of the apparatus, the small

space it occupies, and the slight power required to drive it. It has already been in

xise for some time past with the best results at the electro-plating works of Messrs.

Christofle and Co., of Paris, and is at present under trial by the Postal Telegraph

Department. Messrs. Whieldon and Cooke have constructed a machine which has

been employed for exliibiting a light in the clock-tower of the Houses of Parliament

during the sittings of the House, so that the public had an opportunity of judging of its

merits. This application of the electric light has not at present (1874) been adopted,

why, we know not. M. Gramme certainly deserves credit for this most important

contribution to applied science, by means of which he has practically solved the problem
of the production of cheap dynamic electricity.

EZ.ECTRO-PI.il.TZXrG AXTB CZIiDZirG IROIT. Professor Wood, of

Springfield, Massachusetts, in a paper, which lie has communicated to the ' Scientific

'

American,' recommends the following as useful recipes for the electro-metallurgist.

He says, * I believe it is the first time that a solution for plating direct on iron, steel,

or Britannia metal has Ijeen published. In most of the experiments I have used

Smeo's battery ; but for depositing brass I prefer a battery fitted up as Grove's, using

artificial graphite—obbiined from the inside of broken coal-gius retorts—in the place

of platinum. With one largo cell (the zinc cylinder being 8 by 3 inches, and excited

with a mixture of one part sulphuric acid and twelve parts water, the graphite being

excited with commercial nitric acid) I have plated six gross of polished iron buckles

per hour with brass. I have also coated type and stereotype-plates with brass, and
find it more durable than copper-facing.

^ To jyrepare Cyanide of Silver.— 1. Dissolve 1 oz. of pure silver in 2 oz. of nitric

acid and 2 oz. of hot water, after which add 1 quart of hot water. 2. Dissolve

6 oz. of the cyanide of potassium in 1 quart of water. To the first preparation add
by degrees a small portion of the second preparation, until the whole of the silver is

precipitated, which may bo known by stirring the mixture and allowing it to settle.

Then drop into the clear liquid a very small quantity of the second preparation from
the end of a glass rod : if the clear liquid is rendered turbid, it is a proof that the

whole of the silver is not separated ; if, on the other hand, the liquid is not altered, it

is a proof that the silver is separated. The clear liquid is now to be poured ofl^ and

the precipitate, which is the cyanide of pilver, washed ftt least four times in hot
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water. The precipitate may now be dried and bottled for use. To prepare Cyanide

of Gold.—Dissolve 1 oz, of fine gold in 1*4 oz. of nitric acid and 2 oz. of muriatic

acid ; after it is dissolved add 1 quart of hot water, and precipitate with the second

preparation, proceeding the same as for the cyanide of silver. To prepare Cyanides

of Copper and Zinc.—For copper, dissolve 1 oz. of sulphate of copper in 1 pint of hot

water. For zinc, dissolve 1 oz. of the sulphate of zinc in 1 pint of hot water, and
proceed the same as for cyanide of silver. The electro-plater, to insure success in

plating upon all metals and metallic alloys, must have two solutions of silver ; the

first to whiten or fix the silver to such metals as iron, steel, Britannia metal, and
German silver ; the second to finish the work, as any amount of silver can be deposited

in a reguline state from the second solution. First, or Whitening Solution.—Dissolve

2 1 lbs. (troy) of cyanide of potassium, 8 oz. carbonate of soda, and 5 oz. cyanide of

silver in one gallon of rain or distilled water. This solution should be used with

a compound battery, of three to ten pairs, according to the size of the work to be
plated. Second., or Finishing Solution.—Dissolve 4| oz. (troy) of cyanide of potas-

sium, and 1^ oz. of cyanide of silver, in 1 gallon of rain or distilled water. This

solution should be used with one large cell of Smee's battery, observing that the silver

plate is placed as near the surface of the articles to be plated as possible.—N.B. By
using the first, or whitening solution, you may insure the adhesion of silver to all

kinds of brass, bronze, red cock-metal, type-metal, &c., without the use of mercury,

which is so injurious to the human system. To prepare a Solution of Gold.—

•

Dissolve 4 oz. (troy) of cyanide of potassium, and 1 oz. of cyanide of gold, in 1

gallon of rain or distilled water. This solution is to be used warm (about 90° Fahr.)

with a battery of at least two cells. Gold can be deposited of various shades to suit

the artist, by adding to the solution of gold a small quantity of the cyanides of silver,

copper, or zinc, and a few drops of the hydro-sulphuret of ammonia.'
3E:i.ECTRO-PZ.ATZ-ia-G BATH. See Cyanides.
SZiECTRO-SORTZM-G APPARATITS. M. Froment devised an apparatus

for the separation of iron from matters by which it may be accompanied. The ap-
paratus consists of a wheel carrying on its circumference eighteen electro-magnets.
The iron ore, reduced and pulverised, is spread continually upon one of the extremities
of a cloth drawn along with it, and passed under the electro-magnets in motion. The
iron in the ore which has of course been brought into a magnetic state by any of the
processes by which this may be eflfected, is separated by the magnets, and the
impurities carried onward. See De la Eive's ' Electricity.'

EIiECTRO-TEZiEGRil.PB-'7. The simultaneous appearance of the electric

spark at^ the respective ends of a long conducting wire forcibly arrested the attention
of electricians in the early days of the science.

A series of remarkable experiments were made by Dr. Watson, commencing on
July 14th, 1747; when he passed an electric discharge from the Thames bank at
Westminster to the opposite bank at Lambeth, by means of a wire suspended to
Westminster Bridge. He continued his researches ; and, on August the 5th of the
following year, he arranged 12,276 feet of wire at Shooter's Hill, the beginning, the
middle, and the end of which were led into the same apartment. He discovered that
the electric signs at the middle of the wire coincided in time with the discharge at the
two ends, proving that the passage, at least in such a length of wire, was instantaneous.
In reference to these results. Professor Muschenbroeck wrote to Dr. Watson : Mag-
nificentissimis tuis experiments, superasti conatus omnium,' Dr. Franklin made
similar experiments in 1748 across the Schuylkill at Philadelphia, and in the next
year Du Luc repeated them across the Lake of Geneva.
The idea of applying this property to the transmission afar of telegraph signals

proper was an early and natural result of these discoveries. But many onward steps
were necessary before the idea could assume any definite form ; and further advances
in knowledge were essential before the idea could be realised.
Locked up, as it were, in all bodies, is a large store of electric force, the equilibrium

of which is distiurbed in a greater or less degree by a variety of causes, some extremely
simple, others more complex ; and, according as one or other cause is in operation,
the conditions under which the electric force is manifested vary ; some conditions
being very unfavourable, and others very favourable to the object in view.
The rapidity with which electric force traverses conductors depends upon the cir-

cumstances under which the conductors are placed; in the case of wire suspended in
the air, the electric force has little else to do than to travel onward and be discharged
from the far end of the wire ; in the case of buried wire, it has to disturb the
electric equilibrium of the gutta-percha as it travels onward, and thus suffers con-
siderable retardation. The greatest recorded velocity of a signal through a suspended
copper telegraph wire is 1,725,800 miles per second, by M. Hipp ; the lowest velocity
through a buried copper-wire, 750 miles per second by Faraday. Intermediate
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velocities are recorded, for which the nature of the wire or the conditions under ^hich
it was placed wore different. Whoatstono found the velocity of electricity under
different conditions from the above to be 288,000 miles per second. His wire was
copper, and was wound on a frame. The electricity that was employed by Mr.
Wheatstone in these experiments was obtained from the friction of glass against an
amalgam of tin. The various velocities are due partly to the conditions under which
the conducting wire is placed, and partly, no doubt, to the varied properties of
electricity from various sources.

^
Electricity is obtained from other sources than friction with so much greater faci-

lity, and in forms so much more applicable and manageable for telegraphic purposes,
that frictional electricity has not been applied in real practice. It must not, however,
be passed over in this place, because one of the earliest telegraphs, perhaps the very
first in which a long length of wire was actually used, was actuated by this form of
electricity. In February 1753 a writer, dating from Renfrew, and signing himself
* C. M.' wrote to the Scot's Magazine on ' An expeditious mode of conveying intelligence."

The method proposed differed in no respect from that adopted by Dr. Watson,
frictional electricity being employed, and the signals being the movements of pith-

balls.^ He, however, proposed the use of bells, upon which the electrified balls were
to strike, and thus, he says, the experimentalist ' will inform his correspondents by the
sound what wires have been touched ; and thus by some practice, they may come to

understand the language of the chimes in whole words, without being put to the
trouble of noting down every letter.'

Lesage, we are informed by Moigno, in his ' TUegrajphie Elcctriquc' erected at Geneva
in 1774 a line of twenty-four insulated metallic wires, insulated from each other, each
wire being connected at its farthest end with a pith-ball electrometer, which corre-

sponded to one of the letters of the alphabet. Lomond, in 1787, employed a single

electroscope, and by arranging a system of signals given by the divergence of the pith-

balls, transmitted intelligence by means of a single wire. This was seen by Arthur
Young, and described by him in his * Travels in France.' In 1816 Mr. Ronalds esta-

blished, in the grounds attached to his residence at Hammersmith, eight miles of

wire suspended by silk to dry wood, besides 175 yards of buried wire in glass tubes
embedded in pitch and enclosed in troughs of wood. He obtained his electricity from
a common electrical machine, and his signals from the motion of light bodies, balls of

elder-pith, produced under circumstances analogous to those to which we have
already referred. At the far end of his telegraph wire two pith-balls were suspended
close together. Electricity applied at the home end of the wire at once diffused itself

throiighout the conducting system, including the pair of light balls. Just as we have
seen gold-leaf recede after having approached rubbed amber, and acquired an electric

charge, so the pith- balls, each being charged with electricity, derived from the same
source, recede from each other ; and this in obedience to the fundamental laws of

static electricity, for which we must refer readers to treatises on the subject. Here,
then, we have one solitary signal. The manner in which Mr. Ronalds turned it into

language was ingenious. He pressed time into his service, and by combining time
and motion he obtained a language. He provided a clock movement at each station

;

the clocks were so regulated as to be synchronous in their movements ; each of them
carried, in lieu of a hand, a light disc, having the letters of the alphabet and other

signals engraved on it. The disc was hidden by a screen, in which was one opening.

It is obvious that if the clocks were started together, and had uniform rates, the same
letter at the same time would be visible through the opening in each screen ; and
letter by letter would pass seriatim and simultaneously before the respective openings.

If absolute uniformity is difl&cult for long periods, it is practicable for shorter. The
sender of a message watched the opening of his screen ; the moment the letter

approached that he desired to telegraph he charged the wire with electricity, and the

balls at the far station moved ; the letter then visible there corresponded with the one

at the home station, and was read off. The sender watched till the next letter he
required came round, and so on.

Let us now pass on to some of the leading features of electro-telegraphy, as it has
been realised of late years, and to a description of some of the telegraph instruments

that are most in use.

Chemical action is the most fertile source of electricity. If a silver fork and a
steel knife are connected togethDr by a piece of wire, and the fork is thrust into a
piece of meat, say a hot mutton-chop, the moment an incision is made in the meat
with the knife, electricity will pass along the wire and continue to do so while the

above disposition of things remains. Upon the proper test being applied, the elec-

tricity is readily detected. This is the current form of electricity. The amount of

force in circulation in this particular combination is not very great, and its power of

travelling to a distance is not very high, but still it is quite capable of producing good
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signals, on a delicato arrangement of the needle instrument—the galvanometer, with

which we are now so familiar.

The amount of electricity obtained by means of chemical action is increased to the

required extent by a judicious selection of the two metals forming the galvanic series

and of the liquid or liquids in which they are immersed. Zinc is invariably used as

one of the metals. Copper, silver, and platinum or graphite (gas carbon) is selected

for the other. When the two metals are immersed in the same liquid, a mixture of

sulphuric acid with salt-water, or fresh, is employed. When two liquids are used, they

are separated by a porous partition ; the zinc is usually placed in the sulphuric acid

solution, and the other metal in a solution varying with the nature of the arrange-

ments proposed. Zinc is naturally soluble in the acid solution in question; and
would therefore waste away and bo consumed at the expense also of the acid, unless

precautions were taken to make it resist the ordinary action of the solvent. When
zinc is dissolved in mercury it is not attacked, under ordinary circumstances, by sul-

phuric acid solution. Hence the plate of zinc employed in all good Voltaic combina-

tions, as they are called after Volta, into which this acid, in a free state, enters, are

protected by being well amalgamated, that is, they are dipped in a strong acid mix-

ture and well washed ; and are then dipped into a mercury bath, and are placed aside

to drain. The operation is generally repeated a second time ; and, in the best arrange-

ments, the further precaution is taken of standing the zinc plate, while in the acid

water, in some loose mercury, placed either in the bottom of the containing vessel, or

in a gutta-percha cell : by the Latter arrangement, mercury is economised. In single-

liquid arrangements, it is desirable to select a metal that is not attacked by the acid.

Copper has been extensively used, and is very valuable ; but it possesses the defect of

being slowly attackable. The waste, however, that it suffers in itself from this cause,

is of small moment compared with certain secondary results, which terminate in the

consumption of the acid and the zinc, and the destruction of the functions of the appa-
ratus. Gold or platinum are free from these defects, but are too costly. Silver is to

a great extent free from them, and has been much and successfully used, especially

when platinised, that is, having its surface covered with finely-divided powder of

platinum. The accumulated carbon from gas-retorts, cut into plates, and similarly

treated, forms, with amalgamated zinc, one of the cheapest and most effective combina-
tions. See Galvanism of Plates.

After the discovery of the electrical pile by Volta, and after Nicholson and Carlisle

had shown that water could be decomposed by the electric current produced by the

chemical action in the battery, Herr S. T. Sommering communicated a system of tele-

graphing, in 1808, to the Academy of Sciences at Munich. A series of twenty-foiir

wires were arranged to correspond with the letters of the alphabet, and ten to corre-

spond with numerals. One end of each wire being furnisheid with a gold point was
brought into a tube of water. When contact was made by the other end of one of the

wires with the pile or battery, a bubble of gas appears in the water of one of the glass

tubes. Thus, by a little careful arrangement, it was possible to convey intelligence

from one point to another by the decomposing power of the galvanic battery.

A single pair of plates, no matter what their character, is imable to produce a force

that can overcome the resistance of a wire of any length, and produce an available

result at a distant station ; and hence a series of pairs of plates are employed in the
telegraphic arrrangements. e {fig. 804) represents a common mode of arranging a
faeries of pairs of plates. It consists of a wooden trough made water-tight, and
divided into water-tight cells. The metals are connected in pairs by copper bands

;

each pair is placed astride over a partition, and all the zincs face one way. When the
plates (copper and zinc) are placed in, and the cells are filled up with pure white sand,

and the acid water poured in, we have the very portable battery that was originally

used by Mr. Cooke, and is still much employed. When batteries of a higher class are
employed, the cells are distinct pots or jars ; and great precautions are taken to pre-

vent any conducting communication existing between the neighbouring cells, save by
means of the copper band. In the trough form there is a leakage and loss of force

from cell to cell. The c, or copper, is the positive end of such a series, and the z, or
zinc, the negative ; and both are in a condition to discharge, either each to the other,

by means of a wire led from one to the other, or each to the earth, one by a wire lead-

ing to the earth at the place where the battery stands, and the other by a long wire
(say a telegraph wire), leading to the earth at a distant place. The resistance to be
overcome is, in the former case, less ; and the current of force in circulation is propor-
tionately greater.

It is not practical or expedient in a work of this character to enter into any detailed
description of all the varieties of galvanic battery which have been employed. A few
only can be named. For use with the needle telegraph the sand battery is very com-
monly employed. This consists simply of amalgamated zinc and copper platee, the
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spaces between tliora being filled with sand moistened with dilute sulphuric acid.

These batteries are usually arranged in boxes of one dozen elements; they remain
tolerably constant for some weeks without attention and are readily rcchargetl.

The Mari6-Davy battery is much used in France. A zinc plate is immersed in pure
water—in practice the zinc cylinders are packed in wet sponge—and carbon plates in

porous cylinders are immersed in a paste of proto-sul-

phato of mercury and water. This battery requires very
little attention, and it is said to retain its original force

for six months.
Meidinger produced a modification of Daniell's battery,

which was charged with a solution of Epsom salts and
sulphate of copper. This has, however, given way to the

battery of Siemens and Halske, in which the peculiarity

is the use of paper-pulp, in addition to the porous

earthenware diaphragm, to prevent the mixing of thefluids

too readily. Into a glass jar a h,fig. 803 is placed a cross-

shaped plate of copper c, united to a copper-wire c, which
rises above the jar. Over this is placed a porous earthen-

ware cylinder h b, widened out at the bottom into a bell

shape. Between this porous bell and the glass jar, paper-

pulp D, saturated with a quarter of its weight of sul-

phuric acid, which converts it into a gelatinous mass,
and then worked up with four times its weight of water
is pressed so as to form a compact mass ; this about
half fills the jar, and upon it is placed an annular disc

of brown paper or of cotton cloth e e. The zinc cylinder

F F, cast with a neck which rises aboA'o tlio fluid, rests upon this disc, reaching to

within an inch of the top of the jar. Crystals of sulphate of copper are dropped
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condition

into the porous cylinder,

and then both compart-

ments are filled to the

same height with water,

which may bo fresh or

acidulated. This bat-

tery only requires to be

supplied with sulphate

of copper from time to

time, and water added
to supply the waste by
evaporation. It has
been found that at the

end of six months the

electro-motive force was
ninety per cent, of what
it was originally.

Under whatever cir-

cumstances a wire tikes

part in promoting the

discharge of a voltaic

apparatus, the whole
of the said wire is in

a condition to indicate

the presence of the force

that is pervading it ; and
as the force may bo pre-

sented to the wire in

cither of two directions,

that is to say, the copper
or the zinc, namely, the
positive or the negative
cud of the battery, may

j l»o presented to the

given end of the tele-

graph wire, the relative

Not only can the direc-viro will be modified accordingly,

tion of this current-force be inverted at pleasure, but it can be maintained for any
length of time, great or small, and in either direction. This is accomplished by
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Tarious mechanical arrangements, which aro the keys, commutators, or handles of the

various telegraph instruments, and are often the only parts presenting any complexity

about them. In fig. 804, the source of electricity, e, we have already described ; the

test-instrument for the abnormal state of the wire, that is to say, the telegraph proper,

is the part a. The complex part, consisting of springs, cylinders, and studs, shown

below A, is nothing more than the necessary mechanical arrangement for directing at

pleasiire the current from the battery e, in either direction through the wire, and

through the part a. By following the letters in the order hero given, the course of

the current may be traced from its leaving, say the positive or copper end of the

battery, till its return to the zinc or negative end ; c </ p w wtj a z' 6 b z. If a com-

panion instnunent were in any part of the circuit of the wire ww, it would correspond

in its signals with the home instrument, fig. 804.

In 1820 Oersted of Copenhagen made the capital discovery that a magnetic needle

suspended in the neighbourhood of a wire, through which a current of electricity was
passing, was deflected from its position of rest, the angle of deflection varying with

the amount of electricity passing along the wire. Ampere found the law by which

this influence was governed, numerous investigators continued the inquiry with more
or less success, and eventually Michael Faraday, by a series of the most perfect induc-

tive experiments which adorn the annals of British science, made the two discoveries

of Volta-electric induction and of magneto-electricity. These completed the series

which were necessary for the full development of electro-telegraphy, and it only re-

mains for us now to deal with the practical application of those great laws to which

we have alluded.

One of the properties possessed by a wire, during the discharge of a voltaic battery

is to deflect a magnetised needle. If the needle and the wire are parallel in the nor-

mal state of the wire, the needle is deflected this way or that, when the wire is in the

abnormal state ; and if the needle is very delicate, and a large enough amount of elec-

tricity is circulating through the wire, the needle will reach the maximum deflection

of 00*^. This is an extreme case, and cannot be approached in practice. Indeed, the

deflection of any ordinary needle, under the action of an ordinary telegraph wire,

would not be appreciable. But, as every foot of the wire has the same amount of reac-

tion, we have merely so to arrange things that many feet shall be made to react upon
the needle at the same time, and thus the effect is multiplied in proportion to the

length of wire so concentrated. This is managed by covering a considerable quantity

of fine wire with silk or cotton, and winding it on a frame a {fig. 804), suspending the
needle within the frame. Such an instrument is called, from its properties, a multi-

plier. It is seen at a glance that the
wire of the multiplier is an addition

over and above the length of the
actual telegraph wire required for

reaching the distant station, and thus
it practically increases the distance to

be traversed. The multipliers com-
monly used add a resistance equal to

six or seven miles of telegraph wire.

Let us now turn to the face of the
instrument. Here we have a dial and
an index, which is on the same axis as

the magnetised needle above described,

capable of being deflected to the right

or left, and limited in its motion by
ivory pins. We have a handle for

working the mechanical part so con-

nected that, as it moves to the right,

it directs a current into the wire such
that the needle moves to the right,

and vice versa. An alphabet is con-
structed from the combination of these
two elementary motions, one or more
of either or both kinds of deflection

being used for the various letters, as
shown on the engraved dial. This
is Cooke' and Wheatstone's single-

needle instrimient, fig. 805.
The form and character of their

double-needle instrument is shown in

fi^. 806. It is precisely a duplicate of the former : two handles, and their respective

805
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springs, studs, and cylinders, two mnltipliers, and two magnotisod noodles, with their
external indexes, and two telegraph wires. One battery, however, is sufficient. One

806

ar more of either or both kinds of deflection of either or both needles, according to

the code engraved on the dial, constitutes the alphabet. This instrument is very
extensively employed ; messages are sent by it with extreme rapidity.

Another property pos-

sessed by a wire conveying
a current is that of con-

verting soft iron, for the

time, into a magnet. The
attractive power, which
can thus be given to, and
withdrawn from, the soft

iron at pleasure, is turned

to useful account, either

in producing direct me-
chanical action, or in

liberating the detents of

a clock movement. Hero
also the effect of the

solitary wire is inappre-

ciable, and many convo-
lutions around the iron

arc necessary in order to

obtain a useful result.

The simplest applica-

tion of this principle is

shown in jig. 807. Hero are two bmss reels, filled with cotton-covered copper-wire in

one length. They are hollow, and a U-shaped bar of iron passes through them.
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presenting its ends at the face turned toward us in the drawing. This bar becomes

magnetic,— forms what is called an dectro-magnet every time and as long as an

electrical current circulates in the wire ; and its ends become respectively north and

south poles. A narrow plate of iron, an armature, as it is termed, is mounted on

pivots in front of the ends or poles of the magnet ; it carries a vertical stem upon

which the hammer is fixed. Every time the iron bar is magnetic the armature is

attracted, and the hammer strikes the bell. The spring or contact-maker for intro-

ducing the current of electricity into the circuit, is shown in front on the right-hand

side. This is jVIr. Walker's bell for signalling railway trains from station to station.

The language consists of one or more blows. One, two, and three blows are the signals

for common purposes, half a dozen blows is the limit. The acknowledgment of a

signal is its repetition. By a simple arrangement of an index, that moves in fellow-

ship with the hammer, the eye, as well as the ear, may read the bell signals.

Fig, 808 shows another application of the direct action of an electro-magnet in pro-

ducing telegraph signals. It is Morse's printing telegraph, very generally used in
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America, and to no small extent in Europe. The coils of -wire are shown at

M, the armature at h, fixed at one end of the lever p, which is itself carried on centres

at c. The range of motion here is small in order to produce rapid utterance ; it is

regulated by the screws d and i. The reaction of the spiral spring/' restores the lever

to its normal position each time the magnetism ceases. The sig;nals consist of dots or

dashes, variously combined, made by the pointed screw t upon the slip of paper p,

running from the drum at the right in the direction of the arrows ; a few such

signals are shown upon the end of the paper slip. We have described the telegraph

proper, which is seen to be extremely simple. The only parts at all complex are, as

with the needle instruments already described, the mechanical parts, namely, the train

of wheels for carrying on the paper band, and the key or contact-maker, not shown in

the figure. The amount of pressure required from the point t in order to produce a
mark, is such that it cannot conveniently be produced by the magnetic attraction,

derived from a current of electricity that has come from a far distant station in order
to circulate in the coils of wire m. This difficulty does not prevail in the signal-bells,

fig. 807, which are, at most, not required to be more than eight or ten miles apart, and
in which also momentum can be and is accumulated so as to conspire in producing
the final result. Morse has, therefore, had recourse to a rg/oy, as he calls it. This,

in principle, is pretty much the same thing as the instrument itself; but it has no
heavy work to do, no marks to make ; it has merely to act the part of a contact-

maker or key ; it can hence be made very delicate, so as to act well by such currents
as would not produce any motion in the instrument itself. The batteries which
furnish the electricity for doing the actual printing work in Morse's telegraph are in

the same station with the instrument itself. The office of the relay is to receive the
signals from afar, and to make the necessary connections ^\^th the local battery and
instrument so as to print off the signals on the paper in the usual way. It is obvious
that the motions of the instrument and the relay are sympathetic, and that what a
trained eye can read off from the one a trained ear can read off from the other. The
relays are constructed with much finer wire than is required for the instrument
itself, so that the current circulating in them, although very low in force, is multiplied
by a very high number, and becomes equal to the delicate duty required of it.

It is, we hope, now understood, that, whatever form the needle telegraph may take
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it consists essentially of a magnetic needle, which is deflected by an electric current

passing through considerable lengths of wire carefully coiled around it. Several

attempts have been made to render these instruments in the highest degree sensitive

to electrical influences. Professor "Weber employed a galvanometer tlio magnetic
needle of which is a circular steel mirror reflecting the divisions of an illuminated

scale placed at some distance from it, into a telescope through which the observer

reads off the deflections of the mirror. Sir "William Thomson has greatly improved
upon "Weber's instrument. He employs a mirror whose weight does not exceed a few
grains, and he dispenses with the telescope by throwing a spot of light directly upon
the scale and lessoning its distance. For all measurements in which the instrument

serves as a galvanoscope, and when the readings are not very different in value, Sir "W.

Thomson's instrument is superior to "Weber's.

Mr. Sabine, in his work on the Electric Telegraph, remarks :
* Mr. Becker has given

it a very convenient form, by fixing the coil in the back of a brass barrel or cylinder,

in the front of which a glass plate enables the interior to be seen from before, and
prevents dust and currents of air getting to the needle.

' In the centre of the coil is suspended by a fine cocoon fibre, in a frame, a small

silvered mirror ' of microscope glass, between ^ and \ of an inch diameter. A little

magnet, made of a piece of thin watch-spring, is fastened to the back or silvered side

of the glass, and, being magnetised, operates as the needle of the system. Above the

brass barrel a vertical rod carries a curved permanent adjusting magnet, and a rack

.and pinion enables the latter to be turned horizontally to bring the point of light to

any part of the scale which may be desired.

* The adjusting magnet is elevated or depressed on the vertical rod for the purpose of

increasing or decreasing the directing force upon the magnet needle. "When the ends

of tlio adjusting magnet coincide with the poles of the earth's magnetism, it .adds to

the directive force of the latter, and the instrument becomes proportionally unsensi-

tive. The magnet may, however, be turned round, so as to oppose the directive force

of the earth, and in this position be lowered towards the mirror, until it very nearly

neutralises the earth's directive force. The instrument so placed has its maximum
sensibility.

• The scale, divided from the middle towards the ends into equal parts, is fixed upon
a wooden stand, at a distance of two or three feet from the mirror. Behind the scale

is a paraffin lamp, whoso light falls through an adjustable slit underneath on to the

mirror, which reflects it back upon the scale ; and, in order that the point of light

shall be as well defined as possible, a small plano-convex lens is placed before the

mirror, through which the rays converge into a focus,

throwing a sharp image of the slit upon the scale.

* Mr. Darley has made some of these instruments

for the measurements of the Atlantic cable, and has

substituted a plano-convex lens silvered on the

curved side, for the mirror in Professor Thomson's
instrument dispensing of course with the lens in

front.'

"We may here refer to the case of another bell or

alarum, in which the magnetic attraction derived

from the current that arrives, is not equal to the

mechanical work of striking a blow and sounding a

bell ; but which is able to raise a detent, that had
restrained a train of wheels ; and so allow the

mechanism of the latter to do the work required.

This arrangement is shown in Cooke and Wheat-
stone's alarum, fg. 809 ; i is the bell ; m vi, is the

double-headed hammer, which is in fact the pen-

dulum, attiiched to the pillets /, which work in a

scape-wheel hidden in the figure, and in gear in tlio

usual way with a coiled spring in the box b, by
the train r^, r,, r,, r,. The electro-magnetic part

here, as in other instruments, is simple enough ; a c

is a lever moving on a centre above I, having at one

end an armature a, facing the poles of the electro-magnet e ; and at the other end c,

' The process of depositing metallic silver npon ploss is as follo\vs :—(A) Dissolve 10 parts of

nitrate of silver in 50 parts of water, and neutralise with (about) 6 parts of liquor ammonia ; add to

this a solution (B) of 1 part of tartaric acid in 4* parts of water, and dilute the whole (A+ P) with

500 parts of water. The things to be silvered should be placed conveniently in a vessel, the solution

poured in, and then put away in a quiet place for a few hours, at a temperature of from 40° to 50° C.

When silvered they may be washed by a gentle stream of water, dried, and varnished with a solution

of amber in chloroform.
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a hook which faces the wheel r„ and by catching in a notch on its drcumference,

keeps the train at rest. But when a current circulates through the coils e, the

armature is attracted, the hook is raised, the train is liberated, and the pend\Uum-

hamraer vibrates and strikes a succession of blows, b is a support carrying a small

spring, which reacts on the lever, and restores it to its normal position when the

magnetism ceases. This alarum is used for calling the attention of telegraph clerks.

It requires a little attention to keep up the proper adjustment between the spring on

the one hand, and the magnetic attraction on the other.

The telegraph originally adopted and still largely used by the French Adminis-

tration, is somewhat akin to the alarum just described. It has a train of wheels, a

scape-wheel with four teeth, and a pair of pallets. There is, however, no pendu-

lum ; but the pallets are connected with the armature of an electro-magnet, in such a

manner that, for each attraction or repulsion of the armature, the scape-wheel is

liberated half a tooth ; for an attraction and a repulsion a whole tooth ; so that four

successive currents, producing of course four consecutive attractions and repulsions,

produce a whole revolution of the scape-wheel. The axis of the latter projects

through the dial of the instrument {Jiff. 810), and carries an arm o or 6 {fg, 811),

which, following the motion of the wheel, is able to assume eight distinct positions.

The apparatus is generally double, as shown in the figure ; and the signals are made
up of the various combinations of the eight positions of each of the two arms. The
arm is half black, the other half white,

"^^ ''^' ^ "^^
"

^^~ '''
'^'~

'

the white portion is merely a counter-

The position of the black portion is read oflf;

811poise. When only one half of the

dial, or one index is in use, the com-
binations are shown by producing

with the one index successively the

positions of the two, whose combina-
tion makes the signal, always giving

first the position of the left-hand

index, then that of the right. The
handles shown in front are the con-

tact-makers ; and are so constructed

that the position of the arm on the dial coincides with the position given to the
handle. Fiff. 811 is a front view of the two arms

;
part of the dial is supposed to be

removed, so as to expose the four-toothed-wheel already mentioned, and the pallets x
and 1/ ; which, in their movement to and fro, allow of the semi-tooth advances of the
wheel.

In these various applications of the electro-magnet, the armature has been of soft
iron, and the only action of the electric-magnet has been to attract it. It has been
withdrawn from the magnet after the electricity has ceased to circulate, either by its

own gravity, by a counterpoise, or by a reacting spring. We now come to a telegraph
that is well towp £vnd much used, Henley's magneto-electric telegraph, in which
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there is no reacting spring ; and in which the movement or signal is produced by
the joint action of attraction and repulsion ; and tlio return to its normal state by
the same joint action. Each pole of Henley's electro-magnet has a double instead
of the single termination that wo have been considering in all preceding cases. A
piece of soft iron, like a crescent, is screwed upon each of the poles ; the horns or
cusps of the respective crescents are facing and near to eacli otlior ; and a magnetised
steel needle is balanced between them. This arrangement is somewhat like the

following
( ). So long as no current is circulating in the coils of the electro-

magnet, the crescents are impassive soft iron, and no one point of either of them
has more tendency than ai--y other point to attract either end of the magnetised needle
that is between them, liut while a current is circulating, one of the crescents is

endowed with north magnetic polarity, which is especially developed at its horns,
and the other with south polarity. Suppose the horns of the right-hand crescent
are north poles, those of the left south poles, and the top end of the needle is

north. Four forces will conspire to move the needle to the left. Its top will be
attracted by the left-hand crescent and repelled by the right; its bottom will be
repelled by the left, and attracted by the right. When this current ceases to cir-

culate, the simple attraction between the magnetised needle and the soft iron of the
crescent tends to retain it in a deflected position. This tendency is increased by
a little residual magnetism, that is apt to remain in the best iron, notwithstanding
every care in its preparation. In order, therefore, to restore the needle to its normal
position, a short quick current in the reverse direction is given. These instruments
are single or double. Only one kind of deflection of the needle is available for

actual signals ; the other motion being merely the return to the normal state. The
single-needle alphabet is composed of deflections of a short or a long duration ; these

are produced by holding on the current for an instant or for more than an instant

;

and the various combinations of short and long correspond to Morse's dot-and-dash
system. The double-needle alphabet consists of combinations of the deflection of
either or both needles.

Fig. 812 shows Henley's instrument; and, in completing the description of it, wo
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have to describe another source of electric current to which no allusion has been

hitherto made. The electricity here employed is obtained neither by friction nor by

chemical action, but by means of magnetism and motion. If a piece of metal is moved
in the presence of a magnet, or a magnet is moved in presence of a piece of metal, a

current of electricity is generated in the metal. The results are multiplied when the

metal is a coil of covered wire ; so that we have here the converse of the electro-

magnet ; in the one case electricity had produced magnetism, in the other magnetism

produces electricity; hence the name magneto-electric telegraph. "We have here a

powerful set of steel magnets A A, all the north ends pointing in one direction, and

bound together with a plate of iron, and all the south ends similarly arranged in the

other direction. Facing each end, but not quite in front when at rest, is an electro-

magnet proper, b b, consisting of tlie U-shaped iron rod and the coil of covered wire,

as described mfig. 807. Each electro-magnet is mounted upon an axis, c is a short

lever or key ; on depressing this the electro-magnet moves from its normal position

in a region of lesser magnetic force, into a new position in the region of greatest mag-

netic force, and thus is the double condition, enunciated above, complied with ; the

copper-wire is moved in the presence of a magnet, and this under the most favourable

conditions ; and the U-iron, rising from a feeble to a strong magnet, its lines of mag-

netic force move in presence of the copper wire. Just as a current, coming from a

long distance, had to be received in Morse's arrangement ifg. 808) in an electro-

magnet of a long coil of fine wire, so as to be much multiplied in order to do its work,

so here a magneto-electric cxirrent, that has to be sentU> a long distance, must bo
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generated in a long coil of very fine wire in order to have electro-motive force sufficient

to overcome the resistance opposed to it. In like manner the electi-o-magnets of the

instrument d, in which it is received at the far-oflf station, have the same multiplying

characteristics. The magneto-electric current exists only during the motion of the

electro-magnet in front of the steel magnets, and this motion must he rather brisk, or

the change of place is slow and the current feeble ; but the current ceases with the

motion. The needle, however, remains deflected from causes to which we have already

referred, and if the hand is raised gently, so that the coils return slowly to their

normal position, the needle ynW remain deflected ; but, if the hand is so removed that

the coils return quickly from the region of greatest to one of lesser magnetic force, a

reverse ciirrent of lesser force than the original is generated, which releases the needle

from its deflected position and restores it to its normal place, ready for making the

next signal. In a recent form of this instrument IVIr. Henley has obviated the neces-

sity of moving the electro-magnets, still retaining the same fundamental principles.

He uses a set of large U-shaped permanent magnets, and places the electro-magnet in

the space between the branches of the permanent magnet, and so that the four poles

of the two magnets, the permanent and the electro, shall be flush with each other or

in the same plane. A couple of iron armatures are mounted on a disc in front of the

magnets. The disc has a motion on a centre ; the armatures are curved or crescent-

shaped. Their form is so adjusted to the relative positions of the poles of the res-

pective magnets that, in their normal or ordinary position, one crescent connects the

N. pole of the magnet with one, say the zipper pole of the electro-magnet, and the

other crescent connects the S. pole of the permanent magnet ^vith the lower pole of the

electro-magnet. On pressing a key the disc moves, and the armatures so change in

position that the N. pole of the magnet is connected with the lower, and the S. pole

with the tipper poles of the electro-magnet. By this arrangement the polarity of the

electro-magnet is reversed at pleasm-e ; and in its transition from being a magnet with
poles in one direction, to becoming a magnet with poles in the reverse direction, an
electric current is generated in the wire with which it is wound, and the direction of

the current is this way or that according as the transition is from this direction of

polarity to that. This form of magneto-electric machine allows of larger electro-

magnetic coils being used, and gives the manipulator comparatively very little weight
to move in signalling.

"We have shown how an electric current generates magnetism, and how magnetism
generates another electric current ; it would follow logically that one electric current
should therefore generate another electric current ; for the magnetism produced by a
current circulating in one wire, must have all the properties of magnetism, and among
them, that of producing another current in another wire ; and so it is. A few convolu-
tions of a large-sized wire are coiled round an iron rod ; and out-^ide the larger wire
is a very great length of finer wire. The current from the battery is called \he primary
current in this arrangement ; and the moment it begins to circulate in the large wire,
it magnetises the iron and generates a current, called secondary, in the fine wire,

which is able to penetrate to a very great distance. When the primary current
ceases, magnetisation ceases, the lines of magnetic force disappear, and a reverse
secondary current is produced. This was the method proposed for obtaining the
secondary current for traversing the Atlantic Ocean from Ireland to Newfoundland.
The large wire is not necessarily first coiled on ; in the coils for the Transatlantic
telegraph it was coiled outside. Nor is the presence of iron essential to obtaining
secondary currents.

It will have been noticed in all the arrangements which have hitherto been described,
that the signals are produced by motions—^that the electric current on reaching the
far station is multiplied by being directed through many convolutions of wire, and is

made to act upon either a piece of soft iron gjo
or a piece of magnetised steel, and to move
them, the motion being turned to account
directly, or by the intervention of mechanism.
We have yet another property of electricity,

that has been very successfully applied to
the production of telegraphic signals by
Mr. Bain, in his electro-chemical telegraph.
If a current of electricity is led into a com-
poimd fiuid body, say into water, by one wire
and out of it by another wire, the body is

decomposed into its constituent elements,
one of which, the oxygen in the case in
question, makes its appearance at one wire, and the other, the hydrogen, makes its

appearance at the other wire. The same holds good with bodies of a more complex
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character in solution in water. The compound selected by Mr. Bain is ferrocyanide of
potassium. With a solution of this, ho saturates a long ribbon of paper, similar to

that employed in Morse's telegraph. Ho causes the paper b (Jig. 813) to pass over a
drum of brass b, between the metal of k and an iron point or stylus p. The electric

current enters tlie apparatus by the point r, passes through the solution of ferrocyanido

of potassium, with which the paper u is saturated, and out by the spring p', which is in

metallic contact with the drum h. Decomposition takes place, and the well-known
ferrocyanido of iron (Prussian blue) is formed at the point of contact of the iron stylus

p with the paper, the iron of the compound being supplied by the stylus itself. The
paper is carried on by ordinary mechanism ; and a dot-and-dash alphabet is formed,

according to the duration of contacts at the sending station. There is a single-wire

and a double-wire code ; and the signals appear as deep blue marks upon the paper.

Supplies of paper saturated with the solution are kept in reserve. This is unques-
tionably a telegraph of extreme simplicity. It has been employed with much success.

Mr. Whiteliouse prepared for the Atlantic Telegraph a system in which motion
and chemical action each play their part. The secondary currents that he employed
were not able to produce the chemical decomposition that he requires for his signals.

He therefore received them in a very sensitive relay, either an electro-magnet or a

midtiplier. The relay was a contact-maker, and connected the necessary number of

local batteries with the printing apparatus, which consists of a ribbon of paper, satu-

rated with a chemical solution and passing between a drum and a steel point.

We should exceed our limits were we to attempt the description of some of the many
other forms that have been proposed. The above are good illustrations of the leading

principles, and are all in successful use. Some telegraphs will print in ordinary cha-

racters ; this result is only attained by much complexity, and its value is more than
questionable, it being as easy to learn a new code as a new alphabet ; telegraph

clerks read their signals as readily as they read ordinary writing or printing, and they

acquire their knowledge in a very short time. Hence probably it is that telegraphs to

print in ordinary characters are but little known in real practice ; nevertheless, some
very promising instruments of the class have been produced by House, and especially

one more recently by Hughes, both of the United States.

The following remarks on printing telegraphs have been handed to us, and we give

them insertion as they appear to point to an improved system :

—

' The needle and bell instruments, however, have hitherto transmitted messages with

far greater rapidity than has been possible by the ink -writer ; but the advantage of a
system which is self-recording recommends itself to all, inasmuch as, without some
record, it is impossible to trace an error to its source, either at the sending or receiving

station.

' The ink-writer now in use by the Telegraph Department of the Post Office, can

only record the telegraphic signals by breaking a line formed longitudinally, on a

band of paper, the operator, whether skilful or unskilful, breaking that line where he

pleases into the requisite " dots" and " dashes." Thus, apart from the time occupied

in writing or drawing the *' dashes"—which, being formed of strokes three times the

length of the strokes forming the " dots," require three times longer to draw them than

the "dots"—a certain amount of skill is needed to work the instrument, and, of

course, accuracy is not insiured. Indeed, a short "dash" followed by a long "dot"
may be read either as two dashes or two dots.

' Attempts to remedy this confusion have been made by Mr. Herring, who has en-

deavoured to unite the chief advantages of the Morse ink-writer, which was the

favourite instrument of the Electric Company, with the speed of the boll-instrument,

which was an equal favourite with the Magnetic Company ; and, without necessitatingany

new method of sending or receiving messages, but simply by substituting for the double

bell a printing instrument, he appears to have perfectly succeeded. Instead of wasting

the currents upon merely fleeting appeals to the eye by needle, or to the ear by bell,

or adopting an uncertain and tedious method of writing the signs in ink, he has con-

trived a telegraph printing instrument, whereby the signs may be instantaneously

stamped in printing ink, on the paper, with their actual types, thus insuring positive

correctness. This instrument which costs very little more than that now used by the

Telegraph Office, has been described by Mr. Scudamore as * much superior to the

numerous methods which have been brought forward from time to time during the

last twenty years,' and he adds, that it * admits of the signs being produced faster and

in less compass.
' The telegraphic instrument invented by Mr. Herring was so constructed as to pro-

duce the dot and the dash of the Morse code in such a manner that one could never

be mistaken for the other. This was effected by the use of two distinct levers : an

arrangement which also permitted the dash to bo made vertical, instead of horizontal,

and to bo produced instantaneously, instead of by continued pressure, thus saving tho

time of tho operator, and diminishing tho length of tho message slip.
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* In this instrument the slip of paper, on which the message is received, is made
to travel by clockwork in the ordinary way. It passes directly over a metallic disc,

placed transversely to the course of the slip, revolving on an axis, and dipping into an

ink well ; over the paper is a lever, terminating in a broad style, placed vertically

above the disc, so that the descent of the lever compresses the slip of paper between

the disc and the stylo. This lever is double, in the sense that its central portion,

carrying the central portion of the style, can be acted upon either independently of the

lateral portions, or together with them. In the former case, only the narrow central

portion of the style descends, and the slip of paper is pressed upon the inking disc at

only a single point of contact, which produces a dot. In the latter case, the style

descends as a whole, and, having a concave edge, it presses the paper into contact with

the disc, by more or less of this edge, thus producing a vertical dash. There is an
adjusting screw, by which the paper may be raised or lowered at pleasure, and by
which means the contact-surface, and hence the boldness of the mark, may bo increased

or lessened at the pleasure of the operator. The pressure of the style stops for the

moment the revolution of the inking disc, upon the immediate recommencement
of wliich the ink supply depends. The inventor has, therefore, placed upon the

axle of the disc a box containing a spiral spring, so arranged that, when the disc

itself is checked, the power of the clockwork coils the spring. The moment the disc

is released the coiled spring gives the necessary impulse to produce immediate revolu-

tion.

' The operator is furnished with two keys, one of which commands the central or dot

portion of the lever, the other the lever as a whole. One, therefore produces the dot

and the other the dash, and no mistake can occur between the two, except by the use

of the wrong key. The printing is remarkably clear, distinct, and compact, and gives

a legibility to the messages which no other modification of the Morse system has at

present attained. The instrument is worked with a double current, like that used for

the double bell, with the great advantage over the latter that the signals are printed

and permanently recorded, instead of being fleeting impressions upon the ear of the

recipient.'

The adoption of Mr. Herring's printing instrument would at once admit of the

registration of telegrams, an advantage which is so much needed, but at present

denied. By simply starting the instrument at the sending station, a perfect fac-simile

might be retained of the message as recorded at the distant receiving station ; and as

the width of the telegraph paper slip is just half the diameter of the ordinary post-

office letter-stamp, the two ends of the message slip laid side by side might be im-
pressed with the town and date in the usual way, and thus the slip itself would become
of legal importance. Not only would the address be registered, as in the case of a
letter, but also the actual communication itself. A solicitor or a broker, sending a
registered telegram, would virtually receive from the Department a certified copy of

his letter ; and this being handed to him in an envelope on which the key to the code
was printed, which is extremely simple, he would at once be enabled to satisfy himself

of its correctness, and to put it away as usual with his letters.

Another, and a very great advantage would be gained in adopting a similar course

in case of pressure at any terminal station. The Telegraph Department only under-
takes to transmit messages upon the understanding that it * is not liable for losses

incurred through the incorrect transmission, delay, or non-delivery of telegrams.' It

is nevertheless urged by postal facilities to avoid delay in delivery, and, probably,
nothing tends more to delay than doubts and errors in transmission, which, at, present
necessitate repeating the message back again, thus consuming the time twice over, not
only of the wire, but of the clerks at both stations ; and delay once arising, especially

if aggravated by a little extra business, causes hurry, confusion, and liability to an
increase of error. At such a time, relief might be instantly afforded by delivering a
few of the message slips with the printed key, and the business of the office would
then proceed in the usual way, and with accustomed quietness, without any excuse for

either error or delay.

In case of need, as, for instance, when required to telegraph in cipher for the
Government, it would be possible, by Mr. Herring's invention, to make an addition to
the ordinary signs ' dot and dash.' Two other signs, which might be sent by the same
single wire, could be introduced by means of two extra levers and styles working over
the same inking disc, and operated by a second battery, stronger than that used for
the dot and dash. Thus, with four signs, any requisite number of combinations might
be devised capable of insuring secrecy, certainty, and speed.

The following table has been drawn out as an illustration of the codes of some of
the chief instruments that have been the subject of this article. It shows the number
and nature of the signals (deflections, dots, dashes) for producing the name of the
great discoverer of electro-magnetism, which is the foundation of electro-telegraphy.

Vol. II. R
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Tho figures on the right show the number of marks or signs used in printing the sumo
word in each kind of telegraph.
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The Bheo-electro-static system of telegraphy was first described by M. Botto, in 1848.

It is applicable to some, but not to all forms of telegraph. It has been applied on the

South-Eastern Kailway to the signal bells {fig. 814), for the purpose of reducing the

amount of battery power required under other circumstances to be maintained. The
wire, by which a pair of bells are connected, is in its normal state in permanent con-

nection with the similar polo, say the positive, of batteries of equal power at the re-

spective stations, so that two currents of equal power are opposed to and balanced

against each other. Under these circumstances, the wire is in a null, or rheo-electro-

static state ; neither current circulates. If tho connection of one of tho batteries is

reversed, so that its negative pole is presented to tho wire, then the currents of both

batteries are in tlie same direction, and they circulate as one current, equal in value

to the combined force of tho two batteries. The application is obvious ; that, whereas,

under the ordinary system, a whole battery, of force sufficient to traverse the distance

and do effective work, must be at each sta,tion, under this system only AaZ/such battery

is necessary at each station for producing the same effective work. Also, if a little

more battery power is placed at each station than is necessary for tho actual work
required, signals of higher power are obtained under common circumstances ; and

also tho equilibrium of the two opposed currents may be disturbed at any place

between tho two stations, and signals may bo made by merely making a connection

between tho line-wiro and the earth ; because tho negative pole at each station is fitted

up in permanent connection with the earth; and, as tho positive poles are in like

connection with the lino-wire, each battery current is made to circulate through its

own signal-bell every time tho earth and lino-wire are placed in connection. By this

means the guard of a train can make signals of distress to tho nearest station without

tho aid of portable apparatus. Considerable care is required to obtain good communi-
cation with tho earth on tho open railway for making^ distress signals, or otherwise the

discharge is imperfect, and no signal is made. Fish-jointed rails are very valuable for

this purpose ; in their absence, especially at embankments, metal must be buried for

the purpose at intervals in the moist earth, and a wire attached for use. Contact

springs on the telegraph poles arc proposed.

Telegraph wires are suspended to poles by insulators of earthenware, glass, or

porcelain ; the material and shape varying according to tho experience of the engineer

and tho length of line to bo insubited. In very short lengths, tho battery power re-

quired for overcoming the resistance is not great; it will therefore not overcome tho

resist'ince of an insulator of moderate quality, and escape to the pole and thence to
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the earth ; but the battery power required to overcome the resistance of very great

lengths of wiro is equally able to overcome the resistances presented by inferior insu-

lators, and to escape in considerable quantities at every pole ; so that the force which
reaches the far station would not be equal to its work. It is for these long lines that

the greatest ingenuity has been expended in constructing insulators. Fine porcelain

is most in favour from its presenting a very smooth srirface, and being less hygro-

metric than glass ; and it is distorted into most mysterious-looking shapes in order to

present as great a distance, and one as much sheltered

as possible, between the part with which the line-wire

is in contact, and the part that is in contact with the

pole.

Telegraph signals pass with far less rapidity tla-ough

buried and through submarine wires than along the
ancient aerial wires. The slow travellings mentioned
above were through wires of this kind. We must
refer to treatises on Electricity for full details of the

conditions presented by a telegraph cable. In practice

it is found that on first sending a signal into a sub-
merged wire, the electricity is delayed on its road,
in order to produce a certain electrical

condition upon the surface of the gutta-

percha that is in immediate contact

with the conducting wire. Nor is this

all ; before a second distinctive signal

can be sent, it is necessary' that the

condition produced by the first signal

shall be destroyed; and this is an
operation requiring even more time
than was consumed in the mere act of

producing it. These two classes of

retardation, especially the latter, were
largely manifested in the Atlantic

cable ; and have called forth all the
ingenuity of electricians in order to

mitigate or to modify them.—C.V.W.
Fig. 814 represents the cable that

has been lying in the British Channel
between Dover and Calais, since Sep-
tember 1851. It contains four No. 16

copper-wires, each wire being doubly
covered with gutta-percha. The four

wires are then twisted into a rope ; aiid

the rope is thickly covered, first with
hempen yarn, tarred, and finally with
a jacket of ten No. 1 iron-wires. The
cable is shown in perspective and in

section. Fig. 815 shows the perspec-

tive and section of the Irish, a single-

wire cable. It consists of a single

central conductor, of one No. 16 copper-
wire, doiibly covered with gutta-percha,

then with hempen yarn as before ; and
finally with a protecting jacket often
No. 8 iron-wires. The Calais cable

weighs 7 tons per mile ; the Irish 2

tons per mile.

The first practical experiment with
deep-sea telegraphs appears to have
been made by Mr. Brett in 1850. This

was a gutta-percha covered copper-wire sunk between Dover and Calais, which failed
on the first day. In 1851, a cable consisting of four covered copper-wires was sunk
across the Channel, which is still working. In 1853, Messrs. Newall made a line
seventy miles long between Dover and Ostend. In this cable the conducting wires
were increased to six.

"

The Dover and Ostend cable was laid on May 6, 1853. This cable (fig. 816) is 70
miles long

;
it is composed of six copper-wires, insulated by a coating of gutta-percha,

which are essentially the electrical cable, and iJiese are secured by an armour of twelve
b2
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iron-wiros. The whole rope was capable of sustaining a strain of about 50 tons ; it

weighed 7 tons per mile, making a total weight of nearly 600 tons. It was made by

616 817

Cable from Dover to Ostcnd
(1853. Length 70 miles),

and Zuyder Zee, 5 miles.

From Port Patrick to Donaghadee
(1853. Length 25 miles)

,

and Spezzia to Corsica, 110 miles.

Newall and Co., in 100 days, its cost being 33,000^. It required 70 hours to coil it

into the ship, and it was submerged in the sea, from Dover to Ostend, in 18 hours.

The arrangement of the inner wires did not prove entirely satisfactory.

After the success in sinking the Dover and Ostend cable, Messrs. Newall and Co.
commenced laying a cable from Donaghadee, in Ireland, to Port Patrick, in Scotland,

across the Irish Channel. This cable was of the same weight and size as jig. 816, but
the conducting wires were differently arranged, as seen in fig. 817. The drawings
given are of the natural size. This cable was made in twenty-four days, and at a cost

of 13,000^. The Mediterranean cable is of the same construction as that across the
Irish Channel, and was laid in 1854. This line runs from Spezzia to the Island of
Corsica. Over this there is a land-line extending to the Straits of Bonifacio, where a
short submarine line of 7 miles runs to the Island of Sardinia. Across this island

there is a line 203 miles long, terminating at Cape Spartivento. The telegraphic com-
munication between the Island of Sardinia and Africa seems to have been surrounded
with great difficulties. Two attempts were unsuccessful ; but the third proved, by its

success, that perseverance accompanied by judgment usually attains the end desired.

This cable, also made by Messrs. Newall, was composed of 4 sets of conducting

wires, and these, in the deep-sea portion, were protected by 18 iron-wires, while
the shore-end was siirrounded by 12 much stouter wires. The shore-cable was 6 miles

in length. The distance between Cape Spartivento in Sardinia, and Bona on the
African coast, is 125 miles. Messrs. Newall and Co, also made the cable which
unites Malta and Corfu with Sardinia. The electriail cord in this cable is com-
posed of 7 small wires twisted together and insulated by a tliick layer of gutta-

percha. The deep-sea portion is protected by 18 small iron-wires ; while the shore-

end is covered by an armour of 10 stout iron-wires, and whicli is consequently

much heavier than the deep-sea cable. The weight of the deep-sea section of this

cable is 1,960 lbs. per mile, and its total cost was 125,000Z. These may be rcgai-ded

as typical examples of nearly all the submarine electrical cables which have been
laid.

It becomes necessary to give a little more in detail the description of the Atlantic

cable of 1858 {fig. 818). The
electrical conductor was a copper

^;^^^ ^^^^H^^^^^^^^^^^^H strand, consisting of 7 wires—

6

laid round 1, forming in fact, as
far as electricity is concerned, only
1 wire. This weighed 107 lbs.

per nautical mile of 2,028 yards.
It was carefully insulated with

The Atlantic Cable, 1858. Length 1670 miles. gutta-percha, laid on in 3 coatings,

and weighing 261 lbs. per nautical

mile. Eighteen strands of charcoal iron-wire—each strand composed of 7 wires, 6 laid

round 1—laid spirally round the core. This was, however, previously padded with
a serving of hemp, saturated with a mixture of Stockholm tar. Tlie weiglit of this

cable in air was 20 cwts. per nautical mile, wliile in water it was only 13-4 cwts. This
made it equal to 4'85 times its weight in water ; or capable of bearing its own weight

818
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in a little less than 5 miles deep of that fluid. Its breaking strain was estimated to

be 3 tons 5 cwts. This enterprise failed from causes which were foretold. Before the

cable left this country it was imperfect ; it had been carelessly kept, and greatly

injured by the cutting-out of pieces while in Keyham yard, so that ita power of

carrying an electrical current was reduced to a minimum.

The unfortunate failure of this enterprise—in which both Europe and America were

equally interested—led to considerable discussion, and to a careful examination of all

the conditions which were supposed to influence such electric cords. All the laws

regulating the flow of an electrical wave were re-examined by some of our best elec-

tricians, and many previous conclusions received some correction. It had been supposed

that an insulated submarine wire conducts according to a diflferent law from that of a
suspended circuit. This diflference was thought to depend upon a system of induced

earth currents influencing the submerged wire, which would not influence a wire when
suspended in the air. A simple example to render this clear to the non-scientific

reader may be necessary. If a wire insulated by means of gutta-percha, or any other

non-conducting substance, is connected, so as to complete the circuit, with the two
ends of a voltaic battery, a current is said to flow through it. This means that an
electrical wave of motion is propagated along it in a given direction. If another

copper-wire is placed near it—though not in contact with either it or the battery—
another current, or wave, is generated, that is, induced, in it. This induced current

interferes, to a greater or less extent, with the primary current ; and where great

lengths of cable are concerned it becomes an element of serious consideration. If a
coated wire is placed on the earth, and an electrical current is established in it, the

earth acts the part of the second wire, and induction is developed on its surface.

Mr. S. A. Varley has examined this problem with much care, and has arrived at the

following conclusions. In a suspended wire the insulatory medium of the air takes the

place of the gutta-percha of the submarine circuit. The earth, which is the nearest

conductor, is a considerable distance oflP, and is only on one side of the wire ; therefore,

but little induction can take place between the wire and the earth. Nevertheless, in-

duction to a certain extent does take place, and it can be detected with delicate ap-
paratus in circuits of very moderate lengths. If the distance between the wire and
the earth is decreased, induction will be developed more strongly, and the wire could
be brought down step by step, until the condition of a submarine circuit would be ap-
proached, where the earth surrounds the wire on all sides, and is only separated from
it by the thickness of one-eighth or three-sixteenths of an inch of gutta-percha, a sub-
stance possessing, moreover, specifically a much greater inductive capacity than air.

It, therefore, appears that the conditions are precisely the same, only differing in
degree. It is, nevertheless, evident from this, that a submarine wire is placed under
circumstances of greater difficulty than those which surround an aerial wire. This
difficulty increases with the length of the wire, retardation becoming more and more
powerful as the distance through which the wave has to move is extended. A sub-
marine cable may be regarded as a Leyden jar, and the telegraphic indications are
analogous to the discharges of a coated glass. An impulse is given by making a con-
nection with a voltaic battery at one end of a wire suspended in air—and it indicates

telegraphically by producing magnetic disturbance at the other—and a succession of
impulses will rapidly give a succession of indications. Now, in an insulated submarine
wire this is not exactly what takes place. A distinction has to be drawn between the
simple arrival of a current—which may be regarded as instantaneous—and the pro-
duction of a telegraphic signal. After having charged the wires sufficiently to develope
an appreciable current, owing to the wire taking some time to empty itself, if currents
are sent in succession with any rapidity, they will blend into one another, and, instead
of getting a series of distinct impulses at the further extremity, a continuous undulating
wave will be obtained. This sluggishness has been obviated, to a great extent, in cir-

cuits of moderate length, by employing opposite currents of electricity in succession.
The effect of this is to absorb the preceding wave, and to neutralise it much more
quickly than would be the case if the wire were left to discharge itself in the usual
'way. In a suspended wire, as there is but little induction, there can be no accumula-
tion of static charge worth noticing ; whereas a submarine wire, unless attention be
paid to this, becomes useless for telegraphy.
The electric conductor of the Atlantic cable is formed of 7 wires, 6 around 1 {Jig. 819).

Seven wires are used rather than 1 to give greater freedom to the electricity in passing
by presenting a more extensive surface to it. There are mechanical reasons also why
a band of wires is preferable to one wire. The most serious accident that can happen
to a submerged wire is its severance. Copper-wire cannot always be depended upon
to present the same amount of strength in every part. It frequently happens that an
inch, or even a less portion of a wire, is crystalline, and therefore liable to break in
being coiled. By using 7 sections instead of 1, the probability of a fatal breach of
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continuity is greatly reduced. It is soarcely to bo expected th.at 7 weak places would
occur at the same spot, and, if a sinf?lo wire woro broken, it would not interfere, to

any sensible degree, with the passage of the current. In constructing the Atlantic

cable, however, the utmost care prevailed in every department. Every portion of the

copper-wire was submitted to exact examination, and no wire was used which possessed

a lower conducting power than 85 per cent, of that of pure copper. The insulation of

this conductor was thus cfFected. The centre wire of the copper strand was first

covered with ' Chatterton's compound ' (that is, gutti-porcha rendered viscid with
Stockholm tar). This first coating was so tliick that, when the other six wires forming

the strand were laid spirally around it, every interstice became filled and air excluded.

The mechanical solidity of the core thus formed was very great, This cable is nearly

3 times as heavy as the old Atlantic conductor, its weight being 300 lbs. to the nautical

820

819

Section of the Atlantic Cable,
18G5.

The Atlantic Cable—Shore-End

mile against 107 lbs. The complete exclusion of air, which is a most important object,

is believed to bo effected by this arrangement. The conductors of some cables have

f3uffered from their being to some extent loose with their insulating covering. The

core being thus formed, next received another coating of Chatterton's compound, which

quickly solidified, and thus thoroughly protected the whole. It was then surrounded

with a coating of the purest gutta-percha, which was pressed round it in a plastic state,

by means of a very accurate die, and sheathed the core in a continuous tube. Over

this was again laid another coating of Chatterton's compound, for the purpose of

eifectually closing up any pores or flaws which may have escaped detection in the gutta-

percha tube. To this covering succeeds a second tube of gutta-percha, then another

coating of Chatterton's compound, and so on alternately until the wire was covered

with 4 coatings of gutta-percha and 4 of the compound. This being completed, it

v/eighs 400 lbs. to the nautical mile. It is well known that the insulating power of

gutta-percha sensibly decreases by heat. The whole of the conductor was immersed

in water of a temperature of 75° Fahr., in which it remained for 24 hours, and during

that time it was constantly submitted to electrical tests. The core, after having been

subjected to this and other tests to prove the perfect character of its insulation, was

then submitted to the process of being protected by its iron-wire armour.

Jute, which had been submitted to the action of catechu, in order to preserve it

from decay, was very carefully wrappwl round the core, and as fast as the wrapping

proceeded, it was coiled in water. If the water at any time penetrated to the wire, it

would at once conduct away the electric current to the earth, and the loss of insulation

would be at once detected. This wrapping of jute is surrounded by 10 wires manu-

factured from homogeneous iron ; each separate wire being itself, in the first inst-ince,

covered with tarred Manilla yarn, by which the iron was protected, and the specific

gravity of the mass lessened.
' By a very ingenious arrangement, which our space will

not allow us to describe, the 10 wires covered with the tarred Manilla hemp are spirally

wound round the core, and the deep-sea cable is completed. The section and side-new

of the electric cable will be fully understood by reference to Jigs, 819 and 821. As
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Side view of the Atlantic Cable.

the-shore end of any cable is more exposed to the action of the waves than those parta

are which remain in a state of rest at the bottom of the deep sea, it becomes necessary

to give this portion a greatly-increased degree

of protection. Fig. 820, which is of the exact

size of the shore-end of the Atlantic cable, will

fully illustrate the conditions of this portion.

The core was formed by the main cable, which
was wrapped with a serving of yarn to a size

sufficient to receive round it 12 strands of iron

wire, each strand being composed of 3 galvanised

iron-wires, each of which being nearly a quarter

of an inch in diameter ; the weight of the com-

pleted shore-end was nearly 20 tons to the mile.

Its diameter is 2^ inches, but at its junction with

the main cable it is made to taper down to the size

of the latter by a gradual diminution in diameter

extending over 500 yards. This shore-end was
laid out for about 28 miles from the coast of

Valentia Island, when it reached water of the depth of 100 fathoms. From Hope's

Content, Newfoundland, about 8 miles of shore-cable only would have been required.

The weight of the deep-sea cable—according to the Company's statement—in air

was 35 cwts. 3 qrs. per nautical mile of 2,028 yards. Its weight in water, 14 cwts. to

each nautical mile, or equal to 11 times its weight in water per knot ; that is to say,

it will bear its own weight in 11 miles deep of water. Its breaking strain was 7 tons

15 cwts. The length of cable shipped was 2,300 nautical miles ; the actual distance

from the point of departure, Valentia, on the West of Ireland, to the point Heart's

Content, in Trinity Bay, Newfoundland, on which it was to have been landed, being

1,670 nautical miles.

As every one knows, this great experiment failed, the cable breaking when the

Great Eastern had reached the mid-Atlantic. Another experiment was made in

1866, and the result has proved in the highest degree satisfactory. Not only has the

new cable been securely lowered to its ocean-bed in the depths of the Atlantic, but the

old cable has been recovered and repaired, and we have now several electrical nerves

uniting the new with the old continents. These electric cables have now been for

some time in constant use, and their powers of transmitting electric currents appear to

improve.

It is not necessary in this place to notice the various electrical cables which now
girdle the earth. There are a few points, however, which are of sufficient interest to

find a place in these volumes. The condition of the cable in the ship is one of these.

For the following remarks we are indebted to Mr. Eobert Sabine's excellent work on
* Electro-Telegraphy '

:

—

* At present, all cables of any importance are sent to sea in water-tanks on board
the transport ships. The tanks are circular, with as large a diameter and as high as

the room of the ship will allow between the bottom of the tank and the deck ; they

are made of plates of iron, riveted together, caulked, and painted with red lead to pre-

vent rusting. There are usually two such tanks, the forehold and afterhold, on board
a cable ship. In the centre of each tank a hollow cone of iron is erected, and above
this a series of rings of 2-inch round iron, which are lowered in the tank as the cable

is paid out, are suspended for guiding the cable as it leaves the tanks, and preventing

it flying out by centrifugal force, and going into kinks. On leaving the tanks, the

cable passes through the rings in the circular space between them and the top of the
cone, which it rubs against continually. The friction which the cable exerts against

the sides and bottom of the trough assists the breaks in preventing its too rapid egress

from the ship.

' No good electrical measurements are possible during the passage out on account of
the motion of the ship, and the difficulty of keeping the apparatus dry ; the measure-
ments which are made are only of value qualitatively and approximately in the event
of a fault occurring. The electrical conditions of the cable are, however, always kept
under surveillance.

' Messrs. Siemens have constructed a galvanometer purposely for use on board ship.

It consists of an astatic system of magnetic needles on a vertical bar, moving in stone
pivots, and surmounted by an aluminium pointer. Each needle turns in the centre of
an independent coil of wire. Above the glass cover of the dial-plate is a tall rod of
brass canning a horizontal adjusting magnet, which, in different positions and at
different distances from the magnet system, increases or diminishes its directive force,

and with this the sensibility of the instrument.
* Professor Thompson has succeeded in eliminating the directive force of the earth's
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magnetism entirely from his marine galvanometer by surrounding it with a heavy
armour of soft iron, which gives it the advantage of retaining its constant of sensibility

and zero point in whatever position the ship's head may be put ; ho also keeps liis

mirror magnet steady by suspending it to a tightly-drawn cocoon fibre.

• The measuring apparatus on board does not materially differ from that used on
shore, only, where it is possible, it is made simpler. On the sea everything is damp,
and with a dampness caused by the particles of salt water carried by the -wind ; those
particles of water are conductors, and provide a short circuit for the current to earth
from every corner of the apparatus. Therefore, the fewer the pieces used, the fewer
the chances are that the " subtle fluid " departs from the way it should go.

• Before commencing to pay out a cable, and while the ship is quiet in harbour,
careful measurements are made of its insulation, copper resistance, and temperature.

' In commencing to pay-out a cable, one end of the shore-cable is put upon the land
and carried into the station. The ship pays this out to the end, when it is joined to

the middle-cable, or to the deep-sea-cable if no middle-cable is employed. At this

point, the officer of the ship takes the bearings carefully in his nautical way, and the
telegraph engineer takes his bearings in a less scientific and much simpler way. These
consist in rough sketches of marked points on the coast. The line which a church
makes with a hill, or two hills together, or an inlet with a hill behind should bo care-

fully noted. There are very few coasts which do not present such inequalities as to

enable the engineer to find lines between distant objects. Of these lines two at least

should be noted, if possible making an angle of 90° with each other; and the objects

noticed on the land should be, one as near to the water and the other as far from it as
the nature of the coast permits. In the long run, this method is the most valuable,

and enables the engineer to return at any time to the exact locality of the point, in

case he may want to pick it up.
' From this point begins the most difficult and risky part of submarine telegraphy.

The manufacture requires a constant supervision and care ; it has, however, the advan-
tages of terra-firma, and any accident may be repaired, because the essential element
—time, is to be had ; but the laying demands untiring courage and caution, and that,

because when once under way, there is no stopping without danger to the cable, not-

withstanding the innumerable casualties which invariably attend a sea voyage.*

In his new book on telegraphy (' Traits sur lo Telegraphic') M. du Moncet says

that in order to lay a cable successfully the speed of the ship should be precisely that

of the outlying cable. Unfortunately for the telegraph engineer, this physicist's ideas

of the sea bottom do not correspond with the reality. Instead of being level like a
street, it is found that as great irregularities occur in the earth under the water, as in

the earth above it. The sea has its mountains, its valleys, its precipices, as well as

the dry land, and over these mountains, and across these valleys, and up and down
these precipices, the cable must be laid, and not hung from peak to peak like a tight

rope. It must everywhere rest upon the bottom ; if not, it must sooner or later break

by its own weight between the points of suspension, or abrade against the rocks until

it is cut through.'

The following conclusions appear to have been arrived at by those connected with
the working of the Atlantic electric cable : 1st, That an insulated submarine wire

conducts according to a diffi3rent law to that of a circuit suspended in air ; 2nd, That
the rate at which a voltaic signal travels along a wire is not affected by the intensity

of the battery ; and 3rd, that magneto-electric induced currents have the property of

travelling much faster than voltaic ones, and increase in the rapidity of travelling,

when their intensity is increased. Mr. Samuel Alfred Varley, in a paper read before

the Institution of Civil Engineers, makes the following remarks on these points :

—

' In examining these conclusions, it has first to be considered whetlier the conditions

of a submarine circuit and of a suspended one are different. In a suspended wire, the

insulating medium of the air takes the place of the gutta-perclia of the submarine

circuit. The earth, which is the nearest conductor, is a considerable distance off, and
is only on one side of the wire ; therefore, but little induction can take place between

the wire and the earth. Nevertheless, induction to a certain extent docs take place,

and can be perceived in circuits of very moderate length. The author has noticed

indications of it in a circuit 60 miles long, and he feels confident that, with delicate

apparatus, it could be perceived in much shorter circuits. If the distance between the

wire and the earth is decreased, induction will be developed more strongly, and the

wire could be brought down, step by step, until the condition of a submarine circuit

would bo approached, where the earth surrounds the wire on all sides, and is only

separated from it by the thickness of ^th or ^^jjths of an inch of gutta-percha, a substance

possessing, moreover, specifically a much greater inductive capacity than air. It

therefore appears that the conditions are precisely the same, only differing in degree.

In a Leyden jar, the inner and outer coatings are perfectly insulated one firom the
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other. If they were not insulated, there could be no statical charge, as is well under-

stood by all electricians. Induction, therefore, involves insulation. But in a sub-

marine circuit this is not the case. If the wire was disconnected at the further

extremity from the telegraph instrument, and was sealed up with gutta-percha, the

conditions would be nearly the same. In practice, however, it is quite open through

the instrument to the earth, and the resistance opposed by the very long length of

wire is the only insulation between the inner and outer coatings ; for it unites both,

being in connection with the earth at both ends. It is, therefore, evident that, if the

wire offers no resistance, there will be no insulation, and, as a consequence, no induc-

tion to retard the passage of the current. It is also equally plain, that precisely in

proportion to the resistance which the wire opposes, provided always the insulating

medium is of the same thickness, will induction manifest itself, and retardation be ex-

perienced. There is also another difference between a Leyden jar and a submarine
circuit. The Leyden jar is charged uniformly all over, whilst in a submarine wire,

the tension of the charge varies in different portions of the circuit, being at its maxi-
mum at the end where contact with the battery is made, and gradually vanishing to

nothing at the further extremity.
* The fact has already been adverted to, that if a battery capable of developing, when

in short circuit, a much greater quantity of electricity than it does when connected

through a fine wire, is connected through a long wire of small dimensions, the quantity

evolved through one length of this fine wire will be twice the amount of that evolved

through double the length. From this it appears that double the length of wire op-

poses the same resistance to a given quantity of electricity, as a wire of half this length

does to double that quantity of electricity. Hence, any length of wire opposes an
infinitely small amount of resistance to an infinitely small quantity of electricity. An
idea seems to prevail, that if the wire becomes attenuated at any one spot, the con-

ducting power of the whole circuit will be brought down to that of a wire of no greater

tliickness than it is at the attenuated portion. It will be at once seen, from what has
just been said, that this cannot be the case, but that the effect will be precisely the

same as increasing the length of the circuit. For if the circuit is attenuated, say

throughout a mile of its length, to half its normal diameter, it will possess, in this

space, only one-fourth of the sectional area ; consequently, it will oppose 4 times

as much resistance as a mile of wire of its original size. In other words, this mile

will oppose as much resistance as 4 miles of any other portion of the circuit. If the

resistance offered by 1 mile of the circuit, is put down as 1, then the resistance op-
posed by the attenuated mile would be 4; and if the normal resistance, or 1, is sub-

tracted from this, there will remain 3, as the excess of resistance over what it should

be, owing to this attenuation. The effect will therefore be the same, as increasing the

length of the circuit by 3 mile's. It seems surprising that this should have escaped

observation, for if true the conducting power of the whole circuit would be brought
down to that of a wire of no greater diameter than that made use of in the coils of

the instruments, which may be considered simply as a continuation of the cable, and
is only about one-eightieth of an inch in diameter. Electricity flowing through a long
circuit which is attenuated at one portion, may be compared to water flowing through
a long tube of small dimensions, and therefore opposing a great amount of friction to

the passage of the water. If the tube is indented at any one part, it will decrease the
flow to a certain extent, but not nearly so much as if the bore of the pipe was reduced
throughout its length to the same size as it is where indented.

' Incidentally connected with, and following as a natural sequence to what has just

been said, is the bearing and the value of the resistance opposed by the coils of the
telegraph instrument. If an electro-magnet is enveloped with a single convolution of

wire, and a battery is connected with it, there will be little resistance to the free pas-

sage of the electricity, as owing to the short length of wire, but very little magnetism
will be developed. Under such conditions, with a great expenditure of battery power,
a very small equivalent of magnetic force will be obtained. If the number of convo-
lutions be increased until the resistance opposed by the greater length of wire begins
sensibly to reduce the dynamic quantity flowing, the magnetic force will then be found
to be increased proportionately to the number of convolutions, less certain other con-
siderations, which need not now be entered upon, and with actually less expenditure
of battery power, Eesistance encountered and overcome, under these conditions, im-
plies^ so much work done ; and the larger the proportion of it in the instruments,
relatively to that opposed by the cable, the more economically will the electricity be
expended. If the cable is supposed to offer 10 times the resistance of that opposed
by the coils of the telegraph instrument, which is nearly the case in some printing
circuits of 200 miles in length, the whole of the cable, as well as the coils, will be
rendered magnetic. Ten-elevenths of the magnetism will be developed in the cable
itself, where it will be useless, and one-eleventh only in the coils of the apparatus,
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where it will be available as a motive force. But, if the coil-wires are increased in

length, so as to oppose a resistance equal to 40 miles of the cable, an amount of mag-
netism equal to one-fifth of that developed in the cable, instead of one-tonth, as in the
former instance, will now be developed in the telegraph instrument, if the same quan-
tity of electricity as in the former case is forced through. Hence, the reason is ap-
parent, why such fine wire, and so great a length of it, is found to answer best for the
coils of telegraphic apparatus. In practice, there is of course a limit, to which tho
coil-wire may be increased in length, or be diminished in sectional area, with advan-
tage.

• These are not new facts, for the bearing of tho resistance in tho coils, to that

opposed by the cable itself, is pretty well understood and appreciated by many
electricians ; but it is believed that attention has not been publicly directed to it

before. The remarks which are constantly made show that it is not so well compre-
hended as it should be. When it was urged upon the projectors of the Atlantic cable

that attenuation at any one portion of tho cable would seriously decrease tho conducting
power of the whole throughout, it was put to the test of a practical experiment.
Finding it did not perceptibly affect the working, it was accounted for, not from tho
reasons here given, but from its being at the attenuated portion, a Leyden arrange-
ment of smaller dimensions. This shows that the idea, that reduction at one spot is

tantamount to reduction throughout, is entertained by some, whose practical experience

deservedly gives weight to their opinions. In the work before alluded to it is said,

" The fact is, that this fear of the conducting wire of the cable being telegraphically

disabled by attenuation, is based upon the notion that the insulated strand is to act

as a simple conductor, and not as an inductively charged Leyden jar. It may be, and
probably is true, that a simple conductor transmits an electrical current with a facility

which is in a measure proportioned to its capacity at the smallest part of its length
;

the entire conductor being virtually reduced in its dimensions to the standard of this

smallest part. But it is not true that the transmitting power of an insulated sub-

marine wire, which is virtually a Leyden jar, and open to inductive charges, is modi-
fied, from the same cause, to anything like the same extent. Here the induction, which
has taken a mischievous part in producing retardation of electrical movement in coated

wires, turns round and makes amends for its interference, by causing small and easily-

laid wires to be more manageable for submarine telegraphy than large ones could be."
* The next point for consideration is, what will bo the action of a galvanic battery

when connected to send a current on a long submarine circuit ? The wire and the

earth being only separated by the thin layer of gutta-percha, induction can readily

take place between them ; whilst the wire itself opposes a very great resistance to tho

flowing of the large quantity of fluid which the battery can generate, and wants to

force tlirough. As the wire offers but little resistance to a small quantity of electricity,

a small amount will travel through almost instantly, the wire being statically charged

at the same time ; and as the wire becomes more and more highly charged, so will

the stream flow out, in larger and larger quantities, at the further extremity.

'It has been already shown that induction manifests itself in proportion to the resis-

tance offered by the wire, other circumstances being the same, and that a wire offers

comparatively speaking, no resistance to very small amounts of electricity. This, at

first sight, might lead to the idea, that if very sensitive instruments could be employed,
supposing the wire to be perfectly insulated, as the induction would be less, the signals

would be passed through more quickly, or, in other words, that increasing the delicacy

of the instrument would bo the same thing as magnifying the wire. A little reflec-

tion will, however, show tho fallacy of such a supposition, for in proportion as the

wire opposes less resistance, so will the tension of the current bo lowered, and there-

fore it will possess a proportionately smaller amount of energy to urge forward the

current. If the diameter of the cable is increased to double the size, it will then

possess four times tho sectional area, and consequently have four times tho conducting

power of a wire of half this diameter. But tho outside surface, on which induction

depends, will, at the same time, be doubled, and hence there will bo twice the induc-

tive force. Nevertheless, there will bo a gain ; for if, in the original wire, tho resistance

was one, and the induction one also, in the wire of twice the diameter, although tho

inductive force would be two, the resistance of the wire would be brought down to one
fourth, the relative balance of the forces being reduced one half. Therefore, there

would be a proportionate gain in favour of rapidity of conduction, and as doubling tho

diameter of the wire has reduced the retarding induction, one-half signals might bo

expected in this case to travel twice as fast. Supposing four cables to be ranged side

by side, it is e^-ident they will oppose one-fourth less resistance than one would do
;

and, consequently, tho same tension of current would force four times the dynamic
quantity of electricity through as would bo forced through one alone. Signals would
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not, however, be passed more quickly through the four cables than through one cable,

for, altliough the resistance has been reduced to one-fourth, the induction has been
quadrupled at the same time, which will exactly counterbalance the smaller resistance.

If the cables are merged into one, tlie case will then be altered, for the surface will at

once be brought down to one-half, and therefore there will only be half the amount of

induction to retard the rapidity of signalling, whilst the conducting power will remain
the same as it was before. As the outer surface of the gutta-percha does not increase

so rapidly as its substance, there will bo a gain on that head, for if the conductor is

Ygth of an inch in diameter, and it is coated to the depth of ^th of an inch with gutta-

percha, making a total diameter of ^ths of an inch, the united exterior surface of four

such cables would bo 3*6 square inches, but if the four conductors are merged into one,

the exterior surface will be 1*2 square inch, or less than half the exterior surface of the
four cables, in the proportion of 4 to 6.

* The next question which has to be considered is whether the rate of transmission of

signals is affected by increasing the number of cells, when a voltaic battery is employed.

The author is of opinion that this would be the case. It has already been exphiined

how the wave of electricity rises and falls on connecting and disconnecting a battery

fix)m a submarine circuit. The effect of a higher intensity would be to raise the wave
to its maximum height more quickly, and as the arrival of the current takes place at

the instant when the wave has risen sufficiently high at the further extremity to record

itself on the instrument, and not at the time it actually begins to flow, this height

woiild bo attained more quickly, and signals also would be obtained sooner. An ex-

periment made by the Atlantic Telegraph Compiny seems inadvertently to prove the

truth of this reasoning. A Lilliputian battery of seven cells, reduced to the smallest

dimensions, having been connected to a cable 600 miles long, the signals occupied ^ths
of a second in arriving. This battery was then disconnected, and another joined up
in its place, but of twelve cells, and with a much larger extent of surface in each cell,

when signals arrived in ^thsof a second. This great difference of speed is almost in

regular proportion to the number of cells employed. Had the signals, in the case of

the battery of seven cells, occupied ^ths, instead of j|jths of a second in ar^i^^ng, the

speed would have been exactly in proportion to the number of cells, one cell taking
igths, seven cells occupying ^ths, and twelve cells a little more than ^ths of a second

in arriving. When it is remembered that no two cells of batteries differently con-

structed will have precisely the same intensity, even supposing these minute differences

of time were quite accurately recorded, there would still be reasons sufficient to account

for the irregularity. It should be mentioned that this experiment is stated to be given
in order to show that increasing the battery surface alone, affects the rate of transmis-

sion. No explanation of how it does this is attempted, and the difference in the

intensity of the two batteries seems to have been overlooked as a matter of no impor-

tance. The author believes the increase of rate to have been chiefly due to the larger

number of cells employed in the second part of the experiment, and not so much to the

increased surface. He has already explained the conditions under which an increased

battery-surface would raise the tension of the current, and so increase the rapidity of

signalling. In this experiment the tension of the currents used was so low, and the

resistance opposed by the 600 miles of wire so great, that it is probable a very much
smaller dynamic quantity was generated through the whole length of the wire than
even the Lilliputian battery would generate through a circuit of nominally no resis-

tance. If this was the case, increasing the battery surface only, without adding to the

series, would have but little effect in increasing the quantity flowing. The experiment,

therefore, as a trial of the effect of large battery-surface alone, cannot be considered a
fair one. Attention has been drawn to it here, as it may help to throw some light

upon the matter under consideration.'

The following note of a gold-leaf electrometer, and the introduction of an induction

coil, promises to give increfised sensibility. It is the invention of Mr. Highton, who
introduces an induction coil, the especial object of which is to multiply the current at

the receiving end of a telegraphic line. This recording instrument is also a novelty,

and consists of a strip of gold-leaf, about an inch and a half in length, and weighing

Yt^th parts of a grain, suspended between the two poles of an electrometer. Near the
leaf is a magnet which causes the leaf to be deflected, either to the right hand or to the
left, according as a positive or negative current is brought into action. The vibra-
tions of the leaf are magnified by an ordinary magic-lantern arrangement, and are
thrown on a screen, from which they are read off by the operator.

EXiECTRO-TZirT. The art of preparing tinted plates by the action of electricity ^
on copper. One process consists in putting a perfectly clean copper plate into a
solution of acetate of lead, and making it one of the terminal poles of a voltaic battery,

the other pole being a piece of pure lead dipping into the solution. Tints of the
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most exquisite character and colour can, by a little careful manipulation, be thus

produced.
EXiECTROTYPB. Soo Elkctro-Metalluroy.
EIiECTRUXVX, or EXiECTROXT. Amber was so called by the Greeks, and &om

it we derive our word ' electricity.' The Romans used the term at first, ^or a compound of

gold and silver, which was of the colour of amber ; subsequently it was applied to a

definite mixture of gold and silver, used for coins.

Native alloys of gold and silver are now called electrums, when they contain

sufficient silver to make their colour lighter, and their specific gravity loss than that

of gold. According to Klaproth, oloctrum is composed of gold 64, silver 36. Haus-
mann applied the term to all native alloys that contain from 20 to 60 per cent, of silver.

A base metal in modern use has received the name of electrum. It is an alloy of

copper, zinc, and tin, with sometimes nickel.

ElfEMEM'TS. This name is now given to bodies which have not been reduced

to any more simple form of matter than that in which we find them. The elements

of the ancients, air, fire, earth, and water, had quite a diiforont meaning from the

elements of the modern chemist ; so had the salt, sulphur and mercunj of the early

alchemists. In their philosophy those terms represented the ultimate forms into which

matter could be resolved, or out of which all matter could be created. The number
of elements at present known is 63 :

—

Tahle of Chemical Elements.

Aluminium Hydrogen Rhodium
Antimony Indium Rubidium
Arsenic Iodine Ruthenium
Barium Iridium Selenium

Bismuth Iron Silica

Boron Lanthanum Silver

Bromine Lead Sodium
Cadmium Lithium Strontium

Caesium Magnesium Sulphur
Calcium Manganese Tantalum
Carbon Mercury Tellurium

Cerium Molybdenum Thallium

Chlorine Nickel Thorinum
Chromium Niobium Tin

Cobalt Nitrogen Titanium
Copper Osmium Tungsten
Didymium Oxygen Uranium
Erbium Palladium Vanadium
Fluorine Phosphorus Yttrium
Glucinum Platinum Zinc

Gold Potassium Zirconium

A list of the more important of these elements, with their symbols and atomic

weights, will be found under the article Atomic Weights.
Por a full examination of the laws regulating the chemical relations of these bodies,

their atomic constitution, &c. see Watts's ' Dictionary of Chemistry.'

EXiEMZ. This appears to bo the resinous product of various torebinthinous trees.

The Edinburgh College states it to be a • concrete resinous exudation from one or

more unascertained plants.' And the London Pharmacopoeia describes it as a concrete

turpentine derived from an unknown plant. In the former edition Amyris Elemifera

was named as the plant producing this resin. This error was duo to Linnajus, who
confounded under one name two distinct plants. The larger quantities of elemi come
to us from the Dutch settlements through Holland. It is imported in ' iJic lump* and
in masses weighing from one to two pounds, each enveloped in a palm-leaf. Elemi is

employed in making lacquer. See Varnish.
EI.EPHANTS' TUSKS. vSee IvouY.

ElbEPBAlTTS* URZirE. The celebrated Indian yellow, or Purree, is said to be
a mixture of the earthy phosphate and urea deposited from this.

EXtETTTRZATE. {Soutircr, Fr. ; SchleTiimcn, Ger.) When any insoluble powder,
such as chalk, is diffused through a largo body of water, and then allowed to subside

slowly, of course the larger pai*.icle8 will by their gravity bo the first to subside. If

then the supernatant liquor is j) Mired off, or bettor, if drawn off by a siphon, the finer
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powder will be collected in the next vessel ; and by repeating this process an im-

palpable powder may bo obtained. This process is called Eleutriation.

EKZSVATORS FOR MZN'SS. Under this name Messrs. Alexander Alison

and John Shaw have patented an arrangement for ' Raising water and minerals from

collieries and mines, and for other purposes.' There is much ingenuity in the arrange-

ments proposed, which are in point of fact modifications of the systems adopted by

the Pneumatic Despatch Company. The principle involved will be sufficiently under-

stood from the following description, taken from the Specifications of the patentees :—
A cylinder or tube is placed in the shaft which rises a few feet above the top of it,

and reaches, to a few feet below the bottom of the mine; this cylinder is made of

malleable or cast iron, or other suitable metal or material, and of a diameter accord-

ing to the weight of minerals, water, or other substances to be lifted. In this cylinder

or tube a double-headed piston works, and between the two heads of the piston a fixed

or moveable receiver, or barrel, or waggon is placed, which holds the mineral or water

to be raised.

An air-pump worked by a steam-engine or water-wheel, or other power, is used for

forcing air down the shaft in a tube, which air passes into the cylinder below the

under piston head. Forcing only may be used, but exhausting and forcing may be

used in conjunction. When the load is put in at the bottom, a valve is opened so that

the air is introduced under the piston, which with its load then rises to the top ; on

arriving at the top the load is removed, and on an escape-valve at bottom being

opened, tiie piston descends, and the air which escapes ventilates the mine. This

elevator not only acts as an elevator and ventilator, but provides a safe and expedi-

tious mode of conveying workmen up and down the shaft.

The other improved elevator may be described thus :—Air is forced by an air-pump,

worked by steam or other power, down a tube into one or more cisterns in the bottom
of the shaft, into which the water of the mine runs. The water is in this way forced

up to the surface through another tube. The cistern or cisterns are fitted with self-

acting valves, which open and shut by means of a fioat. As the air escapes from the

bottom this elevator acts as a ventilator as effectually as the one previously described.

See Man-Engine.
EUASZTE. An ore of uranium. A mineral allied to pitchblende, but differing

from it widely in its large proportion of water and lower specific gravity (4*086

to 4-237).

It occurs with fluor, dolomite, quartz, &c., at the Elias mine, Joachimstal (whence
its name), in large flattened pieces, sometimes half an inch thick, of a dull reddish-

brown colour, approaching to hyacinth-red on the edges.

It is subtranslucent, with a greasy subvitreous lustre, and affords a dull streak,

varying from wax-yellow to orange. Hardness between calcite and fluor spar.

It is composed of peroxide of uranium, 61-33; alumina, 1*17; peroxide of iron,

6-63
;
protoxide of iron, 1-09 ; lime, 3'09 ; magnesia, 2-20 ; oxide of load, 4-62

;

silica, 5-13; carbonic acid, 2o2; phosphoric acid, 0'84; water, 10-68: Total, 99*30.

Before the blowpipe it affords a reaction like pitchblende ; it is decomposed by
muriatic acid.—H.W.B.
EIiZQUiLTIOSr. The separation of lead and silver from ' copper, the agent for

doing this being lead. The copper containing silver was melted with a certain portion
of lead, and cast into discs. These discs were exposed to a temperature sufficiently

high to melt the lead. This metal then liquated, or separated from the copper, carry-
ing the greater portion of the silver with it. The process is seldom now employed.
BliIXlR OP VZTRZOIi. A preparation of sulphuric acid, with some aromatics.
EZiM.

( Ulmus, Lat. ; Orme, Er. ; JJlme, Ger.) Of this European timber tree

there are five species. The JJlmus campestris, the English Elm, is regarded in this

country as one of the finest of European deciduous trees for park scenery ; it lives

for upwards of 200 years, forming a remarkably straight tall trunk. The quality
of timber depends a good deal on the soil in which it is grown, being always best on
a dry, loamy soil, with plenty of air. The Ulmus montana^ is the Mountain, Scotch,
or Wych Elm: the trunk is not so lofty nor the wood so heavy as the English
Elm; and though coarse-grained, is very highly prized by shipbmlders and cart-
wrights. It possesses great longitudinal adhesion, and is consequently one of our
stiffest and straightest timbers. These woods are not liable to split ; they bear the
driving of nails or bolts better than any other timber, and are exceedingly durable
when constantly wet. They are therefore much used for the keels of vessels,

and for wet foundations, waterworks, piles, pumps, and boards for coffins. On
account of its toughness, it is selected for the naves of wheels, and for the gunwales
of ships.

BIVAWrXTB, A quartziferous porphyry, forming the typical rock of the Cornish
£lvans.
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EXtVAlirs. Granitic and felspathic porphyritic rocks, -which are frequently found
traversing both the granite and slate rocks.

'The elvans or veins of quartziforous porphyry—that is, a granular crystalline

mixture of felspar and quartz, which are common both in Cornwall and Devon, and
near the granite of the south-east of Ireland—are probably in reality granite veins,

or veins proceeding from a granitic mass.'

—

Jukes.
' When \kiQ^Q granite veins are of a largo size they are termed Elvan courses ; indeed,

this is the only distinction between these two forms of elongated masses of granitic

rock. In composition these elvans are either shorl rock, eurite, felsparite, or even
varieties of fine-grained granite.'

—

Boose.

EXiTTRAa The horny wing-cases of beetles, formed by the anterior wings
becoming hardened, and therefore useless for flight. The brilliantly-coloured and
iridescent elytra of some beetles are used for ornamental purposes.

EXVIAXlb OMBRAXTT. A process which consists in flooding coloured but trans-

parent glazes over designs sUimpcd in the body of earthenware or porcelain. A plane

surface is thus produced, in which the cavities of the stamped design appear as

shadows of various depths, the parts in highest relief coming nearest the surface of

the glaze, and thus having the effects of the lights of the picture. This process was
introduced by the Baron A. Do Tremblay of Rubelles, near Melun.

EMAUX CIiOXSOXia-ES. See Enamels.
ElVIBAIiIumrG. {Emhaumcment, Fr. ; Einhalsamirung, Ger.) An operation

employed by the ancients to preserve human bodies from putrefaction. From their

using balsams in the process, the name was derived. See Disinfection ; Putre-
faction.

EMBO^LXTE. A chloTO-bromide of silver found in Chili and Mexico. It varies

in colour from an asparagus green to an olive green, is perfectly malleable, and of

resinous lustre. The ratio of the chlorine to the bromine appears to vary indefinitely,

those varieties which are of a yellow or of a deep green tint being the richest in

bromine. The name is derived from ifiPSXiou, intermediate, in allusion to the mineral

being intermediate in chemical composition between the chloride and the bromide of

silver.

EMBOSSXIVG. One of the plans introduced for embossing cloth by machinery

which appears to be the most effective, is that of Mr. Thomas Greig, of Rose Bank,

near Bury. This machine is thus constructed :

—

Figs. 822, 823 represent three distinct printing cylinders of copper, or other suitable

material, a, b, c, with their necessary appendages for printing three different colours

upon the fabric as it passes through the machine ; either of these cylinders, a, b, or c,

may be employed as an embossing cylinder, without performing the printing process,

or may be made to effect both operations at the same time.

The fabric or goods to
822 \,Q operated upon being

first wound tightly upon
a roller, that roller is to

be mounted upon an axle

or pivot, bearing in arms

or brackets at the back of

the machine, as shown at

D. From this roller the

fabric a, a, a, a, is con-

ducted between tension

rails, and passed under

the be<l cylinder or paper

bowl E, and from thence

proceeds over a carrier

roller f, and over steam-

boxes not shown in the

drawing, or it may be con-

ducted into a hot room,

for the purpose of drying

the colours.

The cylinders a, b, and
c, having cither engraved

or raised surfaces, are connected with feeding rollers A, h, h, revolving in the ink or

coloured troughs c, c, c ; or endless felts, called sieves, may be employed, as in ordi-

nary printing machines, for supplying the colour, when the device on the surface of

the cylinders is raised ; these cvlinders may be furnished with doctors or scrupers

when required, or the same may be applied to endless felts.
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The blocks have .adjustable screws g, g, for the purpose of brinpng the cylinders

up against the paper bowl with any required degree of pressure ; the cylinder b is

supported by its gudgeons
running in blocks, which blocks 823
slide in the lower parts of the

side frames, and are connected

to perpendicular rods e, having
adjustable screw nuts.

The lower parts of these

rods bear upon weighted levers

k, k, extending in front of the

machine; and by increasing

the weights I, I, any degree of

upward pressure may be given

to the cylinder b.

The colour boxes or troughs

c, c, c, carrying the feeding

rollers b, b, b, are fixed on
boards which slide in grooves

in the side frames, and the

rollers are adjusted and
brought into contact with

the surface of the printing

cylinders by screws.

If a black cloth should be required to be introduced between the cylindrical bed or

paper bowl e, and the fabric a, a, a, as the ordinary felt or blanket, it may, for printing

and embossing cotton, silk, or paper, be of linen or cotton ; but if woollen goods are

to be operated upon, a cap of felt, or some such material, must be bound round the

paper bowl, and the felt or blanket must be used for the back cloth, which is to be

conducted over the rollers h and i.

For the purpose of embossing the fabric, either of the rollers a, b, or c, may be

employed, observing that the surface of the roller must be cut, so as to leave the

pattern or device elevated for embossing velvets, plain cloths, and papers ; but for

woollens the device must be excavated, that is, cut in recess.

The pattern of the embossing cylinder will, by the operation, be partially marked
through the fabric on to the surface of the paper bowl e ; to obliterate which marks
from the surface of the bowl, as it revolves, the iron cylinder roller g is employed

;

but as in the embossing of the same patterns on paper, a counter roller is required to

produce the pattern perfectly, the iron roller is in that case dispensed with, the im-

pression given to the paper bowl being required to be retained on its surface until the

operation is finished.

In this case the relative circumferences of the embossing cylinder, and of the paper
bowl, must be exactly proportioned to each other ; that is, the circumference of the

bowl must be equal, exactly, to a given number of circumferences of the embossing
cylinder, very accurately measured in order to preserve a perfect register or coin-

cidence, as they continue revolving between the pattern on the surface of the em-
bossing cylinder and that indented into the surface of the paper bowl.

The axle of the paper bowl e, turns in brasses fitted into slots in the side frames,

and it may be raised by hand from its bearings, when required, by a lever k, extend-

ing in front. This lever is aflBxed to the end of a horizontal shaft l, l, crossing the

machine seen in the figures, at the back of which shaft there are two segment levers

p, p, to which bent rods q, q, are attached, having hooks at their lower ends, passed

under the axle of the bowl. At the reverse end of the shaft l, a ratchet-wheel r, is

affixed, and a pall or click mounted on the side of the frame takes into the teeth of

the wheel r, and thereby holds up the paper bowl when required.

When the iron roller g, is to be brought into operation, the vertical screws t, t,

mounted in the upper parts of the side frames, are turned, in order to bring down
the brasses n, which carry the axle of that roller and slide in slots in liie sid«

frames.

The cylinders a, b, and c, are represented hollow, and may be kept at any desired

temperature during the operation of printing, by introducing steam into them ; and
under the colour boxes c, c, C, hollow chambers are also made for the same purpose.

The degree of temperature required to be given to these must depend upon the nature

of the colouring material, and of the goods operated upon. For the purpose of con-

ducting steam to these hollow cylinders and colour boxes, pipes, as shown at v, v, v,

are attached, which lead from a steam-boiler. But when either of these cylinders is

employed for embossing alone, or for embossing and printing at the same time, and
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particularly for some kinds of goods whoro a higher tomporature may bo required, a
red-hot heater is then introduced into the hollow cylinder in place of steam.

If the cylinder b is employed as the embossing cylinder, and it is not intended to

print the fabric by that cylinder simultaneously with the operation of embossing, the
feeding roller b must be removed, and also the colour box c, belonging to that cylin-

der ; and the cylinders a and c are to bo employed for printing the fabric, the one
applying the colour before the embossing is effected, the other after it. It is, however,
to be remarked, that if a and c are to print colours on tlie fabric, and b to emboss it,

in that case it is preferred, where the pattern would allow it. a and c are wooden
rollers, having the pattern upon their surfaces, and not metal, as the embossing cylin-

ders must of necessity be.

It will be perceived that this machine will print one, two, or three colours at the
same time, and that the operation of embossing may be performed simultaneously with
the printing, by either of the cylinders a, b, or c, or the operation may bo performed
consecutively by the cylinders, either preceding or succeeding each other.

The situations of the doctors, when required to bo used for removing any super-

fluous colour from the surface of tho printing cylinder, are shown at d, d, d; those

for removing any lint which may attach itself, at e, e, e. They are kept in their

bearings by weighted levers and screws, and receive a slight lateral movement to and
fro, by means of the vertical rod m, which is connected at top to an excentric, on the

end of the axle of the roller h, and at its lower end to a horizontal rod mounted at

the side of the frame ; to this horizontal rod arms are attached, which are connected to

the respective doctors ; and thus, by the rotation of the excentric, the doctors are made
to slide laterally.

When the <g^linders a, b, or c, are employed for embossing only, those doctors will

not be required. The driving power is communicated to the machine from any first

mover through the agency of the toothed gear, which gives rotatory motion to the

cylinder b, and from thence to the other cylinders a, and c, by toothed gear shown in

fig. 822.

Embossing Leather. Beautiful ornaments in basso-relievo for decorating tho

exteriors or interiors of buildings, medallions, picture-frames, cabinet work, &c., have
been made by the pressure of metallic blocks and dies, by M. Claude Schroth. The
dies are made of type-metal, or of the fusible alloy with bismuth, called d'Arcet's.

The leather is beaten soft in water, then wrung, pressed, rolled, and fulled, as it were,

by working it with the hands till it becomes thicker and quite supple. In this state

it is laid on tho mould, and forced into all its cavities by means of a wooden, bone, or

copper tool. In other cases, the embossing is performed by the force of a press. The
leather, when it has become dry, is easily taken off the mould, however deeply it may bo

inserted into its crevices, by virtue of its elasticity.

Embossing Wood. {Bossage, Fr. ; Erhabenes Arbeit, Ger.) Eaised figures upon

wood, such as are employed in picture-frames, and other articles of ornamental

cabinet work, are usually produced by means of carving, or by casting the pattern in

plaster of Paris, or other composition, and cementing, or otherwise fixing it on the

surface of the wood. The former mode is expensive ; the latter is inapplicable on

many occasions. Tho invention of Mr. Streaker may be used either by itself, or in aid

of carving, and depends on the fact, that if a depression be made by a blunt instrument

on tho surface of tho wood, such depressed part will again rise to its original level by

subsequent immersion in the water.

The wood to be ornamented having been first worked out to its proposed shape, is in

a state to receive tho drawing of tho pattern ; this being put on a blunt steel tool, or

burnisher, or die, is to be applied successively to all those parts of the pattern intended

to bo in relief, and, at the same time, is to be driven very cautiously, without breaking

the grain of the wood, till tho depth of the depression is equal to the intended pro-

minence of the figures. The ground is then to bo reduced by planing or filing to tho

level of tho depressed part; after which, the piece of wood being placed in water, either

hot or cold,the part previously depressed will rise to its former height, and will then

form an embossed pattern, which may be finished by the usual operations of carving.

See Cahving by Machinery.
Another process which may be regarded either as carving or embossing wood, is

that patented by Messrs. A. S. Braithwaite and Co.

Oak, mahogany, rose-wood, horse-chestnut, or other wood, is steeped in water for

about two hours ; and the cast-iron mould containing the device is heated to redness,

or sometimes to a white heat, and applied against the wood, either by a handle, as a

branding iron, by a lever press, or by a screw press, according to circumstances ; the

moulds are made by the iron-founder from plaster casta of the original models or

carvings.

Had not tho wood been saturated with water, it would be ignited, but until tho
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moisture is evaporated, it is only charred ; it gives off volumes of smoke, but no flame.

After a short time the iron is returned to the furnace to be re-heated, the blackened

wood is well rubbed with a hard brush to remove the charcoal-powder, which being a

bad conductor of heat, saves the wood from material discoloration ; and before the re-

application of the heated iron, the wood is again soaked in water, but for a shorter

time, as it now absorbs moisture with more facility.

The rotation of burning, brushing, and wetting is repeated ten or twenty times, or

upwards, until, in fact, the wood fills every cavity in the mould, the process being

materially influenced by the character and condition of the wood itself, and the degrees

to which heat and moisture are applied. The water so far checks the destruction of

the wood, or even its change of any kind, that the burned surface, simply cleaned by
brushing, is often employed, as it may be left either of a very pale or deep brown,

according to the tone of colour required, so as to match old carvings of any age ; or a

very little scraping removes the discoloured surface. Perforated carvings are burned
upon thick blocks of wood, and cut off with the circular saw.

EMBROIBERZZrG* MACHrN'E. {Machine a hroder, Er. ; Steckmaschine, Ger.)

—This art has been from the earliest times a handicraft employment, cultivated on

account of its elegance by ladies of rank. But M. Heilmann, of Mulhousc, invented a
machine of a most ingenious kind, which enables a female to embroider any design

with 80 or 140 needles as accurately and expeditiously as she formerly could do with

one. A brief account of this remarkable invention will therefore be acceptable to many
readers. It was first displayed at the National Exposition of the Products of Industry

in Paris for 1834. 130 needles were occupied in copying the same pattern with perfect

regularity, all set in motion by one person.

Several of these machines are now mounted in France, Germany, and Switzerland,

and, with some modifications, in Manchester, Glasgow, and Paisley.

The price of a machine having 130 needles, and of consequence 260 pincers or

fingers and thumbs to lay hold of them, is 5,000 francs, or 200^. sterling ; and it is

estimated to do daily the work of fifteen expert hand embroiderers, employed upon
the ordinary frame. It requires merely the labour of one grown-up person and two
assistant children. The operative must be well taught to use the machine, for he has
many things to attend to : with the one hand he traces out, or rather follows the design

with the point of the pantograph ; with the other he turns a handle to plant and pull

all the needles, which are seized by pincers and moved along by carriages, approaching
to and receding from the web, rolling all the time along an iron railway ; lastly, by
means of two pedals, upon which he presses alternately with the one foot and the

other, he opens the 130 pincers of the first carriage, which ought to give up the needles

after planting them in the stuff, and he shuts with the same pressure the 130 pincers

of the second carriage, which is to receive the needles, to draw them from the otlier

side, and to bring them back again. The children have nothing else to do than to

change the needles when all their threads are used, and to see that no needle misses
its pincers.

This machine may be described imder four heads : 1. the structure of the frame ; 2.

the disposition of the web ; 3. the arrangement of the carriages ; and 4. the construc-

tion of the pincers.

1. The strwture of the frame.—It is composed of cast iron, and is very massive.
Fig. 824 exhibits a front elevation of it. The length of the machine depends upon
the number of pincers to be worked. The figure here given has been shortened con-
siderably, so that the drawing might be brought within the page, but the other pro-

portions are not disturbed. The breadth of the frame ought to be the same for every
machine, whether it be long or short, for it is the breadth which determines the length
of the thread to be put into the needles, and there is an advantage in giving it the
full breadth of the model machine, fully 100 inches, so that the needles may carry a
thread at least 40 inches long.

2. Disposition of the piece to be embroidered^—We have already stated that the
pincers which hold the needles always present themselves opposite to the same point,

and that in consequence they would continually pass backwards and forwards through
the same hole, if the piece was not displaced with sufficient precision to bring succes-

sively opposite the tips of the needles every point upon which they are to work a
design, such as a fiower.

The piece is strained perpendicularly upon a large rectangular frame, whose four
sides are visible in fig. 824 ; namely, the two vertical sides at f f, and the two hori-

zontal sides, the upper and lower at r' f". "We see also in the figure two long wooden
rollers g and g, whose ends, mounted with iron studs, are supported upon the sides r
of the frame, so as to turn freely. These form a system of beams, upon which the
piece destined to receive the embroidery is wound and kept vertically stretched to a
proper degree, for each of these beams bears upon its end a small ratchet wheel a, a ;

Vol. n. S
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the teeth of one of them being inclined in the opposite direction to those of the other.

Besides the system of lower beams, there is another of two upper beams, which is how-

ever but imperfectly seen in the figure, on account of the interference of other parts

in this view of the machine. One of these systems presents the web to the inferior

needles, and the other to the upper needles. As the two beams are not in the same
vertical plane, the plane of the web would be presented obliquely to the needles were

it not for a straight bar of iron, round whoso edge the cloth passes, and which

824

re.iders it vcrLieuL Tim piece is kept in tension crosswise by small brass templets,

to which the strings ^' are atUiched, and l)y which it is pulled towards the sides of

the frame f. It remains to show by what ingenious moans this frame may bo shifted

ia every possible direction. M. Heilmann has employed for this purpose the panto-

graph which draughtsmen use for reducing or enlarging their plans in determinate

proportions.

h U f" b" {fig. 824) represent a parallelogram, of which the four angles b, b\f\ b",

are jointed in such a is-ay that they may become very acute or very obtuse at
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pleasure, while the sides of course continue of the same length ; the sides b h' and

h b" are prolonged, the one to the point d, and the other to the point c, and these

points c and d are chosen under the condition that in one of the positions of the

parallelogram, the line c d which joins them passes through the point /; this con-

dition may be fulfilled in an infinite number of manners, since the position of the

parallelogram remaining the same, we see that if we wished to shift the point d fur-

ther from the point b', it woxild be sufficient to bring the point c near enough to b",

or vice versa ; but when we have once fixed upon the distance b' d, it is evident that

the distance b" c is its necessary consequence. Now the principle on which the

construction of the pantograph rests is tliis : it is sufficient that the three points d, f,

and c be in a straight line, in one only of the positions of the parallelogram, in order

that they shall remain always in a straight line in every position which can possibly

be given to it.

We see in the figure that the side J c has a handle b" with which the workman puts

the machine in action. To obtain more precision and solidity in work, the sides of the

pantograph are joined, so that the middle of their thickness lies exactly in the vertical

plane of the piece of goods, and that the axes of the joints are truly perpendicular to

this plane, in which consequently all the displacements are effected. We arrive at this

result by making fast to the superior great cross-bar d" an elbow-piece d", having a

suitable projection, and to which is adapted in its turn the piece d', which receives in

a socket the extremity of the side b d ; this piece d'is made fast to d'' by a bolt, but it

carries an oblong hole, and before screwing up the nut, we make the piece advance or

recede, till the fulcrum point comes exactly into the plane of the web. This condition

being fulfilled, we have merely to attach the frame to the angle/of the parallelogram,

which is done by means of the piece f".

It is now obvious that if the embroiderer takes the handle b" in his hand and makes
the pantograph move in any direction whatever, the point / will describe a figure

similar to the figure described by the point c, and six times smaller, but the point /
cannot move without the frame, and whatever is upon it, moving also. Thus in the

movement of the pantograph, every point of the web describes a figure equal to that

described by the point/, and consequently similar to that described by the point c, but

six times smaller ; the embroidered object being produced upon the cloth in the position

of that of the pattern. It is sufficient therefore to give the embroidering operative who
holds the handle b" a design six times greater than that to be executed by the machine,

and to afford him at the same time a sure and easy means of tracing over with the

point c, all the outlines of the pattern. For this purpose he adapts to c, perpendicularly

to the plane of the parallelogram, a small style terminated by a point c', and he fixes

the pattern upon a vertical tablet e, parallel to the plane of the stuff and the parallelo-

gram, and distant from it only by the length of the style c c" ; this tablet is carried by
the iron rod e!, which is secured to a cast-iron foot e', serving also for other purposes,

as we shall presently see. The frame, loaded with its beams and its cloth, forms a
pretty heavy mass, and as it must not swerve from its plane, it needs to be lightened,

in order that the operative may cause the point of the pantograph to pass along the

tablet without straining or uncertainty in its movements. M. Heilmann has accom-
plished these objects in the following way. A cord e attached to the side 6 c of the

pantograph passes over a return pulley, and carries at its extremity a weight which
may be graduated at pleasure ; this weight equipoises the pantograph, and tends

slightly to raise the frame. The lower side of the frame carries two rods h and h,

each attached by two arms A A, a little bent to the left ; both of these are engaged in

the grooves of a pulley. Through this mechanism a pressure can be exercised upon
the frame from below upwards which may be regulated at pleasure, and without pre-

venting the frame from moving in all directions, it hinders it from deviating from the

primitive plane to which the pantograph was adjusted. The length of the rods h
ought to be equal to the amount of the lateral movement of the frame. Two guides

i t, carried by two legs of cast iron, present vertical slits in which the lower part of the
frame f' is engaged.

3. Disposition of the carriages.—The two carriages, which are similar, are placed
the one to the right, and the other to the left of the frame. The carriage itself is

composed merely of a long hollow cylinder of cast iron l, carrying at either end
a system of two grooved castors or pidleys l', which roll upon the horizontal rails

K ; the pulleys are mounted upon a forked piece I', with two ends to receive tlie

axes of the pulleys, and the piece I' is itself bolted to a projecting car I cast upon the
cylinder.

This assemblage constitutes, properly speaking, the carriage, resting in a perfectly
stable equilibrium upon the rails ic, upon which it may be most easily moved back-
wards and forwards, carrying its train of needles to be passed or drawn through the
cloth.

s2
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M. Heilmann has contrived a mechanism by which the operative without budging
from his place, may conduct tho carriages, and regulate as he pleases the extent of
their course, as well as the rapidity of their movements. By turning the axes m" in

tho one direction or the other, the carriage may bo made to approach to, or recede
from the web.
When one of the carriages has advanced to prick the needles into the stuff, the

other is there to receive them ; it lays hold of them with its pincers, pulls them
through, performs its course by withdrawing to stretch the thread, and close the
stitch, then it goes back with the needles to make its pricks in return. During these

movements, the first carriage remains at its post waiting the return of the second.

Thus the two chariots make in succession an advance and a return, but they never
move together.

To effect these movements M. Heilmann has attached to the piece o' made fast to

the two uprights a c and a d of the frame, a bent lever noi^ n", moveable round tho

point ; the bend n' carries a toothed wheel o', and the extremity n" a toothed wheel
o" ; the four wheels m, m', o', and o'', have the same number of teeth and the same
diameter ; the two wheels o' and o" are fixed in reference to each other, so that it is

sufficient to turn the handle n to make the wheel o'' revolve, and consequently tlie

wheel o' ; when the lever » o is vertical, the wheel o' touches neither the wheel m nor
the wheel m' ; but if it be inclined to the one side or the other, it brings the wheel o'

alternately into gear with the wheel m or the wheel m'. As the operative has his two
hands occupied, the one with the pantograph, and the other with the handle of impul-

sion, he has merely liis feet for acting upon the lever n o, and as he has many othsr

things to do, M. Heilmann has adapted before him a system of two pedals, by which
he executes with his feet a series of operations no less delicate than those which he
executes with his hands.

The pedals p are moveable round the axis p, and carry cords p' wound in an opposite

direction upon the pulleys p' ; these pulleys are fixed upon a moveable shaft p" sup-

ported upon one side by the prop e', and on the other in a piece k attached to the two
great uprights of the frame. In depressing the pedal v (now raised in the figure), the

upper part of the shaft p" will turn from the left to the right, and the lever n o will

become inclined so as to carry the wheel o' upon the wheel m', but at the same time

the pedal which is now depressed will be raised, because its cord will be forced to

wind itself upon its pulley, as much as the other cord has unwound itself ; and thus

the apparatus will be ready to act in the opposite direction when wanted.

4. Disposition of the pincers.—The shaft l' carries, at regular intervals of a semi-

diameter, the appendages q q cast upon it, upon which are fixed, by two bolts, the

curved branches q destined to bear the whole mechanism of the pincers. When the

pincers are opened by their appropriate leverage, and the half of the needle, which is

pointed at each end, with the eye in the middle, enters the opening of its plate,

it gets lodged in an angular groove, which is less deep than the needle is thick, so

that when the pincers are closed, the upper jaw presses it into the groove. In this

way the needle is firmly held, although touched in only three points of its circum-

ference.

Suppose now, that all the pincers are mounted and adjusted at their proper dis-

tances upon their prismatic bar, forming tho upper range of the right ftirriage. For
opening all the pincers there is a long plate of iron, u, capable of turning upon its

axis, and which extends from the one end of the carriage to the other. This axis

is carried by a kind of forks which are bolted to tho extremity of the branches q.

By turning that axis the workman can open the pincers at pleasure, and they are

again closed by springs. This movement is performed by his feet acting upon the

pedals.

The threads get stretched in proportion as the carriage is run out, but as this ten-

sion has no elastic play, inconveniences might ensue, which are prevented by adapting

to the carriage a mechanism by means of which all the threads are pressed at the

same time by a weight susceptible of graduation. A little beneath the prismatic bar,

which carries tho pincers, we see in the figure a shaft y, going from one end of tho

carriage to the other, and even a little beyond it ; this shaft is carried by pieces y
which are fixed to the arms q, and in which it can turn. At its left end it carries

two small bars y' and xi/, and at its right a single bar y', and a counterweight (not

visible in this view) ; tho ends of the two bars y are joined by an iron wire, somewhat
stout and perfectly straight. When tho carriage approaches the web, and before tho

iron wire can touch it, the little bar w presses agjiinst a pin w', which rests upon it,

and tends to raise it more and more. In what has preceded we have kept in view

only ihe upper range of pincers and needles, but there is an inferior range quito

similar, as the figure shows, at the lower ends of the arms q. In conclusion, it should

be stated, that the operative does not follow slidingly with the pantograph tho trace
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of the design -which is upon the tablet or the picture, but he must stop the point of the

style upon the point of the pattern into which the needle should enter, then remove it,

and put it down again upon the point by which the needle ought to re-enter in coming

from the other side of the piece, and so on in succession. To facilitate this kind of

reading off, the pattern upon the tablet is composed of right lines terminated by the

points for the entrance and return of the needle, so that the operative (usually a child)

has contiuually under her eyes the series of broken lines which must be followed by

the pantograph. If she happens to quit this path an instant, without having left a

mark of the point at which she had arrived, she is under the necessity of looking at

the piece to see what has been already embroidered, and to find by this comparison

the point at which she must resiune her work, so as not to leave a blank, or to repeat

the same stitch.

Ex^planation of Figure.

A, lower cross bars, which unite the legs of the two ends of the frame.

a, the six feet of the front end of the frame.

a', the six feet of the posterior end of the frame.

a", curved pieces which unite the cross bars a" to the uprights.

b", handle of the pantograph.

b, h', h'\ three angles of the pantograph.

c, point of the side b b'' on which the point is fixed.

c'', point of the pantograph.

d'', cross bar in form of a gutter, which unites the upper parts of the frame.

d, fixed point, round which the pantograph turns.

E, tablet upon which the pattern to be embroidered is put.

e', support of that tablet.

e, cord attached at one end to the side 5 c of the pantograph passing over a guide

pulley, and carrying a weight at the other end.

e', iron rod by which the tablet e is joined to its support e'.

F, F, uprights of the cloth-carrying frame.

f', f', horizontal sides of the same frame.

G, four roll beams.
g", the piece of cloth.

g", the strings, which serve to stretch the cloth laterally.

This machine has not been applied for embroidering nets or muslins, as these fabrics

are not sufficiently close to hold the needles ; it has been hitherto used for embroider-

ing cloth for vests and other purposes, and silk for ladies' dresses. We learn,

however, that some very satisfactory experiments have been made by the Messrs.

Houldsworth of Manchester, which promise to lead to the successful application of

these machines to the^ finer description of fabrics.

EMEBAXiD. {J^}meraude, Fr. ; Smaragd, Ger.) A precious stone of a pure green
colour, ranking in value next to the oriental ruby and sapphire. Although susceptible

of a fine polish, its hardness is considerably inferior to that of most other gems, being
indeed but little higher than that of quartz. Its specific gravity is also remarkably
low, not exceeding 2'75. The mineral occurs crystallised in regular six-sided prisms,

more or less modified on the edges and angles, and ofiering a tolerably easy cleavage

parallel to the basal plane. Heated before the blowpipe it loses its transparency, and
at a higher temperature fuses to a vesicular glass ; whilst with borax it forms a
transparent bead of a fine green colour. It is quite unaffected by acids.

The chemical composition of the emerald, and its relation to the beryl and aqua-
marine, were first determined, in 1797, by Vauquelin, whose analyses showed it to be
a silicate of alumina, combined with a silicate of a peculiar earth, called glucina or

beryllia. The most recent analyses of the typical emerald from Muzo, are those by
M. Lewy, of which the following is the mean :

—

Silica . . , 67-9

Alumina 17"9

Grlucina . . 12-4

Magnesia 0*9

Soda 0-7

Slight traces of sesquioxide of chromium are included in this analysis, but,

according to Vauquelin's experiments, the amount of this chromic oxide may rise as
high as 3-5 per cent.

Since this oxide is well known to communicate a fine green tint to glass, the colour
of the emerald was naturally referred to its presence ; but this opinion was contra-
dicted a few years ago by M. Lewy, who maintained that the extremely minute trace
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of cliromic oxido wliich Iio found in tho emerald would bo utterly inadequate to pro-
duce the intense green colour : moreover, according to liis researches, the gem ontirolj

loses its colour at a dull red heat, whilst those minerals that arc truly coloured by
chromium are unaffected in this respect by temperature. In his experiments tho loss

on ignition amounted to nearly 2 per cent., of which 0*12 consisted of a hydrocarbon,
derived probably from the associated organic remains ; and since the amount of this

hydrocarbon was found to be greatest in those stones that possess the deepest colour,

Lewy was induced to regard this organic compound as the true colouring agent in tho
gem ; comparing it with chlorophyll, or tho green colouring matter of plants, a com-
pound well known to possess intense tinctorial power.

Soon after its announcement, this opinion was called in question by the experiments
of Hofmeister on the Salzburg emerald ; and it was further controverted by the re-

searches of "VVohler and Gustav Kose on the emerald of Muzo. The latter chemists
showed not only that the colour of the emerald is unaffected by ignition, but also that
the amount of chromic oxide present in a given emerald is quite competent to impart
an intense green colour to a quantity of glass equal to that of the mineral from which
the oxide was derived. The subsequent researches of Boussingault also confirmed the
opinion that the emerald is coloured by oxide of chromium ; and the yet more recent

investigations of Dr. Greville Williams lead to the same conclusion. The latter

chemist has found that certain colourless beryls may contain as large a proportion of
carbon as is to be found in the richest-tinted emeralds, and that the Muzo emerald
may bear a bright red heat without loss of colour. He also finds that on fusing tho
emerald an opalescent green glass is first formed, but that this, on prolonged heating,

becomes transparent and almost colourless. The density and hardness of the emerald
are diminished by fusion.

Dr. Greville Williams's experiments are of so much interest that we give his own
account of them :

—

• I have carefully repeated and extended those experiments (those of Hofmoister).
The emeralds employed were canutillos (finely-crystallised emeralds) from Santa Fe
de Bogota. The following values were obtained in a determination of their specific

gravities before fusion :

—

No. of Experiment W. w. t. St. D.
1 4-4964 2-8293 16-5° •998921 2-69

2 4-4961 2-8294 17-0° •998841 2'69

3 1-6655 1-0486 16-0° •999002 2-70

The formula used was :

—

'D=^st
W

W-W"
W is the weight in air ; W' the weight in water ; st the specific gravity of water at i°

;

t the temperature of the water ; D the specific gravity.
* One of the above emeralds was exposed for three hours in a platinum crucible to a

bright reddish-yellow heat. At the end of the operation it was opaque at the edges,

but the green colour was not destroyed. This experiment completely confirms those
of Wohler and Eose, and Hofmeister. It is, I think, quite evident that no organic
colouring matter could withstand such a temperature for so long a time.

' The announcement by Lewy, that the depth of colour of emeralds is in proportion
to the amount of carbon present, made it appear improbable that beryls contained
that element. The power of this colouring matter to resist a red heat having, how-
ever, made me inclined to disconnect the question of colour from that of tho presence
of carbon, I made experiments to determine whether beryls contained that element,
and, if so, to what amount.

• An experiment made at this stage of tho enquiry showed that the beryl analysed
contained the same amount of carbon as Lowy's emerald. To settle the question
definitely, as to the presence of carbonic anhydride, I burnt 1 -2 grm. of beryl in a
platinum boat in a current of oxygen. The water produced was absorbed by sulphuric
acid ; the carbonic anhydride was received in a Geissler's potash tube containing lime-
water. Carefully-purified oxygen was allowed to stream through the lime-water to

prove its freedom from carbonic anhydride. The beryl was then heated to redness in

the stream of gas, and in a few seconds tho limo-water became milky ; thus not only
proving the presence of carbon in a colourless beryl, but, taken in conjunction with
the quantitative determination, showing conclusively that tho depth of colour is not,

in this class of stones, in the ratio of the amount of carbon present.
' But it was still possible that tho carbon might have been derived from tho decom-

position of a carbonate in the beryl. To settle this question, I arranged an apparatus
in which, in a current of pure air passing through lime-water, a finely-levigated beryl
was boiled with dilute sulphuric acid. No carbonic anhydride was evolved. It was,
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therefore, evident that the carbon found in the beryl did not proceed from the decom-

position of a carbonate.
' Five miUigrammes of charcoal treated in the same way, produced a milkiness in

all the lime-water bulbs in four minutes. In another experiment, after the usual

precautions, 53 milligrammes of graphite were acted on. In four minutes the first

bulb, in eight minutes the whole of the bulbs, were rendered milky.
• The above experiments show, therefore, that the beryl (experiment on one which

was from Ireland) contains carbon, not in the state of a carbonate, but in a condition

which is more slowly attacked than either free charcoal or graphite ; and it is, I

think, probably in the form of diamond, as has been shown to occur with the water
contained in artificially-crystallised boron.

* The presence of carbon in beryls does not appear to be invariable." After repeated

experiments upon another large beryl from Haddam County, North America, I was
unable to satisfy myself that it contained carbon. It is true there were traces found
in the experiment, but they were so minute that they might have been due to organic

dust accidentally present.
' The next point I wished to ascertain was the relation borne by the quantity of

carbon in the Irish beryl, to that in the emerald. Minute precautions were necessary,

since 1 grm. of the beryl or emerald only yielded 3 milligrammes of carbonic

anhydride.

Experiment 1. 09725 grm. beryl gave 0-0030 CO^ and 00131 H'O
2. 1-0082 „ „ „ 0-0031 „ 0-0174

1-1690 „ emerald 0-0030 „ 0-0140

Expressed per cent.

:

Irish Beryl Emerald Lewy's
,,— * ^ Emerald

I. n. • (Mean.)

Carbonic anhydride . . 0-31 0-31 . . 0-26 . . 0-28

Water 1-32 1-73 . . 1-20 . . 1-89.'

Among the ancients the emerald was very highly esteemed, being ranked by Pliny
next to the diamond and pearl. During the middle ages it maintained a very high
position ; but on the discovery of the Peruvian mines, in the middle of the sixteenth

century, it suffered a sudden reduction in value, from which it has never entirely

recovered. A stone of 4 grains' weight is said to be worth from 4^. to 5/. ; one of

8 grains, 10^. ; one of 15 grains, being fine, is worth 60^. ; one of 24 grains fetched, at

the sale of M, de Drue's cabinet, 2,400 francs, or nearly 100^.

From the descriptions of the smaragdos, or emerald of the ancients, it is evident

that they confounded under this name a number of green mmerals differing widely
from each other in general characters ; such, for example, as malachite, chrysoprase,

green fluor-spar, amazon-stone, and even green glass. The true emeralds of the
ancients were probably in great part derived from Mount Zabara, in Upper Egypt,
where the old workings were discovered some years back by the French traveller

M. Cailloud, and were re-opened by Mohammed Ali ; but the emeralds obtained being
only of poor quality, the operations were soon suspended.

For many years past, the emerald has been obtained almost exclusively from the
famous mine of Muzo, a large open excavation on the eastern cordillera of the Andes,
75 miles N.N.W. of Santa Fe de Bogota. It there occurs, associated with crystals of
iron pyrites and the rare mineral parasite, in veins of calcareous spar traversing a
black bituminous limestone, containing ammonites and other fossils, apparently of
lower cretaceous age. When first removed from the rock, the emeralds are excessively

fragile ; and numbers of them crack spontaneously, in spite of careful protection from
the sun. The emeralds are indeed so rarely free from flaws that they are often imitated
in fictitious gems.

The Muzo mines were leased, in 1864, to a French Company, in consideration of an
annual payment to the Government of Columbia of about 3,000^. The workings are con-
ducted under the direction of M. Lehmann, and the emeralds which are obtained are
sent direct to Paris. The present agreement expires this year—1874—and it is under-
stood that it will not be renewed.
A fine crystal of Muzo emerald, 2 inches long, exhibited in the G-reat Exhibition of

1851, is now in the cabinet of the Duke of Devonshire; it measures across its three
diameters 2^^ in., 2i in. l|in., and weighs 8 oz. 18 dwts. : owing to flaws, it is but par-
tially fit for jewellery.

Emeralds of less beauty, but larger than the South American gems, occur in Siberia.
One specimen in the Imperial Kussian collection measures 14^ inches long and 12
broad, and weighs 16^ lbs. troy; another is 7 inches long and 4 inches broad, and
weighs 6 lbs. troy. The Siberian emerald occurs near Ekaterinburg, embedded in
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mica-slate. A similar rock forms tho matrix of the emerald found in tlio Habachthal,

in Salzburg. From this locality some interesting specimens were exhibited in tho

Austrian Department of the International Exhibition of 1862. Those were stated to

be found in a steep cliff, at an altitude of 8,700 feet. Masses of rock, containing

emeralds having fallen into the neighbouring valley, this locality was discovered, and
it is now worked by the possessor, S. Goldschmidt of Vienna.

The Oriental Emerald is an Indian Stone, entirely distinct from the common emerald

described in this article ; it is, indeed, a green transparent variety of corundum, differ-

ing, therefore, from the sapphire and ruby only in colour. From its extreme rarity,

and its great hardness, the oriental stone is very highly prized, although far inferior in

point of colour to the common emerald.

EMSRAXiB *C0PPZ:R. Dioptase, a hydrous silicate of copper See Copper.
£MERAIi3> GREETT. Scheele's arsenical green. See Coppes.

ElVXERAZiD xrzciLEIi. A native hydrocarbonate of nickel. See Nickel.
EIVXERAIiDZISTE. See Aniline Green.
EX^IERir (Emeri, Fr.; Schmergel, Ger.). This mineral was long regarded as an ore

of iron, and was called by Haiiy, fer oxide quartzifere. It is, however, a massive

granular, or compact variety of corundum, more or less impure. It is very abundant
in the island of. Naxos, at Cape Emeri, whence its name. From this place it is

imported in large quantities. It is said to be found in Jersey ; it occurs, though rare,

in Spain, Poland, Saxony, Sweden, Persia, and a few other places. Its colour varies

from red brown to dark brown : its specific gravity is about 4 ; it is so hard as to

scratch quartz and many precious stones.

We have accounts of emery discoveries in the United States, but nearly all that is

used at present in the arts comes from Turkey, near ancient Smyrna. Dr. Lawrence
Smith, an American geologist, made a discovery of a deposit of emery while residing

in Smyrna, and he madQ an examination of the locality in 1847. Dr. Smith having
reported his discoveries to the Turkish Government, a commission of enquiry was
instituted, and the business soon assumed a mercantile form. The monopoly of the

emery of Turkey was sold to a mercantile house in Smyrna, and since then the price

has diminished in the market.

The following analyses are quoted by Dana, from an elaborate paper by J. Law-
rence Smith, in the ' American Journal of Science '

:

—

Hardness,
Sapphire
being 100

Specific

Gravity
Alumina

Peroxide
of iron

Lime Silica Water

Kulah . 57 4-28 63-50 33-25 0-92 1-61 1-90

Samos . 56 3-98 70-10 22-21 0-62 400 2-10

Nicaria

.

55 3-75 71-06 20-32 1-40 4-12 2-53

Kulah . 53 4-02 63-00 3012 0-50 2-36 3-36

Gumuch 47 3-82 77-82 8-62 1-80 8-13 3-11

Naxos . 46 3-75 68-53 24-10 0-86 3-10 4-72

Nicaria

.

46 3-74 76-12 13-06 0-72 6-88 3-10

Gumuch 42 4-31 60-10 33-20 0-48 1-80 5-62

Kulah . 40 3-89 61-05 27-16 1-30 9-63 2-00

Valuable deposits of corundum, a purer form of alumina than emery, have recently

been discovered in the United States. The following description of the Corundum of

North Carolina, Georgia, and Montana, is by Mr. J. Lawrence Smith :

—

' The corundum formations in North Carolina and Georgia are the second in impor-

tance in the United States that have been brought to my notice; and the one in North
Carolina is by far the most interesting in this country, and perhaps of any yet known,
in tlie extent of the formation, tho distribution of the corundum, and the purity of

the mineral.
• This mineral was first discovered in North Carolina in 1846—about the time I

was engaged in developing the geology of emery in Asia Minor and the Grecian

Archipelago ; and upon communicating to American geologists my discoveries in

relation to the associate-minerals of the emery in Asia Minor, and directing them to

search for the same in connection with the corundum found in different parts of

America, the same associates were discovered in connection \\ith the North Carolina

corundum as well as that from other localities.

' At this time there had been discovered but one detached block, but no other

specimen could be found in that locality. There tho matter rested until 1865, when
Mr. C. D. Smith (to whom I am indebted for valuable information contained in this

paper), as.sistant of Professor Emmons, geologist of North Carolina, had brought to
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him by ono of the inhabitants of the country west of the Blue Eidge Mountains a

specimen of rock which was recognised as being corundum, and on visiting the spot

this geologist discovered the corundum in situ, and a number of specimens were col-

lected. Since that time public interest has increased in relation to this substance, and

it has been discovered in such quantities as to make it an object of interest to the arts

as a substitute for emery, and very rapidly other localities were brought to light along

a distance of forty miles.
' The colours of the corundum as found along this zone of outcrops are blue, grey,

pink, ruby, and white. Sometimes it has broad cleavage faces, and then again it

occurs in hexagonal prisms. One hexagonal prism weighed over three hundred
pounds. There is a difference in the cleavage and the associate-minerals at diflferent

localities.

' In the development in North Carolina the corundum occurs in chrysolite or ser-

pentine rocks, and outside of serpentine it has not been found. These chrysolite rocks

belong to a regular system of dykes, which have been traversed for the distance of

about one hundred and ninety miles. This system of dykes lies on the north-west side

of the Blue Eidge, and has a strike parallel to the main mass of the ridge, and has an
average distance from the summit of the ridge of about ten miles. It continues this

strike to the head of the Little Tennessee Eiver, say from Mitchell to Macon County,

one hundred and thirty miles. Here the ridge curves around the head of the

Tennessee, and falls back about ten miles to the north-west. In conformity with this

elbow in the ridge, the disturbing force shifts to the north-west and re-appears at

Buck's Creek, having the same relative position to the Blue Eidge.
' The serpentine appears at intervals along this whole line of one hundred and

ninety miles. There is a corresponding system of dykes traversing the southern slope

of the Blue Eidge, but not so regular and compact as the system on this north-west

side, nor are the outcrops so frequent. The main mass of the ridge bears no evidence

of having been disturbed at all, at least none has been found. From Mitchell County
to Macon the serpentine is usually enclosed in a hard crystalline gneiss, which bears

rose-coloured garnets, cyanite, and pyrite. After its shifting to the right it occurs in

hornblendic beds and gneiss. At Buck Creek and thence south-westward the horn-

blende beds assume very large proportions, and instead of common felspar have in

them albite, making an albitic syenite. At Buck Creek (which is named Cullakenih)

the chrysolite covers an area of about three hundred and fifty acres. One or two
observers have fallen into the error of confounding the two dyke systems, whereas
they have no coimection whatever. According to them the northern system cuts

through the Blue Eidge at right angles, and then turns back on the opposite side of

the ridge. Now there are no such phenomena connected with these outcrops. They
evidently belong to separate systems. The outcrops along the northern system
occur at intervals ranging from one to fifteen miles. The belt or zone along which
these outcrops occur never exceeds four miles in width on the northern side of the

ridge. On the opposite side the system is not so well defined, and the outcrops are

rarer.

'Upon these serpentine beds there exist chalcedony, chromite on some of them,
chlorite, talc, steatite, anthophyllite, tourmaline, emerylite, epidote on some of them,
zoisite, and albite, with occasionally asbestus and picrolite, as also actinolite and
tremolite. The corundum at some places seems to occur mostly in ripidolite in

fissures of the serpentine. At Cullakenih the corundum with its immediate associates

is in chlorite, except the red variety, which is in zoisite, containing a minute quantity

of chrome.
' Throughout all the range of rocks for the great extent referred to, corundum forms

a geognostic mark of this chrysolite rock, just as it does of the calcareous rock bearing
corundum described by me in Asia Minor. They belong to the same geological epoch,

and overlie the gneiss.
* The closest investigation shows that the chrysolite in North Carolina takes the

place of calc-rock in Asia Minor ; that these are invariably the gangue-rock in the two
different quarters of the globe; but as remarked above, the contiguous rock shows
them both to be of the same geological period, overlying directly the primary rocks

;

and both of them are also identical geologically with the Chester emery-formation of
Massachusetts.

* "While all the localities of corundum and emery I have examined exhibit certain
marked and prominent characteristics common to them all, and evince unmistakeable
evidence of geological identity, yet each locality has its peculiar characteristics. In
all cases, however, the masses of corundum give evidence of having been formed by a
process of segregation, as described in my memoir on the Asia Minor emery.

' In Asia Minor the Gumuch-dagh emery has but little black tourmaline associated
with it, and instead chloritoid in crystals or Lamellae ; also its disapore is rare, but
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when found is prismatic, affording tho finest perfect crystals yet seen, from -u-hich M.
Dufrenoy made his hist study of the crystallography of this mineral ; and tho emery
is associated with calcareous rock overlying gneiss. The Kulah emery from the Kimo
part of the world is equally in calcareous rock, and has very little chloritoid or chloritic

mineral associated with it.

• The Naxos andNicaria emery of the Grecian Archipelago is also in connection with
calcareous rock, but has no chloritoid associated with it, but in its place black tour-

maline is abundant.
' While in tho above localities the rock bearing the corundum is calcareous, that in

Chester, Mass., has hornblendic gneiss immediately on one side of the vein, and is

accompanied with a large amount of magnetic oxido of iron. Tourmaline also

abounds in this corundum, and, like the Asiatic variety, it contains rutile, ilmenite,

&c.'

The mining of emery in the East is of the simplest character. The natural decom-
position of the rock in which it occurs facilitates its extraction. The rock decomposes
into an earth, in which the emery is found imbedded. The quantity procured under these

circumstances is so great that it is rarely necessary to explore the rock. The earth in the

neighbourhood of the block is almost always of a red colour, and serves as an indication

to those who are in search of the mineral. Sometimes, before beginning to excavate,

the spots are sounded by an iron rod with a steel point, and when any resistance is

met with, the rod is rubbed in contact with the resisting body, and the effect pro-

duced on the point enables a practised eye to decide whether it has been done by
emery or not. The blocks which are of a convenient size are transported in their

natural state, but they are frequently broken by large hammers ; when they resist the

action of the hammer they are subjected to the action of fire for several hours, and on
cooling they most commonly yield to blows. It sometimes happens that large masses

are abandoned, from the impossibility of breaking them into pieces of a convenient

size, as the transportation, either on camels or horses, requires that the pieces shall

not exceed 100 lbs. each in weight.

"When reduced to a powder, emery varies in colour from dark grey to black. The
colour of its powder affords no indication of its commercial value. Tho powder, ex-

amined under the microscope, shows the distinct existence of two minerals, corundum
and oxide of iron. Emery, when moistened, always affords a very strong argillaceous

odour. Its hardness is its most important property in its application to the arts, and
was ascertained by Mr. Smith in the following manner :—Fragments were broken

from the piece to be examined, and crushed in a diamond mortar with two or three

blows of a hammer, then thrown into a sieve with 400 holes to the inch. The powder
is then weighed, and the hardness tested with a circular piece of glass, about four

inches in diameter, and a small agate mortar. The glass is first weighed, and placed

on a piece of glazed paper ; the pulverised emery is then thrown upon it at intervals,

rubbing it against the glass with the bottom of the agate mortar. The emery is

brushed off the glass from time to time with a feather, and when all the emery has

been made to pass once over the glass, it is collected, and passed through the same
operation three or four times. The glass is then weighed, again subjected to the

same operation, the emery by this time being reduced to an impalpable powder. This

series of operations is continued until the loss sustained by the glass is exceedingly

small. The total loss in the glass is then noted, and when all the specimens of emery
are submitted to this operation under the same circumstances, an exact idea of their

relative hardness is obtained. The advantages of using glass and agate are, that tho

latter is sufficiently hard to crush the emery, and in a certain space of time to reduce

it to such an impalpable state that it has no longer any sensible effect on tho glass

;

and, on the other hand, the glass is soft enough to lose during this time sufficient of

its substance to allow of accurate comparative results. By this method, tho best

emery was found capable of wearing away about half of its weight of common French

window-glass.

In the ordinary process, the lumps of emery ore are broken up in the same manner

as stone is for repairing macadamised roads, and into lumps of similar size. Those

lumps are then crushed under stampers, such as are used for pounding metallic ores,

driven by water- or by steam-power. It is supposed that tho stampers leave the frag-

ments more angular than they would be if they were ground under runners, a modo
which is sometimes employed. The coarse powder is then sifted through sieves of

wire-cloth, which are generally cylindrical, like tho bolting cylinders of corn-mills;

but the sieves are covered with wire-cloth, which vary from ninety to sixteen wires

to the inch. No. 16 sieve gives emery of about tho size of mustard-seed; and coarser

fragments, extending nearly to the size of pepper-corns, are also occasionally prepared

for the use of engineers. The sieves have sometimes as many as 120 wires in the

inch ; but the very fine sizes of emery are most commonly gifted through lawn sieves.
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Tho finest omery that is obtained from the manufacturers is that which floats in the

atmosphere of the stamping-room, and is deposited on the beams and shelves, from

which it is occasionally collected. The manufacturers rarely or never wash the emery;

this is mostly done by the glass-workers, and such others as require a greater degree

of precision than can be obtained by sifting.

The following table shows the number of wires usually contained in the sieves, and
the names of the kinds respectively produced by them :

—

Wires.

Corn emery 16

Coarse grinding emery 24

Grinding emery 36

Fine grinding emery 46
Superfine grinding emery 63

Coarse flour emery . . 60

Flour emery 70

Fine flour emery 80

Superfine flour emery 90

Washing emery by hand is far too tedious for those who require very large quanti-

ties of emery, such as the manufacturers of plate glass and some others, who generally

adopt the following method :—Twelve or more cylinders of sheet copper, of the common
height of about two feet, and varying from about three, five, eight, to thirty or forty

inches in diameter, are placed exactly level, and communicating at their upper edges,

each with the next, by small troughs or channels ; the largest vessel has also a waste-

pipe near the top. At the commencement of the process, the cylinders are all filled

to the brim with clean water ; the pulverised emery is then churned up with abundance
of water in another vessel, and allowed to run into the smallest or the three-inch

cylinder, through a tube opposite the gutter leading to the second cylinder. The water

during its short passage across the three-inch cylinder, deposits in that vessel such of

the coarsest emery as will not bear suspension for that limited time ; the particles

next finer are deposited in the five-inch cylinder, during the somewhat longer time the

mixed stream takes in passing the brim of that vessel ; and so on. Eventually the

water forms a very languid eddy in the largest cylinder, and deposits therein the very
fine particles that have remained in suspension until this period ; and the water,

lastly, escapes by the waste-pipe nearly or entirely free from emery. In this simple

arrangement, time is also the measure of the particles respectively deposited in the

manufacture to which the emery is applied. When the vessels are to a certain degree

filled with emery, the process is stopped, the vessels are emptied, the emery is care-

fully dried and laid by, and the process is recommenced.
Holtzapffel informs us that he has been in the habit, for many years, of employing

emery of twelve degrees of fineness, prepared by himself by washing over.

For optical purposes, Mr. Eoss mixes four pounds of the flour of emery of commerce,
with one ounce of powdered gum-arabic, and then throws the powder into two gallons

of clear water ; and he collects the deposit at the end of 10" and 30", and 2', 10', 20',

and 60', and that which is not deposited by one hour's subsidence is thrown away as

useless for grinding lenses.

Emery paper is prepared by brushing the paper over with thin glue, and dusting
the emery-powder over it from a sieve. There are about six degrees of coarseness.

Sieves with thirty and ninety meshes per linear inch are in general the coarsest and
finest sizes employed. When used by artisans, the emery-paper is commonly wrapped
round a file or a slip of wood, and applied just like a file, with or without oil, accord-

ing to circumstances. The emery-paper cuts more smoothly with oil, but leaves the
work dull.

Emery-cloth only differs from emery-paper in the use of thin cotton cloth, instead
of paper, as the material upon which the emery is fixed by means of glue. The emery-
cloth, when folded around a file, does not ply so readily to it as emery-paper, and is

apt to unroll. Hence smiths, engineers, and others, prefer emery-paper and emery-
sticks ; but for household and other purposes, where the hand alone is used, the
greater durability of the cloth is advantageous.

Emery-sticks are rods of board about eight or twelve inches long, planed up square
;

or with one side rounded like a half-round file. Nails are driven into each end of the
stick as temporary handles ; they are then brushed over, one at a time, with thin
glue, and dabbed at all parts in a heap of emery-powder, and knocked on one end to
shake off the excess. Two coats of glue and emery are generally used. The emery-
sticks are much more economical than emery-paper wrapped on a file, which is liable

to be torn.

Emery-cake consists of emery mixed with a little bees'-wax, so as to constitute a
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Bolid lump, with which to dress the edges of buff and glaze wheels. The ingredieutn

should bo thoroughly incorporated by stirring the mixture whilst iluid, after which it

is frequently poured into water, and thoroughly kneaded with the hands, and rolled

into lumps before it has time to cool. The emery-cake is sometimes applied to the

wheels whilst they are revolving ; but the more usual course is, to stop the wheel

and rub in the emery-cake by hand. It is afterwards smoothed down by tlie

thumb.
Emery-paper, or patent razor-strop paper, is an article in which fine emery and glass

are mixed with paper-pulp, and made into sheets as in making ordinary paper ; the

emery and glass are said to constitute together 60 per cent, of the weight of the paper,

which resembles drawing-paper, except that it has a delicate fawn colour. Tho emory-

papor is directed to be pasted or glued upon a piece of wood, and when rubbed with a

little oil, to bo used as a razor-strop.

In 1842, Mr. Henry Barclay took out a patent for a method of combining powdered

emery into discs and laps of different kinds, suitable to grinding, cutting, and polishing

glass, enamels, metals, and other hard substances. The process of manufacture is as

follows :—Coarse emery-powder is mixed with about half its weight of pulverised

Stourbridge loam and a little water or other liquid, to make a thick paste ; this is

pressed into a metallic mould by means of a screw-press, and after having been

thoroughly dried, is baked or burned in a muffle or close receiver at a temperature

considerably above a red heat and below the full white heat. In this case, the clay

or alumina serves as a bond, and unites the particles very completely into a solid

artificial emery-stone, which cuts very greedily, and yet seems hardly to sufier percep-

tible wear.

Superfine grinding-emery is formed into wheels exactly in the same manner as the

above, but the proportion of loam is then only one-fourth instead of one-half that of

the emery. Those emery-stones, which are of medium fi.neness, cut less quickly, but

more smoothly than the above.

Flour-emery, when manufactured into artificial polishing stones, requires no uniting

substance, the moistened powder is forced into the metal mould and fired ; some por-

tions of the alumina being suflficient to unite the whole. These fine wheels render tlio

works submitted to them exceedingly smooth, but they do not produce a high polish

on account of the comparative coarseness of the flour-emery.

A similar method has been adopted by Mr. F. Eansome—at the suggestion, we
believe, of Mr. Bessemer—for the production of emery wheels, by a process similar to

that employed for the production of artificial stone by the use of silicate of potash, as

a cementing material for the finely-divided emery.

Under the name of ' metalline,' Messrs. Bond, Russell, and Fisher, of Newport,

Monmouthshire, patented a preparation of blast-furnace slag, which they proposed to

introduce as a substitute for emery. See Corundum.
EMER'S'X^ZTS. A micaceous mineral associated with the emery of Asia Minor.

It is identical with margarite.

EMETHrE. An organic bark obtained from the ipecacuanha root.

EAXPATAGE. A French term for the combination of an alkali with the fatty

acids.

EMPIiECTZTE. An ore of bismuth, called also I'annenite. See Bismuth.

EAIPYREAIi AIR. The name given to oxygen gas shortly after its first dis-

covery. Schcole, in his ' Experiments on Air and Fire,' says :
—

' Since this air

(oxygen) is absolutely necessary for the generation of fire, and makes about one-third

of our common air, I shall henceforth for shortness call it empyreal air (literally fire-

air). The air which is unserviceable for the fiery phenomenon, and which makes

about two-thirds of common air, I shall for the future csWfoul air {\\UiTQ\\y corrupted

air).'—Chemical Observations and Experiments on Air and Fire. By Charles William

Scheele. Translated by J. E. Forster, LL.D., F.R.S. 1780.

EAXP'TREU'MA. The smell produced by fire applied to organic matters, chiefly

vegetable, in close vessels. Thus, empyreumatic vinegar is obtained by distilling

wood at a red heat, and empyreumatic oil from many animal substances in the

same way.
EMVlLSnBr. The vegetable albumen of the almond. See Watts's * Dictionaiy of

Chemistry.'

EirAMEZiS {Emaux, Fr. ; Schmelzglas, Ger.) are varieties of glass, generally

opaque or coloured, always formed by the combination of different metallic oxides,

to which certain fixed fusible salts are added, such as the borates, fluates, and phos-

phates.

The ancients carried the art of enamelling to a very high perfection, and we occa-

sionally find beautiful specimens of their work. Then, as at present, each artist made
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a mystery of the means that succeeded best with him, and thus a multitude of curious

processes have been buried with their authors.

The enamel was applied to the metallic ground in several distinct ways, giving rise

to very different kinds of enamel-work, which it is desirable to distinguish. In the

process called cloisonne enamelling, the plan was to braze on to a plain surface of

metal, the bars or cloisons which were intended to hold the coloured paste which was

to bo vitrified in the enamel furnace. The vases from China, probably some 500 or

600 years old, are enamelled by the true cloisonne process. After the sacking of the

Summer Palace at Peking, large numbers of Chinese cloisonne enamels were brought

to Europe, and the English market thus becoming glutted, they sold at prices very

mucli lower than what they would have realised in the East. The cloisonne method

was also much used in Mediaeval G-reek and Byzantine art, and fine examples are to

be seen in the celebrated Pala d' Oro, or Altar-front, of the Church of St. Mark at

Venice, in the crown of Charlemagne at Vienna, and in the shrine of the Magi at

Cologne. Theophilus, who described the cloisonne process in the twelfth century,

applied the term electrum to these enamels.

A similar yet distinct method is that known as champ leve enamelling. Here, in-

stead of fillets of metal being soldered on to the metal ground, the field or ground

itself is incised or hollowed out so as to leave the outline of the design in slender

elevated bands of metal ; the parts which are sunk, or in intaglio, are then filled in

with enamel powder, which is vitrified in the furnace, and the surface is finally

smoothed down by grinding and polishing. The difference, therefore, between the

two processes is this : in the champ leve enamels the metallic fillets, or cloisons, form-

ing the partitions between one colour and another, are part of the metallic plate itself,

whilst in the cloisonne enamels they are separate bands of metal soldered on to the

metallic plate. Champ leve enamels are generally executed in copper ; the cloisonne

often on gold. The art of champ leve enamelling was extensively practised at Limoges,

in France, from the eleventh to the fourteenth century, especially for the decoration

of ecclesiastical objects.'

Beautiful enamels of modern French workmanship are now produced, in which the

enamel colours are surrounded by filigree work obtained by the electrotype process,

and many pleasing designs result from the facilities thus afforded of producing this

beautiful mixture of metal and enamel—the ' emaux cloisonnes a champ leveJ

After the champ lev6 enamelling had long flourished at Limoges, a different and
simpler method became popular. This was a method in which the subject was exe-

cuted in slight relief, by a process of engraving or chasing, and the surface was then

encrusted with translucid enamels of brilliant colours, through which the design on
the subjacent metal was visible. The technicalities of this process were carefully

described by Benvenuto Cellini in his ' Trattato dell' Oreficeria.'

Finally, the school of Limoges introduced the method of painting on an enamelled
surface. The plate of metal, usually copper, is coated with an opaque white enamel
ground, which is fired, and on this ground the design is then painted in enamel
colours. All the later Limoges enamels are of this character. The old English
enamels made at Battersea and at Bilston in Staffordshire were also produced by
this process ; snuff-boxes, patch-boxes, tea-caddies, candlesticks, «Scc., were made of

enamelled copper, in the last century, and are now much prized. Modern enamel
paintings are also examples of superficial enamelling, but are less popular now than
they were some few years ago ; the family of Bones for three generations were cele-

brated as enamel-painters, and Mr. Essex has also obtained reputation in this art.

The kind of enamel used as a ground by the artist is known as • Venetian white hard
enamel,' and is composed of silica, borax, and binoxide of tin.

The Venetians are still in possession of the best enamel processes, and they sup-
ply the French and other nations with the best kinds of enamel, of every coloured
shade.

Enamels are either transparent or opaque; in the former all the elements have
experienced an equal degree of liquefaction and are thus run into crj'stal glass,

whilst in the latter, some of their elements have resisted the action of heat, so that
their particles prevent the transmission of light. This effect of opacity is produced
particularly by the oxide of tin.

The simplest enamel, and the one which serves as a basis to most of the others, is

obtained by calcining, first of all, a mixture of lead and tin, in proportions varying
from 15 to 50 parts of tin for 100 of lead. The middle term appears to be the most
suitable for the greater number of enamels ; and this alloy has such an affinity for

' For the history of Enamelling, the reader may refer to Jules Labarte's * Eecherchcs sur la
Peintnre en Email dans I'Antiquit^ et an Moyen Age.* Paris, 1856.
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oxygen, that it may bo calcined with the j^reatest ease in a flat cast-iron pot, and at a
temperature not above a cherry red, provided the dose of tin is not too great. The
oxide is drawn off to the sides of the molted metal, according as it is generated, now
pieces of the alloy being thrown in from time to time, till enough of the powder bo
obtained. Great care ouglit to bo taken that no metallic particles bo loft in the oxido,
and that the calcining heat bo as low as is barely siifficient; for a strong fire frits tho
powder, and obstructs its subsequent comminution. The powder when cold is ground
in a proper mill, levigated with water, and elutriated. In this state of fineness and
purity, it is called calcine or flux, and it is mixed with siliceous sand and some alka-
line matter or sea-salt. The most ordinary proportions are, 4 of sand, 1 of sea-salt,

and 4 of calcine. Chaptal states, that he has obtained a very fine product from 100
parts of calcine, made by calcining equal parts of lead and tin, 100 parts of ground
flint, and 200 parts of pure sub-carbonato of potash. In either case, the mixture is

put into a crucible, or laid simply on a stratum of sand, quicklime spontaneously
slaked, or wood-ashes placed under a pottery or porcelain kiln. This mass undergoes
a semivitrification, or even a complete fusion on its surface. It is this kind of frit

which sen-es as a radical to almost every enamel ; and by varying the proportions of
the ingredient, more fusible, more opaque, or whiter enamels are obtained. The first

of these qualities depends on tho quantity of sand or flux, and the other two on that
of tho tin.

Tho sea-salt employed as a flux may be replaced either by salt of tartar, by pure
potash, or by soda ; but each of these fluxes gives peculiar qualities to tho enamel.
Most authors who have written on the preparation of enamels, insist a great deal

on tho necessity of selecting carefully the particular sand that should enter into the

composition of the frit, and they even affirm that the purest is not tho most suit-

able. Clouet states, in the 34th volume of the ' Annales do Chimie/ that the sand
ought to contain at least 1 part of talc for 3 of siliceous matter, otherwise tho enamel
obtained is never very glassy, and that some wrinkled spots from imperfect fusion

are seen on its surface ; and yet we find it prescribed in some old treatises, to make
use of ground flints, fritted by means of salt of tartar or some other flux. It would
thence appear that tho presence of talc is of no use towards the fusibility of the
silica, and that its absence may be supplied by increasing the dose of the flux. In all

cases, however, we ought to beware of metallic oxides in the sand, particularly those

of iron and manganese, which most frequently occur, and always injure the whiteness
of the frit.

Tho frits for enamels that are to be applied to metallic surfaces require greater fusi-

bility, and should therefore contain more flux ; and the sand used for these should be
calcined beforehand with one-fourth its weight of sea-salt; sometimes, indeed, metallic

fluxes are added, as minium or litharge. For some metallic colours, the oxides of lead

are very injurious, and in this case recourse must be had to other fluxes. Clouet states

that he has derived advantage from the following mixtures, as bases for purples, bluos,

and some other delicate colours :

—

Three parts of siliceous sand, one of chalk, and three of calcined borax ; or, throe of
glass (of broken crystal goblets), one of calcined borax, one-fourth of a part of nitre,

and one part of well-washed diaphoretic antimony. These compositions afford a very
white enamel, which accords perfectly well with blue.

It is obvious that the composition of this primary matter may be greatly varied :

but wo should never lose sight of tho essential quality of a good enamel ; wliich is,

to acquire, at a moderate heat, sufficient fluidity to take a shining surface, without
running too thin. It is not complete fusion whicli is wanted, but a pasty state, of

such a degree as may give it, after cooling, tho aspect of having suffered complete
liquefaction.

Bead-white Enamel.—This requires greater nicety in the choice of its materials

than any other enamel, as it must bo free from every species of tint, and bo perfectly

white ; hence tho frit employed in this case should bo itself composed of perfectly

pure ingredients. But a frit should not bo rejected hastily because it may be some-
what discoloured, since tliis may depend on two causes ; cither on some metallic

oxides, or on fuliginous particles proceeding from vegetable or animal substances.

Now the latter impurities may be easily removed by means of a small quantity of

peroxide of manganese, which has tho property of readily parting with a portion of

Its oxygon, and of thus facilitating tho combustion, that is to say, tho oxidation of

the colouring carbonaceous matter. Manganese, indeed, possesses a colouring power
itself on glass, but only in its higliest state of oxidisement, and when reduced to tho

lower state, as is done by combustible mattxjrs, it no longer communiaites colour to tho

enamel combinations. Hence tho proportion of manganese should never bo in excess
;

for tho surplus would cause colour. Sometimes, indeed, it becomes necessary to give

a little manganese-colour (i.e. a pink tint) in order to obtain a more agreeable shade of
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white ; as a little azure blue is added to linens, to brighten or counteract the dulness

of their yellow tint.

A white enamel may be conveniently prepared also with a calcine composed of

two parts of tin and one of lead calcined together ; of this combined oxide, one part

is melted with two parts of fine crystal and a very little manganese, all previously

ground together. When the fusion is complete, the vitreous matter is to be poured

into clear water, and the frit is then dried, and melted anew. The pouring into

water and fusion are sometimes repeated four times, in order to secure a very uniform

combination. The crucible must be carefully screened from smoke and flame. The
smallest portions of oxide of iron or copper admitted into this enamel will destroy its

value.

Some practitioners recommend the use of washed diaphoretic antimony (antimoniate

of potash, from metallic antimony, and nitre deflagrated together) for white enamel

;

but this product cannot be added to any preparation of lead or other metallic oxides

;

for it would tend rather to tarnish the colour than to clear it up ; and it can be used

therefore only with ordinary glass, or with saline fluxes. For three parts of white

glass (without lead) one part of washed diaphoretic antimony is to be taken ; the sub-

stances are well ground together, and fused in the common way.

Blue Enamel.—This fine colour is almost always obtained from the oxide of cobalt

or some of its combinations, and it produces it with such intensity that only a very

little can be used, lest the shade should pass into black. The cobalt blue is so rich

and lively that it predominates in some measure over every other colour, and masks
many so that they can hardly be perceived; it is also most easily obtained. To bring

it out, however, in all its beauty, the other colours must be removed as much as pos-

sible, and the cobalt itself shoidd be tolerably pure. This metal is associated in the

best known ores with a considerable number of foreign substances, as iron, arsenic,

copper, nickel, and sulphur, and it is difficult to separate them completely ; but for

enamel blues, the oxide of cobalt does not require to be perfectly free from all foreign

metals; the iron, nickel, and copper being most prejudicial, should be carefully

eliminated. This object may be most easily attained by dissolving the ore in nitric

acid, evaporating this solution to a syrupy consistence, to expel the excess of acid, and
separate a portion of arsenic. It is now diluted with water, and solution of carbonate

of soda is dropped slowly into it with brisk agitation, till the precipitate, which is at

first of a whitish grey, begins to turn of a rose-red. Whenever this colour appears,

the whole must be thrown on a filter, and the liquid which passes through must be
treated with more of the carbonate of soda, in order to obtain the arsenate of cobalt,

which is nearly pure. Since arsenic acid and its derivatives are not capable of com-
municating coloiir themselves, and as they moreover are volatile, they cannot impair
the beauty of the blue, and hence this preparation aflbrds it in great perfection.

Metallic fluxes are not the most suitable for this colour ; because they always com-
municate a tint of greater or less force, which never fails to injure the purity of the

blue. Nitre is a useful addition, as it keeps the oxide at the maximum of oxidation,

in which state it produces the richest colour.

Yellow Enamel.—There are many processes for making this colour in enamel ; but
it is somewhat difficult to flx, and it is rarely obtained of an uniform and flne tint. It

may be produced directly with some preparations of silver, as the phosphate or sul-

phate ; but this method does not always succeed, for too strong a heat or powerful
fluxes readily destroy it, and nitre is particularly prejudicial. This uncertainty of
success with the salts of silver causes them to be seldom employed ; and oxide's of
lead and antimony are therefore preferred, which afford a fine yellow when combined
with some oxides that are refractory enough to prevent their complete vitrification.

One part of white oxide of antimony may be taken with from one to three parts of
white lead, one of alum, and one of sal-ammoniac. Each of these substances is to be
pulverised, and then all are to be exactly mixed, and exposed to a heat adequate to

decompose the sal-ammoniac. This operation is judged to be finished when the yellow
colour is well brought out. There is produced here a combination quite analogous to
that known imder the name of Naples yellow.

Other shades of yellow may be procured either with the oxide of lead alone, or by
adding to it a little red oxide of iron ; the tints varying with the proportion of the
latter.

Clouet says, in his ' Memoir on Enamels,' that a fine yellow is obtained with pure
oxide of silver, and that it is merely necessary to spread a thin coat of it on the spot
to be coloured. The piece is then exposed to a moderate heat, and withdrawn as soon
as this has reached the proper point. The thin film of metallic silver revived on the
surface being removed, the place under it will be found tinged of a fine yellow, of
hnrdly any thickness. As the pellicle of silver has to be removed which covers the
col )ur, it is requisite to avoid fixing this film with fluxes : and it ought therefore to
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be applied after the fusion of the rest. The yellows require in general but little

alkaline flux, as they answer better with one of a metallic nature.

Green Enamel.—It is known that a green colour may be produced by a mixture of

yellow and blue ; but recourse is seldom had to this practice for enamels, as thoy can

be obtained almost always directly with the oxide of copper ; or, still better, with the

oxide of chrome, which has the advantage of resisting a strong heat.

There are two oxides of copper, the suboxide of an orange colour, which com-
municates its colour to enamels, but it is difficult to fix ; the protoxide is blue in the

state of hydrate, but blackish-brown when dry, and it colours green all the vitreous

combinations into which it enters. This oxide requires, at most one or two proportions

of flux, either saline or metallic, to enter into complete fusion ; but a much smaller

dose is commonly taken, and a little oxide of iron is introduced. To 4 pounds of frit,

for instance, 2 ounces of oxide of copper and 48 grains of red oxide of iron are used

;

and the ordinary measures are pursued for making very homogeneous enamel.

The green produced by oxide of chrome is much more solid ; it is not affected by a

powerful fire, but it is not always of a fine shade. It generally inclines too much to

the dead-leaf yellow, which depends on the degree of oxygenation of the chrome.

Red Enamel.—We have just stated, that suboxide of copper afforded a fine colour

when it could be fixed, a result difficult to obtain on account of the fugitive nature of

tliis oxide ; slight variations of temperature enabling it to absorb more oxygen. The
proper point of fusion must be seized for taking it from the fire whenever the desired

colour is brought out. Indeed, when a high temperature has produced peroxidation,

this may be corrected by adding some combustible matter, as charcoal, tallow, tartar,

&c. The copper then returns to its lower stage of oxidation, and the red colour which
had vanished, reappears. It is possible, in this way, and by pushing the heat a little,

to accomplish the complete reduction of a part of the oxide ; and the particles of

metallic copper thereby disseminated in a reddish ground, give this enamel the aspect

of the stone called aventurine. The surest and easiest method of procuring suboxide

of copper is to boil a solution of equal parts of sugar, and sulphate or rather acetote

of copper, in four parts of water. The sugar takes possession of a portion of the

oxygen of the cupric oxide, and reduces it to cuprous oxide ; when it may be precipitated

in the form of a granular powder of a brilliant red colour. After about two hours'

moderate ebullition, the liquid is set aside to settle, decanted off the precipitate, which
is washed and dried.

The suboxide properly employed by itself, furnishes a red which vies with the

finest carmine, and by its means every tint may be obtained from red to orange, by
adding a greater or smaller quantity of peroxide of iron.

The preparations of gold, and particularly the oxide and purple of Cassius, are like-

wise employed with advantage to colour enamel red, and this composition resists a

powerful fire tolerably well. For some time back, solutions of gold, silver, and plati-

num have been used with success instead of their oxides ; and in this way, a more
intimate mixture may be procured, and, consequently, more homogeneous tints.

Black Enam£l.—Black enamels are made with peroxide of manganese or protoxide

of iron ; to which more depth of colour is given with a little cobalt. Clay alone,

melted with about a third of its weight of protoxide of iron, gives, according to Clouct,

a fine black enamel.

Violet Enamel.—The peroxide of manganese in small quantity by itself furnishes,

w^ith saline or alkaline fluxes, an enamel of a very fine violet hue ; and variations of

shade are easily had, by modifying the proportions of the elements of the coloured

frit. The great point is to maintain the manganese in a state of peroxidation, and,

consequently, to beware of placing the enamel in contact with any substance attractive

of oxygen.

Such are the principal coloured enamels hitherto obtained by means of metallic

oxides ; but it is to be wished that new trials bo made with such oxides as have not

yet been employed. From such researches some interesting results would unquestion-

ably be derived.

Of painiinff on Enamel.—Enamelling is only done on gold and copper ; for silver

swells up, and causes blisters and holes in the coat of enamel. All enamel paintings

are, in fact, done on either copper or gold.

If on gold, the goldsmith prepares the plate that is to be painted upon. The gold

should be 22 carats fine : if purer, it would not be sufficiently stiff; if coarser, it would

be subject to melt ; and its alloy should l)e half white and half red, that is, half silver

and half copper ; whereby the enamel with which it is covered will be less disposed

to turn green, than if the alloy were entirely copper.

The workman must reserve for the edge of the plate a small fillet, which he calls the

border. This ledge serves to retain the enamel, and hinders it from falling off when
applied and pressed on with a spatula. When the plate is not to be counter-enamelled.
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jt should be charged with less enamel, as, when exposed to heat, the enamel draws up

tlic gold to itself, and makes the piece convex. When the enamel is not to cover the

whole plate, it becomes necessary to prepare a lodgment for it. "With this view, all

the outlines of the figure are traced on the plate with a black-lead pencil, after which

recourse is had to the graver.

The whole space enclosed by the outlines must be hollowed out in bas-relief, of a

depth equal to the height of the fillet, had the plate been entirely enamelled. This

sinking of the surface must be done with a flat graver as equally as possible ; for if

tliere bo an eminence, the enamel would be weaker at that point, and the green would
appear. Some artists hatch the bottom of the hollow with close lines, which cross

each other in all directions ; and others make lines or scratches with the edges of a
file broken off square. The hatchings or scratches lay hold of the enamel which might
otherwise separate from the plate. After this operation, the plate is cleansed by
boiling it in an alkaline lye, and it is washed first with a little weak vinegar, and
then with clear water.

The plate thus prepared is to be covered with a coat of white enamel, which is done
by bruising a piece of enamel in an agate or porcelain mortar to a coarse powder, like

sand, washing it well with water, and applying it in the hollow part in its moist state.

The plate may meanwhile be held in an ordinary forceps. The enamel powder is

spread with a spatula. For condensing the enamel powder, the edges of the plate are

struck upon with a spatula.

AVhenever the piece is dry, it is placed on a slip of sheet iron perforated with

several small holes (see fig, 825), -which is laid on hot- cinders, and left there
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until it ceases to steam. It must be kept hot till it goes to the fire ; for were it

allowed to cool, it would become necessary to heat it again very gradually at the
mouth of the furnace of fusion, to prevent the enamel from decrepitating and flying

off.

Before describing the manner of exposing the piece to the fire, we must explain
the construction of the furnace. It is square, and is shown in front elevation in fg.
826. It consists of two pieces, the lower part a, or the body of the furnace, and the

upper part b, or the capital, which is laid on the lower part, as is shown in fig. 827,
where these two parts are separately represented. The furnace is made of good fire-

clay, moderately baked, and resembles very closely the assay or cupellation furnace.

Its inside dimensions are 9 inches in width, 13 inches in height in the body, and 9 ia

the capital. Its general thickness is 2 inches.

The capital has an aperture or door, c, fig. 826, which is closed by a fire-brick

stopper m, when the fire is to be made active. By this door fuel is supplied.
The body of the furnace has likewise a door d, which reaches down to the pro-

jecting shelf E, called the bib (mentonniere), whose prominence is seen at e, fig. 826.
This shelf is supported and secured by the two brackets, f, f ; the whole being of
earthenware. The height of the door d, is abridged by a peculiar fire-brick g, which
not only covers the whole projection of the shelf e, but enters within the opening of
the door d. filling its breadth, and advancing into the same plane with the inner
surface of the furnace. This plate is called the hearth; its purpose wiU appear
presently

; it may be taken out and replaced at pleasure, by laying hold of.the handle
in its front.

Vol. II. T'
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Below tho sholf e, a square hole, ii, is seen, •wliicli serves for admitting air, and for

extracting tho ashes. Similar holes are loft upon each side of tho surface.

On a level with tho sholf, in tho interior of tho furnace, a thin fire-tile i rests, per-

forated with numerous small holes. This is tho grate represented in a ground view
in fi<j. 825. Figs. 828, 829, 830, represent, imder different aspects, tho muffle : Fig.

828 shows the elevation of its further end
; fig. 829 its sides ; and fig. 830 its front

part. At J, fig. 827, tho miifflo is seen in its place in tho furnace, resting on two bars

of iron, or, still better, on lodges of fire-clay, supported on brackets attached to tho

lateral sides of the furnace. Tho muffle is made of earthenware, and as thin as

possible. The fuel consists of dry beech wood, or oaken branches, about an inch in

diameter, cut to tho length of nine inches, in order to be laid in horizontal strata

within tho furnace, one row only being placed above the muffle. When the muffle

lias attained to a white red heat, the sheet-iron tray, bearing its enamel plate, is to b<^

introduced with a pair of pincers into the front of tho muffle, and gradually advanced
towards its further end. The mouth of tho muffle is to Ido then closed with two
pieces of charcoal only, between which the artist may see the progress of the operation.

Whenever the enamel begins to flow, the tray must be turned round on its base to

insure equality of temperature ; and as soon as the whole surfiico is melted, the tray

must be withdrawn with its plate, but slowly, lest the \ntreous matter be cracked by
sudden refrigeration.

The enamel plate, when cold, is to be"washed in very dilute nitric acid, and after-

wards in cold water, and a second coat of granular enamel paste is to be applied, with

the requisite precautions. This being passed through the fire, is to be treated in the

same way a third time, when the process will be found complete. Should any chinks

happen to the enamel coat, they must be Avidened with a graver, and tho space being

filled with ground enamel, is to be repaired in the muffle. The plate, covered with a
pure white enamel, requires always to be polished and smoothed with sandstone

and water, particularly if the article have a plane surface ; it is then finally glazed at

the fire.

The painting operation now follows. The artist prepares his enamel colours by
pouuding them in an agate mortar, Avith a pestle of agate, and grinding them on an

agate slab, with oil of lavender, rendered viscid by exposure to tho sun in a shallow

vessel, loosely covered with gauze or glass. The grinding of two drachms of enamel

pigment into an impalpable powder will occupy a labourer a whole day. Tlie

painter should have alongside of him a stove in which a moderate fire is kept up, for

drying his work whenever the figures are finished, It is then passed through tho

muffle.

The following was the process adopted by Henry Bone, E.A., and his son, Henry
Pierce Bone, who produced the largest enamels ever painted; and beyond the time

expended in producing them ind consequent expense there appears no practical limit

to the size of enamel paintings.

Preparing the plate.—For small plates (up to two inches long) j?j?<rc gold is the best

material. Silver (quite pure) is also used, but is apt to get a disagreeable yellow

colour at the edges by repeated firings. For larger sizes, copper is used. The copper

should be annealed until quite free from spring, and then cleaned with dilute sulphuric

acid (one part acid, four water), and shaped in a wooden mould, afterwards used in

making the plate so^as to produce a convex surface, varying according to tho size of

the plate, taking care that the shaping does not reproduce the spring in tho copper,

in which case the process must be repeated. If the place is not raised in tho centre,

in the course of repeated firings the corners will rise irregularly, producing undiUations

over the plate, perfect flatness being next to impossible for large pictures. The
copper is then laid face downwards on the convex wooden mould used for shaping,

and enamel, ground fine with water, is spread over it with a small bone spoon ; when

covered, a fine cloth doubled is pressed gently on it to absorb tho water, and then it is

smoothed with a steel spatula. This forms tho back of the plate, and when fired this

part is finished. The copper is now reversed on a convex boanl tho exact counter-

part of the other, and covered with white enamel ground fine in the same way as

above. The plate is now ready for firing, and after it has been fired and cooled, tho

surface must be ground smooth with a flat piece of flint or other hard substance, with

silver sand and water. It must next bo covered with a softer and more transparent

kind of enamel called flux, ground and spread on in the same way as the first enamel,

but this time only on the face of tho plato. This is fired as before, and when cool the

surface must bo again ground smooth, and when glazed in tho furnace tho plato is

finished. For the first coat a white solid enamel is used to prevent the green colour

from tho oxidised copper showing through ; tho second coat is a softer enamel, to

enable tho colours used to melt witli less heat.

Firing.—Tho plate is placed on a planche of firestone. or woll-bakcd Stourbridge
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831

a Planche.
b Bed of whiting.

clay, supported on a bed of whiting, thoronghly dried in the furnace, the exact shape

of the plate ;vs originally made, which must be used in all subsequent firings. After

the whiting is formed in the shape of the plate it should be notched with a flat knife

diagonally across, as in the accompanying diagram,

(Jig. 831). The use of this is to produce an effect of

diagonal bracing while the plate cools, and experience

has shown that it tends considerably to keep the plate

in its original shape. When the plate is small (up to

three inches in length) it maybe annealed for passing

into the hot muffle as follows:—The planche bearing

the plate may be placed on another planche heated

in the muffle and placed in the front of the miiffle for

a few minutes, until the steam of the plate or the oil of

the picture shall have evaporated ; it may then be put
in the mouth of the muffle, and gradually inserted to the

hottest part. After firing it should be placed on an-

other hot planche, and allowed to cool gradually. Large pictures require a different

arrangement of the furnace. Over the muffle there should be a fixed iron annealing

box, with an iron shelf and door. The bottom should be of cast iron about one inch

thick. This should be so arranged that when the muffle attains a white heat the bottom
of the annealing box should be of a brightish red at the back, and a dull blood-red in

front. Large pictures should be placed on the bottom of the box before the fiimace

is lit, and the larger the size of the picture the slower should the furnace be brought
to its full heat, so as to allow five or six hours for the largest size, and two or three

for smaller plates. When fired the picture should be returned to the shelf of the

annealing box, and left there till quite cold, for which purpose large plates require at

least twelve hours. The colours used are mostly the same as those prepared for

jewellers and glass painters.

Enamelling at the Lamp.—The art of the lamp enameller is one of the most agree-

able and amusing that we know. There is hardly a subject in enamel which may
not be executed by the lamp-flame in very little time, and more or less perfectly,

according to the dexterity of the artist, and his acquaintance with the principles of

modelling.

In working at the lamp, tubes and rods of glass and enamel must bo provided, of

all sizes and colours.

The enamelling table is represented in^. 832, round which several workmen, with
their lamps, may be placed, while the large double bellows d below is set a-blowing
by a treadle moved with the foot. The flame of the lamp, when thus impelled by a
powerful jet of air, acquires surprising intensity. The bent nozzles or tubes a, a, a, a,

are made of glass, and are drawn to points modified to the purpose of the enameller.

833

Fig. 833 shows, in perspective, the lamp a of the enameller standing in its cistern

B ; the blowpipe c is seen projecting its flame obliquely upwards. The blowpipe is

adjustable in an elastic cork d, which fills up exactly the hole of the table into which
it enters. When only one person is to work at a table provided with several lamps,

ho sits do^vn at the same side with the pedal of the bellows ; he takes out the other
blowpipes, and plugs the holes in the table with solid corks.

The lamp is made of copper or tin plate, the wick of cotton threads, and either

tallow or oil may be used. Between the lamp and the workman, a small board or
sheet of white iron, b, called the screen, is interposed to protect his eyes from the
glare of light. The screen is fastened to the table by a wooden stem, and it throws
its shadow on his face.

t2 . -
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Tho onaiiioUing workshop ought to admit little or no daylight, otherwise the artist,

not perceiving the llanio distinctly, -would be apt to commit mistakes.

It is impossible to describe all tho manipulations of this ingenious art, over which

tivste and dexterity so entirely preside, liut wo may give an example. Suppose tho

enjimoller wishes to make a swan. He takes a tube of white enamel, seals one of its

ends hermetically at his lamp, and while the matter is sufficiently hot, ho blows on

it a minikin flask, resembling the body of tho bird : he draws out and gracefully

bends tho neck ; he shapes the head, the beak, and tho tail; then with slender enamel

rods of a proper coloiu', ho makes the eyes ; ho next opens up the beak with pointed

scissors ; he forms tho wings and the legs ; finally attaching the toes, the bird stands

complete.

The enameller also makes artificial eyes for human beings, imitating so perfectly

tho colours of the sound eye of any individual as to render it difficult to discover that

he has a blind and a seeing one.

It is difficult to make large articles at the blowpipe; those which surpass 6 or 6 inches

become nearly unmanageable by the most expert workman.
Enamelling of Cast Iron and other Hollow Ware for Saucepans, &c. In

December 1799, a patent was obtained for this process by Dr. Samuel Sandy Hickling.

His Specification is subdi^^ded into two parts :

—

The coating or lining of iron vessels, &c., by fusion with a vitrifiable mixture,

composed of 6 parts of calcined flints, 2 parts of composition or Cornish stone, 9 parts

of litharge, 6 parts of borax, 1 part of argillaceous earth, 1 part of nitre, 6 parts of

calx of tin, and 1 part of purified potash. Or, 2nd,

8 parts of calcined flints, 8 red lead, 6 borax, 5 calx of tin, and 1 of nitre. Or, 3rd,

12 of potter's composition, 8 borax, 10 white lead, 2 nitre, 1 white marble calcined,

1 argillaceous earth, 2 purified potash, and 6 of calx of tin. Or, 4th,

4 parts calcined flint, 1 potter's composition, 2 nitre, 8 borax, 1 white marble cal-

cined, ^ argillaceous earth, and 2 calx of tin.

Whichever of the above compositions is taken, must be finely powdered, mixed, and
fused ; and the vitreous mass is to be ground when cold, sifted, and levigated with

water. It is then made into a pap with water or gum-water. This pap is smeared or

brushed over the interior of the vessel, dried and fused with a proper heat in a muffle.

Calcined bones are also proposed as an ingredient of the flux.

The fusibility of the vitreous compounds is to vary according to the heat to bo

applied to the vessel, by using various proportions of the siliceous and fluxing

materials. Colours may be given, and also gilding.

The second part or process in his Specification describes certain alloys of iron and
nickel, which he casts into vessels, and lines or coats them with copper precipitated

from its saline solutions. It also describes a mode of giving the precipitated copper

an enamel surface by acting upon it with bone-ashes and zinc with the aid of heat.

A factory of such enamelled hollow wares was carried on for some time, but it was
given up for want of due encouragement.

A patent was granted to Thomas and Charles Clarke, on the 25th of May 1839, for

a method of enamelling or coating tho internal surfaces of iron pots and saucepans, in

such a way as shall prevent the enamel from cracking or splitting off from the effects

of fire. This Specification prescribes the vessel to be first cleaned by exposing it to tho

action of dilute sidphuric acid (sensibly sour to the t;iste) for three or four hours,

then boiling the vessel in pure water for a short time, and next applying tho composi-

tion. This consists of 100 lbs. of calcined ground flints ; 60 lbs. of borax, calcined,

and finely ground with the above. That mixture is to be fused and gradually cooled.

40 lbs. weight of tho above product is to be taken -with 6 lbs. weight of potter's clay

;

to be ground together in water until the mixture forms a pasty consistent mass,

which will leave or foi-m a coat on the inner surface of the vessel about one-sixth of an

inch thick. When this coat is set, by placing the vessel in a warm room, the second

composition is to be applied. This consists of 125 lbs. of white glass (without lead),

25 lbs. of borax, 20 lbs. of soda (crystals), all pulverised together and vitrified by
fusion, then ground, cooled in water, and dried. To 45 lbs. of that mixture, 1 lb. of

Boda is to be added, the whole mixed together in hot water, and when dry pounded

;

then sifted finely and evenly over the internal surface of the vessel previously covered

•with tho first coating or composition whilst this is still moist. This is tho glazing.

Tho vessel thus prepared is to be put into a stove, and dried at the temperature of

212° Fahr. It is then heated in a kiln or mufile like that used for glazing china. The
kiln being brought to ita full heat, tho vessel is placed first at its mouth to heat it

gradually, and then put into the interior for fusion of tho glaze. In practice it has

been found advantageous also to dust tho glaze powdor over tho fused glazo, and apply

a second fluxing heat in the oven. Tho enamel, by this double application, becomes

much smoother and sounder.

Messrs. Kcnrick, of West Bromwich, pro<luced in their factory some excellent
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specimens of onamollod saucepans of cast iron. Dr. Ure exposed the finoly-enamelled

saucepans of Messrs. Konrick to very severe trials, having fused even chloride of

calcium in them, and found them to stand the fire very perfectly without chipping or

cracking. Such a manufacture is one of the greatest improvements recently intro-

duced into domestic economy ; such vessels being remarkably clean, salubrious, and

adapted to the most delicate culinary operations of boiling, stewing, making of

jollies, preserves, &c. They are also admirably fitted for preparing pharmaceutical

decoctions, and ordinary extracts.

The enamel of these saucepans is quite free from lead. In several of the saucepans

which were at first sent into the market, the enamel was found on analysis to contain

a notable proportion of oxide of lead. In consequence of the quantity of borax and
soda in the glaze, this oxide was so readily acted upon by acids that sugar of lead

was formed by digesting vinegar in them with a genUe heat.

A suitable oven or muffle for lining or coating metals with enamel may have the

following dimensions :

—

The outside, 8 feet square, with 14-inch walls ; the interior muffle, 4 feet square at

bottom, rising 6 inches at the sides, and then arched over ; the crown maybe 18 inches

high from the floor ; the muffle should be built of fire-brick, 2^ inches thick. Another
arch is turned over the first one, which second arch is 7 inches wider at the bottom,

and 4 inches higher at the top. A 9-inch wall under the bottom of the muffle at its

centre divides the fire-place into two, of 16 inches width each, and 3 feet 3 inches

long. The flame of the fire plays between the two arches and up through a 3-inch

flue in front, and issues from the top of the arch through three holes about 4 inches

square. These open into a flue, 10x9 inches, which runs into the chimney.

The materials for the enamel body (ground flint, potter's clay, and borax) are first

mixed together, and then put into a reverberatory furnace, 6 feet 7 inches long, by
3 feet 4 inches wide, and 12 inches high. The flame from an 18-inch fire-place

passes over the hearth. The materials are spread over the floor of the oven, about
6 inches thick, and ignited or fritted for 4 or 5 hours, until they begin to heave and
work like yeast, when another coating is put on the top, also six inches thick, and fired

again, and so on the whole day. If it be fired too much, it becomes hard and too

refractory to work in the muffles. The glaze is worked in an oven similar to the
above. It may be composed of about one-half borax and one-half of Cornish stone
(partially-decomposed granite) in a yellowish powder procured from the potteries.

This is fritted for 10 hours, and then fused into a glass which is ground up for the

The Patent Enamel Company use coloured enamel very extensively, and by the
use of stencil plates produce cheaply very good designs in enamel upon articles

of iron. Their manufacture by this process of street plates, and signs in enamel are
of much interest. The following are recipes for enamels in general use :

Grei/ Mixture Enamel.
lbs. oz.

Sand 10
Red lead 33
Boracic acid 20
CuUett . 114
Bicarbonate of soda 16
Nitre . . . , , , . .12
Manganese .0 8^

194 101
Another is

—

lbs. oz.

Flint 36
Boracic acid . , 24
Bicarbonate of soda . , , . . . 24
Nitre . . . . / . . . . 18

102
White Mixture Enamel.

lbs. oz.

Cullett 11

Boracic acid 7
Bicarbonate of soda 4
Phosphate of lime 3 8

Oxide of antimony , , , , , ,02
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mrAMSAXiEB ]LSATBER. Leather glazed upon one surface, the so-callod

enamelling composition being in all respects analogous to the ordinary varnishes.

Instead of enamelling the grain surface, as is usually done, Mr. Nossiter removes that

surface by splitting or buffing, and tlien produces what is called ' a finish ' upon the

surface thus formed, by means of a roller, or glass instrument. Tlio flesh side of the

skin maybe thus prepared for enamelling; and it is less liable to crack, and the

enamel to become cloudy on it than on the grain side. See Leather.
ElVAUGXTZ:. An arsonio^sulphide of copper, occurring in the form of a grey or

iron-black mineral with metallic lustre. It is found in certain mines in Mexico, Peru,

and Chili.

EXrCAUSTZC PAZM'TZlsrG. A mode of painting with heated or burnt wax,
which was practised by the ancients. The wax, when melted, was mixed with as

much colour, finely powdered, as it could imbibe, and then the mass was spread on
the wall with a hot spatula. When it became cold, the designer cut the lines with a
cold pointed tool, and other colours were applied and melted into the former. Many
modifications of the process have been employed. Amongst the moderns, the terra

has been improperly given to some cements, which have nothing of an encaustic

character about them.
EirCAXrSTZC TZKES are tiles in which any design has been produced by fusing

in other colours than such as form the colour of the ground. Encaustic tiles are of

all ages, and we find them representing every variety of subject.

The manufacture of encaustic tiles has been carried to great perfection in our own
times. It will be well to consider this manufacture in connection with Tcsserce, there

being, indeed, no difference in the first production of tiles or tesserae, except that the

latter are at first moulded with the spaces which are to be filled in with the coloured

clays to form the patterns impressed upon them.

The Koman tesserae, of which many very fine examples have been discovered in this

country, were often formed of natural stones (sometimes coloured artificially), but

generally of baked clay. The beauty of many of these has

led to the production of modern imitations, which have
been gradually improved, until, in the final result, they far

exceed any work of the Eomans.
About half a century since, Mr. C. Wyatt obtained a

patent for a mode of imitating tesselated pavements, by in-

laying stone with coloured cements. Terra-cotta, inlaid with

coloured cements, has also been employed, but with no very

marked success.

Mr. Blashfleld produced imitations of those pavements,

by colouring cements with the metallic oxides : these stood

exceedingly well when under cover, but they did not endure

the winter frosts, &c. Bitumen, coloured with metallic

oxides, was also employed by Mr. Blashfield. In 1839 Mr.
Singer, of Vauxhall, introduced a mode of forming tesserae

from thin layers of clay. These were cut into the required

forms, dried and baked. In 1 840 Mr. Pressor, of Birmingham,

discovered that if the material of porcelain (china clay) be reduced to a dry powder,

and in that state be compressed between steel dies, the powder is condensed into

about a fourth of its bulk, and is converted into a compact solid substance of extra-

ordinary hardness and density.

This process was first applied to the manufacture of buttons, but was eventually

taken up by Mr. Minton, and, in conjunction with Mr. Blashfield, Messrs. Wyatt,

Parker, and Co., it was carried to a high degree of perfection for making tesserae.

The new process, invented by Mr. Prosser, avoided the difficulty altogether of using

wet clay.

This change in the order of the potter's operations, although very simple in idea

(and a sufficiently obvious result of reflection on the difficulties attending the usual

course of procedure), has nevertheless required a long series of careful experiments

to find out the means of rendering it available in practice.

The power which the hand of the potter has exorcised over his clay has boon pro-

verbial from time immemorial, but it is limited to clay in its moist or plastic state
;

and clay in its powdered state is an untractable material, requiring very exact and

powerful machinery to be substituted for the hand of tho potter ; in order, by great

pressure, to obtain the requisite cohesion of the particles of clay.

In the new process, tho clay, or earthy material, after being prepared in the usual

manner, and brought to the plastic state, as above described (except that no kneading

or tempering is requisite), is formed into lumps, which are dried until the water is

evaporated from the clay.
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The lumps of dried clay are then broken intx) pieces, small enough to bo ground by
a suitable mill into a state of powder, which is afterwards sifted, in order to separate

all coarse grains and obtain a fine powder, which it is desirable should consist of par-

ticles of uniform size as nearly as can be obtained. The powder, so prepared, is the

state in which the clay is ready for being moulded into the form of the intended
article by the new process.

The machine and mould used for moulding articles of a small size, in powdered
clay, are represented in the annexed drawings, wherein fig, 835 is a lateral elevation

of the whole machine.

A A is the wooden bench or table whereon the whole is fixed, that bench being sus-

tained on legs standing on the floor, b d b is the frame, formed in one piece of cast

h^—LiiLa

—

1 1 III.

"^ ^ ^̂

iron
; the base, b, standing on the bench, and being fixed thereto by screw bolts ; the

upright standard, d, rising from the base, and sustaining at its upper end the boss, e,
wherein the nut or box, a, is fixed for the reception of the vertical screw, f. The
screw, F, works through the box, «, and has a handle, g, g, h, applied on the upper
end of the screw

; the handle is bonded downwards at g, to bring the actual handle, h,
to a suitable height for the person who works that machine to grasp the handle, h, in
his right hand, and, by pulling the handle, h, towards him, the screw, f, is turned
round in its box, a, and descends. The lower end of the screw, f, is connected with a
square vertical slider, h, which is fitted into a socket, i, fixed to the upright part, d^
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of tho frame, and the slider, u, is thereby confined to move up or down, with an
exactly vertical motion, when it is actuated by tho screw, without deviation from tho
vertical.

Thus far tho machine is an ordinary screw press, such as is commonly used for

cutting and compressing metals for various purposes. Tho tools witli which the press

is furnished for the purpose of this new process consist of a hollow mould, e c, formed
of steel, the exterior cavity of the mould being tho exact size of tho article which is to

bo moulded. The mould, e e, is firmly fixed on the base, b, of the frame, so as to be
exactly beneath tho lower end of the piston a, or plug, /, which is fastened to tho
lower end of tho square slider, h, and the plug,/, is adapted to descend into tho

hollow of the mould, e e, when the slider, h, is forced downwards by action of tho
screw, F, tho plug/ being very exactly fitted to tlio interior of tho mould, c e.

The bottom of tho mould,/? e, is a moveable piece, w, which is exactly fitted into tho

interior of tho mould, but which lies at rest in the bottom of tho mould, e e, during
the operation ofmoulding the article therein ; but afterwards tho moveable bottom, oi,

can be raised up by pressing one foot upon one end, r, of a pedal lever, n s, the

fulcrum of which is a centre pin, r, supported in a standard resting upon tho floor,

and the end, s, of the lever operates on an upright rod, m, which is attached at its

upper end to the moveable bottom, n, of tho mould, e e.

A small horizontal table, t t, is fixed round the mould, e e, and on that table a
quantity of powdered clay is laid in a lump in readiness for filling the mould.
The two detached figures, maxked Jigs. 836 and 837, are sections of the mould e e,

and the plug,/, on a larger scale than/^. 835, in order to exhibit their action more
completely.

The operation is extremely simple : the operator, holding the handle, h, with his

right hand, puts it back from him, so as to turn back the screw, f, and raise the
slider, h, and the plug, /, quito out of the mould, e e, and clear above the orifico of

the mould, as shown in Jig. 835.

Then, with a spatula of bone, held in the left hand, a small quantity of the powder
is moved laterally from the heap, along the surface of the table, t, t, towards tho
mould e e, and gathered into the hollow of the mould with a quiet motion, so as to fill

that hollow very completely, and by scraping the spatula evenly across over the top

of the mould, e e, the superfluous powder will be removed, leaving the hollow cavity

of the mould exactly filled with the powder in a loose stato, and neither more nor less

than filled.

Then the handle, h, being drawn forwards with a gentle movement of the right

hand, it turns the screw, f, so as to bring the slider, h, and tho plug, /, which thereby
descends into the mould, e e, upon the loose powder wherewith the mould has been
filled, and begins to press down that powder, which must be done with a gentle motion
without any jerk, in order to allow the air that is contained in the loose powder to

make its escape ; but the pressure, after having been commenced gradually, is con-

tinued and augmented to a great force, by pulling tho handle strongly at the last, so

as to compress the earthy material down upon the bottom, n, of the mould, into about
one-third the space it had occupied when it was in the state of loose powder. Tho
8ection,/<7. 836, shows this state of the mould, c e, and tho plug^, and the compressed
material.

Then the handle, k, is put backwards again, so as to turn back the screw, f, and
raise up the slider, h, and the plug, /, until the latter is drawn up out of the mould,
e e, and clear above the orifice of the mould, as in^. 835, and immediately afterwards

by pressure of one foot on the pedal, k, of tho pedal lever, k, s, and by action of tho

upright rod, m, the moveable bottom, n, of the mould is raised upwards in the mould
e e, so as to elevate the compressed material which is resting upon tho bottom, w, and
carry the same upwards, quite out of the mould e e, and above the orifico of the mould,

as is shown in^. 837, and then the compressed material can be removed by tho

finger and thumb.
The compressed material which is so withdrawn is a solid body, retaining the exact

shape and size of the interior cavity of tho mould, and possessing suflScient coherence

to enable it to endure as much handling as is requisite for putting a number of them
into an earthenware case or pan, called a sagger, in which they are to be enclosed, ac-

cording to the usual practice of potters, in preparation for putting them into the

potter's kiln for firing ; the sagger protects tho articles from discoloration by smoke,

and from partial action of the flame, which, if a number of small articles were
exposed thereto without being so enclosed, might operate more strongly upon some
than upon others of those articles ; but by moiins of tho saggers tin) heat is caused

to operate with cleanness, uniformity, and certainty upon a number of small articles

at once.

After the fijnng is over, the articles being romovod feom the saggers, are in tho
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sbxto of what is termed biscuit, and aro ready for use-, unless they are required to be

glazed, in which case they may be dipped into a semi-liquid composition of siliceous

and other matters, ground in water to the consistency of cream, and the surface of the

articles which are so dipped becomes covered with a thin coating of the glazed

composition ; then the articles aro again put into saggers, and subjected to a second

operation of firing in another kiln, the heat whereof vitrifies the composition and gives

a glassy surface to the articles, all which is the usual course of making glazed earthen-

ware or porcelain ; but for articles formed by the new process, a suitable glazing com-

position is Aoro usually applied within the saggers, into which the articles are put

for the first firing, and the glazing is performed at the same time with the first burning,

without any other burning being required. Or, in other cases, the composition of the

earthy materials which are chosen for the articles may be such that they will become

partially vitrified by the heat to which they are exposed in the kiln, and thereby

external glazing is rendered unnecessary.

The great contraction which must take place in drying articles which have been

moulded from clay in the moist state is altogether prevented, and consequently all

uncertainty in the extent of that contraction is avoided. Tiles, tesserae, and other

articles are now made by this machine; and very beautiful pavements are constructed,

excelling the finest works of the Komans in form, in colour, and in all the mechanical

conditions.

It will be evident that any pattern can be impressed upon the clay by having a

mould with the pattern in relief upon it. In some cases the coloured^ clay is placed

in the depressed portions of the tile before firing at all ; in others, it is subjected to

the first firing before the coloxired clay is introduced. In either case, the second or

coloured clay, for the production of the kind of tile called encaustic, is spread in the

state of a cream, so as to fill the pattern, every trace being carefidly removed from

the other part. See Tiles.

EirCHASZia'G. The art of ornamenting gold and silver metal work with designs

punched out from behind, or engraved on the surface. It is also applied to enclosingji

gems in the metal for ornamentation.

EXrCRXSriTAI. or Sia'TROCKAZi AIARBIiX:. Marble containing the fossil

remains of Encrinites, or 'stone-lilies.' Much of the encrinital marble used for

ornamental purposes comes from the Mountain Limestone of Derbyshire.

ElirDElLAZOXrZTE. An old name for Bournonite, in allusion to its occurrence

at Endellion, in Cornwall.

EXTDZROUrs or AN'SXROIO'S. Iron racks used in ancient houses when the

fires were of wood, and on the hearth, to support the ends of the logs of wood.
EXTBIVE. An esculent plant, the Cichorium Endivium, belonging to the natural

order of the Composites.

EXSTDOGEXrOTTS. See Exogenous.
SITDOSMOSE. See Exosmose.
ESTGIiZSH VARirzSH. Drying oil prepared with litharge is made to dissolve

gum mastic until it assumes the appearance of a jelly. This is English Varnish, and
is used by artists for glazing, flowing freely under the brush.

EXTGRAVmrG, a word derived from eV, in, and ypd(()w, to grave or write, is the

art of executing designs or devices upon metal, stones, and other nard substances. In
the common acceptation of the word in the present day, it means the execution of

such works on plates of copper or steel, for the purpose of obtaining from them im-
pressions in ink or some other coloured fluid. Engraving, in the widest sense of the

term, is the oldest of the fine arts ; at least, the Scriptures mention it before any
reference is made either to painting or sculpture. In the Book of Exodus, ch. xxviii.

v. 29, we read that ' Aaron shall bear the names of the children of Israel in the

breast-plate of judgment upon his heart
;

' and again, in the same chapter, Moses is

commanded to ' make a plate of pure gold, and grave upon it, like the engravings of
a signet. Holiness to the Lord.' Further on, in the 35th chapter of the same book,

Moses speaks of Bezaleel, the son of Uri, as a man ' filled with the spirit of God, in

wisdom, in understanding, and in knowledge, and in all manner of workmanship

;

and to devise cxirious works, to work in gold, and in silver, and in brass, and in the
cutting of stones,' &c. Of him and of Aholiab it is said,— ' Them hath he filled witli

wisdom of heart, to work all manner of work, of the engraver,' &c. &c. Tliese

extracts wiU suffice to show the antiquity of the art of incising, or cutting hard
substancfes ; whether or not it had its origin at a period anterior to the time of Moses
there is no record; but it is not improbable that the Israelites acquired some knowledge
of the art from the Egyptians during their lengthened captivity: an assumption
strengthened by the fact, that numerous specimens of hieroglyphic engraving, on metal
plat-es and on stone, have been discovered in Egypt and brought to this country;

their dates, however, haye not, in all capes, been ascertained with certaintjr.
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It is unnecessary to trace back, among the nations of antiquity, all that might bo
written respecting the state of this art in its various applications ; but, as an example
of its adoption for a purpose altogether practical, a passage from Herodotus may bo
adduced. This historian, referring to a period about 500 years before the Christian
era, says :

—
' Aristagoras exhibited to the king of Sparta a tablet, or plato, of brass,

on which was inscribed every part of the habit^iblo world, the seas, and the rivers ;

'

or, in other words, Aristagoras, who was a native of Cuma, had in his possession a
metallic map. Moreover, as it is intended to limit this notice to the art of engraving
on steel or copper for printing purposes, we pass over those branches or departments
of the art that relate to die-sinking, seal-engraving, and engraving on coins, the latter

a common process with the Ancient Britons and Saxons, who also, according to the
opinion of many modern antiquaries, used to ornament their weapons of war with
designs cut by the graving tool.

The transition from all previous methods of engraving, to that which in some degree
assimilates to what is now practised as the result of the discovery of printing, has been
thus described by the late Mr. Landseer, who quotes an earlier writer, Mr. Strutt :

—

• Soon after the Conquest (though, from other information, I think it must have been
at the least 250 years from that memorable era) a new species of engraving, entirely

different from the mingled work of the engraver, goldsmith, and chaser, which had
preceded it, was introduced into, or invented in, England, of which there is scarcely

an old country church of any consequence, but affords some curious specimens, and
England more than any other nation in Europe. The brass plates on our old

sepulchral monuments are executed entirely with the graver, the shadows being
expressed by lines or strokes, strengthened in proportion to the required depth of

shade, and occasionally crossed with other lines a second and, in some instances, a
third time, precisely in the same manner as a copper-plate is engraven that is in-

tended for producing impressions. These engraved effigies are commonly found on
those horizontal tombstones which form part of the pavement within the churches ; and
»the feet of the congregation, which kept the lights bright by friction, filled the in-

cisions with dust, and thus darkened the shades : very neat or exquisite workmanship
is not therefore expected

;
yet some of them bear no small evidence of the abilities of

the monks, or other workmen, by whom they were performed.' Impressions, techni-

cally called ' rubbings,' are taken from these monumental brasses by antiquaries, for

the purpose of illustrating works in archaeology. The process is simple enough : a
sheet, or sheets, as may be required, of white paper, sirfficiently large to cover the

brass tablet, are laid upon it; these are then rubbed over with a lump of ' shoemaker's

heel-ball,' a composition of wax and lamp-black, which leaves on the paper an impres-

sion of the raised portions of the metal.

The fifteenth century, which must always bo considered as the dawn of universal

light and knowledge, gave to the world the art of printing, and from this invention,

arose a new era in the art of engraving. The earliest method of printing, both books

and illustrations, was, as is described under the article Engeaving on Wood, from en-

graved blocks or tablets. It seems singular that, though engraving on various metals

had been practised long before that on wood, no attempt had ever been made to obtain

impressions from the plates ; like many other important discoveries, this is said to have

been the result of accident. Vasari, the historian of Italian art, says that, in the year

1460, Maso, or Thomaso Einiguerra, a Florentine goldsmith, chanced to let fall a small

engraved plate, on which, as was customary with engravers, he had rubbed a little

charcoal and oil, that he might better see the state of his work, into some melted

sulphur, and observing that the exact impression of his engraving was left on the

sulphiir, he repeated the experiment, by passing a roller gently over it. It was suc-

cessful, and Einiguerra imparted his discovery to Baldini,also a goldsmith of Florence,

by whom it was communicated to others. But the most probable origin of the art of

printing from metallic plates, is that which is attributed to the early Italian workers

in niello, or inlaid modelling work, an art used for ornamenting table utensils, swords,

armour, &c. : this art consisted in cutting or engraving the required design on silver,

and filling up the incisions with a black composition, said to be made of silver and

lead, which, from its dark colour, was called by the ancients nigeHunu, abbre\nated by

the Italians into niello ; this mixture, when run into the engraved lines, produced a

regular effect of chiar-oscuro in the entire work. From these engraved plates or

objects, the artists in niello, who were the goldsmiths and silversmiths of that period,

were accustomed to take impressions, by smoking the metal, and then, aftdr cleaning

the smooth surface with oil, impressing upon it a piece of damp paper. From such an

origin, or from some other very similar to it, undoubtedly, aime the art of chalcography,

or plate-printing, and it is equally certain, tliat the art of engraving with the hurin,

or as it is now called, ' lino engraving,' arose in the workshops of the gold- and silver-

smiths,
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The practice of making paper from rags, without which the former art would have
proved comparatively useless, had been adopted generally throughout Europe towards

the end of the fourteenth century, whereby the chief obstacle to printing was
removed.
Not very long after the discovery of plate-printing, the engravers, separating them-

selves from the nianxifacturing goldsmiths and chasers, formed themselves into a dis-

tinct body, opened schools for pupils, and took up their rightful position among the

artists of the time.

Italy and Germany have each contended for the honour of being the first discoverers

of the art of printing fropi engraved plates ; but the best authorities give to the former
country the priority of claim, though the Germans, to whom the printing press was
earliest known, soon surpassed their rivals, both in that art and in engraving : but
they have not always maintained the superiority.

The principal Italian engravers, contemporary with, or immediately following Fini-

guerra, were Baldini, Botticelli, and Andrew Mantegna ; in Germany, the names of
Martin Schon, who began his career about the year 1460, and engraved his own com-
positions, Israel van Mecheln, Leydenwurf, andWolgemuth, stand prominently forward

;

but it was not till the commencement of the sixteenth century, that engraving occupied
a high position among the arts of either country. Singularly enough, Italy, Germany,
and Holland produced each an engraver, whose works to this day are held in the
highest estimation : while Marc Antonio Kaimondi (born at Bologna, in 1488), and
Albert Diirer (born at Nuremberg, in 1471), were respectively practising the art in

Italy and Germany, Lucas van Leyden (born at Leyden, in 1494) disputed in the
Low Countries the palm with these distinguished competitors. As these artists have
ever been considered the patriarchs of engraving, a few words respecting the merits of
each may not inappropriately be introduced here.

Travelling to Venice for improvement, Marc Antonio saw there some prints, by
Albert Diirer, of the Life of the Virgin ; these he copied with tolerable fidelity ; he soon,
however, quitted Venice, and went to Eome, where he made the acquaintance of
Eafl^elle, a large number of whose works he engraved. * The purity of his outlines,'

says Bryan, ' the beautiful character and expression of his heads, and the correct
drawings of the extremities, establish his merits as a perfect master of design.' His
works frequently exhibit a deficiency in reflex light and harmony of chiar-oscuro, and
he appears to have been ignorant of the principles of rendering local colour, or tints,

in the abstract ; neither did he attempt, or else was unable, to express the various
textures of substances : these are, however, minor defects by comparison, and may
easily be excused when the state of art generally at that period is taken into account.
' Eaffaelle,' says Landseer, ' was Mark Antonio's object ; and the blandishments, the
splendour, and the variety which would have been indispensably necessary to the
translation of Correggio or Titian, were not called for here.'

Albert Diirer, the head of the German school of engraving, laboured under disad-
vantages with which the artists of Italy had not to contend: the latter had frequently,
if not constantly, the graceful forms and flowing outlines of antique sculpture made
familiar to them: and hence their works exhibit, even from the earliest time, much
greater elegance of manner, and refinement in execution, than those of Germany.
The engravings by Diirer, whom Landseer supposes to be the first who corroded his
plates with aqua-fariis, partake largely of the stiff, dry, and Gothic manner, peculiar
to the country and the period, and which to this day is more or less discernible in
German art. If Diirer had been so fortunate as to have had the pictures of Eaffaelle
to engrave, he would doubtless have left the world prints of a very different character
frcni those we now see : we should have had more grace of expression, and freedom
of lines, but less originality in the style of execution, and probably, less vigour.
Durer engraved only his own designs, and his faults or defects were those of his
time

: but notwithstanding his Gothic bondage, nothing that has ever appeared in
more recent periods surpasses, in executive excellence, his ' St. Jerome seated in a
Eoom

;
* here all the objects are rendered with a fidelity that only the camera could

emiilate. That very remarkable and mysterious composition known as ' The Death's
Head,' is also a masterly example of execution : the helmet, with all its pomp o^
heraldic appendage, and the actual and reflex lights on its polished surface, are
characteristically, though minutely, expressed: the skull is accurately drawn, and
its bony substance unmistakably described. The head of the Satyr, with its beard
and wild redundance of snaky tangled hair, has considerable and well-managed
breadth of light and shade : the drapery of the female, quaint as it is in style, is not,
as we see itin Diirer's other works, hard, stiff, and formal, but relaxes into freedom
and simplicity, and has quite a silky texture ; in fact, it approaches very nearly to
what we now call * picturesque composition of forms, and light and shade.' Diirer's
etching appears to have been bitten in, or corroded with the acid, at once. He seems
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either not to have known, or did not caro to practise, the process now adopted, of
'stopping out,' for the purpose of producing gradation of shade. The admirable
wood engravings by this artist are referred to in tlicir proper phice.

The works of Van Loyden, the Dutchman, are even more Gothic in taste and style

than those of Diirer, with whom he is said to have been intimately acquainted : they
exhibit the same amount or degree of stiff, angular drapery ; as much, perhaps even
more, inattention to grace and dignity of form, without his fertile imagination, his

occasional \ngour, and his truthful observation of individual nature. His execution is

neat and clearly defined, but his plates are deficient in firmness and harmonious effect,

and his lines are without variation in substance ; those that represent near objects,

and those that express objects at a distance, are equally fine and delicate ; hence the
monotony apparent in his prints. They are almost entirely sacred or legendary sub-
jects, from his own designs ; among the finest are ' The Temptation of St. Anthony,'
engraved in 1509, when he was only thirteen years of age, ' The Crucifixion,' and the
' Adoration of the Magi.

It would be beyond the province of this notice to record the progress of the art,

through the continental schools, till it took root in England
; yet a short history of its

introduction and growth on our soil may not be considered out of place.

Until the middle of the last centiiry, neither painting nor engraving had attained

any eminence in this country; the latter art, especially, was practised chiefly by
foreigners, as Hollar, Simon, Vaillant, Blooteling, &c. ;

previously to whom we had,

of our own countrymen, Faithorne, an admirable engraver of portraits, Payne, White,
and one or two others of inferior merit ; but, with the exception of Faithorne, none
whoso works are now held in much esteem. The encouragement afforded by George
III., almost as soon as he ascended the throne, to the fine arts generally, and the

establishment of the Koyal Academy, which offered to artists a position in the country

they had never before held, gave an impulse to every section or branch of art pro-

fessors. Hogarth's name had, however, become widely known many years before

:

his numerous plates, all of them from his own designs, are to this day much sought
after, not so much, perhaps, for any especial excellence as examples of fine engrav-

ings, as for the talent and genius which the subjects display. ' Hogarth composed
comedies as much as Moliere,' was the remark of "Walpole : he died just as art was
beginning to be recognised and patronised in England. Francis Vivares, a French-

man by birth, but long settled in England, where he studied the art under Chatelain,

carried landscape-engraving to a high point of excellence ; some of his prints after

pictures by Claude and Caspar Poussin exhibit remarkable freedom in the foliage of

the trees, and truth in the texture of the various objects introduced in the landscape.

Woollett, born at Maidstone, in Kent, who died in 1785, and Sir Robert Strange, a

native of one of the Orkney Islands, who died in 1792, advanced the art still further

;

indeed, it is a question whether engraving has ever found more able exponents than

these two distinguished men : the latter engraved several portraits, which have rarely

been surpassed at any period in the history of art. The works of both these

engravers are characterised by bold and vigorous execution, produced by the com-

bined use of the etching-needle and the graver. Cotemporary with these, or their

immediate successors, were Browne, who sometimes worked with Woollett, Bartolozzi,

Hall, Eooker, Green, Ryland, Watts, Sharp, McArdell, Smith, Earlom, &c. ; all aided,

by their proficiency, to uphold the honour of the art ; while John Landsecr, Raimbach,

Engleheart, Pye, and John Burnet, may be regarded as the chief connecting links

between the past generation and the present.

Engraving on metal plates may be classed under the following heads :

—

Etching, line,

mezzotinto, chalk, stipple, and aquatint. Before describing the processes of working

these respective kinds, a notice of the instruments used by the engraver is necessary.

These, with some modifications, are employed in all the styles.

The etching-point, or needle, is a stout piece of steel-wire inserted into a handle; two

or three, varying in thickness, are requisite, and they should be frequently and care-

fully sharpened. This is best done by tiirning the needle round in the fingers while

rubbing it on a hone, and afterwards on a leather strop prepared with putty powder,

or on an ordinary razor-strop, to take off any roughness, and to make it perfectly

round.

The dry-point is a similar instrument, used for delicate lines : it must be sharpened

on the hone till a fine coniwil point is obtained.

'lYiQ graver, or burin, is the principal instrument employed in engraving: several

are required, differing from each other in form, from the extreme lozenge shape to the

square ; the former being used for cutting fine lines, the latter for broad : the graver

fits into a handle about five inches and a lialf long, and it should be well tempered

before using, an operation requiring great caro. The angle at the meeting of the two

Jower sides is called the hcUyt and the breadth of the end, the face. To sharpen the
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former, lay one of the flat sides of tlio graver on the oiUtonc, keeping the right arm
tolerably close to the side, and rub it firmly ; next nib the other in the same way : the

face is sharpened by liolding it firmly in the hand, -with the belly upwards, in a slant-

ing direction ; rub the end rather gently on the stone, at an angle of about forty-five

degrees, taking care to ttirry it evenly along until it acquires a very sharp point : this

being done, hold the engraver a little more upright to square the point, which a very

few rubbings will effect. The graver for line work must bo slightly turned up, to enable

the engraver to run it along the plate ; otherwise, the first indentsition he makes on the

metal would cause his instrument to become fixed : the graver for stipple should bo

slightly turned down, to make dots only.

The scraper, which should have three fluted sides, is used for taking oflf the burr left

by the action of the needles on the metal.

The burnisher is employed to soften lines that have been bitten in, or engraved too

dark, and to polish the plate, or get rid of any scratches it may accidentally have

received.

The dabher used to lay the etching-ground evenly, is made by enclosing a small

quantity of fine cotton wool very tightly in a piece of silk, the threads of which
should be, as much as possible, of uniform thickness.

There are a few other materials which an engraver should have at hand, but they

are not of sufficient importance to bo mentioned here ; we may, however, point out

what is technically called a bridge, which is nothing more than a thin board for the

hand to rest on; it should be smoothly planed, and of a length and breadth in

proportion to the size of the plate ; at each end a small piece of wood should

bo fastened to raise it above the plate when covered with wax. A blind, made
of tissue-paper stretched upon a frame, ought to be placed between the plate and
the light, to enable the engraver to see his work on the metal with greater facility

and clearness.

In describing the processes of engraving the various styles enumerated above, little

more than a general outline of each method can be given, yet sufficient, it may be
presumed, to show the nature of the operation : to narrate all the details that might
be included on the subject would supply matter enough for a small volume.

Etching may be classed under two heads : that which is made the initiatory process

in line-engraving, and that which is known as painter's-etching : the latter was prac-

tised to some extent by very many of the old painters, particularly those of the Dutch
school ; and it has also come into fashion with many of the artists of our own day,

but more for amusement, however, than for any other purpose ; in both cases the
method of proceeding is alike. Etching is the result of a chemical process resulting in

corrosion of the metal on which the design has been laid down, or transferred, in the
following manner. The plate must first be covered with a substance already spoken of
as etching-ground, which may be purchased of most of the principal artists' colourmen,
but many engravers make their own : the annexed receipt has been handed to us by
jMr, C. W. Sliarpe, who has engraved some very large steel-plates, as that which he
always uses :

—

Parts

Black pitch 1

White wax 1

Burgundy pitch .

,

^
Asphaltum 1

Gum mastic . . . . . . , .1

Melt the first three ingredients over a slow fire in a pipkin, then add the other two,
finely powdered, stirring the whole together all the time ; w^hen well mixed, pour it

into warm water, and make it up, while warm, into balls ; if too soft, a little less wax
should be used. Care must be taken not to let the mixture bum during the process
of making.
The etching-ground resists the action of the aqua-fortis. It should be tied up in a

piece of strong silk, and applied thus, which is called laying the ground :—Take the
plate fiirmly in a small hand A-ice ; hold it, with the polished face upwards, over a
charcoal fire, that it may not get smoked, till it is well, but not too much, heated : rub
the etching-ground, in the silk, over the plate till it is evenly covered ; the wax,
melting with the heat, oozes through the silk. To effect a more equal distribution

of the ground, take the dahber and dab the plate gently all over, till it appears of an
uniform colour ; continue the dabbing till the plate begins to cool, but not longer.

The ground is then blackened by being held over the smoke of a candle, or two or
three tied together,—wax is far preferable to tallow ; keep the plate in motion, so
that every part be made cqiially dark, and also to avoid injury, by burning, to the
composition ; when cold the plate is ready to receive the design. To transfer this, a
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very correct outline of tlio subject is made -with a black-lead pencil on a piece of thin

hard paper : fasten the tracing, or drawing, at the top edge, with its face downwards,
on to the etching-ground, with a piece of banking-wax, described hereafter, and by
passing it tlirougli a printing-press—such as is used by plate printers, to whom it

should be taken—the drawing is transferred to the ground. The bridge being laid

over th(3 plate, the process of etcliing may now bo commenced ; the points, or noodles,

which are used to complete the design, remove the ground from the metal wherever
they pass, and expose the latter to the action of the acid during the process of what
is termed biting-in. The needles with the most tapering points should be used for the

skies and distances, changing them for others for the foreground, which generally re-

quires broader and deeper lines. Any error that has been made may be remedied by
covering the part evenly with the etching-ground mollified by spirits of turpentine,

using a camel's-hair pencil for the purpose ; and, when dry, the lines may bo re-

etched through it.

The next operation is that of biting-in, performed thus :—A wall or border of bank-

ing-wax is put round the edge of the plate : this wax, called sometimes bordering-wax,

is made by melting over a slow fire, in a glazed pot, two parts of Burgundy pitch, and
one of bees'-wax, to which is added when melted, a gill of sweet oil ; when cold it is

quite hard, but by immersion in warm water it becomes soft and ductile, and must be
applied in this state : it will adhere to the metal by being firmly pressed down with

the hand: the object in thus banking up the plate is to prevent the escape of the

acid which is to be applied ; but a spout or gutter must be left at one corner to pour

off the liquid when necessary. Mr. Fielding,—to whose work on the art of engraving

we are indebted for some of the practical hints here adduced, availing ourselves,

however, of the improvements introduced into modern practice,—recommends the

following mixture as the best :—
' Procure some strong nitric acid, and then mix, in

a wide-mouthed bottle, one part of the acid, with five parts of water, adding to it a
small quantity of sal-ammoniac, in the proportion of the size of a hazel-nut to one

pint of acid, when mixed for biting. The advantage of using the sal-ammoniac is,

that it has the peculiar property of causing the aqua-fortis to bite more directly down-
wards, and less laterally, by which means lines laid very closely together are less

liable to run into each other, nor does the ground so readily break up.* Wlien the

mixture is cool—for the acid becomes warm when first mixed with water—poTir it

on the plate, and let it continue there till the more delicate lines are presumed to bo

corroded to a sufficient depth; this will probably be in about a quarter of an hour;

sweep off tlie bubbles as they appear on the plate, with a camel's-hair pencil, or a
feather ; then pour off the acid through the gutter at the corner, wash the plate with

warm water, and leave it to dry. Next, cover those parts which are sufficiently

bitten in with Brunswick black, applying it with a camel's-hair pencil, and leave it to

dry ; again put on the acid, and let it remain twenty minutes or half an hour, to give

the next degree of depth required ; and repeat this process of stopping out and biting

in, imtil the requisite depths are all attained : three bitings are generally enough for a
painter's etching. The work is now complete, unless the graver is to be used upon it,

and the banking-wax may be removed, by slightly warming the margin of the plate
;

and, finally, wash the latter with a soft rag dipped in spirits of turpentine, and
rubbing it with olive-oil. If, when the plate is cleaned, the engraver finds that the

acid has acted as ho wishes, he has secured what is technically termed ' a good

bite.'

Steel plates require another method of biting-in, on account of their extreme hard-

ness, and liability to rust ; the mode just described is applicable only to copper,

the metal generally used by painters for their etchings. For steel plates mix
together

Parts

Pyroligneous add 1

Nitric acid 1

Water 3

This mixture should not be allowed to remain on above a minute ; let it bo washed

off at once, and never use the same water twice ; the plate nmst bo set up on its edge,

and dried as quickly as possible to avoid rust : the acid may bo strengthened where

a stronger tint is required.

lie-biting, a process frequently adopted to increase the depth of tint where it is

required, or to repair any portion of a plate that has been worn by printing or acci-

dentally injured, is thus performed. The plate must be thoroughly cleaned, all traces

of grease removed, by washing it with spirits of turpentine and potass, and jwlishod

with whiting ; it is then, when warmed over a charcoal fire or with lighted paper,

ready for receiving the ground ; this is laid by using a dabbor charged with etching-

ground, and carefully dabbing the surface ; by this means the surface of the plate
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only is covered, and the lines already engraved are left clear ; any part of the plate

that it may not be necessary to re-bite, must be stopped out with Brunswick black,

and then the acid may be poured over the whole, as in the first process.

Etching on soft ground is a stylo of engraving formerly much practised in imitation

of chalk or pencil drawings ; since the introduction of lithography, however, it has

been entirely abandoned. The soft ground is made by adding one part of hog's lard

to three parts of common, or hard, etching-ground, unless the weather be very warm,
when a smaller quantity of lard will suffice ; it should be laid on and smoked in the

manner already described. Mr. Fielding gives the following method for working on

it. 'Draw the outline of your subject faintly on a piece of smooth thin writing-

paper, which must be at least an inch larger every way than the plate ; then damp it,

and spread it cautiously on the ground, and turning the edges over, paste down to the

back of the plate ; in a few hours the paper will be dry, and stretched quite smooth.

Resting your hand on the bridge, take an H or HB pencil, and draw your subject on
the paper exactly as you wish it to be, pressing strongly for the darker touches, and
more lightly for the delicate parts, and, accordingly as you find the ground more or

less soft, which depends on the heat of the weather or the room you work in, use a
softer or harder pencil, remembering always that the softer the ground the softer the

pencil ' (should be). ' When the dra-vsang is finished, lift up the paper carefully fi'om

the plate, and wherever you have touched with the pencil, the ground will stick to

the paper, leaving the copper more or less exposed. A wcdl is then put round the

margin, the plate bit in, and if too feeble, re-bit in the same way as a common etching,

using hard etching-ground for the re-bite.'

Line-engraving unquestionably occupies the highest place in the category of the art

;

and, taking it as a whole, it is the most suitable for representing the various objects

that constitute a picture. The soft, pulpy, and luminous character of flesh ; the rigid,

hard, and metallic character of armour ; the graceful folds and undulations of draperies,

the twittering, unsteady, and luxuriant foliage of trees, with the bright yet deep-toned
colour of skies, have by this mode, when practised by the best engravers, been more
successfully rendered than by any other. The process of line-engraving is, first, to

etch the plate in the manner already described, and afterwards to finish it with the

graver and dry point. An engraver's etching differs from a painter's etching in that
every part of the work has an unfinished appearance, though many engravers, espe-

cially of landscapes, carry their etchings so far as to make them very effective

:

engravers of historical and other figure subjects, generally, do little more than etch
the outlines, and the broad shadowed masses, or colours, of the draperies ; the flesh

being entirely worked in with the burin, ov graver: no definite rules can be laid

down as to the extent to which the etching should be advanced ere the work of the
tool commences, as scarcely two engravers adopt the same plan precisely: much
must always depend on the nature of the subject. Neither would it be possible to
point out in what particular way the graver should be used in the representation of
any particular object : this can only be learned in the studio of the master, or by
studying the works of the best engravers : as a rule it may be simply stated, that in
making the incision, or line, the graver is pushed forward in the direction required,
and should be held by the handle, at an angle very slightly inclined to the plane of
the steel or copper plate : the action of the graver is to cut the metal clean out.

Some years ago an instrument, called a ruling machine, was invented by ]Mr. Wilson
Lowry, and has been brought into use for laying in fiat tints in skies, buildings, and
objects requiring straight, or slightly curved lines : considerable time is saved to the
artist by its use, and more even tints are produced than the most skilful hand-work
generally is able to effect ; but to counterbalance these advantages, freedom is fre-

quently sacrificed, and in printing a large number of impressions, the machine-work,
unless very skilfully ruled in, is apt to wear, or to become clogged with ink, sooner
than that which is graved.

Mezzotinto engraving is generally supposed to owe its origin to Colonel Ludwig von
Siegen, an officer in the service of the Landgrave of Hesse ; there is extant a portrait
by him, in this style, of Amelia, princess of Hesse, dated 1643. Von Siegen is said
to have communicated his invention to Prince Rupert, to whom many writers have
assigned the credit of originating it : there are several plates executed by the Prince
still in existence. It differs from every other style of engraving, both in execution
and in the appearance of the impression which the plate yields : a mezzotint engraving
resembles a drawing done in washes of colour, by means of a camel's-hair pencil,
rather than a work executed with any sharp-pointed instrument; but a pure mezzo-
tint engraving is rarely produced in the present day, even for portraits : the advan-
tages derived from combining line and stipple, of which we shall speak presently,
with it, to express the different kinds of texture in objects, have been rendered so
obvious as almost to make them necessary : this combination is termed the mixed
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style. Tho distinguishing excollcnces of mezzotint arc tho rich depth of its shadows,
an exquisite softness, and tho harmonious blending of light and shade : on tho other
hand, its groat defect is the extreme coldness of tho high lights, especially where they
occur in broad masses.

Tho instruments used for this kind of work are, burnishers, scrapers, shading tods^
roulettes, and a cradle, or rocking tool. Tho burnisher and scraper differ in form from
those already described : tho roulette is used to darken any pnrt which may have been
scraped away too much ; it ought to be of different sizes : tho cradle is of tho same
form as the shading tool, and is used for the purpose of laying grounds.
Tho operation of engraving in mezzotint is precisely tho opposite of that adopted

in all other styles : the processes in the latter are from light to darJc, in the former
from darJc to light, and are thus effected. A plate of steel or copper is indented all over
its face by the cradle, an instrument which somewhat resembles a chisel with atootlwd
or serrated edge, by which a burr is raised on every part in such quantities that if

filled in with ink, and printed, the impression would exhibit a uniform mass of deep
black: this operation is called laying the ground ; it is performed by rocking tho cradle

to and fro, and tho directions, or wags, as the engravers call them, are determined by
a plan, or scale, that enables the engraver to pass over the plate in almost any number
of directions without repeating any one of them. When an outline of the subject

has been first etched in the ordinary way before the ground is laid, tho engraver pro-

ceeds to scrape away, and then burnish the highest lights, after which the next lightest

parts are similarly treated, and the process is repeated after this manner till tho work
is finished ; the deepest shades are produced from tho ground that is left untouched.
There is, however, no style of engraving for the execution of which it is so difficult to

lay down any definite rules, for almost every engraver has his own method of working.
Chalk or stipple engraving, for the terms are synonymous, is extremely simple.

The plate has first to be covered with the etching ground, and the subject transferred

to it in the ordinary way : the outline is then laid in by means of small dots mado
M-ith the stipple graver ; all the darker parts are afterwards etched in dots larger and
laid closer together. The work is then bitten in with the acid ; and the ground being
taken off, the stipple graver must again be taken up to complete tho operation ; tho
light parts and the dark are respectively produced by small and large dots laid in

more or less closely together. Stipple is well adapted for, and is often used in, the
representation of flesh, when all the other parts of the subject are executed in line :

hence it is very frequently employed in portraiture, and in engravings from sculpture.

Chalk engraving is simply tho imitation of drawings in chalk, and is executed liko

stipple, only that the dots are made with less regularity, and less uniformity of size ;

in the present day, the two terms are generally considered as expressing the samo
kind of work.

Aquatint engraving, which represents a drawing in Indian-ink or bistre even more
than does mezzotint, has been almost entirely superseded by lithography, and still

more recently by chromo-lithography ; and there seems little probability that it will

ever come into fashion again. This being the case, and as any detailed description

of the mode of working would, to be of any service, occupy a very considerable space,

it will, doubtless, be deemed sufficient to give only a brief outline of its charlicter and
of tho mode of operation ; this we abbre'snato from the notice of ]Mr. Fielding, for-

merly one of our most able engravers in aquatint. The process consists in pouring
over a highly-polished copper-plate a liquid composed of resinous gum, dissolved in

spirits of wine, which latter, evaporating, leaves the resin spread all over tho plate in

minuto grains that resist tho action of tho aqua-fortis, which, liowevcr, corrodes tlio

bare surface of tho copper that is left between them : this granulated surface is called

a ground. The ground having been obtained, the margin of the plate should bo A-ar-

nished over, or stopped out, and, when dry, tho subject to be aquatinted must bo
transferred to the plate, either by tracing or drawing with a soft blacklead pencil,

which maybe used on the ground with nwirly tlie same facility as paper ; if the former
method be adopted the tracing must bo carefully fastened down to the copper by bits

of wax along the upper edge. A piece of thin paper, covered on one side with lamp-
black and sweet oil, is placed between the tracing and the ground, with the coloured

side downwards, and every lino of the subject must 1)C passed over with the tracing

point, using a moderate pressure. The tracing being finished and the paper removed,
a wall of prepared wax, about three quarters of an inch high, must bo put round tho
plate, with a largo spout at one corner, to allow of the acid running off.

The plate is now ready for use ; and tho completion of the design is commonced by
stopping out tho highest lights on the edges of clouds, water, &c., with a mixture of

oxide of bismuth and turpentine varnish, diluting it with spirits of turpentine till of a
proper consistence to work freely. Next pour on tho acid, composed of one part of

Btrong nitric acid and fivo parts of water; let it remain, accoiding to its strength.
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from half a minute to a minute, then let it run oflf, wash the plate two or three times

with clean water, and dry it carefully with a linen cloth. This process of stopping-

out and biting-in is continued till the work is complete ; each time the aqua-fortis is

applied a fresh tint is produced, and as each part successively becomes dark enough
it is stopped out ; in this manner a plate is often finished with one ground bitten

in ten or twelve times. We would recommend those who may desire to become
thoroughly acquainted with this very interesting yet difficult mode of engraving to

consult Fielding's ' Art of Engraving.'

A few remarks explanatory of the method of printing steel or copper plates seem to

bo inseparable from the subject. The press used for the purpose consists of two
cylinders or rollers of wood, supported in a strong wooden frame, and moveable at their

axes. One of these rollers is placed just above, and the other immediately below, the

plane or table upon which the plate to be printed is laid. The upper roller is turned

round by means of cogged wheels fixed to its axis. The plate being inked by a printer's

inkihg-roller, an operation requiring great care, the paper which is intended to receive

the impression is placed upon it, and covered with two or three folds of soft woollen

stuff like blanketing. These are moved along the table to the spot where the two
rollers meet ; and the upper one being turned by the handle fixed to the fly-wheel, the

plate passes through it, conveying the impression as it moves ; the print is then taken

off the plate, which has to undergo the same process of inking for the next and every

succeeding impression. The proofs of an engraved plate are always taken by the

most skilful workmen in a printing establishment ; in the principal houses there are

generally employed from two to six men, according to the amount of business trans-

acted, whose duty it is to print proof impressions only ; they are called provers. A
careful, steady workman is not able to print more than from 180 to 200 good ordinary

impressions from a plate, the subject of which occupies about seven inches by ten inches,

even in what is considered a long day's work, that is, about fourteen hours ; the prover,

from the extreme care required in inking the plate, and from the extra time occupied

in wiping it, and preparing the Indian-paper, will do from thirty to forty, according as

the subject of the plate is light or heavy. This difference in the cost of production,

taking also into account that the proofs are worked off before the plate has become
worn, even in the least degree, and that very few proofs, compared with the ordinary-

prints, are generally struck off, is the reason why they are sold at a price so much
greater than the latter.

Notwithstanding the vast multiplication of engravings within the last few years, it

is generally admitted, by those best acquainted with the present state of the art, that

it is not in a healthy condition. The highest class of pictorial subjects—history, and
the highest style of engraving—line, have given place to subjects of less exalted cha-

racter, and to a mixed style of work, which, however effective for its especial purpose,

is not pure art. The pictures by the late Sir E. Landseer have gained for engravings of

such subjects a popularity that has driven almost everything else out of the field, and
have created a taste in the public which is scarcely a matter of national congratulation.

We have engravers in the country capable of executing works equal to whatever has been
produced elsewhere at any time, but their talents are not called into requisition in such
a way as to exhibit the art of engraving in its highest qualities. Publishers are not
willing to risk their capital on works which the public cannot appreciate, and hence
their windows are filled with prints, the subjects of which, however pleasing and
popular, are not of a kind to elevate the taste ; while the conditions under which en-

gravers generally are compelled to work, offer but little inducement for the exercise

of the powers at their command. Engraving on copper is in the present day but rarely

attempted; formerly nothing else was thought of; now the demand for engraving is

so great that copper, even aided by the electrotype, is insufficient to meet its require-

ments. In consequence of the comparatively small number of impressions which it

yields, a copper-plate will seldom produce more than 500 or 600 good prints ; we have
known a steel, with occasionally retouching, produce more than 30,000, when well

engraved, and carefully printed ; very much depends on the printer, both with regard
to the excellence of the impression and the durability of the plate. The public demand
is for prints both large and cheap, and to obtain this result, the engraver is too often

obliged to sacrifice those qualities of his art which under other circumstances his work
would exhibit. Such is the state of engraving with us now. There are few, even of

the best artists we have, who by their utmost efforts can earn an income equal to

that of a tradesman in a small but respectable way of business. This is an evil to be
deplored, for it assists to deteriorate the art by forcing the engraver to labour hard for

a maintenance, instead of placing him in a position that would enable him to exEilt the

art and his own reputation at the same time.

A process of depositing steel upon an engraved copper-plate was some time ago
brought over to this country from France. M. Joubert, a French engraver long

Vol. n, U
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settled in England, introduced it hero ; he has informed us that a copper-plato

thus covered may be made to yield almost any number of impressions, for as tlio

Bteel coating becomes worn it can be entirely taken ofif, and a new deposit laid on
without injury to the engraving, and this may be done several times. M. .Touhert

has repeated the experiment with the most satisfactory results. He thus describes

his process in a communication made to the Society of Arts, and printed in their

Journal:

—

' If the two wires of a galvanic battery bo plunged separately into a solution of
iron, having ammonia for its basis, the wire of the positive pole is immediately acted
upon, while that of the negative pole receives a deposit of the metal of the solution

—

this is the principle of the process which we have named *' acierage."
• The operation takes place in this way : By placing at the positive pole a plate or

sheet of iron, and immersing it in a proper iron solution, the metal will be dissolved

under the action of the battery, and will form an hydrochlorato of iron, which, being
combined with the hydrochlorato of ammonia of the solution, will become a bichloride

of ammonia and iron ; on a copper-plate being placed at the opposite pole and likewise

immersed, if the solution be properly saturated, a deposit of iron, bright and perfectly

smooth, is thrown upon the copper-plato, from this principle :

—

• Water being composed of hydrogen and oxygen

:

• Sal-ammoniac being composed of

—

• 1st. Hydrochloric acid, containing chlorine and hydrogen
;

' 2nd. Ammonia, containing hydrogen, nitrogen, and oxygen

:

•The water is decomposed under the galvanic action, and the oxygen fixes itself

on the iron plate, forming an oxide of iron ; the hydrochloric acid of the solution

acting upon this oxide becomes a hydrochlorate of iron, whilst the hydrogen preci-

pitates itself upon the plate of the negative pole, and, unable to combine with it, comes
up to the surfoce of the solution in bubbles.

'My invention has for its object certain means of preparing printing surfaces,

whether for intaglio or surface printing, so as to give them the property of yielding a
considerably greater number of impressions than they are capable of doing in their

ordinary or natural state. And the invention consists in covering the printing surfaces,

whether intaglio or relief, and whether of copper or other soft metal, with a very thin

and uniform coating of iron, by means of electro-metallurgical processes. And the

invention is applicable whether the device to be printed from be produced by engraving

by hand, or by machinery, or by chemical means, and whether the surface printed

from be the original, or an electrotype surface produced therefrom. I woidd remark,

that I am aware that it has been before proposed to coat type and stereotypes with a

coating of copper, to enable their surfaces to print a larger number of impressions than
they otherwise would do ; I therefore lay no claim to the general application of a coat-

ing of harder metal on to the surface of a softer one, but my claim to invention is con-

fined to the application of a coating of iron by means of electricity on to copper and
other metallic printing surfaces.

' In carrying out the invention I prefer to use that modification of Grove's battery

known as Bunsen's, and I do so because it is desirable to have what is called an in-

tensity arrangement. The trough I use for containing the solution of iron in which
the engraved printing surface is to be immersed, in order to be coated, is lined with
gutta-percha, and it is 45 inches long, 22 inches wide, and 32 inches deep. In pro-

ceeding to prepare for work, the trough, whether of the size above mentioned or

otherwise, is filled with water in combination with hydrochlorate of ammonia (sal-

ammoniac) in the proportion of 1,000 lbs. by weight of water to 100 lbs. of liydro-

chlorato of ammonia. A plate of sheet iron, nearly as long and as deep as the trough,

is attached to the positive pole of the battery and immersed in the solution. Another
plate of sheet iron, about half the size of the other, is attached to the negative pole

of the battery, and immersed in the solution, and when the solution has arrived at

the proper condition, which will require several days, the plate of iron attached to

the negative pole is removed, and the printing surface to be coated is attached to

such pole, and then immersed in the bath till the required coating of iron is obtained

thereto. If, on immersing the copper-plate in the solution, it be not immediately

coated with a bright coating of iron all over, the bath is not in a proper condition,

and the copper-plate is to be removed and the iron plate attached and returned into

tho solution. The time occupied in obtaining a proper coating of iron to a printing

surface varies from a variety of causes. Imt a workman after some experience and
by careful attention will readily know wlien to remove the plate from the solution ;

and it is desirable to state that a copper-plate should not be allowed to remain iu

tho bath and attached to the negative polo of the battery after the bright coating of

iron begins to show a blackish appearance at tho edges. Immediately on taking a

copper-plate from the bath great care is to be observed in washing off tho solution
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from all parts, and this I believe may be most conveniently done by causing jets of

water forcibly to strike against all parts of the surface. The plate is then dried and

washed with spirits of turpentine, when it is ready for being printed from in the

ordinary manner.
' If an engraved copper-plate be prepared by this process, instead of a comparatively

limited number of impressions being obtained and the plate wearing out gradually, a

very largo number can bo printed off without any sign of wear in the plate, the iron

coating protecting it effectually ; the operation of coating can be repeated as many
times as required, so that almost an unlimited number of impressions can be obtained

from one plate, and that a copper one.
' This process will be found extremely valuable with regard to electrotype plates,

and also for photogalvanic plates, since they can be so protected as to acquire the

durability of steel, and more so, for a steel plate will require repairing from time to

time, these will not, but simply recoating them whenever it is found necessary ; by
these means one electro copper-plate has yielded more than 12,000 impressions, and
was found quite unimpaired when examined minutely.'—J. D.

For a more complete description of the process of precipitating iron by the electro-

type process, as now practised, see Electro-Metalluegt.
EDTGRiiVIZirG- OW VTOOB. The art of wood-engraving is so intimately con-

nected with that of book-printing, that it is impossible to dissever the one from the

other, inasmuch as the earliest books were printed from large woodcuts, the entire

page, text, and illustrations being engraved in one solid block. Hence the term
' block-books 'given to these ancient works. The impression from these engraved pages
is generally taken in a thin ink, sometimes of a brown hue, which occasionally spreads

or blots on the lines or letters ; and the printing is generally supposed to have been
effected by friction on the back of the damped paper laid on the inked lines ; the sheets

so printed were afterwards pasted back to back, and thus formed consecutive pages
of the volume. Such books originated from the large woodcuts of a devotional

class, which, in the early part of the 15th century, were spread by the clergy among
the common people, perhaps to counteract the evil produced by the use of playing
cards, which were also printed in large sheets of cuts, and severed afterwards ; but on
this point typographical antiquaries are not agreed, as dates and other evidence are

wanting to enable us to fix either time or place to these early productions. The
earliest woodcut bearing a date is that belonging to Earl Spencer, and representing

St. Christopher carrying the Saviour across an arm of the sea ; it has two lines of
text beneath it, and the date 1423 thus expressed: ' millesimo cccc° xx° tercio.' * The
British Museum is possessed of some very early single-leaf woodcuts : one represent-

ing Christ brought before Pilate, is executed in bold coarse outline, the figures are

very large, and retain the characteristic features of the drawings seen in manuscripts
of the 14th century. Another undated cut is one of those fanciful inventions which
the scholastic men of that early day delighted in constructing; it is termed Turns
Sapiencie, every stone of which is inscribed with the name of some moral virtue, the
foundation buttresses being prudence, fortitude, justice, and temperance ; the windows
which give it internal light being discretion, religion, devotion, and contemplation.

Another representing the Seven Ages of Man is supposed to be a work of the middle
of the 15th century. It was found pasted inside the covers of an old book, a practice

which has preserved many specimens of old engraving which would else have been
lost. On the opposite cover is a fragment of another large cut, representing the Virgin
with St. Joachim and St. Anne. The St. Christopher above named was discovered in

the cover of a volume in the conventual library at Buxheim, in Suabia. All these old

woodcuts, as well as the block-books, are generally daubed with flat tints of coarse

colour, supposed to have been done with stencil-plates, such as the card painters used
on some occasions ; but evidently rudely executed by hand in others. They are all pre-

cisely of the kind to attract the uneducated eye ; and to this day similar coarse prints

are used by the clergy to aid the devotions of the peasants of the Germanic nations.

The most celebrated of the block-books is that termed the ' Biblia Pauperum.* Each
page is divided by architectural compartments into three subjects, from the Old and
New Testament, selected to form • parallel passages ' of sacred writ ; above and below
are other compartments with heads of the Prophets, and in the intervening spaces,

or upon scrolls, are explanatory inscriptions. The page measures 10 inches by 7^,
and is one of the most elaborate works of its class ; but it exhibits very small claims
to attention as a specimen of art, certainly less than the * Cantica Canticorum,' each

* Sluch Interest was excited some few years ago by the discovery of a cut in the library at Brussels
apparently bearing an earlier date ; but strict investigation has since proved that one of the C's in
the date has been omitted ; this makes just one hundred years difference in its age. But the date
thus altered is quite in accordance with the general character of the design and execution of the cut,
Which, on the contrary, do not at all agree with the earlier date originally assigned to it.

tj2
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page of which is divided horizontally into two pictures, with slight descriptive lines

on scrolls ; or the ' Apocalypsis Sancti Johannes,' which is similarly arranged, and in

both of which wo occasionally find much power of drawing and ability of grouping.

The dates of these books can only be conjecturally given, but they are probably con-

temporary with the St. Christopher, or but a few years later. Judging from general

characteristics, the • Apocalypse ' seems to be the earliest. The figures are executed

entirely in outline, with no attempt at shadows, which appear sparingly on the St.

Christopher, and are very freely introduced in the ' Canticles,' and still more abun-
dantly in the * Biblia Pauperum.' These effects are always produced by a series of

short lines laid parallel to each other, nor is any attempt made to enrich the meagre
character of the work by crossing the lines, as in more modern engraving. The do-

bate, which has excited so many historians as to the place where printing first had
birth, has included many doubts concerning the country where those old block-books

were fabricated ; but from the armorial bearings which appear on the shields of some
figures in tho ' Canticles,' Germany seems to be the country whero that series was
designed ; * probably Flanders or Holland may claim the ' Biblia Pauperum,' which

does not bear equal traces of refinement in art. The ' Speculum Humanse Salvation is

'

has been claimed for Laurence Coster of Haarlem. This book was a combination of

block-book and moveable type, having long cuts across the top of each page, divided by
columns into two subjects, with moveable types beneath. It is not unusual to meet

with woodcut pages of type alone at this period ; and books with such pages, or with

the addition of woodcuts, wore produced by the old engravers after the invention of

moveable t}'pes ; but, as metal-cast letters speedily usurped the place of the wooden
ones, the wood engravers seem to have soon confined themselves to the pictorial branch

of the art.

The love of pictured illustrations of narrative history gave a permanence to the

art of wood-engraving ; and tho works printed in Italy, as well as those introduced

into England by Caxton, were adorned with cuts. They are, however, of the

rudest kind, with broad heavy lines, and were most probably produced from coarse

pen drawings made on the surface of the wood, and mechanically cut by the engraver.

Toward the close of the fifteenth century • cross-hatching ' (as lines of shadow cross-

ing each other are technically termed) is first seen, and in the 'Nuremburg Chronicle/

1493, they are freely used. The designers and engravers of these cuts, perceiving

the effect, which may be so readily obtained in wood-engraving, by leaving the wood
untouched with the graver for solid masses of shadow, have availed themselves of it,

and given stronger effect to their cuts thereby. Michael Wohlgemuth and AVilliam

Pleydenwurff were the designers employed; the former artist was the master of

Albert Durer, who ultimately raised wood-engraving to the highest point of ex-

cellence.

Diirer's first great work was a scries of sixteen large cuts illustrative of tho

Apocalypse. They were published in 1498, and attracted great attention from the

vigour and strange originality of their design, and the artistic character of their treat-

ment. In 1511 another series of cuts was published at Nuremberg by Diiror,

illustrative of the Apocryphal Life of the Virgin. Tliey evidence tho great improve-

ment which the artist had made during the interval, and are certainly the finest wood-

cuts which had ever been executed up to that period ; but they are eclipsed by the

series of eleven large cuts published soon after, representing scenes in the Passion of

Christ ; and which may be fairly considered triumphs of the art of wood-engraving,

unsurpassed in design and execution by any successors. The art had now become

appreciated wherever it was known, and a host of wood engravers found employ in

Nuremberg, cutting the designs of Durer, Hans Burgraair, Hans Schanfelein, and

other artists ; who found no lack of patronage in the old imperial city, for the Emperor

Maximilian I., extensively employed them in various works illustrative of his real or

fancied exploits.'

So important was this royal patronage, that tho engravers set no bounds to the size

of tho works they attempted, and hit uix)n the plan of joining one block of wood to

another, until in the engraving representing the triumphal arch in honour of this

emperor, a woodcut was completed in this way, measuring ten feet by nine. Tho

size is, however, not its only claim to attention, for it is throughout designed and en-

graved with the utmost care and beauty.

In all these cuts of the great masters of the art of wood-engraving, we only find tho

name of the designer recorded ; thus, Diircr, and others of his era, whoso names

' Among them arc the double-headed onplc of Anstriti, tlio black corIc of Germany, the tliree crowns

of Cologne, the cross-keys of Ratisbon, tlic arms of Wurteinbcrj,', Nymphonbiirg, and Alsace.
" Such were the adventures of the Knight Thnordank, under which form the emiHTor was fipurc<l ;

* The Wise King,' an equally flattering picture of hiH early education and actiona ; and tho magnificent

perics of cuts, known as the ' Triumphs of Maximilian,'
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occur on cuts, were the designers and draughtsmen on the wood ; but the engraver

was considered in the light of a mechanician, and, except in a very few instances, his

name was not displayed. To fully understand this, it is necessary hero to explain the

whole process of wood-engraving at this time. A block of wood being prepared

from a perpendicular cutting of pear-tree, upon the surface was made a drawing, in

which every line was delineated with pencil or reed-pon, exactly as the cut was
ultimately to appear ; the intervening spaces of plain wood between every line were
then cut away ; and in this manual dexterity consisted the whole merit of the engraver.

The abundance of cross-hatching so constantly found in old woodcuts, is explained

by the fact of this being the easiest and best mode for the draughtsman to employ in

getting his effects of light and shade ; the extreme labour it involves to the engraver

not being considered ; but when it is understood that each minute space has to be cut

down from each angle of the lines, and the centre entirely cleared out, some idea may
be formed of the labour required, when thousands of such squares occur on some of

Diirer's large cuts, independent of other work. The backs of some of these old blocks,

particularly those in the ' Triumphs of Maximilian,' are marked with the names of the

engravers, and there is proof that women practised the art ; but it is not at all likely

that the artists who designed, and drew upon the wood these designs, went through
the merely mechanical labour of engraving them.

The great impetus thus given to wood-engraving,^ kept it prominently before the

world during the whole of the sixteenth century, when the presses of the Continent

continually brought forth a sbries of volumes remaikable for the beauty of the cuts

by which they were illustrated. This practice of the book trade gave rise to a
series of artists known as ' the little masters ' of the German school, from the small

size of their works ; among whom the principal who connected themselves with
engraving on wood were Virgil Solis, Henry Aldegraver, the two Behaims, Lucas
Cranach, Urse G-raff, Albert Altdorffer, Jost Ammon, and Solomon Bernard.

In Italy, Ugo da Carpi practised with success, from the year 1518, the art of en-

graving on wood imitations of tinted drawings : an art which originated with the

Germans, but which he much enlarged and improved. It consisted in a series of blocks

cut to imitate patches of colour, and made to print over each other in gradations of

tint, until the chiar-oscuro of a drawing was secured ; then the coarser and bolder

lines defining the whole design were printed over all, and a capital imitation effected

of the bold cartoons, consisting of vivid outline and broad washes of tint, iised as first

sketches for their pictures and frescoes by the artists of that era.

A perfect rage for book illustration seems to have beset the printers soon after the
death of Diirer. The most prolific artists who supplied their wants were Jost Ammon
and Solomon Bernard : the former executed a multitude of designs on every imagin-
able subject ; the latter, equally prolific, devoted himself chiefly to the illustration of
sacred or classic literature. The greatest publishers of such books were Sigismond
Feyeraband, of Frankfort-on-the-Maine ; Jean de Tournes, and Trechsel, of Lyons

;

and Plantyn, of Antwerp. From their presses issued a series of small volumes, which
can only come under the generic title of * picture books ;

' for they were got up for

the sake of exhibiting the favourite art of wood-engraving, and only contain a few
descriptive lines of type beneath each cut. The cuts executed by Ammon are all

remarkable for correctness of drawing and vigorous effect; those of Bernard are

less scholastically correct, but contain more evidence of grace and fancy. The de-

signs of these artists abound in books published between 1550 and 1580 ; but the

most admirable series were executed in a little volume, published at Lyons, in 1538,

without the name of draughtsman or engraver, the ' Simulachres de la Mort,' known
among bibliographers as the ' Lyon's Dance of Death,' a collection of cuts which,
for minute beauty and perfection of design and execution, are completely unrivalled,

and have not been equalled by any modern copyist.'^ This was the Augustan age of

book illustration, which flourished in popular favour until the close of the sixteenth

century, when a minute tameness, in contradistinction to the vigour of the earlier en-

gravers, began to appear, and reached its culmination in such cuts as were given in

Nicola/s 'Travels in Turkey ' (Antwerp, 1576).

* DUrer's engravings were so exceedingly popular, that they found their way all over Europe.
Raphael admired them in Rome, and was induced to perpetuate his own designs by employing Marc
Antonio Raimondi to engrave them on metal under his own superintendence. So originated the
modem print trade. DUrer's designs were so much in request, that Lucas van Leyden imitated them
on copper, for sale to such persons as could not perceive the great difference between the vigorous
originals and his tame and disagreeable copies. Diirer was ultimately obliged to apply for legal re-

strictions against these piracies.
" The designs have been popularly ascribed to Holbein, and, apparently, with reason. An artist

named Hans Lutzelburgher, of Basle, has been conjectm-ed to have been the engraver, from the
•initials H. L. on one of them. By this time it had become usual to append the initials of engravers
to woodcuts, as well as those of the designers.
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Titian is said to havo furnisliod designs for various woodcuts, particularly the
sorios of Costumes published at Venice in 1590; and a very largo coarse cut of the
Destruction of Pharaoh and his Host, more than four feet long, is said to have been
one among many of uncommon size executed from his designs ; they were printed on
separate blocks, and then pasted together in the manner of wall-papers. One ropro-
senting the Sacrifice of Abraham is remarkable for the variously-tinted inks in which
it is printed to exhibit gradations of distance.

Wood-engraving in the early part of the seventeenth century had sunk from its

high estate. The last great artist who had employed himself in connection with the
art was Hans Holbein ; and we do not find a great name again conjoined with it until
the middle of that century, when Kubens employed Jeghers, of Antwerp, to engrave
some of his drawings on wood. The generality of woodcuts in books of this era
rival in coarseness the older block-books ; the wood-engravers seem to havo sunk into

mechanics, unassisted by good artists to furnish them with drawings. The art had
become vulgarised, its profession a trade, and the demand and supply scarcely better

than the requirements of the ballad-printer desired. They were ancillary to the
commonest uses of the press, and all art speedily vanished from the cuts manu-
factured probably at a very cheap rate for temporary use. Of this kind are the

cuts sprinkled through the English books of the time of James and Charles I. It is

possible that the printers were supplied with them from Germany and Flanders. It

was customary to use woodcuts repeatedly, particularly if merely ornamental ; in this

way initial letters were reproduced as the stock in trade of the printing-office ;
' and

oven scones of adventure, adopted unscrupulously for other events, to which there

was the slightest general resemblance.' The names of these 'wood-cutters' have
not descended to our time ; their works are widely scattered over general literature,

and it is not until the middle of the century that we meet with any instance of an
attempt to arrest the downward progress of the art. Then, as we have previously

noted, Kubens, probably anxious to rival Diirer, engaged Christopher Jogher, of

Antwerp, to execute, under his own superintendence and at his expense, a series of

large drawings made by himself upon the wood. They differ from the style of the

earlier masters, and frequently havo a confused blotted look in the lines, which pro-

duce deep shadows ; they possess, however, all that boldness and vigour of treatment

for which the great Flemish painter was so deservedly celebrated ; but the engraving
is coarse and mechanical. Kubens appears to have felt this, and sometimes a tinted

block is added over all, with high lights cut upon it, to give softness and brightness

to the whole : an idea he may have adopted from the engravers of Italy who suc-

ceeded Ugo da Carpi (among whom may be honourably mentioned Andreas Andreani,

of Mantua, born 1540, died 1620), or from the designs of Lalleman engraved by
Businck, which were nearly contemporaneous in France.

Though * fallen from its high estate,' the art never sank into complete decay,

either in England or upon the Continent ; there were always a few who followed the

profession, and aided the printer with such cuts and diagrams as he might require.

Tho family of the Jeghers practised in Antwerp until the end of the century : a clever

series of woodcuts illustrative of the Service of the Mass was published at Ghent,

and executed by Kraaft in 1732. In France, the family of Le Sueur were employed
through three generations by booksellers; the last, Nicholas, died in 1764; while

Papillon, the author of a Traite de la Gravure en Bois, had practised tho art from the

commencement of the century until 1770, and had been patronised so extensively by
the booksellers of France and Holland that he counts his cuts by the thousand. In
England, E. Kirkhall executed cuts for books, and from 1722 to 1724 a series of 12

block-prints, in imitation of Ugo da Carpi's work already alluded to ; in this latter

style he produced a greater pupil in J. Jackson, who very successfully copied some of

the great works of Titian, Paul Veronese, and others, during tho years 1738 to 1741

;

at this time he resided in Venice, after a short sojourn in Paris, where he was occasion-

ally employed as a wood engraver. Many cuts scattered through English books about

the same period bear the initials of F. H. for Francis Hoffman, whoso name is en-

graved in full on a tail-piece, representing Cupids surrounding a lighted altar, to bo

' In the old printing ofHce of Plantyn, at Antwerp, is still proservod a larpo quantity of woodcuts,
originally engraved for the books he issued at tho end of tho 16th century, particularly the cmblema
of Alciati and Sambnco.

» The number of impressions a woodcut will yield has never yet been established. Tho elasticity

of wood gives it a great advantage over racial in press-printing ; and wliilc copi)cr and stool wonr
out, wood shows little sign of wear : many thousands of impressions may Ix; taken by a moderately
careful printer without injuring a woodcut. As an instance with what impunity a bad jirinter

may use a coarse woodcut, may bo mentioned tho fact, that tho balliul i)riiitors of tho middle of the
Jast century occasionally used cuts that had been engraved in the reign of Charles I., and had headed
iwpular ballads for more than 100 yeare.
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seen in the first edition of ' Gulliver's Travels,' 1 726, vol. ii. p. 47. An engraver named
Lister executed some cuts of ji much better character than usual about 1760, particu-

larly those in the 'Oxford Sausage ;' and in Sir John Hawkins's ' History of Music'

are some of the largest and most ambitious cuts at that time attempted, anywhere,

Thoy were engraved by T. Hodgson. Three other persons named respectively, "W".

Ponnock, S. "Watts, and H. Cole, occasionally devoted themselves to wood-engraving,

which seems to have been practised by such copper-plate engravers as occupied them-
selves with ' general work ' for the printing trade or the public, and who varied their

labours by occasionally engraving shop-bills or door-plates.

There is one great change in the cuts produced during this period, the result of a
different style of drawing made for the wood engravers, and which discarded cross-

hatching and its consequent tedious labour, for a tinted or washed drawing which
could be cut into a series of lines by the tool, expressing the varied tints more simply
and readily. The art of ' lowering ' or scraping down to a lower level various parts

of a cut that should appear light, and so assist the press in its labours, was also prac-

tised, and the harder wood of the box-tree used. Such was the state of the art when
a Northumbrian peasant boy was destined to appear, again draw universal attention

to the neglected profession, and found the modern school of wood engraving.

Thomas Bewick was the son of parents engaged in a colliery, who lived at Cherry-

burn twelve miles west of Newcastle-on-Tyne ; he was born in 1753 and passed his

early years helping his father's labour. His leisure hours were earnestly devoted to

the small amount of knowledge a village school could impart ; but as a strong love

for nature, and for its imitation, soon developed itself in the boy, his father determined
to apprentice him to an engraver of Newcastle, IMr. E, Beilby, whose work was of that
' general ' kind undertaken in a busy country town. There he occasionally engraved
initials on tea-spoons or names on door-plates, until, in the second year of his ap-

prenticeship, his master received an application from Dr. Hutton for woodcut
diagrams, such as were then executed in London, to illustrate his treatise on
Mensuration. Beilby knew that young Bewick had been making some attempts in

this style, and he encouraged liim to persevere ; he did so, and Button's book was
published in 1770 with Bewick's cuts. The young engraver had many difficulties to

contend against, and he had even to construct his own tools ; among the rest, a double-
pointed graver to enable him to cut both sides of a line at once, and so ensure its

equal thickness throughout. In 1776, he executed a cut and sent it to the Society of
Arts, in London, who awarded him a medal ; and in the following year he visited

London, and was employed by Hodgson, whom we have already noted as the engraver
of the cuts in Hawkins's ' History of Music ;' as well as by H. Cole. There need bo
little doubt that this visit to the London wood engravers was useful to Bewick, for he
must have become by that means acquainted with the usual mode of practising the art,

the proper kinds of tools used, and the various things which make the mechanical part
of the profession ; but he had fortunately formed a style of his own, so very original,

and based so firmly on tiie study of nature, that wood-engraving in his hands became
an art presenting many novel and attractive features never visible before. The wood
engravers from the days of Diirer, or from the first invention of the art, depended
slavishly on the drawings made upon the wood, and did little more than cut away the
interstices ; but Bewick cut out of the wood a vast deal of that which no draughtsman
could so draw ; for with the aid of a slightly-tinted drawing, he would cut the foliage

of trees, the plumage of birds, the texture of animals, or small figures and birds, by
the graving tool alone. His dextrous hand was guided by a perfect knowledge of
nature, and every line he cut expressed drawing ; in this was his great distinction over
all other wood engravers ; he cut his pictures out of the wood, the others cut the
wood out of the pictures.

Bewick disliked London, and speedily returned to his native place. His first work
was an illustrated edition of Gay's ' Fables,' published in 1779 by T. Saint, a printer of
Newcastle, much engaged in the publication of children's books, and such as the
travelling chapmen carried in their packs for the edification of the villagers. These
cuts bear the earliest traces of that accurate delineation of nature, and minute truth-
fulness of expression, which ultimately gave his works universal renown. The wild
plants and grasses, however minute they are cut, can always be distinguished by the
naturalist

; the proper foliage of every tree is truthfully cut by his graver ; the birds
and insects, however minute, are perfect in drawing ; and the general effect of his
woodcuts artistically powerful. As he fully felt the value of leaving the wood itself

to express solid shadow, he had not the timidity which imagines labour to be neces-
sary to success. The little cut of the Fox and Bramble in this volume is a good
illustration of Bewick's mode. Every leaf of the bramble is cut out, white upon
black, with the most truthful power of drawing ; the spines on the stem of the bramble
are visible to the eye ; the fern beside it is similarly expressed by cutting the form
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of its foliage with tho most perfect freedom upon the solid block of wood. Each
bush has its distinctive loaf. Tho dogs in the distance are similarly cut out by tho
graver on a ilaLod ground; and the few lines which cover the body of tho fox
entangled in the bramble, express its texture with a spirit which no mere cutting of a
drawing placed on wood by a professional draughtsman could ever give. Bewick's
cuts are sometimes termed coarse, but no elaboration of labour will elevate the costliest

woodcut above these works, for which Bewick obt.iined but nine shillings each

;

unless drawing can be expressed by the engraver as perfectly as Bewick could
express it.

Assisted by his brother John, the Newcastle engraver issued a series of works
devoted to natural history ; the best being the • History of British Birds.' Here
Bewick's knowledge of nature and power of expression by means of his graver
shone forth conspicuously. His books became equally celebrated for tlie humorous
tail-pieces he occasionally introduced redolent of whim and original genius. He laboured
stedfastly at his art to a good old age. His brother John loft Newcastle to reside in

London, where he was much employed, but a pulmonary complaint killed him at tlio

early age of thirty-five. He died in 1795. Thomas Bewick lived to the advanced
age of seventy-five. He died in 1828, having worked upon a largo woodcut only

a few days before his death.

The pupils educated by Bewick wore few. The best were Charlton Nesbit, Luke
Clennell, William Harvey, and John Jackson. Nesbit settled in^London, and was
extensively employed during a long life. Clennell after a while, devoted himself to

painting. Harvey turned his attention to drawing on wood, and his designs for book
illustration may be numbered by the thousand ; his best are in Lane's edition of tho

« Arabian Nights' Entertainments.' Jackson was greatly employed by the publisher

of the latter work, Mr. Charles Knight, particularly on the best cuts in the once-famed
* Penny Magazine.'

At the early part of the present century, Mr. Robert Branston founded a London
school of wood-engravers, of which he was tho head. His style was peculiar, unlike

Bewick's, though like him he was self-taught. His cuts have more refinement, but
less knowledge of nature ; his best pupil was John Thompson, who combines in his

best cuts tho refined knowledge of light and shade with much of Bewick's power of

expressing drawing. Samuel Williams was one of the few modern engravers who
made his own drawings upon the wood, and he produced vory brilliant effects by
frequently leaving the wood in solid masses of black. Drawings for wood engravers

were at this time chiefly supplied by artists who devoted themselves to that particular

branch of the art ; and knew how to design their compositions so that they should

best display the peculiarities of wood-engraved effects. Thurston, Craig, and Harvey
were the principal artists so engaged.

A largo number of wood engravers, the pupils of the Newcastle and London ateliers,

helped to supply the booksellers at home and abroad for a considerable number of

years. It was the custom, some thirty years ago, for the foreign booksellers, parti-

cularly in Paris, to send the blocks across the Channel to English engravers to execute

;

this led ultimately to several settling on the Continent, particularly in France and
Germany. Tho French publishers always sent the wood-block with the drawing
carefully executed on its surface by a native artist. These drawings were always

elaborately executed in pencil, greatly resembling etchings ; little was consequently

left for the engraver to do, but follow the lines and cut away the spaces
;
patience

hence became the chief virtue of the wood engraver ; and it was ultimately found

that its exercise produced so certain an effect, that apprentices knowing nothing of

art might aid in thus working out good engravings ; and the old style of tintod draw-

ing on wood was discarded for this ' ftic-simile ' work ; the best draughtsmen among
the French and German artists having willingly furnished these drawings, English

artists of a higher grade were induced to draw on wood, but they occasionally failed

from not clearly understanding the peculiar effects their work shoidd produce, and
the characteristics of the art. Generally speaking, wood engravers prefer cutting

from the drawings of professional draughtsmen on wood ; who generally execute their

work with such elaborate precision, that the engraver has nothing more to do than

follow their lines ; this, however, has made mere mechanism of much modern wood-
engraving; and many expensive cuts exhibiting pencilling in crossed and re-crossed

lines, occupying wearisome labour, and costing many ill-bestowod sovereigns, can

only be classed with such ' art * as is devoted to engraving the Lord's Prayer in tho

compass of a silver penny ; and merely produces the same general effect that Bewick
would have obtained in a few bold lines.

Tho great difference between ancient and modem wood-engraving consists in this

very boldness, and the practice of the art was essentially difforcnt in the sixteenth and
eighteenth centuries. The old wood engravers cut on large blocks of soft wood,
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such as pear-tree, the way of the grain ; the moderns, on small blocks of the hardest

wood they can obtain—the turkey box, and across the grain. For printing paper-

hangings, oil-cloths, and the like, wood-blocks cut on the old system, i.e. on the side-

grain of the wood, is still employed. The old engravers cut the work downwards

with small knives or gouges ; the moderns use gravers of various widths to cut out

the spaces between fine lines, and broader chisels or gouges to clear away the broad

spaces of white. Wood-engraving is the exact opposite to copper-plato engraving in

the mode by which the lines of engraving are produced. The copper-plate engraver

produces his lines by cutting into the metal at once, the wood engraver produces his

line by a double operation, by slicing away the wood on each side of it ; for though

it is recorded that Bewick invented a double cutting fork-shaped graver to cut

away both sides of a lino at once, no such tool has ever since been used in the

profession.

In order to make the whole process of wood-engraving clear to the reader, we
will now simply describe the production of a woodcut from the time it leaves the

timber-merchant, until it is fit for the hands of the printer. The log of box is cut

into transverse slices, |ths of an inch in depth, in order that the face of the cut may be

on a level with the surface of the printer's type, and receive the same amount of

pressure ; the block is then allowed to remain some time to dry, and the longer it is

allowed to do so the better, as it prevents accidents by warping and splitting, which
sometimes happen after the cut is executed, if the wood is too green. The slice is

ultimately trimmed into a square block, and if the cut be large, it is made in various

pieces strongly clamped and screwed together; and this enables engravers to get

large cuts done in an incredibly short space of time, by putting the various pieces

into different engravers' hands, and then screwing the whole together. The upper
surface of the wood is carefully prepared so that no inequalities may appear upon
it, and it is then consigned to the draughtsman to receive the drawing. He covers

the surface with a light coat of flake white mixed with weak gum-water, and the

thinner this coat the better for the engraver. The French draughtsmen use an
abundance of flake white, but this is liable to make the drawing rub out under the

engraver's hands, or deceive him as to the depth of the line he is cutting in the wood.
The old drawings of the era of Diirer seem to have been carefully drawn with pen
and ink on the wood ; but the modern drawing being very finely drawn with the

pencil or silver point is obliterated easily, and there is no mode of ' setting ' or

securing it. To obviate this danger the wood-engraver covers the block with paper,

and tears out a small piece the size of a shilling to work through, occasionally re-

moving the paper to study the general effect ; in damp and wintry weather he some-
times wears a shade over the mouth to hinder the breath from settling on the block.

It is now his business to produce in relief the v/hole of the drawing ; with a great

variety of tools he cuts away the spaces, however minute, between each of the pencil

lines : and should there be tints washed on the drawing to represent sky and water,

he cuts such parts of the block into a series of close lines, which will, as near as he
can judge, print the same gradation of tint. Should he find he has not done so com-
pletely, he can re-enter each line with a broader tool, cutting away a small shaving,

thus reducing their width and consequently their colour. Should he make some fatal

error that cannot be otherwise rectified, he can cut out the part in the wood, and
wedge a plug of fresh wood in the place, when that part of the block can be re-

engraved. An error of this sort in a woodcut is a very troublesome thing ; in copper
engraving it is scarcely any trouble ; a blow with a hammer on the back will obliterate

the error on the face, and produce a new surface ; but in wood the surface is cut

entirely away, except where the lines occur, and it is necessary to cut it deep enough
not to touch the paper as it is squeezed through the press upon the lines in printing.

To aid the general effect of a cut, it is sometimes usual to lower the surface of the
block before the engraving is executed in such parts as should appear light and delicate

;

they thus receive a mere touch of the paper in the press, the darker parts receiving

the whole pressure and coming out with double brilliancy. When careful printing

is bestowed on cuts they are first carefully brought to the height of the type, by
tinderlaying, as it is termed, with paper of the required thickness ; an impression is

then taken with the tympan of the press, and the dark parts of the engraving over-

layed with paper carefully cut out ; another impression is then taken, and the same
process is to be continued of laying on and cutting out for the light parts until a
satisfactory impression be produced, corresponding with the engraver's proof, which
the pressman should always keep under his observation.

Wood-engraving is a most useful adjunct to the author, and must always command
a large amount of attention. In this country the art has been carried to the highest
degree of perfection. In works like the present, the author is greatly aided by a
diagram, which can more clearly explain his meaning than a page of letter-press

;
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and it can be set up and printed with the type, a mode which no other style of art
can rival in simplicity and cheapness. The taste for elaboratoly-oxecutod wood-
engravings may again decrease, as wo find it did for nearly two centuries ; but it was
never a lost art, and never will be, owing to the practical advantages wo speak of,

unless it be superseded by some simpler mode of doing the same thing hitherto undis-
covered. The number of persons who practise wood-engraving in London alono is

very large, and when we consider the quantity dono in the great cities of the Con-
tinent, and the largo amount of book illustration in constant demand, the creative
power of one single genius—Thomas Bewick—shines forth in greater vigour than
ever.—F.W.F.
When a large number of impressions are to be taken from a wood-block, a cast in

metal is taken from it, in the manner described under Stereotype. In some cases
electrotype copies are taken in copper, and the comparatively thin sheet of copper
produced is mounted upon a wood-block of the proper thickness.

Photography has been employed most sorviceably by the wood engraver. Drawings
are reduced by the aid of the camera to any required size, and the impression re-

ceived directly upon the wood which is to be cut. Most of the wood-engravings
which illustrate this volume have been produced by the use of the photographic pro-

cess. See Photogeapht.
Engraving on brass plates has been used as a cheap mode of superseding wood-

engraving for works of a cheap character.

ZSirCRAVZirG OW GIiASS. This work does not deal with mere matters of
manipulation, therefore the process of engraving on glass, by means of the glass-cutter's

wheel, and with tools, finds some notice under Giass only. One process of engraving
on glass is carried out by covering the glass with an etching wax, carefully cutting out
the pattern, then covering the glass with powdered fluor-spar, and pouring sulphuric

acid upon it. Or, by preparing fluoric acid in a metal bottle, and projecting the

vapour as formed directly upon the exposed part of the glass. Attention has of late

been drawn to a process of engraving glass by the sand-jet, an American invention.

Mr. Tilghman's attention seems first to have been directed towards cutting stone or

hard metal by a jet of sand impelled by escaping steam under high pressure. His
early experiments were with very high pressure ; but, as he progressed in the knowledge
of results obtainable with various velocities, a great use for this process seemed to

develop itself in sand driven by moderate air-blasts, and applied to grinding or de-

polishing glass for ornamental purposes.

For grinding glass a common rotatory fan is used, 30 inches in diameter, making
about 1,500 revolutions per minute, which gives a blast of air of the pressure of about
4 inches of water, through a vertical tube, 2 feet high by 60 inches long, and 1 inch

wide.

Into the top of this tube the sand is fed, and falling into the air-current and ac-

quiring velocity from it, is dashed down against the sheets of glass, which are slowly

moved across, about 1 inch below the end of the tube. About 10 or 15 seconds'

exposure to the sand-blast is sufficient to completely grind or depolish the surface of

ordinary glass, so that sheets of it carried on endless belts may be passed under this

1 inch wide sand-shower at the rate of 6 inches forward movement per minute. In

the machine in use for this purpose the spent sand is reconveyed to the upper hopper
by elevators, and tlie dust made by the sand-blast (which might otherwise be a

source of annoyance to the workman) is drawn back into the fan, and thence passes

with the wind into the blast ton, and again mingles with the shower of sand upon the

glass.

By covering parts of the glass surface by ^ stencil or pattern of any tough or

elastic material, such as paper, lace, caoutchouc, or oil paint, designs of any kind may
be engraved.

There is a kind of coloured glass made by having a thin stratum of coloured glass

melted or * flashed ' on one side of an ordinary sheet of clear glass. If a stencil of

sufficient toughness is placed on the coloured side, and exposed to the sand-blast, the

pattern can bo cut through the coloured stratum in from about 4 to 20 minutes,

according to its thickness.

The theoretical velocity of a current of air of the pressure of 4 inches of water,

Mr. Tilghman calculates, is (neglecting friction), about 135 feet per second; the actual

velocity of the sand is doubtless much less.

If a current of air of less velocity is used, say about 1 inch of water, very delicate

materials, such as the green leaves of the fern, will resist a stream of fine sand long
enough to allow their outlines to bo engraved on glass. By graduating the time of

exposure with sufficient nicety, so as to allow the thin parts of the Iwives to bo partly

cut through by the sand, while the thicker central ribs and their branches will resist,

the effect of a shaded engraving may be produced.
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' The grinding of such a hard substance as glass by an agent which is resisted by

such a fragile material as a green leaf, seems at first rather singular. The probable

explanation is, that each grain of sand which strikes with its sharp angle on the glass

pulverises an infinitesimal portion, which is blown away as dust, while the grains

which strike the leaf rebound from its soft elastic surface.

The film of bichromatised gelatin, used as a photographic negative, may be suffi-

ciently thick to allow a picture to be engraved on glass by fine sand, driven by a

gentle blast of air.

For cutting stone, the inventor uses steam as the impelling jet ; the higher the

pressure the greater is the velocity imparted to the sand, and the more rapid its cutting

effect.

In using steam of about 100 lbs. pressure, the sand is introduced by a central iron

tube, about -f^^ths-inch bore, while the steam is made to issue from an annular passage

surrounding tho sand tube.

A certain amount of suction of air is thus produced, which draws the sand through

the sand-tube into the steam-jet, and both are then driven together through a tube,

about 6 inches long, in which the steam imparts its velocity to tho sand, and

finally strike on the stone, which is held about an inch distant from the end of the

tube.

At the part struck a red light is visible, as if the stone was red-hot, though really

it is below 212° Fahr. The light is probably caused by the breaking-up of the

crystals of the sand and stone.

Tho cutting effect is greatest when free escape is allowed for the spent sand and

steam. In making a hole of diameter but slightly greater than that of the steam jet,

the rebounding steam and sand greatly interfere with, and lessen the efficiency of the

Under favourable conditions, using steam which he estimated as equal to about 1^

horse-power, at a pressure of about 125 lbs., the cutting effect per minute was about

1^ cubic inch of granite, or 3 cubic inches of marble, or 10 cubic inches of soft brown
sandstone.

By means of flexible or jointed connecting tubes, the blast-pipe is made moveable in

any direction
;
grooves and mouldings of almost any shape can thus be made, or by

means of stencil plates, letters or ornaments can be cut either in relief or in intaglio,

with great rapidity in the hardest stone.

At a high velocity, quartz sand will cut substances much harder than itself, as before

stated. With a steam jet of 300 lbs. pressure, a hole 1^ inch in diameter was cut

through a piece of corundum 1^ inch thick in 25 minutes.

A hole 1 inch long and j inch wide was cut through a hard steel file ^ inch thick,

in 10 minutes, with a jet of 100 lbs. steam.

A stream of small lead shot driven by 60 lbs. steam, wore a small hole in a piece of

hard quartz ; the shot were found to be only very slightly flattened by the blow, show-
ing their velocity to have been moderate.

Among the curious examples of glass cut by this sand-blast was shown a piece

of ordinary window-glass, which, having been partially protected by a covering of

wire gauze, had been cut entirely through, thus producing a glass sieve, with openings
about ^^jth of an inch, the intervening glass meshes being only ^th of an inch wide.

This seems to have been produced more as a curiosity than for any practical purpose.

Should such a sheet of perforated glass be required, it is questionable if it could be
produced from a solid sheet by any other method.

A microscopic examination of the sheet glass depolished by this process shows a
succession of pits formed by the blows of the impinging grains of sand, and looks more
uniform than do surfaces ground by the rubbing process.

One curious fact connected with the use of this process is that when a surface to be
cut in intaglio or otherwise is partially protected by templates of metal, these tem-
plates curl up under the blows of the sand, so that paper patterns are really more
durable than patterns cut from brass. Sheet steel, cut into shapes and then hardened,
will also curl up under the blows of the fine particles of sand, unless protected by
sheets of yielding material. Fine lace will protect glass during the depolishing process,

and leave its designs in polished lines on a ground surface. This account is derived
from the ' Journal of the Franklin Institute.' See Gtlass.

EZTGRAVxirG oiar stone ; shaim or gem ENGSAVIXTG. Some
very delicate and beautiful results are obtained by engraving upon lithographic stones.

The art, is not, however, of sufficient importance to occupy our already crowded space.
Seal or gem engraving is an art of great antiquity. We may here simply allude to the
apparatus in general use by the workman, and which consists of a lathe turned by a
treddle, and moving a small horizontal steel cylinder, into which the tools are inserted,

allowing them to revolve against the gem, which is held by the hand of tho workman
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close to each point, cutting the surface by the aid of diamond-powder made into a
paste with olive-oil. The tools are very simple, and adapted to produce the kind of

abrasion wished for by the artist. When thus engraved the surface is polished with

box-wood tools and rotten-stone. The ancient gems are remarkable for a higher and
finer polish than is possessed by the generality of modern works, as well as for a
more vigorous and sculpturesque effect.

The arts of incising a design upon a precious stone, and of sculpturing it in relief,

originated with the nations of antiquity, and were practised by them with great

success. Carnelian was their favourite stone for general use, but they also worked on
onyx, chalcedony, jasper, and blood-stone. They frequently used the various tints of'

the stone to heighten the effect of their work, and produce relief. Tlie ancients

have preserved the names of many of the early Greek gem engravers who have
never been surpassed for ability. One of their most celebrated works is the sardonyx
of three strata, which formed part of the cabinet of gems of the Empress Josephine,

and which represents the busts of Ptolemy Philadelphus (b.c. 285 to 258) and his

queen Arsinoe. Its shape is an obtuse oval, measuring 6;^ inches by 5. Another
with the same heads is preserved in the Imperial Cabinet at Vienna, measuring 4.

J

inches each way. But the largest and most important of these antique works is the

apotheosis of Augustus, preserved in the Koyal Cabinet of France, which measures 8

inches by 9, and represents more than twenty figures of men and deities, a wonderful

monument of patient labour and artistic power. So fond were the ancients of these

costly and beautiful works, that the Emperor Heliogabalus is recorded to have

covered his shoos with engraved gems. They were also used to adorn coffers and
other luxurious articles of furniture, as well as drinking vessels, patera, &c.

—

Fairholt.

EXritEVAGE. The discolouring or discharging style in calico-printing.

EltrSTATZTE. A name now applied to those varieties of bronzite which contain

little or no iron. Enstatite is the chief constituent of the French rock called LJier-

zolite, and it has been also found in certain meteorites. The name, derived from
ivffrdrris (ensfates), ' an opponent,' refers to the refractory behaviour of the mineral

before the blowpipe.

EXTOZOA. Those animals which live within the bodies of other animals.

EXTTRESOXi. A floor between other floors ; a low set of apartments placed above

the first floor. The Quadrant, Eegont Street, has a good example of the entresol.

In Italy the term Mezzanino, or ' little middle floor,' is used to indicate the same
arrangement.

EIO'VEX^OPES. The manufacture of envelopes has so largely increased, that the

old method of folding them by means of a bonefolding stick, although a good workman
could thus produce 3,000 a day, was not capable of meeting the demand; hence the

attention of several was turned to the construction of machines for folding them.
Amongst the most successful are the following :

—

Envelope folding.—In the envelope-folding machine of Messrs. De La Eue & Co., each
piece of paper, previously cut by a fly-press into the proper form for making an envelope

(and having the emblematical stamp orwafer upon it), is laid by the attendant on a square

or rectangular metal frame or box, formed with a short projecting piece at each corner,

to servo as guides to the paper, and furnished with a moveable bottom which rests on
helical springs. A presser at the end of a curved compound arm, which moves in a
vertical plane, then descends, and presses the paper down into the box,—the bottom
thereof yielding to the pressure ; and thereby the four ends or flaps of the piece of paper
are caused to fly up ; the presser may be said to consist of a rectangular motjil frame, the

ends of which are attached to the outer part of the curved arm, and the sides thereof to

the inner portion of the arm; so that the ends and sides of the presser can move inde-

pendently of each other. The ends of the presser then rise, leaving the two sides of it still

holding down the paper; two little lappet pieces next fold over the two side flaps of the
envelope ; and immediately a horizontal arm advances, carrying a V-shaped piece

charged with adhesive matter or cement (from a saturated endless band), and applies

the same to the two flaps. A third lappot presses down the third flap of the envelope

upon the two cemented flaps, and thereby causes it to adhere thereto ; and then a
pressing piece, of the same size as the flnished envelope, folds over the last flap and
presses the whole flat. The final operation is to remove the envelope, and this is

effected by a pair of metal fingers, with India-rubber ends, which descend upon the
envelope, and, moving sideways, draw the envelope off tlio bottom of the box (the

pressing piece having moved away and the bottom of the box risen to the level of the
platform of the machine) on to a slowly-moving endless band, which gradually carries

the finished envelopes away. A fresh piece of paper is laid upon the box or frame,
and the above operations are repeated. This machine makes at the rate of 2,700
envelopes per hour.
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Another machine for the same object was invented by Mr. A. Remond, of Birming-

ham, and is that employed by Messrs. Dickinson & Co. The distinguishing feature

of this arrangement is the employment of atmospheric pressure to feed in the paper

which is to form the envelope, and to deflect the flaps of the envelope into inclined

positions, to facilitate the action of a plunger, which descends to complete the folding.

The pieces of paper, cut to the proper form, are laid on a platform, which is furnished

with a pin at each corner, to enter the notches in the pieces of paper, and retain them

in their proper position, and such platform is caused alternately to rise and bring the

upper piece of paper in contact with the instrument that feeds the folding part of the

machine, and then to descend until a fresh piece is to be removed. The feeding in-

strument consists of a hollow horizontal arm, with two holes in the under side, and

having a reciprocating movement. When it moves over the upper piece of papr
on the platform, a partial vacuum is produced within it, by a suitable exhausting

apparatus, and the paper is thereby caused to adhere to it at the holes in its under

surface by the pressure of the atmosphere. The instrument carries the paper over a
rectangular recess or box ; and then, the vacuum within it being destroyed, it deposits

the paper between four pins, fixed at the angles of the box, and returns for another piece

of paper. As the paper lies on the top of the box, the flap which will be undermost

in the finished envelope is pressed by a small bar or presser on to the upper edge of

two angular feeders, communicating with a reservoir of cement or adhesive matter, and
thereby becomes coated with cement ; and at the same time, the outermost or seal flap

may be stamped with any required device, by dies, on the other side of the machine.

A rectangular frame or plunger now descends and carries the paper down into the box

;

the plunger rises, leaving the flaps of the envelope upright ; streams of air, issuing

from a slot in each side of the box, then cause the flaps to incline inwards : and the

folding is completed by the plunger again descending ; the interior and under surface

of such plunger being formed with projecting parts, suitable for causing the several

flaps to hold in proper superposition. The bottom of the box (which is hinged) opens,

and discharges the envelope down a shoot to a table below ; the feeding instrument

then brings forward another piece of paper ; and a repetition of the above movements
takes place.

BPHBSZTE. A micaceous mineral accompanying the emery of Q-ummaeh-Dagh,
near Ephesus. It has been described by Dr. J. L. Smith.

EPIDERMIS. The outer covering or scarf-skin. The fibrous horny coating of
some shells which sometimes are used in the arts.

EPIDOTE. A complex mineral silicate, usually containing alumina, peroxide of
iron, lime, magnesia, and protoxide of iron. It crystallises in the oblique or monoclinic
system, often in long well-shaped glassy crystals. The colour is generally some shade
of green, often of a characteristic pistachio green, but sometimes passing into black.

Epidote is not uncommon in granite, and other crystalline rocks ; whilst it forms
the main constituent of a rock known as Epidosite or Epidoie-rock. The first crystals

occur in limestone, in trappean rocks, and in deposits of iron ore. The name (i-rriSoffis,

cpidosis, increase) was originally proposed by Haiiy on crystallographic considera-

tions, but has since been much extended, and the species now includes a large number
of varieties, the more important of which will bo noticed under their respective names.
EPIZOA. Those animals which live parasitic u2)on dther animals. See Entozoa.
EPSOIVIITE. Native Epsom salts, or sulphate of magnesia.
EPSOM SAIiTS. A sulphate of magnesia, consisting of magnesia 16*26, sul-

phuric acid 32"52, water 61*22. It derives its name from a mineral spring containing
the salt at Epsom. It is largely manufactured by the evaporation of sea-water, after

crystallisation of the common salt ; or by precipitating the magnesia from sea-water
by means of lime, and then dissoMng this precipitate in sulphuric acid. It may also

be prepared from carbonate of magnesia, or from magnesian limestone (dolomite). See
Magnesia, Stjxphate of.

EQXTXSETACES. (Equiis, a horse, seta, a hair.) A group of plants commonly
called ' horse-tails.' The species of equisetum grow very abundantly in ditches, lakes,
and rivers, in this and other parts of the world. The stems are striated, hollow, arti-

culated, usually branched, having no true leaves, but in their place green-jointed
branches arranged in whorls at the articulations of the stem. In South America they
grow to a large size. The stems usually contain a great deal of silica in their compo-
sition, and the Eqtiisetum hyemale, or Dutch rush, finds its use in the arts on this
account. See D-dtch Rush.
EquzSETUlvX. A genus of Equisetacege.
EQUIVAI.EN-TS, CHEMICAI.. By this term is understood the proportions

in which substances combine with each other to form definite compounds. These
proportions are referred to the common standard, hydrogen, which is taken as unity.
The limits of this work preclude the possibility of entering into the history of
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the steps by which the doctrine of equivalents was gradually dovolopod ; but it is

proper that we should indicate some of the methods by which the cquivaloiits of olo-

ments and compounds are ascertained and demonstrated to bo correct. Eut before

proceeding, it is necessary to define the term ' equivalent.' This is not easy to do,

because the theoretical ideas of all chemists are not the same. Supposo, for ex-

ample, the constitution of water wore to be taken as tlie starting point. On submitting
it to the action of tlie pile, it is immediately observed that the ratio of the two
gases evolved is as 1 to 2. One chemist will at once assume that water is a simple
binary compound of one equivalent of each of its constituents. But this involves the

assumption that the gaseous volume of the equivalent of hydrogen is twice that of
oxygen. The other chemist assuming that one volume of a gas represents an equiva-
lent, considers water to be a ternary compound, having the formula ffO. It is plain

that the atom of hydrogen will have only half the value on the second hypothesis that

it will on the first, or, what comes to the same thing, the atom of oxygen will be
twice as great. If. with some chemists, wo consider the volumes of the gases to repre-

sent atoms or equivalents, then, water consisting of two volumes of hydrogen and one

volume of oxygen, and as by weight water contains 8 parts of oxygen to 1 part of

hydrogen, it is plain that 8 parts of oxygen by weight will represent 1 equivalent,

and 1 part by weight of hydrogen will represent 2 equivalents. Consequently 1

equivalent of hydrogen will weigh -5. But to avoid fractional numbers it will (on

these assumptions) be more convenient to write the equivalent of hydrogen = ] , and
oxygen 16. In this country it has, until recently, been usual to consider the atom of

hydrogen as occupying twice the space in the gaseous state of that of oxygen. The
atomic weights being, therefore, oxygen 8 and hydrogen 1.

We have said that it is by no means easy to define an equivalent. The difficulty

arises not merely from the dilBferent aspects under which theoretical chemists regard

the elements and their compounds, but also from the practical difficulties attending

the determination of the true constitution of some substances. Thus the equivalent

of bismuth is assumed by some to be 71 and by others 213 ; the oxide in the one

case becomes BiO, in the other BiO' ; the first equivalent being only one-third as

great as the second. But, it is to be observed, the variations in the theoretical views

of chemists are of no consequence, so long as we clearly comprehend the nature of

those variations. The relative values or proportions are the same in all cases. It is,

in fact, somewhat the same as if one class regarded the avoirdupois pound as made up
of 16 ounces, each ounce weighing 437*5 grains, and the other considered it as con-

sisting of 8 ounces, each ounce containing 8750 grains.

In order to clearly understand the nature of the equivalents as received in this

country, it is necessary to remember that there are three relations of volume amongst
gases, namely, one, two, and four volumes. The fiLrst relation applies solely to

elementary gases. The two others apply to elements and compounds. [It is true that

the vapour-densities of pentachloride of phosphorus, chloride of ammonium, and,

perhaps, one or two other substances, appear to differ from tliis rule, but it is probable

that, like sulphur, the vapour densities require to be determined under special condi-

tions of temperature or pressure.] In the table of equivalents the density of the

vapours of those substances which are capable of assuming the gaseous states are so

placed that the number obtained by experiment may be compared -with that deduced

from theoretical considerations. In the follovring table the vapour-volumes or com-

bining measures of some of the more important elements are given. We shall see

presently the practical value of the information contained in it :

—

Element
Hydrogen
Chlorine .

Bromine .

Iodine

Fluorine {hypothetical)

Nitrogen .

It must be remembered, that all volatile compounds possess four-volume formula?,

except a few, which in this country are always written as if possessing a condensation

to two volumes ; such are carbonic acid, carbonic oxide, sulphurous acid, &c. With
the above information it will be easy for any person to calculate the density of any
vapour or gas by the aid of the following directions :

—

To obtain the density of any vapour or gas having a condcmation to four volunies,

such as most organic or inorganic compounds.—Multiply half the density of hydrogen

by the atomic weight of the vapour or gas. ExAMi'Ui :—Find the density of the

vapour of hydrobromic acid. The atomic weight of hydrobromie acid is bl. The

Combining Combining
Measure Element Measure

two volumes Oxygen . • . one volume
do. Sulphur do.

do. Selenium . do.

do. Phosphorus do.

do. Arsenic do.

do. Carbon do.
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density of hydrogen is 0*0692, half of which is 0'0346. Then 0-0346 x 81 - 2-8026.

Experiment gave 2-73.

To obtain the density of any va'pour or gas having a condensation to two volumes.

^Multiply the density of hydrogen by the atomic weight of the gas or vapour.

Example :—Find the density of chlorine gas. The atomic weight of chlorine being

35-5, and the density of hydrogen 0-0692, we have by the rule, 0-0692 x 35-5 = 2-4566.

The density by experiment is 2-44.

To obtain the density of any vapour or gas having a condensation to one volume.—
Multiply twice the density of hydrogen by the atomic weight of the gas or vapour.

Example :—Find the density of the vapour of oxygen. The atomic weight of oxygen

being 8, and twice the density of hydrogen being 0-1384, we have 0-1384 x 8 = 1*1072.

Experiment has yielded 1-1066.

The above methods of calculating the densities of vapours and gases are those always

employed by the writer of this article, and will be found incomparably shorter and
more convenient than any other.

It is perfectly plain that, by a simple inversion of the above rules, it is equally easy

from the known density of a gas or vapour to calculate its atomic weight. Never-

theless, for the sake of those who are unaccustomed to calculations of this kind, we
append the following rules :

—

To calculate the atomic weight of any gas or vapour having a condensation to four
volumes.—Divide the density of the gas by half the density of hydrogen. Example :

—Find the atomic weight of hydrobromic acid gas, the density of which is 2-8026
;

2:^^=81-000.
0-0346

To calculate the atomic weight of any gas or vapour having a condensation to two

volumes.—Divide the density of the gas by the density of hydrogen.
To calculate the atomic weight of any gas or vapour having a condensation to one

volume.—Divide the density of the gas by twice the density of hydrogen.
It is plain, then, that if we are in possession of the atomic weight and vapour-volume

of any substance, it is easy to determine the density of its vapour or gas. Also, that

having the density of the vapour and the vapour-volume, it is easy to calcidate the

atomic weight. If we consider for an instant what is meant by the term • density of a
vapour or gas,' it will appear equally easy to find, from the density of the gas, the

weight of 100 cubic inches at the standard temperature and pressure. By the density

of a gas is meant the number expressing how much it is heavier or lighter, bulk for

bulk, than air. If, therefore, we multiply the density of a gas by the weight of 100
cubic inches of air, at the standard temperature and pressure ( = 30-00 grains), we
immediately find the number required. Example :—The density of hydrogen is

0-0692 and 0-0692 x 30 = 2-0760, or the weight of 100 cubic inches of hydrogen, at a
temperature of 60° Fahr., and 30 inches of the barometer.
From what has been said, it is evident that no difl&culty exists in determining the

equivalents of bodies which can be obtained in a gaseous state. Where the equivalent

of a fixed body is to be ascertained, or where it is desired to proceed in a different

manner, the method employed must depend upon the nature of the substance. We
shall consider three of the most simple and general cases, namely, an acid, an alkali,

and a neutral body.

1. Mode of determining the equivalent of an acid.—For this purpose it is necessary
to analyse a salt, the constitution of which is known. If the base or metallic oxide in

the salt is one of which the atomic weight is well established, it is very easy to deter-

mine the combining proportion of the acid. We say, as the percentage of oxide is to
the percentage of acid, so is the atomic weight of the oxide to the atomic weight of the
acid. Example :—Butyrato of silver has the following composition :

—

Oxide of silver 69*487
Butyric acid 40-613

100*000

We therefore say :

—

69-487 : 40-513 :: 116 : 79*000

Percentage of oxide Percentage of acid. Equivalent of oxide Equivalent of the
of silver. of silver. acid.

It must be remembered that the atomic weight so obtained is that of the anhydrous
acid, so that one equivalent of water must be added to find the atomic weight of the
acid in its ordinary condition. If the equivalent desired be that of a hydrogen acid,

the method of proceeding must be slightly modified, but the details need not be given,

as they are self-evident.
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2. Mode of determining the equivalent of an alkali. —Several methods present them-
selves, each possessing certain advantages. Most alkalis, organic and inorganic,

form salts well adapted for enabling their atomic weight to bo ascertained by analysis.

Wo shall select as an example ammonia, and the salt employed to settle the atomic
weight will be the sulphate, which contains

—

Oxide of ammonium 39*40

Sulphuric acid 60-60

100-00

In the same way that an oxide of known composition is the datum employed to

determine the equivalent of an acid, so, on the other hand, an acid, the formula of

which is well established, servos to enable the formula of an alkali to bo deduced. "We
therefore say:

—

60-60 : 39-40 :: 40-00 : 26-00

Percentage of acid. Percentage of alkali. Equivalent of the Equivalent of the

acid. alkali.

Most alkalis, especially those derived from the organic kingdom, form well-defined

and easily crystallisable compounds with some of the metallic chlorides, especially

those of gold, platinum, and palladium. These salts are well adapted for enabling

atomic weights to be fixed.

3. Mode of determining the equivalent of a neutral substance.—Neutral bodies are

formed upon so many models or types that no general method can bo given for the

required purpose. If volatile at moderate temperatures, the density of the vapour am
be ascertained, and this is generally sufiicient. Salts have their equivalents found
by determining the percentage composition, and proceeding as in Examples 1 and 2.

The equivalent of a metal is found by forming a compound with some substance, the

atomic weight of which is well known, such as oxygen or sulphur. The compound is

then carefully analysed. Example:—It has been found that 100 parts of oxide of

copper contain

—

Copper 80'00

Oxygen 20-00

100-00

"We therefore say :

—

20-00 : 80-00 :: 8-oo : 32-00

Percentage of Percentage of Equivalent of

oxygen. copper. oxygen.

A precisely analogous mode of proceeding may be adopted with chlorides, iodides,

&c.—C.G.W.
It is important to clearly separate the idea of chemical equivalence from that of

atomic weight. Two elements can be strictly called equivalent to each other only when
one is capable of being substituted for the other in chemical combination. Thus
35-5 parts of chlorine (its atomic weight) are strictly equivalent to 1 part of liydro-

gen ; but 16 parts of oxygen (its modern atomic weight) are equivalent to 2 parts

of hydrogen; 14 parts of nitrogen usually to 3 of hydrogen; 12 of carbon to 4 of

hydrogen ; and so on. Hence the idea of chemical equivalence is by no means the

same as that of atomic weight ; the atom of one element not being necessarily equiva-

lent to another in its combining power. For the modern doctrine of equivalence,

see "Watts's * Dictionary of Chemistry,' and in this work, the articles Atomicity
and Atomic Weights.
ERASZlSrB. See Abiktexe.
SKBXXTZHX. The metallic radicle of Erbia, one of the earths associated with yttria.

It was discovered by Mossander in 1842. Salts of erbia give characteristic absorption-

spectra exhibiting dark bands. See Watts's ' Dictionary of Chemistry.*

EREMACAVSZS,—slow combustion. This term has been applied to that constant

combination of oxygen with carbon and hydrogen, to form carbonic acid and water,

which is unceasingly going on in nature, as in the decay of timber or the ' heating

'

of hay or grain put together in a moist state. Perfect dryness, and a temperature

below freezing, stop this eremacausis, or slow combustion.

SRGOT OP RITE. Diseased grains of rye ('spurred rye ') which become
elongated and curved in shape, and of a jet-black colour, by the attack of a fungus
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called Cordyceps purpurea. In this state the rye is highly poisonous. The ergot of

rye has been employed in medicine.

S&ZlirZT&. A hydrous arsenate of copper,

ERMZIO'Zi. The Ermine, Mustela Erminea, is one of the weasel tribe. This little

animal is most destructive, destroying a considerable quantity of game. It is upwards

of 9^ inches long, exclusive of the tail which measures 3^ inches more. In the winter

the fur becomes quite white, except the tip of the tail which always remains black.

In the summer it is of a fine chestnut colour, and the fur is then known by the furriers

as Eoselet. It is a native of northern countries. It is especially abundant in Russia,

Siberia, Kamtschatka, Lapland, and Norway. It is found occasionally in Scotland.

See FuE.
ZOIBATZC BXiOCXS. Rounded and weather-worn fragments of the harder

rocks, which are found very widely scattered, at great distances from the places

whence they were originally derived. They are generally supposed to have been

removed by the transporting power of icebergs and fields of ice.

EXtTTSESCITE. A name for purple copper-ore, or 'horse-flesh ore.' See

COPPEU.
ERITTHRZC ACZD. The colorific principle of Angola and Madagascar

Orchilla weeds. By macerating the lichen in milk of lime, Stenhouse obtained 12

per cent, of crude erythric acid. It yields red compounds with ammonia, and also in

its reaction with hypochlorite of lime. See Lichen ; Orchiixa.
ERTTHRZIO'E or ERTTHRZTE. A hydrous arsenate of copper, known also

as cobalt-bloom. See Cobalt.
ERTTTBROXTZiOIir COCA. The coca. This shrub is a native of Peru, and is

cultivated extensively in the Andes. The dried leaves, mixed with finely-powdered

chalk, are chewed by the Peruvians. This peculiar stimulant brings on a condition of

apathy. It prevents hunger and retards sleep, so that the natives who work in the

mines will sometimes, under its influence, labour from twenty to thirty hours at a

stretch. The continued use of coca is more injurious than that of opium or tobacco.

See Coca.
ESCARPMEXTT. A word which has long been in use in geological works ; and

by the earlier writers it was employed to denote any hill that had a sharp slope or

scarp, but of late years it has acquired a more restricted meaning, and it is now
applied only to hills of one particular kind. ' It may be defined,' says Mr. Whitaker
' as the boundary ridge of a formation or bed, that is to say, the ridge along which a
formation or bed is cut off, and beyond which it does not extend, except in the form
of outliers ; it follows the line of the strike.'

—

Geology of the London Basin.
ESCHAZiOT {Echalote, Pr.), commonly Shallot. A small kind of onion.

Allium ascalonicum.

ESCUZiZXr. A substance found in the inner white bark of the horse-chestnut tree,

remarkable for its fluorescent power. See Pltjobescence.
ESPARTO, or Spanish Grass, as its name denotes, is imported from Spain,

where it is indigenous in certain mountains and uncultivated districts on the

Mediterranean coast. It is also produced on the north coast of Africa, where it is

called by the Arabs alfe, alfa, or alva. It appears to have been used by the Romans
for cordage, and called by them Spartium.

This plant, classed as a sedge by botanists (and by them denominated Lygeum
Spartum and Stipa tenacissi)na), grows in tufts and bunches similar to the rushes
in this country ; it varies from 2 to 4 feet in height, and consists of a long fiat

lanceolated leaf or blade, which, as the sap descends and the plant ripens, takes a
cylindrical form. It is pulled up from the roots, exposed to the sun, and, when dry,

laid in small bundles, and these again, for facility of carriage, into larger ones, which
are transported in carts, or more generally on donkeys' backs (both Spain and Africa,

in the uncultivated and wild districts of the country where the plant exists, being,
comparatively speaking, without roads) to the port of shipment.
The plant being now imported to the extent of 30,000 to 40,000 tons yearly, was

selling at the commencement of the year 1862 at 51. per ton ; but owing to the
reduction in the price of rags, and to the general stagnation of trade caused by the
American war, this price has been latterly reduced.
Numerous patents have (as might naturally be expected) been taken out for the

treatment of this plant ; those by Mr. Routledge would appear, from the increasing
employment of this material, to be the most useful, efiectual, and economical. Mr.
Routledge represents, indeed, that the cost of i^roduction either in the condition of
half stuff or paper, is below that of rags to produce a similar quality of paper, and the
power required for reducing much less. Judging from the specimens of paper ex-
hibited by Mr. Routledge in 1862, manufactured by him a^t his mills at Eynsham, in
Oxfordsliiro, exclusively from esparto, as well as from the other specimens of paper
Vol. II. X



30G ESSONITE

manufactured at various other mills employing his process, in which esparto is used as

a blend -with the ordinary rag material, the results arc very satisfactory, demonstrating
that a now material has at length been brought into use meeting this long-desired

requirement, both as regards quality and economy.
One satisfactory feature in Mr. Routledge's process is the fact that no material

alteration in existing machinery or appliances is required ; no higher pressure boiling

in expensive vessels is necessitated ; the siliai, always more or less combined with a
coating of raw fibres, is got rid of, and the gummo-resinous matter neutralised, ];)er-

mitting the fibres to be eliminated and drawn out by the ordinary pulping engine, as

now practised s\-ith rags. The assurance of a successful result appears to be dependent
on the proper adjustments of the proportions of the chemicals cmployeti ; this secured,

and the process is extremely simple, the issue appears to be reliable, and, what is of

no little importance, invariable and constant.

The fibres produced from esparto are specifically lighter than those from any other
paper-making material in use ; their mechanical structure, moreover, admits of minute
subdivision, without destroying the feathery or mossy arrangement which facilitates

the intimate felting or blending of the ultimate fibres on the endless wire of the

Fourdrinier machine; then, esparto paper, in consequence of this peculiarity, feels

thicker in the hand, and takes a finer surface than that made from cotton rags, and,

in proportion to the blend or admixture with other rag or paper-making material,

imparts these advantageous characteristics. It is to be remarked, however, that its

introduction generally into the trade being only, comparatively speaking, of recent

date, it has not yet arrived at full development, its employment being hitherto limited

to common and ordinary printing papers .and cartridges, and in the unbleached state

to brown and cap papers.

Our Imjporisfor the last five years have been asfollow

:

—

Places

1868 1869 1870 1871 1872

Tons Value Tons Value Tons Value Tons Value Tons Valne

From
Spain
Algeria .

Other parts

Total .

92,927
2,762
139

£
599,213
16,483

895

82,355
3,487
494

£
494,133
19,970

2,961

72,835
29,500

1,126

£
529,200
215,385

7,825

80,472
45,371

18,568

£
729,163
364,667
145,351

55,909
28,068

20,621

£
468,199
198,053
137,144

96,828 615,591 86,336 617,064 103,461 752,410 144,411 1,239,181 104,621 803,396

ESSSirCZi D'ORZEXTT, the name of a pearly-looking matter procured from the

blay or bleak, a fish of the genus Cyprinus. This substance, which is found princi-

pally at the base of the scales, is used in the manufacture of artificial pearls. A
large quantity of the scales being scraped into water in a tub, is there rubbed

between the hands to separate the shining stuiF, which subsides on repose. The
first water being decanted, more is added with agitation till the essence is thoroughly

washed from all impurities, Avhen the whole is thrown upon a sieve ; the substance

passes through, but the scales are retained. The water being decanted oif, the essence

is procured in a viscid state, of a bluish-white colour, and a pearly aspect. The
intestines of the same fish are also covered with this beautiful glistening matter.

Several other fish yield it, but in smaller proportion. When well prepared, it presents

exactly the appearance and reflections of the real pearl, or the finest mother-of-pearl

;

properties which are prob«ably owing to the interposition of some portions of this

same substance between the lamina) of these shelly concretions. Its chemical nature

has not been investigated ; it putrefies readily when kept moist, an accident which

may however be counteracted by water of ammonia. See Pearls.

ESSEXrCS OF SPRITCE is prepared by boiling the young tops of the Abies

nigra, or black spruce, in water, and concentrating the decoction by evaporation in a

water-bath. With a duty of 10/. per cent, ad valorem—imposed August 20, 1852—wo
received

:

in 1871, from all countries to the value of 10/. only; and

,, 1872, ,, ,t M *1<- >,

ESSENCES. 8eo Pkiu l-jikuy.

ESSEXTZAXi OTLB, See Oils, Fixkd Axn Ksskntiaj,, and Otto.

ESSOXrZTE. A lime-alumina garnet, of brownish-red colour, kno^m also a«;

cinna/non-stone. It comes chiefly from Ceylon, and is cut as a getn-stone, being indeed

aometimes mistaken for the hyacintli or jacynth.
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ETCHZXTG Oir GIDASS. See Glass, and Ekgravino on Glass.

ETCHZITG VARN'ZSH. {Aetzgrund-Deckfimiss, Ger.) Though the practice

of the elegant art of etching does not come -nathin the scope of our Dictionary, the prepa-

ration of the varnishes, and of the biting menstrua which it employs, legitimately

belongs to it.

The varnish of Mr. La-wrence, an English artist resident in Paris, is made as

follows : Take of virgin wax and asphaltum, each two ounces, of black pitch and
burgundy-pitch, eacli half an ounce. Melt the wax and pitch in a new earthenware
glazed pot, and add to them, by degrees, the asphaltum, finely powdered. Let the
whole boil till such time as that, taking a drop upon a plate, it will break when it is

cold, on bending it double two or three times betwixt the fingers. The varnish,

being then enough boiled, must be fciken off the fire, and after it cools a little, must
be poured into warm water, that it may work the more easily with the handfe, so

as to be formed into balls, which must be kneaded, and put into a piece of taffety for

use.

Care must be taken, first, that the fire be not too violent, for fear of burning the in-

gredients, a slight simmering being sufficient ; secondly, that whilst the asphaltum is

being put in, and even after it is mixed with the ingredients, they should be stirred

continually with the spatula ; and, thirdly, that the water into which this composition is

thrown should be nearly of the same degree of warmth with it, in order to prevent a
kind of cracking that happens when the water is too cold.

Preparation of the hard varnish iised hy Callot, commonly called the Florence Var-
nish.—Take four ounces of fat oil very clear, and made of good linseed oil, like that

used by painters ; heat it in a clean pot of glazed earthenware, and afterwards put
\xi it four ounces of mastic well powdered, and stir the mixture briskly till the whole
be well melted, then pass the mass through a piece of fine linen into a glass bottle with
a long neck, that can be stopped very securely ; and keep it for the use that will be
explained below.

Method of applying the soft varnish to the plate, and of blackening it.—The plate

being well polished and burnished, as also cleansed from all greasiness by chalk or

Spanish white, fix a hand-vice on the edge of the plate where no mark is intended to

be, to serve as a handle for managing it when warm ; then put it upon a chafing-dish,

in which there is a moderate fire, and cover the whole plate equally with a thin coat
of the varnish ; and whilst the plate is warm, and the varnish upon it in a fluid state,

beat every part of the varnish gently with a small ball or dauber made of cotton
tied up in taffety, which operation smooths and distributes the varnish equally over
the plate.

When the plate is thus uniformly and thinly covered with the varnish, it must be
blackened by a piece of flambeau, or of a large candle which affords a copious smoke

;

sometimes two or even four such candles are used together for the sake of despatch,
that the varnish may not grow cold, which if it does during the operation, the plate

must be heated again, that it may be in a melted state when that operation is performed

;

but great care must be tiken not to burn it, which, when it happens, may be easily

perceived by the varnish appearing burnt and losing its gloss.

The menstruum used and recommended by Turrell, an eminent London artist, for

etching upon steel, was prepared as follows :

—

Take Pyroligneous acid 4 parts by measure.
Alcohol 1 part, mix, and add
Nitric acid 1 part.

This mixed liquor is to be applied from 1 to 15 minutes, according to the depth
desired. The nitric acid was employed of the strength of 1'28—the double aqua-fortis

of the shops.

The can forte or menstruum for copper, used by Callot, as also by Piranesi, with a
slight modification, is prepared with 8 parts of strong French vinegar,

4 parts of verdigris,

4 „ sea salt,

4 „ sal-ammoniac,

1 „ alum,
16 „ water.

The solid substances are to be well ground, dissolved in the vinegar, and diluted

with the water ; the mixture is now to be boiled for a moment, and then set aside to

cool. This method is applied to the washed, dried, and varnished plate, after it has
suffered the ordinary action of aqua-fortis, in order to deepen and finish the delicate

touches. It is at present called the can forte a passer.

See Olefiakt Gas.
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ETHEB, C^H'oO^ (C^H""©). Syn. Sulphuric ether, Oxide of ethyl, Ethylic or Vinic
ether, &c. &c. By tliis term is known the very volatile fluid produced by tlio action
on alcohol of substances having a powerful affinity for -water, such as sulphuric acid.

Preparation on small scale.—A capacious retort with a moderate-sized tubulaturo is

connected with an efficient condensing arrangement. Through the tubulaturo passes
a tube connected with a vessel full of spirit, sp. gr. 0-83. The tube must have a stop-
cock to regulate the flow. A mixture being inade of five parts of alcohol of the density
given above, and nine parts of oil of vitriol, it is to be introduced into the retort, and
a lamp-flame is to bo so adjusted as to keep the whole gently boiling. As soon as the
ether begins to come over, the stopcock connected with the spirit reservoir is to bo
turned sufficiently to keep the fluid in the retort at its original level.

Preparation on large scale.—The apparatus is to bo arranged on the same principle,

but, for fear of fracture, may be constructed of cast iron, lined with sheet lead in tho
part^ containing tho mixture. The chief disadvantage of this arrangement is its

opacity, whereby it becomes impossible to see the contents of the retort, and there-
fore not so easy to keep the liquid at its original level. In this case the quantity dis-

tilling over must be noted and the flow of spirit into the retort regulated accordingly.
The most convenient mode of proceeding is to have a large stone bottle with a tubu-
lature at the side near the bottom (like a water filter) to hold the spirit. A tube passes
froni the bottle to the retort. It has at tho end, near the retort or still, a bend downwards
leading into the tubulature. If a glass still be used, it must for safety be placed in a
sand-bath. The distillate obtained, either on tho large or small scale, is never pure
ether, but contains sulphurous and acetic acids, besides water and alcohol. To
remove these, the distillate is introduced, along with a little cream of lime, into a largo
separating globe, such as that mentioned under Bromine. The whole is to be well
agitated, and the lime-solution then run off by means of the stopcock. The purified

ether still contains alcohol and water, to remove which it should be rectified in a
water-bath. The fluid will then constitute tho ether of commerce. K the second
distillation be pushed too far the ether will, if evaporated on the hand, leave an un-
pleasant after-smell, characteristic of impure ether. If wished exceedingly pure, it

must be shaken up in the separating globe, with pure water. This will dissolve

the alcohol, and leave tho ether, contaminated only by a little water, which may be
removed by digestion with quicklime and redistillation at a very low temperature on
a hot water-bath.

Pure ether is a colourless mobile liquid, sp. gr. 0-71. It boils at 95° F. The
density of its vapour is 2-56 (calculated). Gay-Lussac found it 2'o86.
Tho word ' ether,' like that of alcohol, aldehyde, &c., is now used as a generic term

to express a body derived from an alcohol by the elimination of water. Many chemists
write the formula C*H*0, and call it oxide of ethyl in the same manner as they regard
alcohol as the hydrated oxide of the same radical. But there is no just reason for

departing from the law we have laid down with reference to the formulae of organic

compounds. We shall therefore write ether C^H^^O^ (C*H»»0). This view has
many advantages. We regard, with Gerhardt and Williamson, ether and alcohol as

derived from the type water. Alcohol is two atoms of water in which one equivalent
of hydrogen is replaced by ethyl ; ether is two atoms of water in which both atoms
of hydrogen are replaced by that radical. But thero are a large class of compound
ethers procurable by a variety of processes. These others were long regarded as salts

in which oxide of ethyl acted tho part of a base. Thus, when butyrate of soda was
distilled with alcohol and sulphuric acid, the resulting product was regarded as buty-
rate of oxide of ethyl. The compound ethers are regarded as two atoms of water in

which one equivalent of hydrogen is replaced by the radical of an alcohol, and tho
other by tho radical of an acid. In addition to those, there are others more closely

resembling the simple etliers. They are founded also on the water typo, both atoms
of hydrogen being replaced by alcohol radicals, but by different indiWduals. They
are called mixed ethers. The following formula show the chemical constitution of all

these varieties placed for comparison in juxtaposition with their typo :

—

Water (2 eqs.) Common ctlier. Metbylo-ethylic ether. Butyric ether.

h)® c'h^J® ch')® cuo\^
In the above formula the first represents tlie typo water. Tho second common

ether, the two equivalents of ethyl replacing the two of hydrogen. In tho third, wo
have a mixed ether, one of the equivalents of hydrogen being replaced by ethyl and
the other by methyl. The fourth illustration is that of a compound ether : one of the
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hydrogens is there replaced by ethyl, and the other by the oxidised radical of butyric

acid.

Ether is largely used in medicine and chemistry. In small doses it acts as a power-

ful stimulant. Inhaled in quantity it is an anaesthetic. It is a most invaluable solvent

in organic chemistry for resinous, fatty, and numerous other bodies.—C. G. "W. Sea

Watts's ' Dictionary of Chemistry.'

STHER, ACETIC, is used to flavour silent corn spirits in making imitation

brandy ; it requires therefore some additional notice beyond the other ethers. It may
be prepared by mixing 20 parts of acetate of lead, 10 parts of alcohol, and 11 ^ of

concentrated sulphuric acid ; or 16 of the anhydrous acetate, 5 of the acid, and 4^- of

absolute alcohol ; distilling the mixture in a glass retort into a very cold receiver,

agitating with weak potash-lye the liquor which comes over, decanting the supernatant

ether, and rectifying it by re-distillation over magnesia and ground charcoal.

Acetic ether is a colourless liquid of a fragrant smell and pungent taste, of specific

gravity 0-866 at 45° F., boiling at 166° F., burning with a yellowish flame, and dis-

engaging fumes of acetic acid. It is soluble in 8 parts of water.

Acetic ether may be economically made with 3 parts of acetate of potash, 3 of very

strong alcohol, and 2 of the strongest sulphuric acid, distilled together. The first pro-

duct must be re-distilled along with one-fifth of its weight of sulphuric acid ; as much
ether will be obtained as there was alcohol employed.

ETHER, SUI.PBURXC, NZTRZC, CBKORZC, dbC. The stronger mineral
acids etherify the alcohols directly, and the names of the resulting ethers are

derived from the acid employed. (See Watts's ' Dictionary of Chemistry.') A duty
of ll. 5s. per gallon was fixed on sulphuric ether on the 25th September 1862. We
imported in 1871, 4,001 gals., of the value of 1,874^. ; and in 1872, 2,246 gals., of tha

value of 1,791/.

ETHZOPZAir PEPPER. The fruit of the Xylojna ( JJvaria) aroTnatica, which
is much used as pepper in Africa. This is one of the Anonacece or Custard Apple
family. The wood of one species, Anona jpalustris, is so soft that it is used instead

of corks to stopper bottles with. The lancewood is obtained from another species,

Jkiguetia quitarensis.

ETHZOPS was the name given by the alchemists to certain black metallic prepara-
tions. Martial ethiops was the black oxide of iron ; mineral ethiops, the black sulphuret
of mercury ; and ethiops per se, the black oxide of mercury.
ETH7Xi. The radical of ordinary alcohol and ether. See "Watts's ' Dictionary of

Chemistry.'

ETHiriiAnxZirE, C^H'N (C^Wir). An exceedingly volatile base, discovered by
Wurtz. It is produced in a great number of reactions. Several alkaloids existing in
the animal and vegetable kingdoms aflford ethylamine on distillation with potash. Its
density at 476° is 0-964. It boils at 66° Fahr. It is regarded as ammonia in which an
equivalent of hydrogen is replaced by ethyl.—C.G-.W.
ETHTXiEZrE. defiant gas ; bicarburetted hydrogen gas. See Oxefiant GtAS.

ETZOZiATZOir. Deprived of colour by being kept in the dark. Celery, sea-kale,
and other plants are purposely blanched or etiolated by excluding the light, this
exclusion preventing the formation oi chlorophyll, the green colouring matter of leaves.
ZSUCAILYIM'. An unfermentable sugar separated during the fermentation of

melitose, which is a sugar obtained from certain species of Tasmanian Eucalyptus.
EVCAIiirPTVS. The gum-tree of the New Hollanders. Mr. Backhouse says :

*We often find large cavities between the annual concentric circles of the trunk filled

with a most beautiful red or rich vermilion-coloured liquid gum, which flows out as
soon as the saw has afforded it an opening.' Several varieties of the Eucalyptus yield
essential oils by distillation, which may be used for scenting soap, &c. There was a
large collection shown at the Exhibition in 1862, in the Australian section. The gum
yielded by the Eucalyptus resinifera is considered by druggists as not in the least
inferior to the kind which the Tterocarpus or red saunders wood of India produces.
This species yields, on incision, an astringent substance known as ' Botany-Bay Kino,'
which contains a principle called Eucdyj>tine. A saccharine substance, known as
'Australian manna,' is derived from another species, E. mannifera. Many of the
Australian Eucalypti are called ' Stringy-bark trees,' in consequence of the fibrous
layers in their bark. The bark of several species has been used in tanning and in
paper-making. Some of the Eucalypti are so rich in oil that it is said one of the
towns on the Australian gold-fields was for a time lighted by gas extracted from
eucalyptus leaves. The ashes of the wood are peculiarly rich in potash. Much
attention has been lately called to the extraordinary influence of E. globulus in im-
proving the climatic condition of marshy districts, whence it has been called the
* fever-destroying tree.' This species, known as the Blue-gum tree, is a native of
Tasmania, but has been successfully cultivated in Southern Europe, Algeria, Natal,
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the West ludies, &c. It is said that at the Cape the cultivation of this tree has com-
pletely changed the unliealthy character of parts of the colony. The bark and leaves
of this species are reputed to possess febrifugal properties.

ETrCHROZTE. A hydrous arsenate of copper, occurring in groon crystals, of tho
rliombic system, at Libethon in Hungary.
SUCIiASE. A silicate of alumina and beryllia, allied to the emerald. It crystal-

lises usually in small colourless crystals belonging to the oblique system, and
exhibiting highly perfect cleavage. The stone is sufficiently hard to be cut and
polished, l)ut is of no value to tho jeweller in consequence of its extreme brittleness

;

indeed, this fragility suggested the name to Haiiy (ew, eu, perfect ; K\d<o, klao, to

cleave). The euclase is found in Brazil and in tho Ural Mountains.
EVDZOMETER is the name of any apparatus subservient to the chemical exami-

nation of the atmospheric air. It means a measure ofpurity, but it is employed merely
to determine the proportion of oxygen which it may contain. The explosive eudio-

meter—in which about two measures of hydrogen are introduced into a graduated glass

tube containing five measures of atmospheric air, and an electric spark is passed

across the mixture—is the best of all eudiometers ; and of these, the siphon form
proposed by Dr. Ure, in a paper jpublished by the Royal Society of Edinburgh, in

1819, is tho most convenient.

EITGErrZA. A genus of plants of the order Myrtacecs, called after Prince Eugene
of Savoy. Etigenia Pimenta is the Allspice Tree. This tree is cultivated largely

in the West Indies in regular walks, known as 'Pimento walks.' The Pimento is the

dried unripe berries of the Pimenta. When the fruit has attained its full size, but is

yet green, it is gathered and sun-dried. It is afterwards put in bags of one hundred-
weight each for tho European market; some planters kiln-dry it. Pimento is imported
almost entirely from Jamaica, hence it is sometimes called Jamaica pepper. See All-
spice; PniENTO.
EVXAZBZTE. An ore of silver found at the Skrikerum copper-mine in Sweden.

According to Berzelius, it consists of selenium, "26'; silver, 38"93 ; copper 23"05 ; earthy

matter, 890 ; carbonic acid, &c.. 3'12.

EUZiTTZZTE. A silicate of bismuth, found in small tetrahedral crj^stals, with
other bismuth ores, at Schneeberg, and at Braunsdorf in Saxony.
EUPHORBZACE2:. The Spurge family. Most of the plants of this order

abound in a milky acrid juice in which the peculiar principle of the plant resides.

It contains a groat number of plants which are either useful or dangerous to man.
The Jatropha yields the manihot or cassava. The Eicinus is the castor-oil tree ; tho

Croton, Cascarilla, and Box, and the caoutchouc varieties, are included in this vast

family of plants, which are found in all parts of the globe, and said to number 2,800

species.

EUPHORBZT72ME, commonly called from Euphorbius, is an acrid resin obtained

from Euphorbia officinarum (Linn.), and imported from Western Africa. It is used

only medicinally.

E1TPHOTZDE. A rock composed mainly of saussurite and smaragdite, or some
other variety of diallage. It has been cut and polished as an ornamental stone.

EVPZOSTE. A fluid first discovered by Roichenbach in wood-tar. All tho

properties of eupione agree with the indifteront hydrocarbons found in Boghead
naphtha. Eupione is so indifferent to the action of acids, that it may bo repeatedly

treated \vith concentrated oil of vitriol, or fuming nitric acid, without any action

taking place. Its density varies with the boiling point, from 0*633 to 0740. It is

said to be contained among the products of the distillation of rape-oil. There is no

doubt that these hydrocarbons will, eventually, be of great value in the arts.—C.Q.W.
See Naphtha, Boghead.
EVBZTE. A name applied to some folstones in consequence of their easy fusi-

bility compared with hornstones, which they often greatly resemble in general cha-

racters.

EITRYAirGZUXVI SVMBUZi. The Sumbul plant, a native of Bucharia. See

SUMDUL.
EVASrsZTE. A hydrous phosphate of alumina from Hungary, named by Mr. D.

Eorbcs after tho late Mr. Brooke Evans, of Birmingham,
EVAPORATZOir (Eng. and Fr. ; Ahdampfen ; Ahdiln/ttcn, Gor.) is the process

l)y which any substance is converted into, and carried off, in vapour. Though ice,

camphor, and many other solids evaporate readily in dry air, we shall consider, at

present, merely the vaporisation of water by heat artificially applied.

The vapour of water is an elastic fluid, whose tension and density depend upon the

temperature of the water with which it is in contact. Thus the vapour rising from

water heated to 1G5° E. possesses an elastic force capable of supporting a column of

mercury lO'S feet high; and its density is such that 80 cubic feet of the vapour contain
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one pound weight of water ; whereas 32^ cubic feet of steam of the density corre-

sponding to a temperature of 212° and a pressure of 30 inches of mercury, weigh one

pound. When the temperature of the water is given, the elasticity and specific gravity

of the vapour emitted by it may be found.

Since the vapour rises from the water only in virtue of the elasticity duo to its

gaseous nature, it is obvious that no more can be produced, unless what is already

incumbent upon the liquid have its tension abated, or be withdrawn by some means.

Suppose the temperature of the water to bo midway between freezing and boiling, viz.

122° F., as also that of the air in contact with it to be the same, but replete'with

moisture, so that its interstitial spaces are filled with vapour of corresponding elasticity

and specific gra\nty with that given off by the water, it is certain that no fresh forma-

tion of vapour can take place in these circumstances. But the moment a portion of

vapour is allowed to escape, or is drawn off by condensation to another vessel, an
equivalent portion of vapour will be immediately exhaled from the water.

The pressure of the air and of other vapours upon the surface of water in an open

vessel, does not prevent evaporation of the liquid ; it merely retards its progress. Ex-
perience shows that the space filled with an elastic fluid, as air or other gaseous body,

is capable of receiving as much aqueous vapour as if it were vacuous, only the reple-

tion of that space with the vapour proceeds more slowly in the former predicament

than in the latter, but in both cases it arrives eventually at the same pitch. Dr.

Dalton very ingeniously proved that the particles of aeriform bodies present no per-

manent obstacle to the introduction of a gaseous atmosphere of another kind among
them, but merely obstruct its diffusion momentarily, as if by a species of friction.

Hence, exhalation at atmospheric temperatures is promoted by the mechanical dif-

fusion of the vapours through the air with ventilating fans or chimney draughts

;

though, under brisk ebullition, the force of the steam readily overcomes that mechanicai

obstruction.

The quantities of water evaporated under different temperatures in like times, are

proportional to the elasticities of the steam corresponding to these temperatures. A
vessel of boiling water exposing a square foot of surface to the fire, evaporates about

725 grains in the minute ; the elasticity of the vapour is equivalent to 30 inches of

mercury. To find the quantity that would be evaporated from the same surface per

minute at a heat of 88° F. :—At this temperature the steam incumbent upon water is

capable of supporting 1-21 inch of mercury; whence the rule of proportion is 30 :

1-28:: 725 : 30-93; allowing that about 31 grains of water would be evaporated in

the minute. If the air contains already some aqueous vapour, as it commonly does,

then the quantity of evaporation will be proportional to the difference between the

elastic force of that vapour, and what rises from the water.

Suppose the air to be in the hygrometric state denoted by 0*38 of an inch of

mercury, then the above formula will become 30 : r28— 0*38::725 : 21-41; show-
ing that not more than 21^ grains would be evaporated per minute under these

circumstances.

The elastic tension of the atmospheric vapour is readily ascertained by the old ex-

periment of Le Roi, which consists in filling a glass cylinder (a narrow tumbler for

example) with cold spring water, and noting its temperature at the instant it becomes
go warm tliat dew ceases to be deposited upon it. This temperature is that which
corresponds to the elastic tension of the atmospheric vapour.
Whenever the elasticity of the vapour, corresponding to the temperature of the

water, is greater than the atmospheric pressure, the evaporation will take place not
only from its surface, but from every point in its interior ; the liquid particles
throughout the mass assuming the gaseous form, as rapidly as they are actuated by
the heat which subverts the hydrostatic equilibrium among them, to constitute the
phenomena of ebullition. This turbulent vaporisation takes place at any temperature,
even down to the freezing point, provided the pneumatic pressure be removed from
the liquid by the air-pump, or any other means. Ebullition always accelerates eva-
poration, as it serves to carry off the aqueous particles not simply from the surface,
but from the whole body of the water.
The vapours exhaled from a liquid at any temperature contain more heat than the

fluid from which they spring ; and they cease to form whenever the supply of heat
into the liquid is stopped. Any volume of water requires for its conversion into
vapour about j^'i;e times as much heat as is sufficient to heat it from the freezing to the
boiling temperatiire. The heat, in the former case, seems to bo absorbed, being inap-
preciable by the thermometer ; for steam is no hotter than the boiling water from
which it rises. It has been therefore called by Dr. Black, latent heat; in contradis-
tinction to that perceived by the touch and measured by the thermometer, which is
called sensible heat. The quantity of heat absorbed by one volume of water in its con-
version into steam, is about 1,000° F. ; it would be inadequate to heat 1,000 volumes
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of water, one degree of the same scale. Wore the vessel cliargod with water so

heated, opened, it would be insUintaneously emptied by vaporisation, since the whole
caloric, equivalent to its constitution as tstoam, is present. Wlicn, upon the other liand,

steam is condensed by contact with cold substances, so mucli heat is set free as is

capable of heating about five times its weight of water from 32° to 212° F.

Equal weights of vapour of any tcmperatm-o contain equal quantities of heat; for

example, the vapour exhaled from one pound of water, at "77° F., absorbs during its

formation, and will give out in its condensation, as much heat as the steam produced by
one pound of water at 212° E. The first portion of vapour with a tension = 30 inches,

occupies a space of 27*31 cubic feet; the second, with a tension of 0-92 inch, occupies

a space of 890 cubic feet.* Suppose that these 890 volumes were to bo compressed
into 27'3l in a cylinder capable of confining the heat, the temperature of the vapoui
would rise from 77° to 212°, in virtue of the condensation, as air becomes so hot by
compression in a syringe, as to ignite amadou. The latent heat of steam at 212° F. is

1180° -180 = 1000; that of vapour, at 77°, is 1183-45= 1135; so that, in fact,

the lower the temperature at which the vapour is exhaled, the greater is its latent heat,

as Joseph Black and James Watt long ago proved by experiments upon distillation

and. the steam-engine.

From the preceding researdies it follows, that evaporation may be effected upon
two different plans :

—

1. Under the ordinary pressure of the atmosphere ; and that either,

(a) By external application of heat to boilers, with (a) an open fire ; (h) steam

;

(c) hot liquid media.

(b) By evaporation with air
;
{a) at the ordinary temperature of tlio atmosphere

;

{h) by currents of warm air.

2. Under progressively lower degrees of pressure than the atmospheric, down to

evaporation in as perfect a vacuum as can be made.
It is generally affirmed, that a thick metallic boiler obstructs the passage of the

heat through it so much more than a thin one as to make a considerable difference in

their relative powers of evaporating liquids. Dr. Ure states that he made a series of

experiments upon this subject. Two cylindrical copper pans, of equal dimensions,

were provided ; but the metal of the one was twelve times thicker than that of the

other. Each being charged with an equal volume of water, and placed eitlier upon
the same hot plate of iron, or immersed, to a certain depth, in a hot solution of muriate

of lime, he found that the ebullition was greatly more vigorous in the thick than in

the thin vessel, which he ascribed to the conducting substance up the sides, above the

contact of the source ofheat, being 12 times greater in the former case than in the latter.

If tho bottom of a pan, and the portions of the sides, immersed in a hot fluid medium,
solution of caustic potash or muriate of lime, for example, be corrugated, so as to con-

tain a double expanse of metallic surface, that pan will evaporate exactly double the

quantity of water, in a given time, which a like pan, witli smootli bottom and sides,

will do immersed equally deep in the same bath. If the corrugations contain three

times the quantity of metallic surface, the evaporation will be threefold in the above
xiircumstiinces. But if the pan, with the same corrugated bottom and sides, bo sot

over a fire, or in an oblong flue, so that the current of flame may sweep along the cor-

rugations, it will evaporate no more water from its interior than a smooth pan of like

shape and dimensions placed alongside in the same flue, or over the same fire. This

curious fact Dr. Ure states he has verified upon models constructed with many modi-
fications. Among others, ho caused a cylindrical pan, 10 inches diameter, and 6

inches deep, to be made of tin-plate, -Nntha vertical plate soldered across its diameter

;

dividing it into two equal semi-cylindrical compartments. One of those was smooth
at the bottom, the other corrugated ; the former afforded as rapid an evaporation over

the naked fire as the latter, but it was far outstripped by its neighbour when plunged
into the heated liquid medium.

If a shallow pan of extensive surface be heated over a subjacent fire, by a liquid

medium, or a scries a steam-pipes upon its bottom, it will give off less vapour in the

same time when it is loft open, than when partially covered. In the former case, the

cool incumbent air precipitates by condensation a portion of the steam, and also op-

poses considerable mechanical resistance to the diffusion of the vaporous particles.

In tho latter case, as the steam issues with concentrated force and velocity from the

contracted orifice, the air must offer less proportional resistance, ujwn the known
hydrostatic principle of the pressure being as the areas of the respective bases of the

communicating vessels.

In evaporating by surfaces heated with ordinary stean^, it must be borne in mind

' One pound avoirdupois of water contains 27-72 cubic inches ; one cubic inch of water forms
1696 cubic inches of steam at 212° F. : therefore one iwund of water will fona 27*31 cubic feet of such
steam ; and 0-93 : 30:: 27-31 : 890 cubic feet.
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that a surface of 10 square feet will evaporate fully one pound of water per minute, or

725 X 10 = 7250 gr., the same as over a naked fire ; consequently the condensing sur-

face must be equally extensive. Suppose that the vessel is to receive of water 2,500 lbs.

which corresponds to a boiler 5 feet long, 4 broad, and 2 deep, being 40 cubic feet by
measure, and let there be laid over the bottom of this vessel 8 connected tubes, each

4 inches in diameter and 5 feet long, possessing therefore a surface of 4-8 feet square.

If charged with steam, they will cause the evaporation of half a pound of water per

minute. The boiler to supply the steam for this purpose must expose a surface of 4'8

square feet to the fire. It has been proved experimentally that 10 square feet surface

of thin copper can condense 3 lbs. of steam per minute, with a difference of tempera-
ture of 90 degrees Fahr. In the above example, 10 square feet evaporate 1 lb. of

water per minute; the temperature of the evaporating fluid being 212° F., conse-

quently 3 : 1 : : 90 : ^. During this evaporation the difference of the temperature is

therefore= 30°. Consequently the lieat of the steam placed in connection with the

interior of the boiler, to produce the calculated evaporation, should be, 212 + 30=
242°, corresponding to an elastic force of 53*6 inches of mercury. "Were the tem-
perature of the steam only 224, the same boiler in the same time would produce u
diminished quantity of steam, in the proportion of 12 to 30; or to produce the same

quantity the boiler or tubular surface should be enlarged in the proportion of 30 to

12. In general, however, steam boilers employed for this mode of evaporation are of

such capacity as to give an unfailing supply of steam.

We shall now illustrate, by some peculiar forms of apparatus, different systems of

evaporation. Fig. 838 explains the principles of evaporating in vacuo, a b repre-

sents a pan or kettle charged with the liquor to be evaporated. The somewhat wide
orifice c, secured with a screw-plug, serves to admit the hand for the purpose of

cleaning it thoroughly out when the operation is finished ; h is the pipe of communi-
cation with the steam boiler ; 6 is a tube prolonged and then bent down with its end
plunged into the liquor to be evaporated, contained in the charging back (not shown
in the figure), h is a glass, tube communicating with the vacuum pan at the top and
bottom, to show by the height of the column the quantity of liquid within. The
eduction evaporating pipe c is provided with a stop-cock to cut off the communication
when required, t is a tube for the discharge of the air and the water from the steam-
case or jacket ; the refrigerator e- is best formed of thin copper tubes about 1 inch in

diameter, arranged zigzag or spirally like the worm of a still in a cylinder. The
small air-tight condenser r, connected with the efilux-pipe / of the refrigerator, is

furnished below with a discharge-cock g, and surrounded by a cooling case, for the
.'collection of the water condensed by the refrigerator. In its upper part there is a
tube Jc, also furnished with a cock, which communicates with the steam boiler, and
through which the pan a b is heated. .- x- i... vi.:. ;
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Tho operation of this apparatus is as follows : after opening the cocks c. /, g, and
before admitting the cold water into tho condenser e, tho cock of the pipe k is opened,
in order that by injecting steam it may expel the iuchidod air ; after wliich the cocks
Jc and g are to be shut. The water must now bo introduced into the condenser, and
the cock b opened, whereon the liquid to be evaporated rises from tho charging back,

through the tube b, and replenishes the vacuum pan to the proper height, as .shown by
the register glass tube h. Whenever tho desired evaporation or concentration i.s

oflfocted, the cock c must be closed, the pipe k opened, so as to fill the pan with steam,
and then the efflux cock a is opened to discharge tho residuary liquor. By shutting

tho cocks a and k, and opening tho cock 6, the pan will charge itself afresh with liquor,

and tho operation will be begun anew, after b has been shut and c opened.

The contents of the close water cistern f, may bo drawn oiF during each operation.

For this purpose, the cock /must first be shut, the cold water is to be then run out of

tho condenser g, and k and g are to bo opened. The steam entering by k makes tho

M'ater flow, but whenever the steam itself issues from the cock g, this orifice must be

immediately shut, the cock /opened, and tho cold water again introduced, where-

upon the condensed water that had meanwhile collected in the under part of the

refrigerator flows off into tho condenser vessel f. Since some air always enters with

tho liquor sucked into tho pan, it must be removed at the time of drawing off the

water from tho two condensers, by driving steam through the apparatus. This

necessity will bo less urgent if the liquor be made to boil before being introduced into

the vacuum pan.

Such an apparatus may be modified in size and arrangement to suit the peculiar

object in vdew, when it vnW be perfectly adapted for the concentration of extracts of

every kind, as well as saline solutions containing vegetable acids or alLalis. Tho
interior vessel A b should be made of tinned or plated copper. For an account of

Howard's vacuum pan, made upon the same principle, see Susar.
When a boiler is set over a fire, its bottom should not bo placed too near the grate,

lest it refrigerate the flame, and prevent that vivid combustion of tho fuel essential to

the maximum production of heat by its means. The evil influence of leaving too

little room between the grate and the copper may bo illustrated by a very simple

experiment. If a small copper or porcelain capsule containing water be hold over

the flame of a candle a little way above its apex, the flame will suffer no abatement of

brightness or size, but will continue to keep the water briskly boiling. If the capsule

be now lowered into the middle of the flame, this will immediately lose its brightness,

becoming dull and smoky, covering the bottom of the capsule with soot ; and, owing

to the imperfect combustion, though the water is now surrounded by the flame, its

ebullition will cease.

Fig. 839 is a section of two evaporating coppers en suite, so mounted as to favour

the full combustion of the fuel, a is the hearth, in which wood or coal may bo

burned. For coal, the grate should be set higher and be somewhat smaller, a is the

door for feeding tho fire ; d, an arch of fire-bricks over the hearth ; e, a grate through

which tho ashes fall into tho pit beneath, capable of being closed in front to any

extent by a sliding door b. b and c are two coppers encased in brickwork ;/ tho

flue. At the end of the hearth near m, where tho fire plays first upon tho copper,

tho sole is made somewhat lower and wider, to promote the spreading of the flame

under the vessel. The second copper c, receives tho benefit of the waste heat ; it

may be placed upon a higher level, so as to discharge its conceutratod liquor by a

stop-cock or siphon into the first.
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Fig. 840 repreaents a pan for evaporating liciuids, which are apt, during conoentra-

tion, to let fall crystals or other sediment.

These would be injured either by the fire playing upon the bottom of the pan, or, by
adhesion to it, they would allow the metal to get red hot, and in tliat state run every

risk of being burnt or rent on the sudden intrusion of a little liquor through the

incrustation. When largo coppers have their bottoms planted in loam, so that the

flame circulates in flues round their sides, they are said to be cold-set.

A is a pear-shaped pan, charged with the liquid to be evaporated ; it is furnished

with a dome cover, in which there is an opening with a flange/, for attaching a tube,

to conduct the steam wherever it may be required, a is the fire-place ; 6, the ash-pit.

The conical part terminates below in the

tube g, furnished with a stop-cock at its

nozzle h. Through the tube c d cf, fiu-nishod

above and below with the stop-cocks c and
c', the liquid is run from the charging back
or reservoir. During the operation, the

upper cock c is kept partially open, to re-

place the fluid as it evaporates ; but the

under cock & is shut. The flame from the

fireplace plays round the kettle in the space

«, and the smoke escapes downwards througli

the flue i into the chimney. The lower
cylindrical part g remains thus compara-
tively cool, and collects the crystalline or

other solid matter. After some time, the

under stop-cock (/, upon the supply-pipe, is

to be opened to admit some of the cold liquor

into the cylindrical neck. That cock being

again shut, the sediment settled, and the

large stop-cock (a horizontal side valve would
be preferable) h opened, the crystals are

suffered to descend into the subjacent receiver ; after which the stop-cock h is shut,

and the operation is continued. A construction upon this principle is well adapted

for heating dyeing coppers, in which the sediment should not be disturbed, or exposed

to the action of the fire. The fireplace should be built as for the brewing copper.

Fig. 841 represents an oblong evaporating pan, in Avhich the flame, after beating

along its bottom, turns up at its further end, plays back along its surface, and passes

off into the chimney, a is a rectangular vessel, from 10 to 15 feet long, 4 to 6 foet

broad, and 1 or 1^ foot deep. The fire-bricksj upon which the pan rests, are so ar-

ranged as to distrfbute the flame equally along its bottom.
Leidenfrost in 1756 {^ Annates de C^me'e') observed some remarkable facts connected

with evaporation, which have since received some striking illustration from the

experiments of M. Boutigny.
When water is thrown on a plate heated considerably above the boiling point of

water, the liquid assumes a spheroidal form, and this condition has hence received the

name of the spheroidal state. This water rolls about like melted crystal without
any signs of ebullition, and it is dissipated but very slowly. The explanation usually

given is as follows :
—

' The cause of the phenomena appears to be this : water exhibits

an attraction for the surface of almost all solids, and wets them ; fluid mercury exhibits

the opposite property, or repulsion for most surfaces. The attraction of water for

surfaces brings it into the closest contact with them, and greatly promotes the com-
munication of heat by a heated vessel to the water contained in it. But heat appears
to develope a repulsive power in bodies, and it is probable that, above a peculiar tem-
perature, the heated metal no longer possesses this attraction for water. The water
not being attracted to the surface of the hot metal, and induced to spread over it, is

not rapidly heated, and therefore boils off slowly.'— G^aAawt.
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...The explanJvtJQii given.by this cxcellont authority has been selected as representing

fairly the prevailing' view. It is not, however, satisfactory. The water is said to bo
ftt a sensible distance from the hot plate, and a layer of aqueous vapour of very high
temperature is known to surround the water, and yet the spheroidal water does not

acquire the boiling temperature. Here is evidence of some peculiar, and as yet un-
explained condition, belonging, either to heat of a certain kind or degree, or to the

molecules of the body under its influence.

Boutigny observed that water may pass into the splieroidal state when projected

upon metal above the temperatures of 142°. Ether and alcohol pass into the spheroidal

state between the temperatures 142° F. and 273° F. A thermometer being plunged in

liquids while in the spheroidal state, indicated the following temperatures :

—

Water 205-7° F.

Absolute alcohol 167*9

Ether 93-6

Hydrochloric ether 60'9

Sulphurous acid 13-1

All these being some degrees below the boiling temperature of those fluids.

Boutigny has shown that the vapour escaping from water in the spheroidal state,

although it has a very elevated temperature, does not possess the usual elasticity of

steam ; it does not exert an expansive power. But if the vessel from which the

vapour is forming is allowed to cool, to a certain point, a degree of elasticity equal to

the elevated temperature of the vapour is suddenly exerted. This is supposed by
Boutigny to explain many steam-boiler explosions.

Whenever evaporation takes place, it should be remembered, it produces cold

—that is, it lowers the temperature of the body from which the evaporation is taking

place. Leslie, by the evaporation of ether in vacuo, froze mercury. Thilorier solidi-

fied carbonic acid by the intense cold produced by its own evaporation. Boutigny
froze water in a red-hot vessel, by the evaporation of sulphurous acid from the heated

vessel in which the water is in the spheroidal state. Faraday froze mercury in a red-

hot crucible by the evaporation of a mixture of solid carbonic acid and ether. But
the lowest temperature yet reached has been in the experiments of Natterer, of Vienna,

who obtained as low a temperature as — 220° F. by mixing liquid nitrous oxide with

bisulphide of carbon, and evaporating this mixture in vacuo. Carre's freezing-macliine

depends for its action on the rapid evaporation of a solution of ammonia.
The spheroidal condition of fluids does not appear to be dependent entirely on heat.

By dropping alcohol or ether on the surface of the same fluids, such spheroidal drops

may be obtained; and water splashed upon water often assumes the same condition.

Mr. Tomlinson has some curious experiments upon the formation of these varieties of

spheroids.

Further remarks on these points will be found under the heads respectively of

Coal ; Feeezixg ; and Vapoub. See also Heat, in Watts's * Dictionary of Chemistry.'

SVSRKASTZXrG F]bO'V7ERS. These dried flowers, largely used by the

French as Immortelles, are for the most part species of Gnaphalium, Helichrysum, and
other plants of the natural order Compositce.

EVERirxc ACXB. An acid extracted from the lichen Evernia prunastri.

SXAXTTHZirz:. The Purree or Indian yellow of India. See Indian Yellow.
EXOGEUS. A boUmical term, applied to plants which grow by addition to the

outer parts of the stem. Most British trees are Exogens. The correlative term En-
dogens is applied to plants which, like palms, appear to grow by addition to the inner

parts of the stem. The stem varies in structure in four principal ways : it is either

formed by successive additions to the outside of the wood, when it is called exogenous,

or by successive additions to its centre, when it is called endogenous, or by the union

of the bases of leaves, and the extension of the point of the axis, which is called aero-

genous, or by simple elongation or dilatation where no leaves or buds exist, as among
Thallogcns.—Lindleg.

EXOSMOSE and EXTDOSMOSE. As some manufacturing processes involve the

phenomena expressed by these two words, it appears necessary briefly to explain them.

When two liquids are separated by a porous sheet of animal membrane, unglazed

earthenware, porous stone, or clay, these liquids gradually diffuse themselves ; and

supposing salt and water to be on one side of the division, and water only on the

other, the saline solution passes in one direction, while the water, though with less

intensity, passes in another.

Instead of the two words introduced by Dutrochet, Professor Graham proposed the

use of the single term Osmose (from uxTfih, impulsion).

It was supposed that there was, at the same time, an impulsive force acting from

without and another acting from within ; that there was indeed a current flowing in.
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and another flowing out. It appears, however, to be proved that the osmose between
wat«r and saline solutions, consists not in the passage of two liquid currents, but in

the passage of particles of the salt in one direction, and of pure water in the other.

Professor Graham observed that common salt diffuses into water through a thin

membrane of ox-bladder deprived of its outer muscular coating, at the same rate as

when no membrane is interposed. This force plays an important part in the functions

of life, and it will be found to explain many of the phenomena associated with Dyeing,
Tanning, &c. See Osmose Forcb.
EZPAXrSIOir (Eng. and Fr. ; Atisdehnung, Ger.) is the increase of bulk ex-

perienced by all bodies when heated, unless a change in molecular arrangement takes
place, as in the case of clays in the potter's kiln.

Table I. exhibits the linear expansion of several solids by an increase of temperature
from 32° to 212° F. ; Table 11. exhibits the expansion in bulk of certain liquids.

Table I.

—

Linear Dilatation of Solids by Heat.

Dimensions which a bar takes at 212° whose length at 32° is 1-000000.

Substances Authority
Dilatation in

Decimals

Dilatation
in Vulgar
Fractions

Glass tube.... Smeaton 1-00083333

>> • Eoy . 1-00077615

>» • Deluc's mean . 1-00082800

TT48M Dulong and Petit 1-00086130

)> Lavoisier and Laplace

.

1-00081166 1

TT52
Plate glass . >) )> 1-000890890
Crown glass j> »> 1-00087572

» J> !» 1-00089760
1-00091751

1

1090 1

i

"rod .*

Eoy" . .
'

. 1-00080787
Deal Eoy, as glass .

—
Platinum . Borda . 1-00085655

Dulong and Petit

Troughton
1-00088420
1-00099180

1131

„ and glass Berthoud 1-00110000

Palladium . WoUaston 1-00100000

Antimony . Smeaton 1-00108300
Cast-iron prism Eoy . 1-00110940

Cast-iron . Lavoisier, by Dr.Young 1-00111111

Steel Troughton 1-00118990
Steel rod . Eoy . 1-00114470

Blistered steel Phil. Trans. 1795. 428 1-00112500

» Smeaton 1-00115000

Steel not tempered Lavoisier and Laplace

.

1-00107875

>> » >l M 100107956
„ tempered yellow »» >l 1-00136900

»> M >> >» » 1-00138600

„ „ at a hig ler heat J> >l 1-00123956 ^
Steel Troughton 1-00118980
Hard steel . Smeaton 1-00122500
Annealed steel Muschenbroek

.

1-00122000
Tempered steel » • 1-00137000

Iron

,, . . .

Borda .

Smeaton
1-00115600

1-00125800
Soft iron, forged Lavoisier and Laplace

.

1-00122045

Eound iron, wire drawn » .» 1-00123504
Iron wire . Troughton 1-00144010

Iron Dulong and Petit 1-00118203 5^0
Bismuth Smeaton 1-00139200

Annealed gold Muschenbroek

.

1-00146000

Gold Ellicot, by comparison

.

1-00150000
,

„ procured by parting . .
i

Lavoisier and Laplace . 1-00146606 + !

RXK i
„ Paris standard, unaunealed . : „ „ 1-00155155

!» » annealBd » »» i
1-00151361

i

645 1

COT i
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Substances Authority Dilution in

Decimals

Dilatntion

in VulKnr
Fractions

Copper .... Muschenbroek

.

1-0019100

» .... Lavoisier and Laplace

.

1-00172244 r;h
>i .... 1 1-00171222 T.k
i» .... Troughton 1-00191880

It .... ' Dulong and Petit 1-00171821 1

Brass .... Borda . 100178300
» .... Lavoisier and Laplace

.

1-00186071

M .... •> »f 100188971
Brass scale, supposed from Hamburg Roy . 1 00185540
Cast brass .... Smeaton 1-00187500
English plate-brass, in rod

.

Roy . • 1-00189280

„ „ in a trough form j» 1-00189490
Brass Troughton 1-00191880

Brass wire , Smeaton 1-00193000

Brass .... Muschenbroek 1-00216000

Copper 8, tin 1 Smeaton • 1-00181700

Silver .... Herbert • 1-00189000

>» .... EUicot, by comparison 1-0021000

,, .... Muschenbroek

.

1-00212000

„ of cupel Lavoisier and Laplace

.

1-00190974

„ Paris standard >> »» 1-00190868

Silver .... Troughton 1-0020826

Brass 16, tin 1 Smeaton 1-00190800

Speculum metal >> 1-00193300

Spelter solder ; brass 2, zinc 1
". '

1-00205800

Malacca tin

.

Lavoisier and Laplace

.

1-00193765 1

Tin from Falmouth. „ )} 1-00217298 Z
Fine pewter Smeaton 1-00228300

Grain tin .... »> 1.-00248300

Tin Muschenbroek

.

1-00284000

Soft solder ; lead 2, tin 1 . Smeaton 1-00250800

Zinc 8, tin 1, a little hammered >> 1-00269200

Lead .... Lavoisier and Laplace .
^

1-00284836 di
,, .... Smeaton 1-00286700

Zinc .... » • • 1

1-00294200

Zinc, hammered out ^ inch per foot 1-00301100

Glass, from 32° to 212° . Dulong and Petit 1-00086130
iT^^T

„ from 212° to 392° . >> >5
1-00091827 ^,U

„ from 392° to 572° . 1-000101114 rAr

The last two measurements by an air-thermometer.

Table II.—Expansion of certain Liquids by being heatedfrom 32° to 212°.

Substances Authority Expansion In
Decimnls

Expansion
in Vulgar
Fractions

Mercury ....
„ in glass

Water from its maximum density .

Muriatic acid (sp. gr. 1-137)

.

Nitric acid (sp. gr. 1-40)

Sulphuric acid (sp. gr. 1-85)

.

Alcohol (to its boiling point) ?

Water ....
Water, saturated with common salt .

Sulphuric ether (to its boiling point) ?

Fixed oils . . . •

Oil of turpentine

Dulong and

Kirwan
Dalton

>>

M

M

»

Petit . 001801800
001543200

' 004332
1 00600
01100
0-6600

01100
00460
0500

00700
00800
0-0700

1

1
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If tlie density of water .at 39° be called 1 -00000,

at 212° it becomes 0-9548,

and its volume has increased to . . 1-04734 ;

at 77° it becomes 9973587,
and its volume has increased to only . 1 "00265,

which, though one-fourth of the whole range of temperature, is only ^ of the total

expansion. Water at 60° F. has a specific gravity of . 0*9991263,

and has increased in volume from 39° to . 1 00008,

which is only about i of the total expansion to 212^, with g\ of the total range of

temperature.

All gases expand the same quantity by the same increase of temperature, which
from 32° to 212° F. =^|§= f of its initial volume, or 100 volumes become 1-375. For
each degree of F. the expansion is ^i^.

When dry air is saturated with moisture, its bulk increases, and its specific gravitj

diminishes, because aqueous vapour is less dense than air, at like temperatures.

The following Table gives the multipliers to be employed for converting one volume
of moist gas at the several temperatures, into a volume of dry gas :

—

Temperature MnltipUer Temperature MultipUer

53° F. 0-9870 64° 0-9799
"54 0-9864 65 0-9793

55 09858 66 0-9786

56 0-9852 67 0-9779

67 0-9846 68 0-9772

58 0-9839 69 0-9765

59 0-9833 70 0-9758

60 0-9827 71 0-9751

61 0-9920 72 0-9743

62 0-9813 73 0-9735

63 0-9806

Lavoisier and Laplace arrived, after an extensiye series of experiments, at the two
important conclusions following :

—

1st. All solid bodies whatever, being gradually heated from the temperature of

melting ice to that of boiling water, and then gradually cooled from the temperature

of boiling water to that of melting ice, -will be found to have exactly the same dimen-
sions at the same temperature during the process of heating and cooling ; the gradual

diminution of bulk in cooling corresponding exactly with the gradual increase of bulk
in heating.

2nd. Glass and metallic bodies gradually heated from the temperature of melting
ice to that of boiling water, undergo degrees of expansion proportional to those of

mercury at the same temperature ; that is to say, between the limits just mentioned,
the expansion of the solid corresponding to two degrees of the thermometer, is twice

the expansion which corresponds to one degree, the expansion which corresponds to

three degrees is three times the expansion which corresponds to one degree, and so

on ; the quantity of expansion being multiplied in the same proportion as the number
of degrees through which the thermometer has risen is multiplied. See Heat,
Watts's Dictionary of Chemistry.'

Experiments by Fresnel, Forbes, Powell, Trovelyan, and Tyndall have a tendency
to prove that heat occasions a repulsion between the particles of matter at small dis-

tances. If a heated poker is laid slantingly on a block of lead at the ordinary tem-
perature, it will commence to vibrate, first slowly, and -will increase with such rapidity

as to produce a musical note, which continues for some time, usually changing to an
octave at the termination. These results would appear to prove a movement amongs-t
the particles constituting the bar.

Some remarkable examples of expansion are furnished by the influence of sunshine
on the Britannia Tubular Bridge.
The most interesting efifect is that produced by the sun shining on one side of the

tube, or on the top, while the opposite side and bottom remain shaded and compara-
tively cool ; the heated portions of the tube expand, and thereby warp or bend the tube
towards the heated side, the motion being sometimes as much as 2^ inches vertically

and 2\ inches laterally.

While the tubes were supported on the temporary piers on the beach, these motions
were easily observed. An arm carrying a pencil was fixed on the south side of the
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tube, at the centre, and a board was fixed on a post independent of the tube, and at riglit

angles to it ; the pencil was pressed against the board by a spring, and the rise and fall,

and the lateral motions of the tube, were consequently traced on the board. In this

way a very interesting diagram was taken daily. The lowest part of each figure is the
starting point, or normal position of the tube, to which the pencil always accurately
returns during the night. As soon as the sun rises in the morning it starts towards
the right hand, rising obliquely, the top and one side of the tube being warmed, and
the bottom and opposite side remaining unaffected. It continues thus till one o'clock,

when the sun, having ceased to shine on the southern side, begins to warm the
northern side, the top still retaining its high temperature ; the tube thus acquires a
nearly horizontal motion towards the left hand, the slight descent in the line indicating
the diminishing eflfects of the sun on the top as it gradually sinks. The greatest deflec-

tion to the left hand is not attained until sunset, after which the tube rapidly descends
in a uniformly-curved line to its resting point. In the summer time this point is hardly
attained before the rising sun compels it to commence its journey anew. When the
sun is frequently obscured by passing clouds, very curious diagrams are obtained.
During the absence of the sun the tube begins to cool rapidly, and to return to its

normal position ; every passing cloud is thus beautifully recorded.

The middle of the centre arch of Southwark Iron Bridge rises one inch in the

height of summer. When great lengths of iron pipe are laid down for the convey-
ance of steam or hot water, sliding joints are necessary to prevent destruction either

of the apparatus or of the building in which it is placed.
The practical applications made of the expansion and contraction of metals by heat

are many. The tire of a wheel is put on hot, and by its contraction on cooling,

firmly binds the other parts of the wheel together; boiler-plates are riveted with
red-hot rivets ; collars of metal are driven on while hot, and the like.

Mollard drew together the walls of a building that had bulged, by screwing up bars

of iron tight to the walls while they were hot, and a similar process was adopted in the

Cathedral of Armagh.
Playfair and Joule (' Chemical Society's Memoirs ') have made a valuable series of

researches on the expansion of bodies by heat, principally salts ; these have not, how-
ever, any sufficient practical bearing to occupy our space.

SXPZiOSZVS AGSITTS. The peculiar characters of such explosive compounds
as Gunpowder, Gun-Cotton, Dynamite, Nitbo-Glycebine, and the like, will be
found under those articles respectively. In this place it is intended to describe in a
general way some explosive compounds which are less known, and which have not as

yet been employed successfully.

Chiorate-of-Potash Compounds.—The peculiar powers of chlorate of potash, and its

violent oxidising properties have led to many experiments. This salt has been mixed
with the prussiates of potash, with sugar and with starch, and sometimes with the

addition of sulphur. These gunpowder substitutes have been known as white gun-
powder, German gunpowder, &c. Ingenious attempts have been made to reduce the

dangerous nature of the chlorate-of-potash mixtures by combining them with inert

materials. One kind consists of mixtures of the salt with organic substances con-

taining, in addition to carbon, a considerable proportion of hydrogen, such as pow-
dered nut-galls, tannin, and resins. Horsley's powder was somewhat of this character,

with the addition of some nitro-glycerine. That of Messrs. Hochstader, which was
introduced in 1860, and subsequently modified by M. Reichen, was somewhat similar.

Strips of blotting-paper were soaked in a pasty mass consisting essentially of a mix-

ture of chlorate of potash, saltpetre, charcoal (and small quantities of other readily

oxidisablb substances), together with a little gum or other binding material dissolved

in water. The paper becomes coated with the explosive mixture, and at the same
time impregnated with the oxidising salts, of which it absorbs a part of the solution

;

the strips are rolled up tightly while wet, and when dry they become hard and com-

pact cylindrical masses, which are violently explosive when confined, but resist detona-

tion when submitted to percussion or friction. One of these white gunpowders was
recommended for its safety ; the chlorate of potash and the other ingredient being kept

separately until required for use.

Tutonite is a blasting agent of this class. It has the peculiarity of being made
up in the form of hard pellets or disks, instead of being in a granulated form or in

powder.

Safety Powder was a blasting agent devised by Mr. Kellow, and manufactured at

the works at South Down, opposite to Devonport. It consisted of spent tan and saw-

dust, saturated with saltpetre or nitrate of soda, and a little chlorate of potash ; the

compound being subsequently crudely mixed with sulphur. (The manufacture wn?
abandoned, the works having been destroyed l)y fire.)

Pyrolithe is the name of a blasting powder very nearly resembling that of ^IK

Kellow's.
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Poudre Barytique or Saxifragine is of a similar character. It is the invention of a

Belgian officer, Captain Wynauls, and consists of a mixtiire of charcoal and nitrate of

Laryta, with a small proportion of saltpetre. The baryta-powder is comparatively

vei7 slow burning ; and its special characters are such that its application could not

but remain limited to ordinary mining and quarrying uses.

Picric Acid or Carhazotic Acid.—Among the numerous products obtained by the

action of nitric acid upon materials of organic origin, one of the earliest discovered

possessing explosive properties is the product known as picric acid, which is furnished

in that way by indigo, &c. Picric acid was discovered in 1788, and prepared in small

quantities. It is now readily manufactured from the coal-tar product known as

carbolic acid, and is now an article of commerce as a cheap and brilliant yellow dye.

See PiCHic Acid. This, when mixed with saltpetre or chlorate of potash, particularly

with the latter, furnishes products which in violence of action more nearly resemble

gun-cotton and nitro-glycerine preparations than does any other readily explosive

agent. Both mixtures are susceptible of detonation by friction, and especially that

containing chlorate of potash, which is indeed inapplicable to practical purposes on
account of its dangerous nature.

M. Designolle has produced safer mixtures of picrate of potash for artillery, small

arras, and for blasting purposes. One of these consisting of picrate of potash, salt-

petre, chlorate of potash, and charcoal gave satisfactory results. Mr. Abel informs us

that the picrate of ammonia incorporated with saltpetre furnishes one of the safest

explosive mixtures of a violent character yet produced.

Colonia Powder is a modified gunpowder saturated with nitro-glycerine.

Bualine is Schultze's sawdust powder impregnated with nitro-glycerine.

Glyoxiline consists of a mixture of gun-cotton pulp and saltpetre converted into

porous pellets, which are saturated with nitro-glycerine, and afterwards coated with
varnish to protect it from damp.

Lithofracteur.—Lieutenant Trauzl, in his 'Explosive-Nitrilverbindungen,' describes

this preparation as simply a dynamite, in which an imperfect kind of gunpowder has
been substituted for a proportion of the siliceous earth ; and he gives the following as

tJie approximate percentage composition of the material : nitro-glycerine 52, siliceous

earth and sand 30, powdered coal 12, nitrate of soda 4, and sulphur 2. It has not
been found in practice equal to dynamite.

Fulminates of Mercury and Silver.—These violent explosive agents are used only
in the preparation of percussion caps, and have not been applied to any other useful

purpose.

Iodide of Nitrogen and Chloride of Nitrogen will be described under their respective

heads.

The following remarks on the ' Development of Force from Explosive Agents ' are

abstracted from Mr. Abel's paper read before the Institution of Civil Engineers in 1873.
'The character of explosion and the mechanical force developed, within given

periods, by the metamorphoses of explosive mixtures, such as gunpowder, is subject

to modifications, and even the most violent explosive compounds known (the mercury
and silver fulminates, and the chloride and iodide of nitrogen) behave in dijBferent

ways under the operation of heat or other disturbing influences, according to the cir-

cumstances which attend the metamorphosis of the explosive agent (e.g. the position

of the source of heat with reference to the mass of the substance to be exploded, or to

the extent of initial resistance opposed to the escape of the products of explosion).

Thus chloride of nitrogen, when covered with a film of water, explodes with great
violence when brought into contact with a decomposing agent ; but if the covering of
water is entirely removed, and the usual means are resorted to for causing the instan-

taneous decomposition of the liquid, its transformation into gases takes place with
little or no explosive violence. Again, if a heap of fulminate of mercury be ignited
at any portion of the exposed siu-face or immediately beneath it, the substance inflames
into a dull explosion, and but little mechanical work is performed ; but if the heap be
ignited in the centre, or near the base, the explosion is very violent, and considerable
shattering effect is produced. In these instances the covering of the water, on the one
hand, and the external portions of the heap of fulminate on the other, perform the
functions of the tamping in a blast-hole, or the walls of a shell, in determining accumu-
lation of pressure and consequent development of violent explosion at the point of
first ignition, which is then instantaneously transmitted through the mass. Applying
this result to practical purposes, it is found that by igniting a charge of powder at or
near the base in an ordinary blast-hole, considerable destructive force can bo de-
veloped without the use of any tamping, as the upper portion of the charge acts itself

as tamping to the part first ignited, and develops its violent explosion. The destruc-
tive action^ is, of course, still further increased, if tamping be employed under the
above conditions.

Vol. n. Y
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' Nitro-glycorinc .111J analogous oxplosivo compounds which boar somo relation' to the

chloride of nitrogen in their power of sudden oxplo.sion, require the fulfilment of special

conditions for the development of their explosive force. Thus, the explosion of nitro-

glycerine by the simple application of heat can only bo accomplished if the source

of heat bo applied in such a way that chemical decomposition is established in

somo portion of tho mass, and is formed by the continual application of heat to that

part.

' Tho development of tho violent explosive action of nitro-glycerine, freely exposed
to air, through tho agency of a detonation, was for somo time regarded as a peculiarity

of that substance ; it has, however, been demonstrated that gun-cotton and other ex-

plosive compounds and mixtures do not necessarily require confinement for the full

development of their explosive force, but that this result is attainable (and very readily

in some instances, especially in tho caso of gun-cotton), by means similar to those

applied in the caso of nitro-glyccrino.
• The manner in which a detonation operates in detennining the violent explosion of

gun-cotton, nitro-glycerine, &c., has been made the subject of careful investigation.

It has been demonstrated experimentally, that the result cannot be ascribed to tho

direct operation of the heat developed by tho chemical changes of the charge of

detonating material used as the exploding agent. An experimental comparison of tho

mechanical force exerted by different explosive compounds, and by the same compound
employed in different ways, has shown that the remarkable power possessed by tho ex-

plosion of small quantities ofcertain bodies (the mercury and silver fulminates) to accom-
plish the detonation of gun-cotton, while comparatively large quantities of other highly

explosive agents are incapable of producing that result, is generally accounted for satis-

factorily by the difference in the amount of force suddenly brought to bear in tho

different instances upon some portion of the mass operated upon. Most generally,

therefore, the degree of faicility with which the detonation of a substance will develop

similar change in a neighbouring explosive substance may be regarded as proportionate

to the amount of force developed within the shortest period of time by that detonation,

the latter being, in fact, analogous in its operation to that of a blow from a hammer,
or of the impact of a projectile.

' Several remarkable results of an exceptional character have, however, been obtained,

wliich indicate that the development of explosive force under the circumstances referred

to is not always simply ascribable to the sudden operation of mechanical force. These
were especially observed in the course of a comparison of the conditions essential to

the detonation of gun-cotton and of nitro-glycerine by means of particular explosive

agents (chloride of nitrogen, &c.), as well as in an examination into the effects pro-

duced upon each other by the detonation of these two substances. In illustration, it

may be instructive to give two examples. The detonation of compressed gun-cotton

is accomplished by the explosion of 6 grains of confined fulminate of mercury, placed

in contact with the mass, but it requires ten times that quantity of the violent explo-

sive agent, chloride of nitrogen, also confined, to produce the same result. Again,

the mechanical force exerted by the explosion of nitro-glycerine is fully equal to that

developed by the fulminate of mercury, yet a quantity of nitro-glycerine about seventy

times greater than tho minimum of the fulminate required to detonate compressed

gun-cotton, fails, when exploded in contact Avith the latter, to produce any other

result than tho complete mechanical disintegration of the mass.
' Instances of the apparently simultaneous explosion of numerous distinct and even

somewhat widely-separated masses of explosive substances (such as simultaneous ex-

plosions in several distinct buildings at powder-mills) do not unfrequently occur, in

which the generation of a disruptive impulse by the first or initiative explosion, which
is communicated with extreme rapidity to contiguous masses of the same nature,

appears much more likely to be the operating cause than that such simultaneous

explosions should be brought about by the direct action of heat and mechanical force.

* It need scarcely bo stated that tho detonation of a largo quantity of an explosive

body is accomplished by the initiative detonation of a very small portion of tlie mass

;

this is the pase even if the material is arranged in the form of a train of considerable

length, the detonating fuze being applied at one extremity. Rows of gun-cotton disks,

from 3 feet to 6 feet in length, with intervals of 0'5 inch and 1 inch between the

individual masses, have been detonated in this way. There is, liowever, a limit lo the

distance to which a detonation will be transmitted along a row of spaced disks, tho

limit being determined by tho particular weight of tho masses employed ; if it bo

exceeded, those masses which are at the further extremity will be iuflamod and scat-

tered, instead of being detonated. A few preliminary experiments have been mndo
with the view of determining, by means of Noble's chronoscope, the rapidity witli

which detonation progresses along a row of gun-cotton disks. This will, no doubt,

vary with the sizes of the masses. In an experiment with disks weighing 2 ounces
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each, placed in a row without intervals, it was found that the detonation extended to

3 feet in about one five-thousandth part of a second.'

EXPRESSEB OII.S. See On^.
I:XTX^A.CT or XiEAD. A common name for the solution of acetate of lead,

also called Goulard's Lotion.

EXTRACTS. {Exiraits, Fr. ; Extracten, Ger.) The older apothecaries used this

term to designate the product of the evaporation of any vegetable juice, or infusion,

or decoction ; whether the latter two were made with water, alcohol, or ether j whence
arose the distinction of aqueous, alcoholic, and etherous extracts.

Fourcroy made many researches upon these preparations, and supposed that they

had all a common basis, which he called the extractive principle. But Chevreul and
other chemists have since proved that this pretended principle is a heterogeneous and
very variable compound. By the term extract therefore is now meant merely the

whole of the soluble matters obtained from vegetables, reduced by careful evaporation

to either a pasty or solid consistence. The watery extracts, which are those most com-
monly made, are as various as the vegetables which yield them ; some containing

chiefly sugar or gum in great abundance, and are therefore innocent or inert ; while

others contain very energetic impregnations. The conduct of the evaporating heat is

the capital point in the preparation of extracts. They should be always prepared, if

possible, from the juice of the fresh plant, by subjecting its leaves or other succulent

part, to the action of a powerful screw, or hydraulic press ; and the evaporation should

be effected by the warmth of a water-bath, heated not beyond 100° or 120° Fahr.

Steam heat is now applied advantageously in some cases, where it is not likely to de-

compose any of the principles of the plant. But by far the best process for making
extracts is i7i vacuo, upon the principles explained in the article Evapokation. It is

much easier to fit up a proper apparatus of this kind than most practical men imagine.

The vacuum may either be made through the agency of steam, as there pointed out,

or by means of an air-pump. One powerful air-pump may form and maintain a good
vacuum under several receivers, placed upon the flat ground flanges of so many basins,

each provided with a stop-cock at its side for exhaustion. The airless basin contain-

ing the juice being set on the shelf of a water-bath, and exposed to a proper tempera-
ture, will furnish in a short time a large quantity of medicinal extract, possessing the

properties of the plant unimpaired.

For exceedingly delicate purposes, the concentration may be performed in the cold,

by placing saucers filled with the expressed juice over a basin containing sulphiiric

acid, putting a glass receiver over them, and exhausting its air.

The use of the air-pump for evaporating such chemical substances as are readily

injured by heat, has been very common since Professor Leslie's discovery of the efficacy

of the combined influence of rarefied air and an absorbing surface of sulphuric acid in

evaporating water at low temperatures. It has been supposed that the virtues of

narcotic plants in particular might be better obtained and preserved by evaporation
in vacuo than otherwise, as the decomposing agency of heat and atmospheric oxygen
would be thereby excluded. There is no doubt that extracts thus made from the

expressed juices of fresh vegetables possess, for some time at least, the green aspect

and odour of the plants in far greater perfection than those usually made in the air,

with the aid of artificial heat. Dr. Meurer has endeavoured to show that the colour

and odour are of no use in determining the value of extracts of narcotics, that the
albumen left unchanged in the extracts made in vacuo, tends to cause their spontaneous
decomposition, and that the extracts made with the aid of alcohol, as is the practice in

Germany, are more efficacious at first, and much less apt to be injured by keeping.

M. Baldenius has detailed experiments to prove that the juices of recent plants mixed
with alcohol, in the homoeopathic fashion, are very liable to spontaneous decomposition.
To the above expressed juice, the Germans add the alcoholic tiuctxu:e of the residuary
vegetable matter, and evaporating both together, prepare very powerful extracts.

Extracts of bark and other vegetable substances to be used in tanning or dyeing are

made in the countries in which the plants grow. The operation is very roughly per-

formed, and the imported extracts are usually very full of impurities.
In 1872 we imported of Extracts unenumerated as follows, the values only being

given :

—

Value
From Belgium £5,265

„ France 4,043

„ United States of America.... 6,853

„ British North Ameriai .... 4,400

„ Other Countries 1,253

21,814

y2
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Of extracts of bark and other vegotjvLlo nuLstancos used for tanning or dyeing we
exported in the same year to the value of 8,794^., of unenumeratod extracts to the
value of 3,089/., and of extract of malt to the value of 251.

EXXrvXJE. Cast skins, shells, or coverings of animals which arc shed or cast
off, as the skins of serpents or caterpillars, the shells of lobsters, and the like. In
geologj, the shells and other similar remains of animals found in the rocks.

^^ACETTZITG. The process of cutting faces upon ornamental articles. Steel

joAvellery, such as beads, studs, buttons, the ornaments on the hilts of dress-swords
and similar objects, are ground on horizontal laps with fine emery. Facets on gold
and silver are cut and polished on revolving wheels, after the same general method
as that pursued by the lapidary for cutting facets on stones.

FACTORY. In the sense in which this term is introduced here, it is contracted

from ' manufactory;' meaning the place where workmen are employed in fabricating

goods. To describe all the various factories would bo to describe all the different

manufactures, or at least, the arrangements of the machines by which the raw material

is converted into marketable goods. The arrangements of a cotton factory fairly

represent all the arrangements for other branches of textile manufactures. Under
Silk, Wool, &c., will be found particulars of the machines used and their general
arrangements in these factories respectively. See Cotton Factory.
FJECVI.A. See Fecula.
FAHDLERZ, FAB^XTXI, or FABXi-ORfi. A mineral known also as Gret/ Copper

ore, and Tetrahedrite ; the latter name referring to the common occurrence of this ore in

tetrahedral crystals belonging to the cubic system. The chemical composition of fahlerz

varies greatly in different specimens, but, speaking broadly, it may be said to be a
double sulphide of copper and antimony ; the antimony, however, may be replaced to

a greater or less extent by the isomorphous elements—arsenic and bismuth, whilst

the copper maybe replaced in like manner by iron, zinc, silver, or mercury. We may
thus recognise an antimonial series and an arsenical series, these being connected by
an arsenio-antimonial and a bismutho-arsenico-antimonial series. Many varieties of

fahlerz contain sufficient silver to render them important as silver ores, and these

argentiferous varieties have been described under the names of Folytelite and Freihcrgite.

The following analyses are selected with the view of showing some of the variations

presented in the composition of different forms of fahlerz :

—

I " III IV

Sulphur 25-77 22-63 27-48 21-17

Antimony . 23-94 19-34 24-85 24-63

Arsenic 2-88 2-94 ... ...

Bismuth ... 0-81 ... ...

Copper 37-98 35-34 22-62 14-81

Iron .... 0-86 0-87 4-80 5-98

Zinc .... 7-29 0-69 4-65 0-99

Silver .... 0-62 ... 13-57 31-29

Mercury ... 17-27 ... ...

Lead .... ... 0-21 1-43 ...

I. From Kapnik, in Transylvania; by H. Rose. II. From Kotterbach, near Iglo

;

by Vom Rath. III. From Foxdale silver-lead mine, Isle of Man ; by David Forbes.

IV. From the Habachtfund mine, Freiberg, Saxony ; by II. Rose. See Copper.
FAHXiinrZTE. An altered form of the mineral called lolite or Dichroite.

FAZSirCS or FATEirCfi. An old French term, nearly corresponding in mean-

ing with our household word ' crockery.' It is now commonly applied by collectors to all

the finer kinds of earthenware. Some authorities maintain that the word is derived

from the town of Faenza, near Bologna. It is known that Majolica or Raffaelle ware

was made at an early date at Faenza, and hence Majolica is sometimes distinguished

as 'Faenza' ware. But this is a very different material from what is now commonly
called Faience. See Majolica.

FAXKES or FAXES. A miner's term in Scotland for fissile sandy shales, or

sandstone possessing a shale-like structure. Dark bituminous shales are called Wac5,

and the two varieties are thus distinguished.
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ji^ZjTTS is the name of the impure spirit which comes over first and last in the

distillation of whiskey ; the former being called the strong, and the latter which_ is

much more abundant, the weak faints. This crude spirit is much impregnated with

fetid essential oil (fusel oil) ; it is therefore very unwholesome, and must be purified

by rectification.

rAmrV-STOIffB, A name given in the south of England to the fossil sea-

urchins found in the chalk. They are sometimes called * fairy loaves.'

FAKKIiyrG STOirss. A name given to meteoric stones. See Metkobic

Stones.

FAXiSE snvss. A term applied by the ancients, in all probability, to zinc

Strabo, in a passage quoted in Watson's ' Chemical Essays/ speaks of false silver, with

the addition of copper, making orichalcum, or brass.

FAiLSE TOPAZ. A light yellow pellucid variety of quartz crystal. It may be

distinguished from yellow topaz, for which, when cut, it is frequently substituted, by

its difference of crystalline form, the absence of cleavage, inferior hardness, and lower

specific gravity. Found in the Brazils, &c.

FAMP is a siliceous bed, composed of very fine particles. This term is confined

chiefly to the North of England, Famp possesses little cohesion, and when exposed

to the action of the air it crumbles into a sandy kind of clay. Beds of ' famp ' often

separate the hard * posts ' of sandstone ; they also contain more mica than the sand-

stone rocks among which they are interspersed. See Post.

FAIT {Eventail, Fr. ; Fdcher, Ger.) is usually a semi-circular piece of silk or paper,

pasted double, enclosing slender slips of wood, ivory, tortoise-shell, whalebone, &c.,

arranged like the tail of a peacock in a radiating form, and susceptible of being folded

together and expanded at pleasure. This well-known hand ornament is used by ladies

to cool their faces by agitating the air. Fans made of feathers, like the wing of a bird,

have been employed from time immemorial by the natives of tropical countries.

Fan is also the name of the apparatus for winnowing corn, for urging the fires of

furnaces, and for purposes of ventilation. For an account of the powerful blowing and
ventilating fan machines, see Ibon Mantjfactuee and Ventilation of Mines.

FANCr, a mining term. A niche cut in the side of an adit or shaft to serve

as an air-course. Sometimes the term a fanging is applied to a main of wood-
pipes.

FARSWE^^ ROCS, The name given in South Wales to the Millstone Grit,

because no coal is found worth working after this rock has been reached.

This rock is much used for the hearths of furnaces, its power of resisting the most
intense heat being remarkable.

FARZXarA {Fariiie, Fr. ; Meld, Ger.) is the fiour of any species of corn, or starchy

root, such as potato, arrow-root, &c.' See Bread and Staech.
FASSAITE. A variety of augite containing alumina, lime, magnesia, and iron.

It occurs in the Fassathal, in Piedmont.
FATS {Graisses, Fr. ; Fette, Ger.) occur in a great number of the animal tissues,

being abundant under the skin in what is called the cellular membrane, round the
kidneys, in the folds of the omentum, at the base of the heart, in • the mediastinum,
the mesenteric web, as well as upon the surface of the intestines, and among many of
the muscles. • Fats vary in consistence, colour, and smell, according to the animals
from which they are obtained ; thus, they are generally fluid in the cetaceous tribes,

soft and rank-flavoured in the carnivorous, solid and nearly scentless in the ruminants,
usually white and copious in well-fed young animals

; yellowish and more scanty in the
old. Their consistence vg;ries also according to the organ of their production ; being
firmer under the skin and in the neighbourhood of the kidneys than among the moveable
viscera. Fat forms about one-twentieth of the weight of a healthy animal. But as
taken out by the butcher it is not pure ; for being of a vesicular structure, it is always
enclosed in membranes, mixed with blood, blood-vessels, lymphatics, &c. These
foreign matters must first be separated in some measure mechanically, after the fat is

minced small, and then more completely by melting it with hot water, passing it

through a sieve, and letting the whole cool very slowly. By this means a cake of
cleansed fat will be obtained.

Braconnot and Easpail have shown that solid animal fats are composed of very
small microscopic, partly polygonal, partly reniform particles, which are connected
together by very thin membranes." These maybe ruptured by mechanical means,
then separated by triturating the fresh fats with cold water, and passing the unctuous
matter through a sieve. The particles float in the water, but eventually collect in a

^ white granular crystalline appearance, like starch. Each of them consists of a vesi-
cular integument, of the nature of stearine, and an interior fluid like elaine, which
afterwards exudes. The granules float in the water, but subside in spirits of wine.
"When digested in strong alcohol, the liquid payt dissolyes, biit the solid remains,*
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These particles diflfer in shape and size, as obtained from different animals ; those of

the calf, ox, sheep, are polygonal, and from g'gth to jjloth of an inch in diumctor ; those

of the sow are kidney-shaped, and from Jjth to -r^th ; those of man are jwlygonal, and
from ^th to 550^^ » those of insects are spherical, and at most ^Jjjth of an inch.

Fats all melt at a temperature much under 212° F. When strongly heated with
contact of air, they diffuse white pungent fumes, then blacken, and tiiko lire. "When
subjected to distillation they afford a changed fluid oil, carburetted hydrogen, and the

other products of oily bodies. Exposed for a certain time to the atmosphere they
become rancid, and generate the same fat acid as they do by saponification. In their

fresh state they are all composed principally of stcarine, margarine, and oleino, with a
little colouring and odorous matter ; and in some species, hircino, from the goat

;

phoconine, from the dolphin ; and butjrrine from butter. By subjecting them to a
great degree of cold, and compressing them between the folds of blotting-paper, a resi-

duum is obtained, consisting chiefly of stearine and margarine ; the kttcr of which
may be dissolved out by oil of turpentine.

Beef and Mutton Suet.—When fresh, this is an insipid, nearly inodorous fat, of a
firm consistence, almost insoluble in alcohol, entirely so, if taken from the kidneys

and mesenteric web of the ox, the sheep, the goat, and the stag. It varies in whiteness,

consistence, and combustibility, with the species and health of the animals. They
may all be purified in the manner above described. Strong sulphuric acid developes

readily the acid fats by stirring it through melted suet. Alkalis, by saponification,

give rise to one of the three acids, the stearic, margaric, or oleic. Beef suet consists

of stearine, margarine, and oleine ; mutton and goat suet contain a little hircine. The
specific gravity of the tallow of which common candles are made is, by Ure's experi-

ments, 0*936. The melting point of suet is from 98° to 104° F. The proportion

of solid and fluid fat in it; is somewhat variable, but the former is in much larger

proportion. Mutton suet is soluble in 44 parts of boiling alcohol, of 0*820 ; beef

suet in 44 parts. Marrow fat consists of 76 of stearine, and 24 of oleine ; it melts at

115° F.

Hog's lard is soft, fusible at 81° F, convertible, by an alkaline solution, into a
stearate, margarate, oleate, and glycerine. Its sp. grav. is 0*938, at 60° F. It con-

sists of 62 of oleine, and 38 of stearine, in 100 parts.

Goose-fat consists of 68 oleine and 32 stearine.

Butter, in summer, consists of 60 of oleine and 40 of stearine ; in winter, of 35 of

oleine and 65 of stearine; the former substance being yellow and the other white. It

differs, however, as produced from the milk of different cows, and also according to

their pasture.

Chevreul investigated with great care the composition of fats. He has shown
that they are mixtures of simple fats as oleine, stearine, and margarine. For his in-

vestigations, see those articles in Watts's ' Dictionary of Chemistry.'

The following statement is given on the authority of Braconnot :

—

Hog's lard

Ox marrow
Goose-fat

Oleine Stearine

62 38
24 76

68 32

Duck-fat

Ox tallow .

Mutton suet.

Oleine Stearine

72 28
25 75
26 74

The late Dr. Robert Dundas Thomson gave the following list of animal fats and
their melting points :

—

Badger-fat

Beef tallow

Calf

Camel
Cochineal fat

Cow's butter

Duck-fat .

Dog .

Fox .

Hare.
Hog's lard

.

Horse grease

Human fat

86°

98^
136*8

131

104
79*7

77

79f
129

117i
80-5

140

77

Pheasant ,

Turkey

.

Stearine (human) .

(sheep) .

„ (oxen) .

M (hog) .

(duck) .

Cetino

Chlorestine .

Cantharides fat

Margarine (butter)

Palmitine

109°

113

120

109

111

109
109

120

278

93i
105

115

The purification and decoloration of fats have been the object of many patents.

One of the best is to mix 2 per cent, of strong sulphuric acid with a quantity of
water, in which the tfillow is heate<l for some time with much stirring ; to allow the

materials to cool, to take off the supernatant fat, and to ro-mclt it with abundance of
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hot water. More tallow will thus be obtained, and that considerably whiter and

harder than is usually procured by the melters.

Dr. Ure stated that ho found that chlorine and chloride of lime did not improve,

but rather deteriorated, the appearances of oils and other fatty bodies. According to

Apport, minced suet subjected to the action of high-pressure steam in a digester,

at 250° or 260° F., becomes so hard as to be sonorous when struck, whiter, and
ciipablo, when made into candles, of giving a superior light. A convenient mode
of rendering minced tallow, or melting it, is to put it in a tub, and drive steam
through it from numerous orifices in ramifying pipes placed near the bottom.

Mr., Watts's plan of purifying fats, patented in March 1836, has been successful,

lie employs dilute sulphuric acid, to which he adds a little nitric acid, with a very
small quantity of bichromate of potash to supply oxygen, and some oxalic acid

Tliose are mixed with the fat in the steaming tub. When the lumps of it are nearly

dissolved, he takes for every ton of fat, one pound of strong nitric acid, diluted with
one quart of water ; to which he adds two ounces of alcohol, naphtha, sulphuric ether,

or spirits of turpentine ; and after introducing this mixture, he continues the boiling

for half an hour. The fat is finally washed.
Others have proposed to use vegetable or animal charcoal first, especially for rancid

oils, then to heat them with a solution of sulphate of copper and common salt, which
is supposed to precipitate the fetid albuminous matter.

Mr. Prynne obtained a patent in March 1840, for purifying tallow for the candle-

maker, by heating it along with a solution of carbonate of potash or soda for 8 hours,

letting the whole cool, removing the tallow to another vessel, heating it by means of

steam up to 206° F., along with dry carbonate of potash (pearlash) : letting this mix-
ture cool very slowly ; and finally removing the tallow to a vessel inclosed in steam,

so as to expel any subsidiary moisture.

A patent for a like purpose was obtained in June 1842, by Mr. H. H. "Watson. He
availed himself of the blanching power of oxygen, as evolved from permanganate of

potash (chameleon mineral), in the act of its decomposition by acids, while in contact

with the melted fat. He prescribed a leaden vessel (a well-joined wooden tub will

also serve) for operating upon the melted tallow with one-twentieth of its weight of
the manganate dissolved in water, and acidulated to the taste. The whole are to be
well mixed, and gradually heated from 150° up to 212° F., and maintained at that
temperature for an hour. On account of the tendency of the dissolved manganate to

spontaneous decomposition, it should be added to the dilute acid, mixed with the fat

previously melted at the lowest temperature consistent vsdth its fluidity.

^
Mr. "Wilson, of Vauxhall, has applied centrifugal action to the separation of the

liquid from the more solid parts of fatty matters, employing in preference the hydro-
extractors used by Seyrig and Co. for drying textile fabrics. Mr. "Wilson applies a
stout cotton twill in addition to the wire-grating ; and in order to avoid the necessity

of digging the concrete parts, and to prevent them from clogging the interstices for
_

the discharge of the oily matter, he places the whole in a bag 8 inches in diameter,
and of such length that when laid on the rotating machine against the grating the
two ends will meet. The speed of the machine must be kept below that at which
stearic acid or stearine would pass : which is known by the limpidity of the expressed
fluid. To take advantage of the liquefying influence of heat, he keeps the tempera-
ture of his own room about 2° F. above that of the substances under treatment.
The chemistry of fat will be found in "Watts's 'Dictionary of Chemistry.' For

Imports, &c., see Tallow.
See also Glycerine ; Maegabine ; Oleine ; Soap ; Stearine.
TAJTLTa {Failles, Fr.), in mining, are disturbances of the strata, the name being

derived from the circumstance that these movements interrupt the miner's operations,
and render it difficult to discover where the vein of ore or bed of coal has been
' thrown ' by the disturbance producing the fault. Any flssure in a rock accompanied
by a displacement of any kind is called a * fault.' By a movement of the earth a
crack may be produced, but, if there has not been a movement, it is simply a fissure

;

while, if the rock on either side of the crack has been moved, it becomes Sifault.

A naineral vein may be regarded as a fissure formed diu-ing the consolidation of the
rocks in which it exists, or by some movement of the entire mass, producing these
cracks at right angles to the line of greatest mechanical force ; these have been even-
tually filled in with the mineral or metalliferous matter which we find in them. After
this has taken place, there has sometimes been a movement of a portion of the ground,
and the mineral vein, or lode, has been fractured. A simple illustration of this is the
following, fig. 842, where we have the mineral vein dislocated, and subsequently to
the dislocation there has been a formation of a string of spathose iron, following the
bondings of a crack formed by the movement, which, in this case, has been less than
|Jie width of the lode. In the large majority of examples the ' heave ' or • throw ' of
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the lode has been very considerable. It is usual to speak of a fault as if the fissure

had actually moved the lode. It sliould bo understood that an actual movement of

great masses of the solid earth is implied, and consequently, the lode liaving been

formed before the movement, it is moved with the rock in which it is enclosed. Fig.

844 is the plan of veins 1,2, 3, 4, and an elvan course a a, which have been dis-

located along the line 6, c, and all the lodes and the elvan course moved. In this

case the movement has probably taken place from the North towards the South. This

disturbance will be continued to a great depth, and iu fig, 843 is a section showing the

dislocation of a lode into three parts. In this case the movement has probably been

the subsidence of that portion of the ground containing the lode h, and the further

subsidence of that portion containing the lode a ; the condition of the surface being
subsequently altered by denudation. The inclination of a lode is frequently changed
by these movements, thus fig. 845 supposes c dXxi represent the original condition of

the lode ; by a convulsion, the portion a b has fallen away leaving a chasm between,

and the ' dip ' or inclination of the lode is therefore materially changed. The direction

of the lode is frequently altered by these movements. Many lodes in Cornwall
have a direction from the N. of E. to the S. of W. up to a fault, on the other side of

which the direction is changed from the S. of E. to the N. of W. Where these dis-

turbances are of frequent occurrence, the difficulties of mining are greatly increased.

The dislocations and obstructions found in coal-fields, which render the search for

coal so difl&cult, and its mining so laborious and uncertain, are the following :

—

1. JDi/kes. 2. Slips. 3. Hitches. 4. Troubles.

The first three infer dislocation of the strata ; the fourth, changes in the bed of coal

itself.

1. A d?/ke is a wall of extraneous matter, which divides all the beds in a coal-field.

Dykes extend not only in one line of bearing tlirough coal-fields for many miles, but
run sometimes in different directions, and have often irregular bendings, but no sharp

angular turns. When from a few feet to a few fathoms in thickness, they occur some-
times in numbers within a small area of a coal-basin, running in various directions,

and even crossing each pther. Fig. 846, represents a ground plan of a coal-ficl4,
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intersected with greenstone dykes, a b and c d are two d^kes standing parallel to

each other ; b f and o h are cross or oblique dykes, which divide both the coal-strata

and the primary dykes a b and c d.

2. Slips run in straight lines through coal-measures, and at every angle of incidence

847

crop.

dip.

to each other. Fiff. 847 represents a ground plan of a coal-field, with two slips ah
and c D, the line of bearing of the planes of the strata, which throw them down to

the outcrop. This is the simplest form of a slip. Fig. 848, exhibits part of a coal-

field intersected with slips, like a cracked sheet of ice. Here a b is a dyke ; while the

narrow lines show faults of every kind, producing dislocations varying in amount of

slip from a few to a great many fathoms. The faults at the points a, a, a vanish ; and
the lines at c denote four small partial slips called hitches.

The eflfects of slips and faults—whether produced by dykes, or otherwise—on the

coal-strata appear more prominently when viewed in a vertical section, than in a ground
plan, where they seem to be merely walls,. veins, or lines of demarcation. Fig. 849 is

848

crop. c

\ ¥ ^
dip. ^ B

a vertical section of a coal-field, from dip to rise, showing three strata of coal a, h, c.

A B represents a dyke at right angles to the plane of the coal-beds. This rectangular wall

merely separates the coal-measures, without affecting their line of rise ; but further to

the rise, the oblique dyke c d interrupts the coals a, b, c, and not only disjoins them, but
has produced a movement which has thrown them and their concomitant strata greatly

lower down ; but still, with this depression, the strata retain their parallelism and
general slope. Nearer to the outcrop, another dyke, e f, interrupts the coals a, b, c,

not merely breaking the continuity of the planes, but throwing them moderately up,

so as to produce a steeper inclination, as shown in the figure. It sometimes happens
that the coals in the compartment h, betwixt the dykes c and e, may lie nearly hori-

zontal, and the effect of the dyke e, f, is then to throw out the coals altogether, leaving

no vestige of them in the compartment k.

The effect of slips on the strata is also represented in the vertical section, ^. 850,
where a, b, c are coals „_^
with their associated

strata, a b is an inter-

secting slip, which throws
all the coals of the first

compartment much lower,

as is observable in the
second. No. 2 ; and from
the amount of the slip,

it brings in other coal-

seams, marked 1, 2, 3,

not in the compartment
No. 1. c D, is a slip pro-

ducing a similar result, but not of the same magnitude ; e f represents a slip across

the strata, reverse in direction to the former ; the effect of which is to throw up th^
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coals as shown in the area No, 4. Such a slip occasionally brings into play seams
seated under those marked «, b, c, as seen at 4, 6, 6 ; and it may happen that the coal

marked 4 lies in the prolongation of a well-known seam, as c, in the compartment
No. 3, when the case becomes puzzling to the miner. In addition to the above varieties,

a number of slips or hitches are often seen near one another, as in the area marked
No. 6, whore the individual displace-

^^1 ments are inconsiderable, but the

aggregate dislocation may bo great,

in reference to the seams of the Gth
compartment.
The results of dykes and slips on a

horizontal portion of a field are ex-

emplified in fig. 851 . Where the coal-

measures are horizontal, and the faults

run at a greater angle than 46° to

the line of bearing, they are termed
* dip ' and ' rise ' faults, as a b, c d, b f.

The following fig, 852, which is an

accurate section of the Mostyn coal-field, Flintshire, will show the amount to which

those disturbances are experienced. The letters mark with sufficient distinctness the

beds on either side of the faults.

852

fl. Worked out.
6. Ditto.
c. C yd. coal worked out.
<f. 8 yd. ditto.

e. Inferior coal.

/. Ditto.

(f. Yard coal worked out.

h. 4 ft. coal (tolerable).

853

t. Main ooftl, 6 ft. (very good).
«. 6 ft. ooal.

k. Stone coal.

/. 8 ft. oool.

Fig, 853 gives a true section of a portion of the North Staifordshiro Coal-field,

showing the dislocations which have been produced, and the mechanical force exerted

hj the movements which have taken place.
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Fig, 854 shows a oolli«ry in plan, and the amount of tho movement produced by the

dislocations.

854

^7/^n

855

n r D

^w i^
'^^^M
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Coal viewers or engineers regard the dislocations now described as being subject in

one respect to a general law, which may be thus explained:

—

JjQt fig. 855 be a portion

of a coal-measure ; a being the pavement and b the roof of the coal-seam. If, in

pursuing the stratum at c, a dyke d
occmrs, standing at right angles with the

pavement they conclude that the dyke
is merely a partition-wall between the

beds by its own thickness, leaving the

coal-seam undisturbed on either side;

but if a dyke f forms, as at e, an obtuse

angle with the pavement, they conclude

that the dyke is not a simple partition

between the strata, but has thrown up
the several seams into the predicataent

shown at g. Finally, should a dyke h
make at i an acute angle with the pavement, they conclude that the dyke has thrown

down the coal-measures in the position of k.

Dykes and faults are denominated upthrow or downthrow, according to the posi ion

they are met with in working the mine. Thus, in fig. 849, if the miner is advancing

to the rise, the dyke a b obviously does not change the direction ; but c d is a down-
throw dyke of a certain number of fathoms towards the rise of the basin, and e f is an
upthrow dyke likewise towards the rise. On the other hand, when the dykes are met
with by the miner in working from the rise to the dip, the names of the above dykes

would be reversed ; for what is an upthrow in the first case becomes a downthrow in

the second, relative to the mining operations.

3. Hitches are small and 866
partial slips, where the dis-

location does not exceed the
thickness of the coal-seam

;

and they are often correctly

enough called ste^s by the
miner. Fig. 866 represents

the operation of the hitches

A, B, C, D, E, F, G, H, OU the
coal-measures. Though ob-
served in one or two seams of a field, they may not appear in the rest, as is the case

with dykes and faults.

'ProvMes are smaller, but often numerous faults, by which the beds of coal are dis-
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turbed, and as these greatly interfere with the progress of the miner, he regards them
as troubles, and hence their name.

In the above description the language of the mine has been retained, but in tlio case
of the dyke, as of thefault-proper, it is not that the dyke has lifted the coal-bed up or
down, but during the convulsive movements of the oartli, when those trap dykes wore
being forced from below, great movements were produced on either side of the fissures

through which the molten matter ascended, and hence the alteration in the position of
the beds, which were previously, perhaps, nearly in a horizontal plane. See Dyke.
FEATHERS. (Plurms, Fr. ; Fedem, Ger.) ' The most beautiful, the most com-

plex, and the most highly elaborated of all the coverings of animals, due to the devel-
opment of the epidermal system, is the plumage of birds.'

—

Owen.
A feather consists of the quill, the shaft, and the vane. The vane consists of barbs

and barbules.

The quill is pierced by a lover and an upper orifice, and contains a series of light,

dry, conical capsules, fitted one upon another, and united together by a central pedicle.

The shaft is slightly bent, the concave side is divided into two surfaces by a middle
longitudinal lino continued from the upper orifice of the quill, the convex side is smooth.
Both sides are covered with a horny material similar to that of the quill, and they
enclose a peculiar white, soft, elastic substance, called the pith. The barbs are attached
to the sides of the shaft. The barbules are given off from either side of the barbs,
and are sometimes similarly barbed themselves, as may be seen in the barbules of the
long feathers of the peacock's tail.

The barbules are commonly short and close set, and curved in contrary directions,

so that the two adjoining series of barbules interlock together and form the mechanism
by which the barbs are compacted into the close and resisting vane of the quill, or
' feather,' properly so called. When the barbules are long and loose, they characterise

that form of the feather which is properly called a ' plume,' and such are the most
valuable products of the plumage of birds in a commercial point of view, as e.g. the
plumes of the ostrich.

The Dowk.—The lower barbs in every kind of feather are usually loose, forming
the down, which is increased in most birds by what is called the ' accessory plume.'

,
This is usually a soft downy tuft, but varies in diiFerent species, and even in the
feathers of diflferent parts of the body of the same bird. The value of feathers for bed
stuffing depends upon the proportion of loose soft down that enters into their compo-
sition ; and as the ' accessory plume ' in the body feathers of the swans, geese, and
ducks, is almost as long as the feather from which it springs, hence arises the com-
mercial value of the feathers of those aquatic birds.

—

Owen.
The first covering of the young bird is a down. In most birds a certain portion of

the down feathers is retained with the true feathers, and this proportion is usually

greatest in the aquatic birds.

It is most remarkable in the eider duck {Anas mollissima). ' The down of the eider

combines, with its peculiar softness, fineness, and lightness, so great a degree of elasticity

that the quantity of this beautiful material which might be compressed and concealed

between the two hands of a man will serve to stuff the coverlet of a bed.'

—

Oweti.

Feathers constitute the subject of the manufacture of the Plumassier, a name given

to the artisan who prepares the feathers of certain birds as ornaments for ladies and
for military men, and to him also who combines the feathers in various forms. We
shall content ourselves with describing the method of preparing ostrich feathers, as

most others are prepared in the same way.
Several qualities are distinguished in the feathers of the ostrich ; those of the male,

in particular, are whiter and more beautiful. Those upon the back and above the

wings are preferred ; next those of the wings, and lastly, of the tail. The down is

merely the feathers of the other parts of the body, which vary in length from 4 to 14

inches. This down is black in the males, and grey in the females. The finest white

feathers of the female have always their ends a little greyish, which lessens their

lustre, and lowers their price. These feathers are imported from Algiers, Tunis,

Alexandria, Madagascar, and Senegal ; this being the order of their value.

The scouring process is thus performed :—4 ounces of white soap, cut small, are

dissolved in 4 pounds of water, moderately hot, in a large basin ; and the solution is

made into a lather by beating with rods. Two bundles of the feathers, tied with pack-

thread, are then introduced, and are rubbed well with the hands for five or six minutes.

After this soaping, they are washed in clear water, as hot as the hand can bear.

The whitening or bleaching is performed by three successive operations.

1. They are immersed in hot water mixed with Spanish white, and well agitated

in it ; after which they are washed in throe waters in succession.

2. The feathers are azurcd in cold water containing a little indigo tied up in a fine

ploth, They should be pssed quickly through this bath.



FEATHERS 333

3. They are sulphured in the same way as straw hats are (see Sulphuring) ;
they

Ere then dried by hanging upon cords, when they must be well shaken from time to

time to open the fibres.

The ribs are scraped with a bit of glass cut circularly, in order to render them very

pliant. By drawing the edge of a blunt knife over the filaments they assume the curly

. form so much admired.

Those feathers which are of a dingy colour are dyed black. For 20 pounds of

feathers, a strong decoction is made of 25 pounds of logwood in a proper quantity of

water. After boiling it for 6 hours, the logwood is tAken out, 3 pounds of copperas

are thrown in, and, after continuing the ebullition for 15 or 20 minutes, the copper

is taken from the fire. The feathers are then immersed by handfuls, thoroughly

soaked, and worked about, and left in two or three days. They are next cleansed in

a very weak alkaline lye, and soaped three several times. When they feel very soft

to the touch, they must be rinsed in cold water, and afterwards dried. White feathers

are very difficult to dye a fine black.

For dyeing other colours, the feathers should be previously wejl bleached by the

action of the sun and the dew ; the end of the tube being cut sharp like a toothpick,

and the feathers being planted singly in the grass. After fifteen days' exposure, they

are cleared with soap as above described.
...

Rose colcw or pink, is given by safiQower and lemon-juice.

Deep red, by a boiling-hot bath of brazil-wood, after aluming.

Crimson. The above deep-red feathers are passed through a bath of cudbear.

Prune de Monsieur. The deep-red is passed through an alkaline bath.

Blues of every shade, are dyed with the indigo vat.

Yellow, after aluming, with a bath of turmeric or weld.

Other tints may be obtained by a mixture of the above dyes.

Feathers supply us with a soft elastic down on which we can repose our wearied
frames, and enjoy sweet slumbers. Such are called bed feathers.

Goose feathers are most esteemed. There is a prejudice that they are best when
plucked from the living bird, which is done thrice a year, in spring, midsummer, and
the beginning of harvest. The qualities sought for in- bed 'feathers are softness,

elasticity, lightness, and warmth. Their only preparation when cleanly gathered is

a slight beating to clear away the loose matter, but for this purpose 'they must be first

well dried either by the sun or stove ; stoving or hot air being also . necessary to

remove any animal matter liable to putrefy. •

The feathers of the eider duck. Anas mollissima, called eider-down, possess in a
superior degree all the good qualities of goose-down. It is used only as a covering to

beds, and never should be slept upon, as it thereby loses its elasticity.

Quills for writing.—These consist usually of the feathers plucked out of the wings
of geese. Dutch quills have been highly esteemed, as the Dutch were the first who
hit upon the art of preparing them well, by clearing them both inside and outside from
a fatty humour with which they are naturally impregnated, and which prevents
the ink from flowing freely along the pens made with them. The Dutch for a long
time employed hot cinders or ashes to attain this end ; and their secret was preserved

very carefully, but it at length transpired, and the process was then improved. A
bath of very fine sand must be kept constantly at a suitable temperature, which is

about 140° F. ; into this the quill-end of the feather must be plunged, and left in it

a few instants. On taking the feathers out they must be strongly rubbed with a
piece of flannel, after which they are found to be white and transparent. Both car-

bonate of potash in solution and dilute sulphuric acid have been tried to eflFect the

same end, but without success. The yellow tint which gives quills the air of age,

is produced by dipping them for a short time in dilute muriatic acid, and then
making them perfectly dry. But this process must be preceded by the sand-bath
operation.

Quills are dressed by the London dealers in two ways : by the one, they remain of

their natural colour ; by the other, they acquire a yellow tint. The former is called

the Dutch method, and the principal workman is called a Dutcher. He sits before a
small stove fire, into which he thrusts the barrel of the quill for about a second, then
lays its root quickly below his blunt-edged knife, called a hook, and, pressing this

firmly with the left hand, draws the quill briskly through with his right. The bed on
which the quill is laid to receive this pressure is called the plate. A skilful workman
can pass '2,000 quills through his hands in a day of ten hours. They are next cleansed
by being scrubbed by a woman with a piece of rough dog-fish skin, and then tied up
in bundles.

In the goose's wing, the five exterior feathers only are valuable for writing ; the
.first is the hardest and roundest of all, but the shortest; the next two are the
best of the five. The heaviest quills are generally the best.
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Our recent Imports have been as follow :

—

Feathers for Bods

:

from Eussia .

„ Hamburg or

Germany .

„ France .

„ Spain or Italy

.

Other parts

Total

Ostrich Feathers

:

White .

Black .

Other sorts of feathers

.

Ornamental feathers .

1868 1869 1870

Imports Value Imports Value Imports Value

cwta.

3,457

5,446

1,644

4*68

£
32,266

45,746
12,969

3,*8*46

cwts.

3,378

3,633

1,720

*4*51

£
31,529

30,518

14,448

3,'7*85

CWtB.

4,219

3,925

2,842
911

548

£
39,368

32,071

23,873

7,653

4,640

10,905 94,827 9,182 80,280 12,445 108,605

lbs.

16,156

44,556

42,205

£
68,856

73,767

38,073

lbs.

26,002

38,157

61,684

£
86,918

58,319

61,729

lbs.

26,710

39,353

81,367

£
111,506

65,292

73,834

Feathers for Beds

:

from Russia .

„ Hamburg or Gei

„ France .

„ Spain or Italy

Other parts

Total .

Ostrich Feathers : .

White .

Black .

Other sorts of feathers

Ornamental feathers

•many .

1871 1872

Imports Value Imports Value

cwts.

4,993

2,'9'86

7,'5*2l

£
27,493

11,059

38*5*22

cwts.

6,783

4,767
3,960

186

1,268

£
38,978

25,661

12,785

1,662

7,643

15,500 76,074 16,964 86,629

lbs.

172,*4*02

£

378,Tl9

lbs.

177,*i'02

£

449,'7*83

FEATHER Al^UM or Hair-Salt. A hydrous sulphate of alumina, result-

ing from volcanic action, and from the decomposition of iron pyrites, especially in the

coal-mcasurc shales. See Axum.
FEATHER ORE, Plumosite, or Heteromorphite. A sulphide of antimony and

lead, allied to Ja'/ncsonite. Its composition is, sulphur 19*2, antimony 31"0, lead 49'8.

It is sometimes found in capillary forms and like a cobweb, but it is also found
massive.

FECUIiA (FScule, Fr. ; Stdrkmekl, Ger.) sometimes signifies corn-flour, sometimes
starch, from whatever source obtained ; and it is also applied to chlorophyll, the green
matter of plants. The term is applied to any pulverulent matter obtainecl from plants

by simply breaking down the textiire, washing with water, and subsidence.

FEEDER, a mining term. A small lateral lode falling into the main lode or
mineral vein.

FEZiXi. The hide of an animal.

FEXili-MOXrCrER. The business of the fell-monger is to separate the wool from
the skin. The wool is sold to the wool-stapler, and the stripped skins sent to the
leather-dressers or parchment-makers. •

FEZiSZTE or FEIiSTOKTE. A. compact rock, composed mainly of felspar, with
more or less quartz. It has been shown that most felsitcs contain the elements of
granite in a compact instead of a crystalline form. See FkmpathiC" Rocks.
FEX.SPAR or FEI.BSPAR {Fcldspath, Fr. and Ger.) Under the name of

felspar, the mineralogist associates a number of important rock-forming minerals,

whicli, from the many characters they possess in common, were formerly confounded
together, and are with difficulty distinguished from one another by mere inspection ;

but which, nevertheless, are sufficiently distinct, both in chemical composition, and in
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crystalline fonn, to admit of division into several well-defined species. The felspars

arc, in all cases, anhydrous double silicates, consisting of a silicate of alumina, com-

bined with a silicate of a protoxide which may be either potash, soda, or lime ;
but as

these oxides are capable of mutually replacing each other, it commonly happens that

two or even more of them coexist in the same' species. In all the members of the

felspar-group, there exists the simple relation of one atom of the sesquioxide, alumina,

to one of the protoxide base or bases ; but the propoi-tion of silica varies considerably

in the different species. The amount of silica bears a definite relation to the geolo-

giciil character of the rock in which the felspar occurs, and to the minerals with which

it is associated; the highly-silicated species, as orthoclase, albite, and oligoclase,

occurring in granites, trachytes, and other so-called acid rocks ; wliilst the less eili-

cated felspars, as labradorite, are confined to basalts, certain lavas, and other basic

rocks.

Exposed to a high temperatiire, the felspars fuse, with greater or less difficulty,

to a vitreous enamel possessing considerable hardness, a property which has led to

their use in glazing porcelain. All the felspars are sufficiently hard to scratch glass,

but are themselves scratched by quartz; and this hardness, combined with their

crystalline form, often serves to distinguish them from other minerals. Their specific

gravity varies from about 2*5 in orthoclase to upwards of 27 in labradorite; and by

its constancy in the different species, becomes a useful characteristic. The lustre is

commonly vitreous, passing into pearly on the more perfect cleavage planes ; whilst

certain of the rarer varieties enjoy peculiar opalescent and iridescent properties, of

which the jeweller takes advantage, to a limited extent. With the exception of labra-

dorite, all the felspars are either unacted, or imperfectly acted, on by acids.

According to the nature of their basic constituents, the felspars admit of classifica-

tion into four groups, viz. :

—

I. Potash-felspar (often containing soda) ; orthoclase or common felspar', and sani-

dine, ot glassy felspar.

II. Soda-felspar (often containing potash) ; alhite, and oligoclase, or soda-spodumene.

in. Soda-lime-felspar (often containing potash); labradorite, ot labrador-felspar;

and andesine.

IV. Lime-felspar ; anorthite.

With regard to this arrangement it may be remarked that some of the species

here enumerated appear to shade insensibly one into another, so that doubts have not

unnaturally been entertained by certain mineralogists as to the real specific distinctions

between such minerals. Of late years, Tschermak, an Austrian mineralogist, has
specially applied himself to this question, and has arrived at the conclusion that there

are only three really distinct species : namely, a potash-felspar {orthoclase), a soda-

felspar {albite), and a lime-felspar {anorthite) ; all the other so-called species being
merely mixtures in various proportions of these three extreme types. But as ortho-

clase crystallises in the monoclinic, or singly-oblique system, whilst albite and anorthite

crystallise in the triclinic, or doubly-oblique system, it is difficult to conceive how
orthoclase can be isoniorphous with the other felspars. Hence Tschermak has been
led to recognise two distinct kinds of mixed felspars ; those that contain both potash

and soda being regarded as mechanical mixtures of orthoclase and albite, like perthite,

whilst those containing both soda and lime are true isomorphous mixtures of albite

and anorthite. Although much theoretical interest attaches to these views, it will be
convenient in this place to adhere to the old-established. classification cited above.

I. Oethoclase {Orthosc,'FT.; Orthoklas, Gcv. ; Ortosa, Itsl.) This is the most
ordinary species, and that which in popular language is called' simply ' felspar,' It

occurs as a colourless, grey, or flesh-red mineral, crystallising in oblique rhombic
prisms, and frequently presenting the peculiar forms called twin-crystals. The crystals

always exhibit two well-marked directions of cleavage at right angles to each other,

whence the name of the species {op&hs, straight ; kKom, to cleave). Orthoclase is a
potash-felspar, of which the following is an analysis from the Baveno granite : silica,

65-72; alumina, 18-57; potash, 14-02; soda, 1-25; lime, 0-34; magnesia, O'lO ;= 100
{Abich). This mineral is an important constituent of granite, gneiss, syenite, peg-
matite, fel stone, and trachyte : of granite it ordinarily composes from 40 to 45 per
cent. The species orthoclase has been subdivided into a great number of varieties,

frequently founded on very insufficient grounds. The purest and most transparent
varieties are distinguished as adtdaria; and when exhibiting a faint bluish opal-

escence are used in jewellery under the name oi Moon-Stone. Other opalescent varieties

are the microcline, from the zircon-syenite of Norway ; and the Murchisonite from
Diiwlish, and from Heavitree, near Exeter—a mineral named after the late Sir E.
Murchison. A bright green orthoclase, coloured by a trace of oxide of copper, occurs
near Lake Ilmen, in Siberia, and is employed for ornamental purposes under the
name of Amazon-stone, from having been first found in the Kiver Amazon. Erythrite
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is a flesh-coloured felspar, from Kilpatrick, containing 3 per cent, of magnesia ; whilst
the felspar called hyalophane is notable for containing a large percent.igo of baryti.
Loxoclase and Chesterlite, are American varieties of orthoclaso ; whilst Valcncianite is

the name given to a Mexican adularia.

Sanidine, or glassy felspar, is a transparent potash-soda-felspar, regarded often as
a distinct species. It occurs in fibular, vitreous crystals, embedded in trachyte
and other volcanic rocks; and much resembles the artificial felspar obtained in
certain metallurgical operations. The well-known glassy felspar from the Drachen-
fels consists of silica, 66-6; alumina, 18-6; potash, S'O ; soda, 4*0; lime, I'O; per-
oxide of iron, 0'6; = 98-7 {Berthier). Ehyacolite is a name proposed by Kose for a
Vesuvian variety of glassy felspar, which appears, however, to be only a mixture of
felspar and nepheline. The transparent felspars occurring in the lavas of Vesuvius
are sometimes termed ice-cpar.

II. Albitb, or Cleavelandite—known also as pericUne and tetartine—Is a soda-
felspar first described by G. Koso. It consists of silica, 6875; alumina, 1879;
soda, 10-90; potash, 1-21; lime, 0'51 ; magnesia, 0-09; peroxide of iron, 0-64;=
10079 iWeiss). Albite differs from orthoclase in the form of its crystals, which are
much less symmetrical, and belong to an essentially distinct system (triclinic). It
was at one time supposed to be a frequent constituent of granite, and syenite, but it is

now known that much of the felspar formerly mistaken for albite is really oligoclase.

Peristerite is a Canadian albite, remarkable for the beauty of its opalescence.

Perthite is a flosh-red potash-soda-felspar from Perth in Canada East, notable for
being a mixed mineral made up of alternating bands of orthoclase and albite.

Oligoclase, or soda-spodumene, is composed of silica, 62-54; alumina, 22*49;
soda, 784; potash, 4*54; lime, 2-18; magnesia, 0-41 ; = 100 (Deville). This is an
analysis of the mineral from Teneriffe, where it occurs in trachyte ; but it is found
also in granite, syenite, serpentine, and basalt. The name sun-stone, occasionally

applied to certain varieties of orthoclase, is properly restricted to a Norwegian
oligoclase, presenting an aventurine appearance, which has been referred to the
presence of minute crystals of either specular iron, or gothite.

III. Labradorite, or Labrador felspar, is a soda-lirae-felspar, consisting of silica,

5575; alumina, 26*50 ; lime, 11*0; soda, 4*0; peroxide of iron, 1*25; water, 0*50;

= i99 {Klaproth). This beautiful mineral was first observed by the Moravian
missionaries, on the shores of St. Paul's Isle, off the coast of Labrador, where it occurs

associated with hypersthene, hornblende, and magnetic iron-ore. It forms a common
constituent of most basalts and melaphyres, and occurs also in many recent lavas, as

well as in certain meteoric stones.

From the beautiful chatoyant reflections which this mineral exhibits when polished,

it is highly valued for purposes of ornament. The parts exhibiting the play of

colours are disposed in irregular spots and patches, and the same spot, held in different

positions, displays various tints. The cause of this play of colours has not been
satisfactorily determined, but it is commonly supposed to proceed from minute internal

fissures or cleavage-planes in the stone ; whilst the aventurine-liko appearance is due
to certain microscopic embedded crystals, regarded variously as gothite, specular iron

ore, or magnetic pyrites. See Labradorite.
Delesse has applied the name of Vosgite to a French labradorite. rendered hydrous

by partial alteration.

Andesitb is a felspar occurring in the trachyte of the Andes, m the Vosges and
elsewhere. Its composition is silica, 6026 ; alumina, 25*01 ; soda, 774 ; lime, 6*87

;

potash, 084; magnesia, 0*14; = 100*86 {Rammelsberg).

IV. Anoethite, a lime-felspar, composed of silica, 43*96 ; alumina, 35*30 ; lime, 18*98

;

soda, 0*47; magnesia, 0*45; potash, 0*39
;
peroxide of iron, 0*63

;
=100*18 {Abich).

It occurs in the ejected limestone-blocks on Monte Somma ; and has been found also

in the island of Procida, in the Bay of Naples ; and in the syenite of Carlingford, in

Ireland.

Ampkodelite is a Scandinavian anorthito, whilst Thiorsaurite is an Icelandic variety.

Barsowite and Bytownitc are two closely allied minerals ; the former from Siberia,

and the latter from Canada. In the species called Danburite—a mineral frequently

classed with the lime-felspars—a largo proportion of the silica is replaced by the

analogous compound, boric acid.

Although in many cases it is by no means easy to distinguish the several species of

felspar one from another, yet a broad distinction may be readily drawn between those

felspars which crystallize in the monoclinic (singly-oblique) and those which crystallize

in the triclinic (doubly-oblique) system. The former present two cleavage planes at

right angles to each other, and are hence called orthoclastic ; whilst the latter have

their directions of cleavage oblique to each other, and arc therefore called plagioclastio

felspars. The triclinic or plagioclastic species are characterised by fine etnae on the



FELTING 337

cleavage planes, indicating the junction of twin-crystals; transparent microscopic

sections viewed under polarised light, exhibit coloured bands corresponding with these

twin-lamellae. The plagioclases comprise all species of felspar, except orthoclase and

sanidine.

The principal economic value of the felspathic minerals depends on their applica-

tion to porcelain manufacture, partly as* a constituent of the paste itself, but chiefly

as a glaze. From the decomposition of the felspar in certain granites, the well-known

kaolin, or China clay, is commonly supposed to result. The felspathic minerals are

also employed as manures, the alkalis present rendering them especially valuable.

See Cla-y ; Potteby ; Manuees.
rz:iiSPii.THZC. Of or belonging to felspar.

FELSPATHIC ROCKS. {Boches feldspatkiqices, Tt. ; Feldspathgesteine,QtQT.)

Eocks in which felspar forms an essential and frequently the principal constituent.

Felstone, felsUc, or corncan, is a rock consisting almost exclusively of o. compact

orthoclase, associated with a small amount of free silica, and much resembling in its

general characters certain forms of quartz, whence it has unfortunately been termed

petrosilex. From all varieties of quartz, it may however be readily distinguished by
its fusibility, and hence it was called by Werner fusible hornstone.

_
A felstone

occurring with the magnetic iron-ore of Dannemora retains its Swedish name of

Hallcflinta ; and the leclite of Dr. Clarke appears to be a very similar rock. The
name of adinole has been applied by Beudant to a rock closely related to felstone, but

consisting of compact albite-felspar. When distinct felspar-crystals are developed in

a compact base of felstone, the rock becomes Q.felspar-jporphyry; and when these are

accompanied by quartz it forms a quartziferous-porphyry or elvanite. Of these rocks,

formed of mixtures of felspar and quartz, several varieties are recognised ; such as

eurite, aplite, granuUte, and leptynite. Pegmatite is a very similar rock, often known as

graphic granite from the pecuRar disposition of the quartz-crystals in the felspar-base.

Such a rock may be termed a binary granite, since it requires only the addition of

some micaceous mineral to convert it into a true granite. The granitic rocks have
been divided into numerous varieties founded either on peculiarities of texture, such

as gneiss, which is commonly regarded as a schistose granite; or on variations in

composition, arising generally from the presence of certain accessory minerals : thus,

the beresite from Bersof in the Ural Mountains is a granite containing iron-pjirites.

In certain granitic rocks, the mica is replaced by other minerals giving rise to several

distinct varieties : in the Cornish luxidlianite, for example, it is replaced by schorl,

and in the so-called protogine of the Alps by talc ; whilst in syenite its place is

supplied by hornblende. In the zircon-syenite of Norway, zircon occurs as an
accessory constituent ; and to this rock the Siberian miascite is closely related. On
the disappearance of the quartz in syenite, a rock is obtained consisting of felspar and
hornblende, and commonly termed greenstone; of which rock diorite, aphanite, timazite,

and amphiholite, may be mentioned as varieties. A singular concretionary greenstone

from the Island of Corsica is known as Napoleonite or orbicular diorite, and sometimes
very improperly as Corsican granite.

The rocks passing under the names of basalt, dolerite, anatnesite, and mclaphyre, all

bear a greater or less resemblance to greenstone, but are distinguished by containing

the more basic felspars, labradorite or oligoclase, associated always with augite, and
often with various other minerals, such as olivine, magnetic iron-ore, &c. Many of

these rocks are popularly united under the general name of trap.

Another series of felspathic rocks is formed by those volcanic products of which
trachyte is the type. This rock consists almost exclusively of felspar, and often

becomes porphjaitic by the presence of crystals of sanidine. Among the varieties of

trachyte may be noticed the andesite of the Andes, and the domite of the Puy-do-
Dome. Bhyoliic is a highly-silicated trachytic rock. A compact fissile rock allied to

trachyte is termed phonolite or clinkstone, in allusion to the ringing sound which it

emits on being struck.

When trachytic rocks have been completely fused they pass into a vitrified condition,

forming a variety of obsidian or volcanic glass, A capillary form of obsidian from the
Sandwich Islands is known as PeWs hair. Wlien obsidian loses its vitreous texture

it passes into pitchstone ; and when presenting a concretionary structure it is termed
pearlstone. Pumice is simply a cellular or fibrous form of felspathic lava.

Special descriptions of such felspathic rocks as are of any practical importance will

be found under their respective headings.
|k FEIiT. {Feutre, Fr.; Filz, Ger.) A material formed by working into a sheet,

Br., wool or hair, upon the principle of their matting together.H FEXiTZia-G {Feutragc, Fr. ; Filzcn, Ger.) is the process by which loose flocksK of wool, and hairs of various animals, as the beaver, rabbit, hare, &c., are mutuallyB interlaced into a compact textile fabric. The first step towards making felt is to mix,1
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in the proper proportions, tho different kinds of fibres intended to form the stuff; and
then, by the vibratory strokes of the bowstring, to toss them up in tlic air, and to

cause them to fall as irregularly as possible, upon tho table, opened, spread, and
scattered. The workman covers this layer of loose flocks with a piece of thick

blanket stuff sliglitly moistened ; he presses it with his hands, moving the hairs

backwards and forwards in all directions. Thus the different fibres get interlaced, by
their ends pursuing ever tortuous paths ; their vermicular nriotion being always, how-
ever, root foremost. As the matting gets denser, the hand pressure should bo in-

creased, in order to overcome the increasing resistance to the decussation.

A first thin sheet of soft spongy felt being now formed, a second is condensed upon
it in like manner, and then a third, till the requisite strength and thickness be ob-

tained. These different pieces are successively brought together, disposed in a way
suitable to the wished-for article, and united by continued dexterous pressure. The felt

must bo next subjected to tho fulling mill. See Hat Manufacture, and Kampttjlicon.

FSirXLS. The refuse of whale blubber. It is used as a manure, and has been
employed in the manufacture of Prussian blue.

TJUnrHJ; The Ancthum Foeniculum, a plant yielding an aromatic oil. The leaves

are used for making sauce ; the seeds are carminative.

FEXrUGRSEK. The Trigonella F(xnum-Gr(Bcum, an herb cultivated throughout

Greece and the East as an article of food. The seeds, which alone are used, are

oaten, both boiled and raw, mixed with honey. The Trigonella ccerulea is a native

of Switzerland and Bohemia. The flowers are of a delicate blue colour, and have an
odour like that of Balsam of Peru. This odour increases by drying, and the Italian

perfumers use it extensively. The Swiss use it to flavour some of their cheeses.

FSR ACZERSUX. Steely iron produced by the Catalan process. See Ikon.

FERIVXESTT (Eng. and Er. ; Hefc, Ger.) is the substance which, when added
in a small quantity to vegetable or animal fluids, tends to excite those intestine motions,

or changes, which accompany fermentation. It seems to bo the result of an alteration

which vegetable albumen and gluten undergo with contact of air amidst a fermenting

mass. The precipitates or lees which fall down, when fermentation is finished, consist

of a mixture of the fermenting principle with the insoluble matters contained in the

fermented liquor, some of which, like hordeine, existed in the worts, and others are

probably generated at the time.

To prepare a pure ferment, or at least a compound rich in that principle, tho pre-

cipitate separated during the fermentation of a clear infusion of malt, commonly called

yeast or barm, is made use of This pasty matter must be washed in cold distilled

water, drained and squeezed between the folds of blotting-paper. By this treatment
it becomes a pulverulent mass, composed of small transparent grains, yellowish grey

when viewed in the compound microscope. It contains much water, and is therefore

soft, like moist gluten and albumen. AVhen dried it becomes, like these bodies,

translucid, yellowish brown, horny, hard, and brittle. In the soft humid state it is

insipid, inodorous, insoluble in water and alcohol. If in this state i\\o ferincnt ha

loft to itself, at a temperature of from 60° to 70° F., but not in too dry a situation, it

putrefies with the same phenomena as vegetable gluten and albumen, and leaves, like

them, a residuum resembling old cheese. See Eebmkntation and Yeast.
FERHXEITT OZDLS. Volatile oils produced by the fermentation of plants, and

not originally contained in them. These were the qmntessences of the alchemists. In
most cases they are obtained by placing the leaves of the flowering plant in water,

and allowing them to ferment; after which the liquid is distilled, and the ferment

oil usually separated by means of ether. The following ferment oils are described

in Watts's 'Dictionary of Chemistry' :

—

Ferment oil of ChcBrophyllum sylvestre. Wild Chervil. Common parsley.

„ Chelidonium majus. The larger celandine.

,, Conium maculatum. Common hemlock.

„ Erythraa centuarium. Little ccntuary.

„ Echium vidgnre. Vipers' bugloss.

„ Erica vidgaris. Common heath.

„ Marrubium vu/garc. White horchound.

„ Achillea millefolium. Common yarrow.

,, Planiago. Tho plantain.

„ Qicercus rofmr. Oak.

„ Salia: pcntandrn, Tlie willow.

„ Salvia pratensis. Meadow sago.

„ Trifolinm fd)rimim. The clover.

„ Tmsilagofarfara. Colt's foot.

„ Vitis vinifcra. Tho vino,

„ JJriica nrens. The nettle.

„ Diseased apples.
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rSBMEM'TATZOia'. {Fermentation, Fr.; Gdhrung, Ger.) A change which

takes place, under the influences of air and moisture at a certain temperature, in the

constituent particles of either vegetable or animal substances. This change is in-

dicated by a sensible internal motion—the development of heat—the evolution of

gaseous products. Fermentation may be divided into several kinds, as—
Saccharine, Butyric,

Acetic, Glyceric,

Alcoholic or Vinous, Lactic,

Putrefactive, Mucous.

Of the latter examples but a brief notice is required. Miicous fermentation is esta-

blished when the juice of the beetroot or carrot is kept at a temperature of 100° for

some time, when a tumultuous decomposition takes place. All the sugar disappears,

and the liquor is found to contain a large quantity of gum, and of mannite with lactic

add.
Lactic Fermentation.—If a solution of one part of sugar in five parts of water be

made to ferment, by the addition of a small quantity of cheese or animal membrane,

at a temperature of 90° or 100°, lactic acid is formed, which may be separated, by
adding a little chalk, the lactate of lime depositing in crystalline grains. In lactic

fermentation mannite invariably is produced as a secondary product, the formation of

which is not explained. It has been suggested that the formation of mannite is con-

nected with the production of succinic acid, which Schmidt, in a letter to Liebig, stated

that he had found in fermenting liquids containing sugar. He suggested the following

equation (Schmidt's formulae are retained) :

—

C^H'Os + G*WO* = C»2H>20»2

Mannite. Snccinic acid. Grape sugar.

Glyceric F&rmentation.—When glycerine is mixed with yeast, and kept in a warm
place for some weeks, it is decomposed and converted into metacetonic acid. This

fermentation resembles the last named. The glycerine, C^H^O^, forming metacetonic

acid, C®H*0*, as sugar, C^H^C, does lactic acid, C'H'O*, by loss of the elements of

water.

—

Kane.
Butyric Fermentation.—If the lactic fermentation is allowed to proceed beyond the

point indicated for the formation of lactate of lime, the precipitate in part redissolves

with a very copious evolution of hydrogen gas and carbonic acid, and the liquor con-

tains butyrate of lime. In this action two atoms of lactic acid, C^^H^**0*°, produce

butyric acid, C^H^O^, carbonic acid, and hydrogen gas.

Putrefactive Fermentation. See Puteefaction.

The three first-named kinds of fermentation demand a more especial attention from
their importance as processes of manufacture. Under the heads respectively of Acetic
Acid, Beer, Brewing, Distiixa.tion, Malt, and Wine, will be found everything con-

nected with the practical part of the subject ; we have therefore only now to deal with
the chemical and ph3-sical phenomena which are involved in the remarkable changes
which take place. When vegetable substances are in contact with air and moisture,

they undergo a peculiar change {decomposition). Oxygen is absorbed and carbonic

acid and water are given ofi*, while there is a considerable development of heat. This
may take place with greater or less rapidity, and thus eremacausis, fermentation, or

combustion, may be the result ; the spontaneous ignition of hay (as an example) being
the final action of this absorption of oxygen.

Saccharine Fermentation.—If starch, C^-H'^O^ + 2H0, be moistened with an infusion

of pale malt, it is rapidly converted into dextrine, C'^ECO'", and hence into grape
sugar, C"H^*0'2 ; this is especially called the saccharine fermentation, since sugar is

the result.

Acetic and Alcoholic Fermentation.—If sugar is dissolved in water, it will remain
perfectly unaltered if the air is excluded ; but if exposed to the air, a gradual decom-
position is brought about, and the solution becomes brown and sour. Oxygen has
been absorbed, and acetic acid produced. If, however, the sugar is brought into con-

tact with any organic body which is in this state of change, the particles of the sugar
participate in the process, carbonic acid is evolved, and alcohol produced. There are

some substances which are more active than others in producing this change. Yeast
is the most remarkable ; but blood, white-of-egg, glue, and fiesh, if they have begun
to putrefy, are capable of exciting fermentation ; vegetable albumen and gluten being,

however, more active. Vegetable albumen, gluten, and legumin differ from most
vegetable bodies in the large quantity of nitrogen which they contain. These sub-
stances exist in all fruits ; and hence, when fruit is crushed, the sugar of the juices in
contact with the albumen or gluten being then exposed to the air, oxygen is rapidly

z2
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absorbed, the nitrogenous body begins to putrefy, and the sugar passes into fermen-

tative activity. The necessity for oxygen is at tho commencement of tlio decomposition

;

when tho putrefaction of the albumen or gluten has once begun, it extends throughout

tho mass vdthout requiring any further action of tho air. Those may be regarded as

natural ferments. Yeast is an artificial one. This body will be more particularly

described. See Yeast.
To produce a vinous liquid, it is necessary that there shall bo present sugar, or

some body, as starch or gum, capable of conversion into sugar, a certain portion of

water, and some ferment—for all practical purposes, yeast; and the temperature

should bo steadily maintained at about 80° Fahr. Both cane and grapo sugar yield

alcohol by fermentation ; but Liobig considered that cane sugar, before it undergoes

vinous fermentation, is converted into grape sugar by contact with the ferment,

and that, consequently, it is grape sugar alone which yields alcohol and carbonic acid.

Grape sugar, as dried at 212°, contains exactly the elements of two atoms of alcohol

and four of carbonic acid ; as 2(C*H''02) and 400^ arise from C'^H'^O'^

Cane sugar takes an atom of water to form grape sugar. It follows therefore that

cane sugar should in fermenting yield more than its own weight of carbonic acid and

alcohol; and it has been ascertained by experiment that 100 parts actually give 104,

whilst by theory 105 should bo produced, consisting of 51-3 of carbonic acid, and 63-7

of alcohol.— (Xa«e.) Dr. Pereira has given the following very intelligible arrange-

ment to exhibit these changes :

—

MATEBIAL. COMPOSITION.

4 eq. carbon 24 ^^-^ ^ ^q. carbonic
8 „ carbon 48-^^ acid ... 88
8 „ oxygen 6i-'^*^^^^>^„_^

ci^uivaiciiu \>i. 1 ongitn. J.UV 4 ,, oxygen o2-— __j_^^^^
water. . . . 9j Vl2 >, hydrog. 12 ^' eq. alcohol .92

MATEBIAl.

1 equivalent of ^

crystallised cane 1 eq. of

sugar . . . . 171 [ grape
1 equivalent of sugar 180

water .... 9 J

180 180 180 180

•These facts will sufficiently prove that vinous or alcoholic fermentation is but a meta-

morphosis of sugar into alcohol and carbonic acid.

Such are the generally-received views. We find, however, some other views pro-

mulgated which it is important to notice.

The following remarks on the Fermentation of Worts, as coming from the hands of a
practical brewer, are of considerable value :

—

As to the theories respecting the causes of fermentation that have for some time

past engaged the attention of the highest scientific talent of the present day, it would
be premature, and, perhaps, somewhat to be deprecated, to attempt in an article of

this kind to establish either tho one theory or the other ; it is sufficient to the pur-

poses of the brewer's art to know the general principles that affect fermentation, moro
particularly the alcoholic fermentation of beer-wort, and a long-past experience has

taught us that these can be reckoned up and controlled with all the precision attainable

in ordinary chemical manipulations.

Tho ferment, under the names of Yeast, Barm, Store, or Must, when examined under
a tolerably powerful microscope, in physical appearance seems to be composed of in-

numerable spherical forms, semi-opaque, and somewhat of a cream colour, varying
according to the shade imparted to the malt in the process of drying. Perhaps tho

best way to conduct tho examination is as follows :—Select a well-distended bubble

of yeast, just touch it with a glass plate, immediately transfer it to the microscope

and commence the examination, directing the light from the reflector underneath, so

that it shall pass upward through tho glass plate. The thin film of yeast adhering

to it will then be in a very convenient form for careful examination ; it will then at

once be seen that the spherules are agglomerated together with just the same accident

that would occur "svith ordinary soap-bubbles, no appearance of any regular organised

arrangement being evinced. As the yeast dries, these individual spheres or spherules

burst in like manner to the soap-bubble alluded to, and the substance of which it

was composed falls on the spot to whicli it had become fixed ; it would appear to have
contained gas only, for neither internal structure nor even liquid is discoverable.

Now take a drop of the l)eer-wort in a state of active fermentation, place it on the

glass plate support of a microscope, and hold it up to tho eye, allowing a sufficiently

strong light to pass through it. If the microscope be now rolled round after the

manner of an ordinary kaleidoscope, the sphenilcs will be seen to roll alx>ut the fluid

in exactly the same manner that sliot would in tho latter instrument; but of course

allowance must bo made for the difference in their specific gravities respectively, and
the density of the medium enveloping each. If some of the bottom yeast bo now
examined in the like manner, it wiU appear to have amongst it quantities of these

spherules in a ragged condition. In addition to tho spherical forms just described,
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there may be seen extremely minute black specks, having somewhat the shape of a

four-rayed rhomboidal sbxr: it is difficult to determine what these maybe; their

opacity almost precludes the idea of their being of organic origin
;
perhaps they may

be a particle of the lime-salts in an insoluble state, originally contained in the water

from which the beer was brewed ; many of them are attached to spherules of yeast,

after the manner that an air-bubble is sometimes seen to suspend small particles of ^

solid substances.

It often happens that, mixed with the yeast proper, there may be other ferments,

and these, so far as science has lent us aid, it is desirable to describe. The lactic

ferment is of the most common occurrence. M. W. Schultze is very definite in his

description of it. He says :
' When completely developed, it presents an appearance of

minute, translucent strips, in four divisions, slightly drawn together in the middle

;

in its early stages, it only presents a quantity of small specks moving around each

other. It refracts light strongly, has a peculiar mild brilliancy, and the contents of

the exterior membrane cannot bo seen.' M. Pasteur says the diameter of this parasite

is about one fifteen-thousandth of an inch, and that by its physical appearance it is

most easily distinguished from yeast ferment.

The ordinary atmosphere contains an abundance of germs of ferment, and M. Schultze

affirms that the motes floating in the air are, by the spores which they contain, capable

of aiding the development of lactic;, fermentation in worts. M. HoSinan assures us of
their presence upon grain and the stalks of grapes ; and it is suspected that the dust
adhering to grain, and even malt, may be a means of developing lactic fermentations

;

and, in the same way that yeast multiplies itself in sweet wort, the lactic ferment may
also propagate itself, and, independently of the original lactic fermentation, produce
what is commonly designated secondary fermentation. M. Schultze says that lactic

fermentation requires a supply of nitrogen, and its presence, duration, and force

depend on the quantity present of that element. The heating of wort from 140° to
149° appears to oppose the development of the cellules of lactic ferment ; a little

below 140° its production is slow and not abundant; between 120° and 70° it becomes
rapid and energetic ; the temperature most favourable to its production being between
95° and 113°. When lactic acid is present in a wort it appears to check a further

production of it, but if the free acid be neutralised with soda a fresh formation com-
mences at once. Whenever a wort has become sour, the lactic ferment is always to

be found in it, more abundantly in proportion to the amount of spontaneous fermen-
tation that has occurred ; therefore spontaneous fermentation is judged to be of lactic

origin, and, indeed, is lactic fermentation which has passed its ordinary limits. Ex-
perienced chemists also affirm that in the fermentation of beer with yeast, if the
temperature is allowed to attain 89° alcohol ceases to be produced, but that the
fermentation degenerates into the lactic condition, and lactic acid is the product
of it.

Butyric FerTnent.—There is another kind of ferment which it is very important to

describe, and which, probably, is without exception the most troublesome and deadly
of the brewer's enemies ; this is the butyric ferment : it appears to originate princi-

pally from organic impurities in the water, but it is asserted also to be produced in

the ordinary fermentation of beer, if such fermentation be allowed to attain a tem-
perature above 84° ; in all cases diarrhoea is produced when it is drunk whether in

beer or water ; in beer it may be suspected when there is odour of pine-apple, especially

if the beer has the character of soon producing headache. Mr. Charles Heisch is of
opinion that it is to be found in all water that has become contaminated with sewage,
even to the smallest amount ; the brewer will do well to make himself acquainted
with Mr. Heisch's researches upon this particular subject. It may be briefly stated

that the conclusions he appears to have arrived at are : First, that where this fer-

ment is found in water, be the amount of it ever so small, that water must not
be used for food purposes till the ferment is thoroughly eradicated from it, for

they increase so rapidly under favourable circumstances, that they must ultimately
prove injurious to health ; Secondly, in any dilute solution of sugar they quickly
betray their presence by a turbidity accompanied eventually by the butyric odour.
He describes them as minute spherical cells, with, in most cases, a very bright
nucleus. Their vitality is in no way destroyed even by half-an-hour's boiling;
ordinary filtration, even through the finest Swedish filter-paper, does not remove
them ; filtering through a good bed of animal charcoal, frequently dried, appears
to remove them effectually : the softer the water the more quicldy they grow ; in hard
water they appear at first to form small clots, consisting of cells mixed with crystals

of carbonate of lime. The addition of nitrates or ammoniacal salts to the water does
not seem to accelerate their growth. By permitting the action of these germs on
sugar to go on, at a temperature between 60° and 70°, they present imiformly the
following appearances :—The cells generally group together in bunches like grapes,
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quite diflTerently from the ordinary yeast globules ; they next spread out into strings,

with a wall surrounding and connecting the cells ; the original coU-walls then seem to
break, and leave apparently tubular threads branched together.

The following experiment with malt and some very hard water, shows a perma-
nent hardness of 40*^ and an ordinary hardness of 59°, with so little as only -010 of
free ammonia and -003 of albuminoidal ammonia, to the 100,000 grains of water. Haif-
a-pint of this water was placed in a clean glass beaker and covered ; it was crystal
bright, and remained so for at least three weeks, depositing only carbonate salts as
the water evaporated. Ten corns of malt were then piit into the water and the beaker
replaced in the window, that it should be subjected to as much light as possible. The
corns eventiially sank, and about 48 hours afterwards the water had attained quite a
milky turbidity, bubbles of gas were continually being evolved from the corns, and a
distinct and very unplejwant odour arose from the fermentation that was ennced,
and which most certainly had not any alcoholic odour about it. Upon examination
with the microscope, the minute spherical forms in common with yeast were dis-

tinctly to be seen, and where there was room for locomotion many of them appeared
to bo disporting themselves, very much after the fashion of midges in the air, or tho
little water-beetle seen so commonly on the surface of a stream on a summer day

;

amongst them there were also the little specks of opaque substance, already noticed

in the microscopical examination of ordinary fermentation with yeast. With only

a cursory glance, the observer might easily have been led to suppose that these move-
ments were accidental, but after attentive observation it became quite evident that it

was organised work with a definite purpose, which appeared to be to form strings of
about five globules, not always straight, and, when these strings were completed, they
remained at rest.

Now with these facts before us, let us try to mark out a safe line of conduct for tho

guidance of the brewer; and the first step is, undoubtedly, to obtain the alcoholic fer-

ment in a state of great purity, and to maintain it in full health and vital energy.

Experience proves that these latter qualifications are best secured by allowing the

yeast to have contact only with a cold and still atmosphere ; and the more intense the

cold in contact with it, the more satisfactory will be the result of its application to

the purpose of fermentation, as the most intense cold does not even impair the energy

of the ferment. Careful selection and cultivation are the principal means to adopt to

preserve or obtain yeast in a state of purity ; and if it be kept from air currents, there

is less danger of infection from the mischievous germs that are always present in tho

common atmosphere. If grape-juice be introduced into a number of phials, with

long, upright, straight necks at the top, thereby giving to the atmosphere free admis-

sion to the liquid contained, in process of time spontaneous fermentation generally sets

in ; but if the necks be bent short round, and turned downwards, fermentation seldom

sets in. This is obviously from the increased difficulty the circulating atmosphere has

in depositing the germs of lacteous ferment upon the fluid. The knowledge of those

facts is valuable, for it shows to us a simple mechanical arrangement by which we may
successfully resist the inoculation of our fresh yeast and sound beer-worts from tlio

atmosphere. Tho means may be thus described :—First, the yeast-safe must bo pro-

vided with a means of refrigeration, that the progress of fermentation shall be com-

pletely arrested ; secondly, the circulation of the atmosphere that has actual contact

with the yeast must be obstructed as much as possible. Antiseptics must not bo

resorted to, for whatever will destroy the vitality of either lacteous or butyric ferment,

will also have the like effect upon yeast ferment. Neither should it bo attempted to

decrease acid tendency by the use of neutralising agents, for the door is thus opened

for the advancement of the acetic change ; and this is why, in the manufacture of lactic

acid, that, as the fermentation advances or proceeds, and lactic acid is produced, it is

found necessary to continually make to it additions of carbonate of lime, that tho

existing acid may be taken up ; for, if this is not done, the lactic product ceases to bo

formed before the fermentation is completed.

By the' aid of scientific investigations prosesutod to the present time, we are enabled

to arrange the different kinds of fermentation and their products. When a glucose

solution comes in contact with yeast, about 95 per cent, of it is changed into alcohol

and carbonic acid gas, tho remaining portion into glycerine, succinic acid, and other

compounds ; if in the progress of tho fermentation, the heat be allowed to rise consi-

derably, some of the alcohol present becomes oxidised, and acetic acid is the result

;

the germs of lacteous ferment also increase rapidly (being already present in the solu-

tion), for it is practically impossiljlo to prepare a saccharine wort that shall be entirely

free from them ; any breath of air that passes over it, the vessel that contains it, or any

substance whatever that touches the liquid, may be tho medium of their introduction

and incorporation with it ; and, being there, it is only a question of circumstance and

time, when they will assert their presence, lactic acid and maunito being the products of
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the fermentation induced by them. If this lactic fermentation be allowed to spend

itself, the ferment appears to degenerate into the butyric form, and butyric acid is the

product, carbonic anhydride and hydrogen being evolved.

Kespecting the temperatures adjudged to be the best for favouring alcoholic fer-

mentation, this is a subject to which wo must give the most patient reasoning ; for,

although brewing is an art known and practised throughout the world from time im-

memorial, it i6 a curious circumstance, that in no part of the manipulation is there so

much diversity of opinion as upon this one point—temperature ; but it is not to be
wondered at, when we take into consideration that it is upon the particularly nice at-

tainment of a peculiar flavour, that one beer is appreciated by some, and a totally

different one by others ; so we see that the ' right flavour ' varies with the palate of

the consumer, and that for its attainment we have to rely almost entirely upon the

due proportion of the various products of fermentation. This no doubt explains to

some extent the cause of the different temperatures that are in favour with different

brewers. But there is another circvimstance that it will be well to consider. It is,

perhaps, much to be regretted that the chemists who have given us the results of their

researches have not considered it necessary to state the bulk of the material upon
which they operated in the prosecution of their experiments, for undoubtedly this cir-

cumstiince has an important effect upon the temperature indicated ; the rate at which
the heat is generated, is transmitted by the vessel containing the fermenting wash,

and is absorbed or carried off by the surrounding medium, must have its effect upon
the thermometer's indications, and upon the resulting products of the fermentation.

In conducting a mash, we know that for the complete transformation of the starch

in a small mash, a considerably higher mashing-temperature is required than is ne-

cessary for a largo mash ; and by the same rule, fermentations must be conducted in

small vessels with a higher temperature than is required for larger vessels. But in

proportion as the yeast is subjected to the higher temperatures, or prolonged expo-

sure, so it degenerates both in vitality and character ; therefore it is best to maintain

a uniformly low temperature, and give the required impetus by an allowance of a
larger quantity of yeast. It would have been of considerable advantage to us as

brewers, if those gentlemen to whom we are so much indebted had stated the particu-

lar kinds of ferment that appeared to be mostly developed by the influence of the

temperature and time attendant on the fermentations which were the subject of their

researches ; but their investigations have, however, proved to us thus much :

—

1. That alcoholic fermentation with ordinary brewer's yeast may be conducted with
a temperature so low even as 40° Fahr.

2. That alcohol in the presence of gluten or yeast at temperatures above 62° is liable

to become acetic.

3. That at temperatures above 61° the germs of laeteous ferment begin to show
vitality.

4. That at temperatures above 84° alcoholic fermentation ceases, and lactic fermen-
tation degenerates into the butyric formation.

In apportioning the quantity of yeast to a brewing, the gravity of the wort must be
a first consideration.

In practice we find that with different gravities it does not answer to apportion
yeast by the rule of proportion, taking gravity for the data of calculation, for the higher
gravities require a higher percentage to be allowed them than the lower gravities ; this

arises from two causes :

1st. It is self-evident that, as soon as fermentation commences, the amount of
alcohol manufactured in a certain bulk of wort of a high gravity must bear a greater

proportion to that bulk than would the alcohol produced from the same bulk of wort
at a low gravity; and it is found that the presence of alcohol in a wort has the power
of arresting the progress of fermentation, the more effectually as the quantity present
bears a higher proportion to the bulk. Of course, therefore, this is more easily accom-
plished in worts of high gravities ; and, in order to carry on the attenuation in such
worts, an extra quantity of yeast must be allowed to meet this emergency.

For this reason it is sometimes found necessary to supplement the first addition of
yeast to a brewing by another portion to be added when the fermentation appears
sliiggish, before the full amount of attenuation is reached ; and it is a good plan at
this time to freshen up the vitality of the ferment by a slight addition of timU meal
well whisked up with it.

2nd. If worts of different gravities be examined thirty-six hours after the setting-on
has occurred, it will be found that each pound of yeast added will have done the work
of attenuation at a greater rate in the lighter gravities than will be the case with the
heavier worts. This undoubtedly arises in a great measure from the presence in the
lighter worts of the larger proportion of albuminous constituents, and this condition
adds considerably to the energy of the fermentation. The increased percentage of the
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albuminoids occurring in worts of light gravities, arises simply from the fact that

for them the exliaus'.ii).) of tlie malt is usually carried as far as possible ; tlio stronger
worts conscqueutly consisting of the more soluble saccharine constituents.

From the foregoing remarks it will be seen that there is great difficulty in the
way of an attempt to give a reliable rule for apportioning the quantity of yeast to

a brewing, for there are many points to consider. These it will be well to recapitu-

late :
—

1

.

The temperature at which it is intended to conduct the fermentation ; the lower this

is the more yeast must bo used.

2. The specific gravity of the ale to bo fermented ; the higher this is, the greater

must be the percentage of the yeast apportioned.

3. The extent to which the exhaustion of the malt has been carried ; the more so that
this has been permitted, the less yeast must be used and the more slowly must the
fermentation be conducted.
The extent to which granulation of the malt has occurred in the process of crushing

;

the more it has been pressed, the less yeast must be used, and the more slowly must
the fermentation be conducted.

The character of the water used in the process of brewing, undoubtedly has its effect,

though it is but seldom taken into account ; the harder the water is, the more yeast by
a considerable proportion must be allowed. This latter consideration loads us on to a
subject, the importance of which cannot be over-estimated, however some may assume
to deride it ; but it does not require any elaborate reasoning to show that quality in

the water is an advantage almost equal to quality in the malt and hops. It cannot be
denied that the practical dyer must be master of the constituents contained in the water
he uses in his processes, before he can hope for unvarying success ; neither can we
disregard the well-known effect of drinking water in its hard state ; and recent re-

searches bear testimony to how small a quantity of organic impurity in any water makes
it extremely prejudicial as an article of food. These lacts speak for themselves, and
point to the necessity there is that every brewer should have the means of readily

ascertaining the quality of the water he brews with. Amongst the most successful of
the trade this necessity is acknowledged and met as well as possible by a frequent
analysis of the waters supplied to the brewery ; but the ordinary brewer has very
seldom the time, the means, or the requisite ability to make a complete analysis

of the water ; but he may make an approximate analysis with rapidity and great

advantage, much oftener than is customary. Let him study the use of permanganate
of potash in the volumetric analysis for organic matter described in Mr. Sutton's
' Volumetric Analysis.' The ordinary and permanent hardness can also be easily tested,

as also the presence of ammonia-compounds, and these are perhaps the facts which
require watching in the waters supplied to breweries.

In conducting a healthy alcoholic fermentation, the following general rules should

be observed :—The wort should be purified as much as possible from gross con-

stituents and acetic tendency, first by using in its manufacture a water the lime-

salts of which will aid in their precipitation. (Of the beneficial influence of the hard
waters favoured by the brewer, Dr. Hassall suggests a theory which appears very
satisfactory. He says :

' During ebullition, the excess of carbonic acid in the water,

by which the carbonates of lime and magnesia are retained in solution, is expelled,

and those salts are precipitated. Again, the alkaline phosphates present in malt
have the power of converting the sulphate (if lime into phosphate, which is thrown
down; an alkaline sulphate, which is soluble, being synchronously formed. The
greater part of the phosphate of lime produced, is re-dissolved in the acid generated

during fermentation ; consequently, the water, from being hard, thus becomes soft, and
in this state is well suited for extracting the active properties of the malt and hops.')

Secondly. The wort should be cleared by every means that care and mechanical in-

genuity can provide.

The yeast for setting-on should bo selected with every care, freed as much as pos-

sible from the gross flocks accruing in preceding manipulations, from tannic and gallic

acids (the product of the hop), from atmospheric contaminations, and from acetic and
butyric germs. It should bo as virgin as possible, and the lower the temperature at

which it was produced the better it will bo. When about to be applied, the wort with

which it is to be mixed should bo of such a temperature as to induce immediately an
active fermentation ; this temperature must of course vary according to the gravity

and bulk of the wort, say for bulks of about 25 barrels of a gravity of 22 lbs. per

barrel ; the temperature for stone squares may bo from 67° to 70°, and for wood
rounds from 64° to 67°. Lot the yeast bo added as soon as the wort begins to run
into the fermenting utensil, and decrease the temperature by the subsequent running
down, and tho whole should bo most thoroughly roused many times during tho process

of filling.
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As to temperature, avoid extremes, and especially dangerously high ones ; rather

employing an extra quantity of yeast than a high temperature ; and the less heating

tliat is attempted, in the progress of the fermentation, by the means of attemperaters,

the better. The fermentation should be expedited by all safe means available, for

either licat or protracted working diminish the alcoholic excellence and tend to impair

the flavour, in proportion as they have been permitted to affect the process.

When the desired amount of attenuation is obtained, no time should be lost in

freeing the alcoholised product from degeneracy by contact with the yeast, and pre-

serving by refrigeration as much as possible of the alcohol and carbonic acid gas that

have been generated. To this end it is best to draw off the alcoholised product as

quietly as possible into a clean settling back provided with a means of refrigeration,

and when it has become sufficiently bright, rack and store at once
;
great experience

and judgment are a necessity in determining this last point, and no amount of theory

can supply the lack of them. Peculiarities of water, modes of mashing and fermenta-

tion, character of the barley season and malting, state of the weather, gravity of the

wort, and peculiarities of the market for which the beer is brewed, are all points which
have to be carefully attended to, or the previous management and care will result only

in bitter disappointment. On the care with which the settling and racking have been

conducted depend the flavour, brilliancy, and briskness of the product. Finings of any

sort are of very little avail, and if their effects were more generally known, they would
bo but very seldom used ; for, chemically, tliey must be injurious both to the beer and
the consumer, and practically they prove so both to the cask and its contents. If they

meet with either acids or alkalis, acetic and lactic tendencies are generated in the

alcoholic solution with which they are mixed, and by their decay butyric decomposition

is generated. If they are rendered insoluble, they become indigestible, and this latter

result is found to be the effect of bisulphate of lime. All flnings, be they soluble or

insoluble, flatten the beers when mixed by the amount of agitation they require

to make them take effect ; thereby much of the carbonic acid gas (which is the

product that gives to beers that brilliancy, sparkle, and pungency so grateful to the con-

sumer's palate) is liberated and lost, and this also diminishes the keeping ability of the

beer.

Liebig calls putrefactive fermentation every process of decomposition which,

caused by external influences in any part of an organic compound, proceeds through
the entire mass without the further co-operation of the original cause. Fermen-
tation, according to Liebig's definition, is the decomposition exhibited in the pre-

sence of putrefying substances or ferments, by compounds nitrogenous or non-
nitrogenous, which alone are not capable of putrefaction. He distinguishes, in both
putrefaction and fermentation, processes in which the oxygen of the atmosphere
continually co-operates, from such as are accomplished without further access of

atmospheric air.

Liebig opposes the view which considers putrefaction and fermentation as the result

of vital processes, the development of vegetable formations or of microscopic animals.

He adduces that no trace of vegetable formations are perceptible in milk which is left

for some time in vessels carefully tied over with blotting-paper, not even after fermen-
tation has regularly set in, a large quantity of lactic acid having been formed. He
further remarks of fermentatife processes, that alcoholic fermentation having been
observed too exclusively, the phenomena have been generalised, while the explana-

tion of this process ought to be derived rather from the study of fermentative pheno-
mena of a more general character.

Blondeau propounds the view that every kind of fermentation is caused by the
development of fungi. Blondeau states that alcoholic fermentation is due to a fungus
which he designates Torula cerevisics ; whilst another, Penicillium glaucum, gives rise

to lactic fermentation. The latter fermentation follows the former in a mixture of
30 ^m. of sugar, 10 grm. of yeast, and 200 c. c. of water, which has undergone
alcoholic fermentation at a temperature of about 20°, being terminated in about two
days. Beer yeast, when left in contact with water in a dark and moist place, contains,

according to Blondeau, germs both of Torula cerevisics, and of Penicillium glaumim ;

the former can be separated by a filter, and will induce alcoholic fermentations in

sugar-water, whilst the latter are extremely minute, and pass through the filter ; the
filtrate, mixed ^vith sugar-water, gives rise to lactic fermentation. Acetic fermen-
tation is due to the development of Torula aceti ; sugar is converted into acetic acid
without evolution of gas, if 500 grm. dissolved in a litre of water be mixed with
200 grm. of casein, and confined in contact for a month at a temperature of about 20°.

The conversion of nitrogenous substances into fat—for instance, of casein, in the
manufacture of Eoquefort cheese ; of fibrin under similar circumstances, which Blon-
deau designated by the term fatty fermentation {fermentation adipctise)—is caused by
Penicillium glaucum or Torula viridis ; and the former fungus is stated to act like-
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wise in butyric and in urea fermentation (conversion of the urea into a carbonate of

amraonia).

Opposed to this view Schubert has publislied an investigation upon yeast. In order

to prove that the action of yeast is due merely to its porosity, he founds his investiga-

tion upon some experiments of Brendocko (particularly in reference to the statement

tliat fermentation taking place in a solution of sugar in contact with porous bodies is

due to an impurity of sugar) ; according to which various porous bodies, such as char-

coal, paper, flowers of sulphur, &c., to which some bitartrate of ammonia is added,

are capable of inducing fermentation in a solution of raw sugar. His observations

are also based upon some experiments of his own, which seem to indicate that porous

bodies, even without the addition of a salt, are capable of exciting fermentation in a
solution of (pure ?) cane-sugar. Whatever may bo the means whereby alcoholic fer-

mentation is induced, ho states it to bo indispensable that the body in question should

be exposed for some time to the influence of air, and that oxygon and carbonic acid

are absorbed by the ferment. Both oxygen and carbonic acid, being electro-negative

substances, stand in opposition to the electro-positive alcohol, and therefore predispose

its formation, but only when thoyaro highly condensed by the powerful surface- attrac-

tion of the yeast, or of any porous body. The -electrical tension, he states, may bo
increased by many salts, provided that the latter do not at the same time chemically

affect either the sugar or the ferment.

C. Schmidt has communicated the results of his experiments to the ' Annal.

Chein. Pharm.^ After stating numerous experiments, he continues :
' Nor are fungi

the primum movens of saccharine fermentation ; the clear filtrate obtained by throwing
almonds crushed in water upon a moist filter, soon induces fermentation in a solution

of urea and of grape-sugar ; in the latter case, no trace of ferment-cells can be dis-

covered under the microscope, not even after fermentation is fully developed. If tho

solution, still contiiiuing sugar, is allowed to stand eight days or a fortnight after

fermentation has ceased, an exuberant development of cellular aggregations is ob-

served, but no putrefaction ensues ; the fungi, well washed and introduced into a
fresh solution of grape-sugar, continue to grow luxuriantly, inducing, however, if at

all, but very weak fermentation, which rapidly ceases ; hence tho growth of fungi

during fermentative processes is but a secondary phenomenon. The increase of the

residuary ferment, which occurs after yeast has been in contact with sugar, arises

from a development of ferment cellulose, which probably takes place at tho expense

of the sugar. If musclo, gelatine, yeast, &c., in a very advanced state of putrid de-

composition be introduced into a solution of 1 sugar in 4 water, all phenomena of

putrefaction disappear; after a few 'hours, active fermentation sets in, forment-cells

being formed, and the liquid contains alcohol, but no mannite. The inactivity of

crushed yeast is due, not to the destruction of tho fungi, but to the chemical changes

which are induced in yeast during the considerable time necessary for complete com-
minution. The crushed cells, introduced into sugar-water, give rise to tho produc-

tion of lactic acid, without evolution of gas.' Schmidt is of opinion that fermentation

is a process analogous to tho formation of ether. He believes that one of the con-

stituents of yeast, together with the elements of grape-sugar, gives rise to the forma-

tion of one or several compounds, which are decomposed in statu nascenti (like

Bulpho-vinic acid), splitting into alcohol and carbonic acid.

We believe that the preceding paragraphs fairly represent tho ^^ews which have been
promulgated upon tho phenomena of change, which are in many respects analogous

to those of combustion and of vitality, presented in the fermentative processes.

Much has been done, but there are still some points which demand the careful at-

tention of tho chemist.

In a practical point of view, tho question which arises from the alteration in the

specific gravity of tho fluid by fermentation is a very important one, a knowledge
of the original gravity of beer being required to fix the drawback allowed upon
beer when exported, according to tho terms of 10 Vict. c. 5. By this act a drawback
is granted of 5s. per barrel of thirty-six gallons upon beer exported, of which ' the

worts used before fermentation wore not of less specific gravity than r064, and not

greater specific gravity than 1*081,' and a drawback of 7s. 6d. per barrel upon boor

of which ' the worts used before fermentation were not of less specific gravity than
1-081.' The brewer observes the original gravity of his worts by moans of some
form of the hydrometer, and preserves a record of his observation. Tho revenue

officer has only tho beer, from which ho has to infer tho original gravity. From
tho great uncertainty which appeared to attend tliis question, Professors Graham,
Ilofmann, and Redwood were employed by tho Board of Inland Revenue to discover

how tho original gravity of tho beer might bo ascertained most accurately from the

properties of tho beer itself. When worts are fermented, the sugar passes into

alcohol, and they lose in density, and assume as beer a different specific gravity.
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The gravity of the wort is called the original gravity—that of the beer, heer-gravity.

The report of Graham, Hofmann, and Eodwood, upon ' original gravities,' may be

supposed to be in the hands of every brewer ; but as some of the points examined

raaCbrially explain many of the phenomena of vinous fermentation, we have trans-

ferred a few paragraphs to our pages-:

—

' As the alcohol of the beer is derived from the decomposition of saccharine

matter only, and represents approximately double its weight of starch-sugar, a

speculative original gravity might be obtained by simply increasing the extract-

gravity of the beer by that of the quantity of starch-sugar known to be decomposed
in the fermentation. The inquiry would then reduce itself to the best means of ascer-

taining the two experimental data, namely, the extract-gravity and the proportion of

alcoh(n in the beer, particularly of the latter. It would bo required to decide whether

the alcohol should be determined from the gravity of the spirits distilled from the

beer ; by the increased gravity of the beer when its alcohol is evaporated off; by the

boiling-point of the beer, which is lower the larger the proportion of alcohol present

;

or by the refracting power of the beer upon light—various methods recommended for

the valuation of the spirits in beer.
' Original gravities so deduced, however, are found to be useless, being in error

and always under the truth, to an extent which has not hitherto been at all accounted

for. The theory of brewing, upon a close examination of the process, proves to be
less simple than is implied in the preceding assumption ; and other changes appear to

occur in worts, simultaneously with the formation of alcohol, which would require to

bo allowed for before original gravities could be rightly estimated. It was found
necessary to study the gravity, in solution of each by itself, of the principal chemical

substances which are found in fermented liquids. These individual gravities defined

the possible range of variation in original gravity, and they brought out clearly for

the first time the nature of the agencies which chiefly affect the resxilt.

* The use of cane-sugar is now permitted in breweries, and the solution of sugar
may be studied first as the wort of simplest composition. The tables of the specific

gravity of sugar solutions, constructed by Mr. Bate, have been verified, and are con-

sidered entirely trustworthy. The numbers in the first and third columns of Table I.,

which follow, are however, from new observations. It is to be remarked that these

numbers have all reference to weights, and not to measures. A solution of cane-

sugar, which contains 25 grains of sugar in 1000 grains of the fluid, has a specific

gravity of lOlO'l, referred to the gravity of pure water taken as 1000 ; a solution of

50 grains of cane-sugar in 1000 grains of the fluid, a specific gravity of 1020*2, and
so on. The proportion of carbon contained in the sugar is expressed in the second
column; the numbers being obtained from the calculation that 171 parts by weight
of cane-sugar (C^-H"0'') consist of 72 parts of carbon, 11 parts of hydrogen, and
88 parts of oxygen ; or of 72 parts of carbon combined with 99 parts of the elements
of water. It is useful to keep thus in view the proportion of carbon in sugar so-

lutions, as that element is not involved in several of the changes which precede or

accompany the principal change which sugar undergoes during fermentation, and which
changes only affect the proportion of the oxygen and hydrogen, or elements of water,

combined with the carbon. The proportion of oxygen and hydrogen in the altered

sugar increases or diminishes during the changes referred to ; but the carbon remains
constant, and affords, therefore, a fixed term in the comparison of different solutions.

Table I.

—

Specific gravity of solutions of Cane-sugar in water.

Canersngar, in 1000 parts by
weight

Carbon in 1000 parts by weight Specific Gravity

25 10-53 1010-1

50 21-05 1020-2

75 31-58 1030-2
100 42-10 1040-6
125 52-63 1051
150 63-16 1061-8

175 73-68 1072-9
200 84-21 1083-8
225 94-73 1095-2
250 105-26 1106-7

' When yeast is added to the solution of cane-sugar in water, or to any other sac-

charine solution, and fermentation commenced, the specific gravity is observed to
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fall, owing to the escape of cnrbonic acid gas, and the formation of alcohol, which
is specifically lighter than water; 171 grains of sugar, together with 9 grains of

water, being converted into 92 grains of alcoliol und 88 grains of carbonic acid

(C'-H"0" + HO = 2C*II''0- + 4C02). But if tho process of fermentation be closely

watched, tho fall of gravity in cane-sug;ir will be found to bo preceded by a decided

increase of gravity. Solutions were observotl to rise from 1055 to 1058, or 3 degrees

of gravity, within an hour after tho addition of tho yeast, tho last being in tho usual

proportion for fermentation. When the yeast was mixed in minxite quantity only,

such as
j^Jjj

of tho weight of the sugar, the gravity of tho sugar solution rose grsidually

in four days from 1055 to 1057'91, or also nearly 3 degrees ; with no appearance, at

the same time, of fermentation or of any other change in the solution. This remark-
able increase of density is owing to an alteration which takes place in tho constitution

of the cane-sugar, which combines with the elements of water and becomes starch-

sugar : a change which had been already proved by H. Eose and by Dubrunfaut to

precede the vinous fermentation of cane-sugar. Tho same conversion of cane-sugar

into starch-sugar, with increase of specific gravity, may bo shown by means of acids

as well as of yeast. A solution of 1000 parts of cane-sugar in water, having the specific

gravity 1054'6nl, became with one part of crystallised oxalic acid added to it 10517 ;

and, being afterwards heated for twenty-three hours to a temperature not exceeding

128° Fahr., it was found (when cooled) to have attained a gravity of 1057*63—an
increase again of nearly 3 degrees of gravity.'

The difference between tho gravities of solutions of cane-sugar and starch-sugar

are of great practical value, but these must bo studied in the original ; the result, how-
ever, being ' that the original gravity of a fermented liquid or beer must be difforent,

according as it was derived from a wort of cane-sugar or of starch-sugar.'

The gravity of malt wort was determined to be intermediate between that of pure

cane-sugar and starch-sugar, and solutions containing an equal quantity of carbon ex-

hibited the following gravities :

—

Cane-sugar - 10729 Pale malt - 1074'2 Starch-sugar - 1076*0

Two other substances were found to influence the original gravity of the wort

:

dextrin, or the gum of starch, and caramel. Tables are given of the specific

gravities of these, from which the following results have been deduced :

—

Starch-sugar 1076
Dextrin 1066*9

Caramel . .... 1062*3

Caramel is stated to interfere more than dextrin in giving lightness or apparent

attenuation to fermented worts, without a corresponding production of alcohol.

* Another constituent of malt wort, which should not be omitted, is the soluble

azotised or albuminous principle derived from the grain. The nitrogen was deter-

mined in a strong wort of pale malt with hops, of tho specific gravity 1088, and con-

taining about 21 per cent, of solid matter. It amounted to 0*217 per cent, of the

wort, and may be considered as representing 3*43 per cent, of albumen. In the same
wort, after being fully fermented, the nitrogen was found to amount to 0"134 percent.,

equivalent to 2-11 per cent, of albumen. The loss observed of nitrogen and albumen
may be considered as principally due to tho production and growth of yeast, which is

jin insoluble matter, at the cost of tlie soluble albuminous matter. Solutions of egg-

albumen in water, containing 3*43 and 2*11 per cent, respectively of that substance,

were found to have the specific gravities of 1004*2 and 1003*1. Henco a loss of

density has occurred during fermentation of 1*1 degree on a wort of 1088 original

gravity, which can be referred to a change in the proportion of albuminous matter.

It will be observed that tho possible influence of this substance and of the greater or

less production of yeast during fermentation, upon the gravity of beer, are restricted

witliin narrow limits.'

Tho reporters proceed :

—

' The process required for the determination of tho original gravity of beer must
be easy of execution, and occupy little time. It is not proposed, in the examination

of a sample, to separate by chemical analysis the several constituents which have
been enumerated. In fact, wo are practically limited to two experimental observa-

tions on the beer, in addition to the determination of its specific gravity.
• One of these is the observation of tho amount of solid or extractive matter still

remaining after fermentation, which is always more considerable in beer than in tho

completely-fermented wash of spirits. A known measure of tho beer miglit bo evapo-

rated to dryness, and tho solid residue weighed ; but this would be a troublesome
operation, and could not indeed bo executed with great accuracy. Tho same object
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may be attained with even a more serviceable expression for the result, by measuring
exactly a certiin quantity of the beer, such as four fluid ounces, and boiling it down
to somewhat less than half its bulk in an open vessel, such as a glass flask, so as to

drive off the whole alcohol. The liquid when cool is made up to four fluid ounces,

or the original measure of the beer, and the specific gravity of this liquid is observed.

It has already been referred to as to the extract-gravity of the beer, and represents a
portion of the original gravity. Of a beer of which the history was known, the original

gravity of the malt wort was 1121, or 121°; the specific gravity of the beer itself

before evaporation, 1043 ; and the extract-gravity of the beer 1056*7, or 567°.
' The second observation which can be made with sufficient facility upon the beer,

is the determination of the quantity of alcohol contained in it. This information may
be obtained most directly by submitting a known measure of the beer to distillation,

continuing the ebullition till all the alcohol is brought over, and taking care to con-

dense the latter mthout loss. It is found in practice that four ounce-measures of the

beer form a convenient quantity for the purpose. This quantity is accurately

measured in a small glass flask, holding 1750 grains of water when filled up to a mark
in the neck. The mouth of the small retort containing the beer is adapted to one end
of a glass tube-condenser, the other end being bent and drawn out for the piirpose of

delivering the condensed liquid into the small flask previously used for measuring the

beer. The spirituous distillate should then be made up with pure water to the

original bulk of the beer, and the specific gravity of the last liquid be observed by the

weighing bottle, or by a delicate hydrometer, at the temperature of 60° Fahr. The
lower the gravity the larger will be the proportion of alcohol, the exact amount of
which may be learned by reference to the proper tables of the gravity of spirits. The
spirit-gravity of the beer already referred to proved to be 985*25 ; or it was 14*05°

of gravity less than 1000, or water. The "spirit-indication" of the beer was there-

fore 14*05° ; and the extract-gravity of the same beer 66*7°.

' The spirit-indication and extract-gravity of any beer being given, do we possess

data sufficient to enable us to determine with certainty the original gravity ? It has
already been made evident that these data do not supply all the factors necessary for
reaching the required number by calculation.

• The formation of the extractive matter, which chiefly disturbs the original gravity,

increases with the progress of the fermentation ; that is, with the proportion of
alcohol in the fermenting liquor. But we cannot predicate from the theory any rela-

tion which the formation of one of these substances should bear to the formation of
the other, and are unable, therefore, to say beforehand that because so much sugar
has been converted into alcohol in the fermentation, therefore so much sugar has also

been converted into the extractive substance. That a uniform, or nearly uniform
relation, however, is preserved in the formation of the spirits and extractive substance
in beer brewing, appears to be established by the observations which follow. Such
an uniformity in the results of the vinous fermentation is an essential condition for
the success of any method whatever of determining original gravities, at least within
the range of circumstances which affijct beer browing. Otherwise two fermented
liquids of this class, which agree in giving both the same spirit-indication and the
same extractive gravity, may have had different original gravities, and the solution

of our problem becomes impossible.'

The following table, one of several of equal value, gives the results of a particular

Table II.

—

Fermentation of Sugar-Wort of original gravity 1055*3.

I II III IV V
Number of Period of Degrees of Spirit- Degrees of Extract- Degrees of Extract*
ObserratioU iTermentation Indiofition Gravity Gravity lost

Days Honra
1 65*30

2 6 1*69 62*12 3-18

3 12 2*57 47-82 7-48

4 19 3*60 43*62 11*68

5 23 4*33 40*13 15-17

6 1 5 5*31 35-50 19*80

7 1 12 6-26 31*39 23-91

8 1 19 7-12 27*63 27*67
9 2 11 8*59 20*26 35*04
10 3 11 9*87 13*40 41*90
11 5 12 10*97 7*60 47*70
12 6 12 11*27 4'15 51*15
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fermentation of cane-sngar. • Fifteen and a half pounds of refined fcugar "vrcro dis-

Bolved in 10 gallons of water, making lOi gallons of solution, of wliidi the specific

gravity was 1055-3 at 60°; and after adding three fluid pounds of frcsli porter yeast,

the specific gravity was 1055-95. The original gravity may be taken as 1056*3
(55-30).

* Columns iii. and v. respectively exhibit the spirit which has been produced, and
the solid matter which has disappeared ; the first in the form of the gravity of the
spirit, expressed by the number of degrees it is lighter than water, or under 1000,
and the second by the fall in gravity of the solution of the solid matter remaining
below the original gravity 1055"3. This last value will be spoken of as "degrees of
gravity lost

;

" it is always obtained by subtracting the extract-gravity (column iv.)

from the known original gravity. To discover whether the progress of fermentation
has the regularity ascribed to it, it was necessary to observe whether the same re-

lation always holds between the columns of " degrees of spirit-indication " and " de-
grees of gravity lost." It was useful, with this view, to find what degrees lost

corresponded to whole numbers of degrees of spirit-indication. This can be done
safely from the preceding table, by interpolation, where the numbers observed follow

each other so closely. The corresponding degrees of spirit-indication and of gravity

lost, as they appear in this experiment upon the fermentation of sugar, are as follow:

—

jTable in.—Fermentation of Svgar-Wort of original gravity 1055-3.

Degrees of Spirit-

Indication
Degrees of Extract-

Gravity lost

Degrees of Spirit-

Indication
Degrees of Extract-

Gravity lost

1

2
3
4
6
6

1-71

4-74

9-26

13-48

18-30

22-54

7
8

9
10

11

27-01

31-87

37-12
42-55

47-88

* In two other fermentations of cane-sugar, the degrees of gravity lost, found to

correspond to the degrees of spirit-indication, never differed from the numbers of the

preceding experiment, or from one another, more than 0-9° of gravity lost. This is a
sufficiently close approximation,

* Tlie following table is of much importance :

—

Table IV.

—

Starch-Sitgae.

Degrees of Spirit-Indication, with corresponding degrees ofgravity lost.

Besides the degrees of gravity lost corresponding to whole degrees of spirit-indication, the degrees of
gravity lost corresponding to tenths of a degi-ec of spirit-indication are added from calculation.

Degrees of
Spirit-

Indication

'0 •1 •2 •3 •4 •5 •6 •7 -8 -9

1-6•2 -3 -5 -7 •9 10 1-2 1-4

1 1-9 2-1 2-4 2-7 30 3-3 3-6 3-9 4-2 4-6

2 50 5-4 5-8 6-2 6-6 7-0 7-5 8-0 8-6 90
3 9-5 9-9 10-3 10-7 11-2 11-6 120 12-4 12-8 13-3

4 13-8 14-2 14-6 150 15-5 15-9 16-3 16-7 17-2 17-7

5 18-3 18-7 19-1 19-5 19-9 20-3 20-8 21-2 21-7 22-2

6 22-7 23-1 23-5 23-9 24-4 24-7 25-2 250 26-1 20-6

7 27-1 27-6 28-1 28-6 29-1 29-6 30-0 30-5 31-0 31-5

8 32-0 32-5 33-0 33-5 34-0 34-5 35-0 35-5 36-0 36-6

9 37-2 37-7 38-2 38-7 39-2 39-7 40-3 40-8 41-3 41-8

10 42-4 42-9 43-4 44-0 44-5 45-0 45-6 40-1 466 47-2

11 47-7

' It is seen from this table that for 5° of spirit-indication, the corresponding degrees

of grnvity lost are 18-3°. For 5*9° of spirit-indication, the corresponding degrees of

graviiy lost are 22-2°.

' T his table is capable of a valuable application, for the sake of which it was con*

struf^.ted. By means of it, the unknown original gravity of a fermented liquid or beer

firoiii cane-sugar may bo discovered, provided the spirit -indication and extract-gravity
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of the beer are observed. Opposite to the spirit-indication of the beer in the table,

wo find the corresponding degrees of gravity lost, which last, added to the extract-

gravity of the beer, gives its original ^avity.

'Suppose the sugar beer exhibited an extract-gravity of 7*9° (10079), and spirit-

indication of 11°. The latter marks, according to the table, 47*7° of gravity lost,

which added to the observed extract-gravity, 7*9°, gives 65'6° of original gravity for

the beer (1055-6).'

Similar tables are constructed for starch-sugar, and for various worts with and
without hops.

After explaining many points connected with the problem, as it presented itself

under varied conditions as it respected the original worts, the Eeport proceeds :

—

* The object is still to obtain the spirit-indication of the beer. The specific gravity

of the beer is first observed by means of the hydrometer or weighing bottle. The
extract-gravity of the beer is next observed as in the former method ; but the beer
for this purpose may be boiled in an open glass flask till the spirits are gone, as the

new process does not require the spirits to be collected. The spiritless liquid remain-
ing is then made up to the original volume of the beer as before. By losing its spirits,

the beer of course always increases in gravity, and the more so the richer in alcohol

the beer has been. The difference between the two gravities is the new spirit-indi-

cation, and is obtained by subtracting the beer-gravity from the extract-gravity,

which last is always the higher number.
* The data in a particular beer were as follow :

—

Extract-gravity 1044*7

Beer-gravity 1035-1

Spirit-indication 9-6°

* Now the same beer gave by distillation, or ti;e former method, a spirit-indication

of 9"9°. The new spirit-indication by evaporation is, therefore, less by 0"3° than
the old indication by distillation. The means were obtained of comparing the two
indications given by the same fermented wort or beei- in several hundred cases, by
adopting the practice of boiling the beer in a retort, instead of an open flask or

basin, and collecting the alcohol at the same time. The evaporation uniformly indi-

cated a quantity of spirits in the beer nearly the same as ^^ ^s obtained by distillation,

but always sensibly less, as in the preceding instance. These experiments being
made upon fermented liquids of known original gravity, the relation could always be
observed between the new spirit-indication and the degrees of specific gravity lost by
the beer. Tables of the degrees of spirit-indication, with their corresponding degrees

of gravity lost, were thus constnicted, exactly in the same manner as the tables which
]Drecede; and these new tables may be applied in the same way to ascertain the
original gravity of any specimen of beer. Having found the degrees of spirit-indi-

cation of the beer by evaporation, the corresponding degrees of gravity lost are taken
from the table ; and adding these degrees to the extract-gravity of the beer, also ob-
served, the original gravity is found. Thus the spirit-indication (by the evaporation
method) of the beer lately referred to, was 9-6°, which mark 43° of gra^^ty lost in the
new tables. Adding these to 1044*7, the extract-gravity of the same beer, 10877 is

obtained as the original gravity of the beer.'

The results of the extensive series of experiments made, were, that the problem
could be solved in the two extreme conditions in which they have only to deal with
the pure sugars entirely converted into alcohol.

' The real difficulty is with the intermediate condition, which is also the most fre-

quent one, where the solid matter of the beer is partly starch-sugar and partly ex-
tractive ; for no accurate chemical means are known of separating these substances,
and so determining the quantity of each in the mixture.

' But a remedy presented itself. The fermentation of the beer was completed by
the addition of yeast, and the constituents of the beer were thus reduced to alcohol
and extractive only, from which the original gravity, as is seen, can be calculated.

'For this purpose, a small but known measure of the beer, such as four fluid

ounces, was carefully deprived of spirits by distillation, in a glass retort. To the
fluid, when cooled, a charge of fresh yeast, amounting to 150 grains, was added, and
the mixture kept at 80° for a period of sixteen hours. Care was taken to connect
the retort, from the commencement, with a tube condenser, so that the alcoholic
vapour which exhaled from the wash during fermentation should not be lost. When
the fermentation had entirely ceased, heat was applied to the retort to distil off the
alcohol, which was collected in a cooled receiver. About three-fifths of the liquid
were distilled over for this purpose ; and the volume of the distillate was then made
up with water to the original volume of the beer. The specific gravity of the last
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Table V.—To be used in ascertaining Original Gravities by the Distillation

Process.

Degrees oj^ Spirit-Indication with corresponding degrees of gravity lost in Malt-Worts,

Degrees of
Spirit- •0 •1 •2 •3 •4 •5 •6 •7 •8 •9

Indication

... •2 •6 •9 1-2 1-5 1-8 2'1 2-4 2-7

1 3-0 3-3 3-7 4'1 4-4 4-8 6-1 6-5 6-9 6-2

2 6'6 7-0 7-4 7-8 8-2 8-6 90 9-4 9-8 10-2

3 107 11-1 11-5 12-0 12-4 12-9 13-3 13-8 14-2 14-7

4 15-1 15-5 16-0 16-4 16-8 17-3 17-7 18-2 18-6 19-1

6 19-6 19-9 20-4 20-9 21-3 21-8 22-2 22-7 23-1 23-6

6 24-1 24-6 25-0 25-5 26-0 26-4 26-9 27-4 27-8 28-3

7 28-8 29-2 29-7 30-2 30-7 31-2 31-7 32-2 32-7 33-2

8 33-7 34-3 34-8 35-4 35-9 36-5 37-0 37-5 38-0 38-6

9 39-1 39-7 40-2 40-7 41-2 41-7 42-2 42-7 43-2 43-7

10 44-2 44-7 45-1 45-6 46-0 46-5 47-0 47-5 48-0 48-6

11 49-0 49-6 50-1 50-6 61-2 51-7 62-2 52-7 63-3 63-8

12 54-3 54-9 o5-4 6o-9 56 -4 66-9 67-4 o7-9 58-4 68-9

13 59-4 600 60-5 61-1 61-6 62-2 62-7 63-3 63-8 64 '3

14 64-8 65-4 65-9 66-5 67-1 07-6 68-2 68-7 69-3 69-9

15 70-5

Table VI.—To be used in ascertaining Original Graritics by the Evaporation
Process.

Degrees ojF Spirit-Indication with corresponding degrees ofgravity lost in Malt-Worts,

Degrees of

Spirit- •0 •1 •2 •3 •4 •5 •6 •7 •8 •9

Indication

•3 •7 10 1-4 1-7 2-1 2-4 2-8 3-1

1 3-5 3-8 4-2 4-6 50 5-4 6-8 6-2 6-6 7-0

2 7-4 7-8 8-2 8-7 9-1 9-5 9-9 10-3 10-7 11-1

3 11-5 11-9 12-4 12-8 13-2 13-6 14-0 14-4 14-8 15-3

4 15-8 16-2 16-6 17-0 17-4 17-9 18-4 18-8 19-3 19-8

6 20-3 20-7 21-2 21-6 22-1 22-5 23-0 23-4 23-9 24-3

6 24-8 25-2 25-6 26-1 26-6 27-0 27-5 28-0 28-5 290
7 29-5 30-0 30-4 30-9 31-3 31-8 32-3 32-8 33-3 33-8

8 34-3 34-9 35-5 360 36-6 37-1 37-7 38-3 38-8 39-4

9 400 40-5 41-0 41-5 42-0 42-5 43-0 43-5 44-0 44-4

10 44-9 45-4 46-0 46-5 47-1 47-6 48-2 48-7 49-3 49-8

11 60-3 60-9 61-4 51-9 52-5 53-0 53-5 54-0 64-5 650
12 556 66-2 56-7 57-3 57-8 58-3 58-9 59-4 59-9 60-6

13 61-0 61-6 62-1 62-7 63-2 63-8 64-3 64-9 65-4 66-0

14 66-5 67-0 67-6 68-1 63-7 69-2 69-8 70-4 70-9 71-4

15 72-0
1

spirituous liquid was now taken by the weighing bottle. To obtain a correction for

the small quantity of alcohol unavoidably introduced by the yeast, a parallel expe-

riment was made with that substance. The same weight of yeast was mixed with

water, and distilled in another similar retort. The volume of this* second distillate

was also made up by water to the beer volume ; its specific gravity observed, and de-

ducted from that of the preceding spirituous liquid. This alcohol was added to that

obtained in the first distillation of the beer, and the weight of starch-sugar cor-

responding to the whole amount of alcohol was calculated. This was the first result.

' For the solid matter of the beer : the spiritless liquid remaining in the retort was
made up with water to the beer volume, and the specific gravity observed. A
correction was also required here for the yeast, which is obtained by making up the

water and yeast distilled in the second retort, to the original volume of the beer, and
deducting the gravity of this fluid from the other. The quantity of starch-sugar cor-

responding to this corrected gravity of the extractive matter was now furnished by
the table. This was the second result.

• The two quantities of starch-sugar thus obtained were added together. Tho
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specific gravity of the solution of the whole amount of starch-sugar, as found in the

table, represented the original gravity of the beer.

' This method must give an original gravity slightly higher than the truth, o\nng
to the circumstance that the dextrin, albumen, and salts, which are found among the

solid matters dissolved in beer, are treated as having the low gravity of extractive

matter, and accordingly amplified by about one-sixth, like that substance, in allowing

for them ultimately as starch-sugar. The error from this source, however, is incon-

siderable. It is to be further observed, that the error from imperfect manipulation,

of which there is most risk in the process, is leaving a little sugar in the extractive

matter from incomplete fermentation. This accident also increases the original

gravity deduced. The process has given results which are remarkably uniform, and
is valuable in the scientific investigation of the subject, although not of that ready and
easy execution which is necessary for ordinary practice, and which recommends the

former method.'

The following is a statement by M. L. Pasteur of a new process for making beer so

as to render it unchangeable :

—

' Every one knows that beer is very liable to change ; during the summer it will

deteriorate in a month or six weeks.
' The wort used in the preparation of beer is very difficult to preserve. At a high tem-

perature the wort of beer, in the course of a few hours, especially in stormy weather,

will go through a great many different alterations. The alterations in the wort of beer

have such an influence in the making of this drink, that it becomes absolutely necessary

for the brewer to use the greatest precautions to guard against its disastrous effects. A
low temperature is essential to the preservation of the wort of beer, and sometimes ice

is employed. What, then, are these alterations which rule over the process of fer-

mentation, and why should not means for combating them be found, more simple
and more economical than those already in use ? I have devised a new process of

cooling and of fermentation, and the following are some of the results of my
work :

—

' 1. The changes in beer are due to the development and the multiplication of

microscopical organisms which I will call sicJc fermentation.
' 2. The germs of this fermentation are carried by the air, and by the utensils in

use, &c.
' 3. Whenever the beer does not contain these living germs, which are the cause of

its deterioration, it becomes unchangeable, at whatever temperature it is made.
' 4. I can show that by the employment of certain processes in brewing, all the

malt, all the yeast, and all the beer receive the germs of diseases proper to these sub-
stances.

' Let us take a beer that has been made according to the usual process employed in

England, France, or Germany, Let us expose it in closed bottles at a temperature of
from 15° to 25° C. It constantly happens that this beer in the course of a few weeks
will be unfit for use. Its preservation is only possible, in some exceptional cases, by
the addition of a quantity of hops superior to those generally used. At the time that
the change is taking place, the microscopical organisms will make th§ir appearance
and multiply. What gives birth to these organisms ?

' My studies have proved that the most changeable organic liquids, such as blood,
the juice of the grape, &c., can be preserved indefinitely, without any change what-
ever, when exposed to the ordinary air, but air deprived of those particles of dust
which it always carries about, and which are deposited on the surface of all the objects

of nature. The contradiction that this proposition has raised will soon be overcome
by a simple experiment which I have often shown before the Academy, and which
consists in shutting up the liquids in vessels, having an opening placed at the end of

a winding-tube, but so far removed from the liquid contained in the vessels that the
particles of dust held in suspension in the air cannot come in contact with the
liquid.

' That settled, let us prepare a series of vessels where the wort of beer may be per-

fectly preserved for weeks, months, or years ; then, by a very simple process, which is

the employment of a second tube like that of which I have spoken, let us introduce
separately in each of these a drop from all the beers of commerce. As the clearest

beer always contains some globules of yeast in suspension, the alcoholic fermentation
will be established, and the wort of beer contained in each of them will in a few days
undergo some transformation. Or, if the experiment be carried on in a stove at

summer heat, and allowed to remain some weeks, the globules of ordinary alcoholic

yeast will soon be associated, in numbers more or less considerable, with the sick fer-
mentation of which I have before spoken. The germs of this fermentation exist in

all the beers of commerce. This interpretation of facts is confirmed by the following
results :

—

Vol. n. A A
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• If a beer deprived of all the germs of disease is prepared, and wort that lias not
undergone any change is then added, a beer is obtained, in all cases, that -will be per-
fectly healthy and free from any living organisms excepting those which constitute tho
globules of the alcoholic yeast. This experiment proves the correlation that exists

between tho changes in beer and microscopical organisms.
' From my studies on wine I have deduced that wine is not a liquid that clianges

of itself ; the same thing is true of beer. The causes of the changes come from with-
out. The only modifications that are spontaneous are the changes of a chemical order,

sometimes from contact with oxygen, or from the effects of growing old, and a rejiction

taking place between the constituent elements.
• These changes in the nature of a liquid have nothing to do with disease. "When

any change takes place in beer, such as becoming thin, putrid, sour, strange organisms
are developed in it, and these organisms would not be there unless the germs had
existed originally in the liquid mass. Beer might be carried into tho hottest eountries

if these germs of disease did not exist in it.

' Nothing can better demonstrate that the changes in the wort of beer are due to

microscopical organisms, than the fact that if this wort has been previously boiled, or

any other means used to destroy the germs of vitality, no change whatever takes place

when the wort is brought into contact with the air.

' Concerning tho yeast of beer, the facts do not present themselves with such sim-
plicity as when dealing with the wort or the beer. The latter are dead substances

;

the yeast, on the contrary, is living. Very skilful botanists, amongst whom are M.
Turpin, M. Hoffmann, and M. Trecid, have arrived at the conclusion from their own
observations, that the yeast of beer gives birth to different mildews, amongst others

the Penicillium glaucum.
• It is well known that the yeast of beer is liable to great changes, and these changes

are always accompanied by the development of microscopical organisms. From whence
do these organic productions come ? Are they a modification of the cellules of the

yeast in the conditions of the new life, or do the organisms find their origin in the

dust from the objects -with which the yeast has been in contact?
• I prepared some yeast deprived of all germs foreign to its own nature, and I can

therefore give an account of the changes it underwent when brought in contact with the

pure air. In this condition the yeast appeared perfectly inert, like a mineral sub-

stance, giving rise to no fermentation whatever ; it did not even give birth to tho

Mycoderma vini, which is so like the yeast in its structure, its form, and mode of

development.
• If one understands the preceding principles, it is easy to see that beer, which is no

longer exposed to changes, may be made at any temperature.
' We must consider, first, that the beer is forced to come to a state of ebiUli-

tion when it is still in the form of extract of malt with hops ; during this process

all the germs of disease are . destroyed. The hot wort is enclosed in a vat, and
then cooled either by contact with the air or by a current of water. The germs can be

easily kept out during the process of cooling, by allowing carbonic acid gas to enter

one of the tubes, while the other tube allows the excess of gas to escape. It mxist

then be put to the operation of fermentation, as much as possible sheltered from the

common air, and using a yeast that is perfectly pure. Where is this pure yeast to bo

found ?

' I have observed that even in the best breweries the yeasts are always impure,

because this impurity is due to the processes now in use. The emplojonent of impure

yeast renders the making of beer in closed vessels impossible, and even exaggerates

the defects of the present process, if closed vessels are employed.
' The physiological difference between yeast and the sick fermentation is worthy of

attention. While the yeast of beer lives and multiplies in contact with the air more

rapidly than in the presence of carbonic acid gas, the germs of disease, on the contrary,

are cramped in their life by the presence of oxygen gas. The result is, when the

operations are carried on, sheltered from the air, the accessory fermentations develop

\vith facility, while the alcoholic fermentation is slackened, because the yeast of beer

cannot spread in conUict with the oxygen—a new source of activity. All the attempts

to make beer in closed vessels have failed up to tho present time. But these effects

arise from the impurity of the yeast commonly used by brewers. For if the ycJist

does not contain germs foreign to its nature, they can neither appear spontaneously nor

by a transformation in the yeast. Such are the principal motives for tho employment

of a pure yeast, especially in my process. Several methods can be employed for tho

production of pure yeast, but it would take too long to explain tho means I have

adopted ; it will suffice to say that tlio difference of the action of tho oxygon of the

air on the yeast and on the sick ferment;ition should be profitetl })y.

' I put then into tho wort pure yeast ; the fermentation takes place, and being effected,
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sheltered from the air, or in the presence of limited quantities of pure air, it does not

give alien fermentations, because the yeast of beer only was sown ; and whatever is

advanced on the subject of possible transformation of yeast into Mycoderma aceti, com-

mon mildews, &c., or vice versd, is erroneous. L<istly, when the beer is finished, it can

be treated in the ordinary manner, without any fear of the contact with the air pro-

ducing any serious inconveniences, becaxiso the beer finished or on the point of being

finished, does not oflfer favourable conditions for receiving the germs of disease ; at

least, those which do not want the oxygen of the air to live and multiply. As to the

others, M'hich are the Mycoderma aceti and the Mycoderma vini, simple precautions

enable them to be easily avoided.
' Beer made under the conditions I have shown, and placed according to custom

in casks recently tarred, or put in bottles, may be presers'ed for an indefinite time,

even in a stove of from 20° to 25° C. Far from suffering any change by time, it

appears rather to become softened by the effect of old age, in the same manner as

wines which can be preserved without deteriorating. One can now understand the

possibility of suppressing the use of ice during and after the fermentation, since the

now process is applicable in all temperatures. The temperature of the cellars where

the beer is preserved should be not lower than 10° to 12° C. ; a temperature that can

be obtained, even in summer, in temperate climates, by having the cellars a moderate

depth.'

r&RMSXa-TATZOlO- PAITART. See Bread.
FSRRZC ACID. (FeO'.) This compound having been prescribed as a source

of supplying oxygen to persons confined in diving-bells and in mines, by M. Payerne,

claims notice in a practical work. M. Fremy is the discoverer of this acid, which

he obtains in the state of ferrate of potash, by projecting 10 parts of dry nitre in

powder upon 5 parts of iron filings, ignited in a crucible ; when a reddish mass,

containing much ferrate of potash, is formed. The preparation succeeds best when
a large crucible, capable of holding about a pint of water, is heated so strongly that

the bottom and a couple of inches above it, appear faintly, but distinctly red, in

which state the heat is still adequate to effect due defiagration without decomposition.

An intimate mixture of about 200 grains of dried nitre with about one-half its weight

of the finest iron filings, is to be thrown at once upon the side of the crucible. The
mixture will soon swell and deflagrate. The crucible being taken from the fire, and
the ignited mass being cooled, is to be taken out with an iron spoon, pounded, and
immediately put into a bottle, and excluded from the air, from which it would speedily

attract moisture, and be decomposed. It is resolved by the action of water, especially

with heat, into oxygen gas, peroxide, and nitrate of iron. This acid has not been

obtained in a free state ; it appears indeed to be scarcely capable of existing alone,

decomposing, as soon as liberated, into oxygen and ferric oxide.

—

Graham.
Mr. J. D. Smith prepares the ferrate of potash by exposing to a full red heat a mix-

ture of finely-powdered peroxide of iron with four times its weight of dry nitre. It

has an amethyst hue, but so deep as to appear black, except at the edges. Oxygen is

rapidly evolved by the action of sulphuric or nitric acid upon its somtion. Ho
considers the atom of iron to exist in this compound associated with 3 atoms of

oxygen, or double the proportion of that in the red oxide. Henca 62 grains of pure

ferric acid should give off 12 grains of oxygen, equal to about 35 cubic inches ; but

how much of the ferrate of potash may be requisite to produce a like quantity of oxygen
cannot be stated, from the uncertainty of the operation by which it is produced.

FSRHZCAIiCZTE. a term sometimes applied to those limestones which con-

tain a large percentage of oxide of iron. The iron ore—'Ked ore,' of the Churnet
Valley, North Staffordshire—may be regarded as a striking example.
FERRIC SAZiTS. Salts of ferric oxide, or peroxide of iron. Thus the sulphate

of sesquioxide of iron may be called ferric sulphate.

FERROCTAXrZDES. The compounds of the radical ferrocyanogen. The latter

radical is bibasic ; when, therefore, it combines -vnth hydrogen to form ferrocyanic

acid, it takes up two atoms. These two atoms of hydrogen can be replaced by metals
as in ferrocyanide of potassium or prussiate of potash, as it is commonly called. See
Prussia-te of Potash. Ferrocyanogen consists of C^N'Fe, which may also be written
Cy^Fe, or, for brevity's sake, Cfy.
The modes of preparing the ferrocyanides differ, according as the resulting sub-

stance is soluble or insoluble in water. The soluble salts, such as those with alkalis,

are prepared either by neutralising hydroferrocyanic acid with the proper metallic
oxide, or by boiling prussian blue with the oxide, the metal of which it is intended to
combine with the ferrocyangen. Other methods may also be adopted in special cases.

The processes for preparing the ferrocyanides of the alkali-metals on the large scale

will be described in the article Prussiate of Potash.
NVhen the ferrocyanide is insoluble in water, it may be prepared by precipitating

A A 2
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a salt of the metal with ferrocyauide of potassium. Thus, in the preparation of the

reddish or purple ferrocyanide of copper,

2(CuO,SO») + K^Cfy= Cu^Cfy + 2(K0,S0«).

The above equation written in full becomes :

—

2(CuO,SO«) + K^CN'Fe = Cu2C«N»Fe + 2(K0,S0').

2(cuSO<) + x^C^x^Fe = 2(a:^so^; + Cu'c^iroFe.

Ferrocyanide of potassium is much used as a test for various metals, in consequence

of the characteristic coloujs of the precipitates formed with many of them. The prin-

cipal ferrocyanides, with their colours and modes of preparation, will be found in the

follo^ving list :

—

Ferrocyanide of aluminium.—An instable compound formed by digesting hydrate of

alumina with ferroprussic acid.

Ferrocyanides of antimony and arsenic.—Neither of these salts is known in a sttite

of purity.

Ferrocyanide of barium.—This salt may bo prepared by boiling prussian blue in

slight excess with baryta-water, and evaporating to crystallisation.

Ferrocyanide of bismuth.—When a solution of ferrocyanide of potassium is added

to a solution of a salt of bismuth, a yellow precipitate is obtained. It becomes of a

greenish tint on keeping for some time.

Ferrocyanide ofcadmium may be obtained as a white precipitate on adding a solution

of ferrocyanide of potassium to a soluble salt of cadmium.
Ferrocyanide of calcium maybe prepared in the same manner as that of barium,

but, owing to the sparing solubility of lime in water, we must substitute cream of

lime for baryta-water.

Ferrocyanide of cerium is a white salt only slightly soluble in water. Its properties

are very imperfectly known.
Ferrocyanide of chromium.—The protochloride of chromium gives a yellow pre-

cipitate with ferrocyanide of potassium.

Ferrocyanide of cobalt.—Salts of cobalt give a pale blue precipitate with ferrocyanide

of potassium. It appears to decompose on keeping, as its colour becomes altered.

Ferrocyanide of copper.—When ferrocyanide of potassium is added to a solution of

subchloride of copper, a white precipitate appears, which, on exposure, becomes con-

verted into a purplish red substance, apparently identical with the ordinary ferro-

cyanide of copper which falls down on the admixture of salts of the protoxide of

copper with solutions of ferrocyanide of potassium.

Ferrocyanide ofglucinum may be obtained, according to Berzelius, under the form

of an amorphous varnish, by decomposing ferrocyanide of lead with a solution of sub-

sulphate of glucina.

Ferrocyanide of hydrogen constitutes ferroprussic acid.

Ferrocyanide of iron, or prussian blue.—This salt exists in several conditions, ac-

cording to the mode of preparation. The ordinary salt is formed by adding a solution

of ferrocyanide of potassium to a solution of a persalt of iron.

Ferrocyanide of lead is procured as a white precipitate by adding a solution of

ferrocyanide of potassium to a salt of lead.

Ferrocyanide of magnesium is probably best prepared by neutralising ferroprussic

acid with magnesia or its carbonate. It forms a pale yellow salt.

Ferrocyanide of manganese may be obtained as a white precipitate, on adding ferro-

cyanide of potassium to a solution of pure protochloride or protosulphate of man-
ganese.

Ferrocyanide of mercury.—This compound cannot be obtained in a state of purity

by precipitation. It has not been sufficiently examined.

Ferrocyanides of molybdenum.—Molybdinous salts give, with ferrocyanide of po-

tassium, a dark brown precipitate, soluble in excess of the precipitant.

Ferrocyanide of nickel is obtained under the form of a pale apple-green precipitate,

on addition of prussiate of potash to a salt of nickel.

Ferrocyanide of silver.—Ferrocyanide of potassium gives a white precipitate with

silver salts.

Ferrocyanide of sodium may be formed by the action of caustic soda on prussian

blue.

Ferrocyanide of strontium can be prociired precisely in the same manner as tto

corresponding barium salt.

Ferrocyanuie of tantalum has probably never been obtained pure. Wollaston found
that tantalic acid (dissolved in binoxalate of potash) gave a yellow precipitate with
prussiate of potash*
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Ferrocijanide of thorhm.—A. white precipitate i8 produced by the action of solution

of prussiate of potasli ou salts of thorium.

Ferrocyanide of tin.—Pure salts of tin, whether of the per- or prot-oxide, give

white precipitates with ferrocyanide of potassium,

Ferrocyanides of iitaniu7n.—Solutions of titanates give a golden brown precipitate

when treated with solution of ferrocyanide of potassium.

Ferrocyanides of uranium.—The protochloride gives a pale, and the perchlorido a

dark reddish brown precipitate with ferrocyanide of potassium.

Ferrocyanide of vanadium.—Salts of vanadic oxide give pale yellow, and of vanadic

acid rich green precipitates with prussiate of potash.

Ferrocyanide of zinc cannot be prepared by precipitation. It may be obtained in

the form of a white powder by the action of oxide or carbonate of zinc on ferro-

prussic acid.— C.G.W. See Watts's ' Dictionary of Chemistry.'

FERROCyAZrOGEUr, a compound radical, in which the metallic iron is an im-

portant constituent. See previous article, and Watts's ' Dictionary of Chemistry.'

FERROTTS SAILTS. Salts of ferrous oxide or protoxide of iron. Thus green

vitriol may be called ferrous sulphate, instead of sulphate of protoxide of iron. In
like manner ferrous chloride is synonymous with protochloride of iron.

FERRVGIxrous QVARTZ. A quartz stained by iron, an intermediate state

between quartz and jasper. See Jaspee.

FETT-STEZXT, Ger. {Fat Stone.) A variety of Nepheline, one of the Scapolite

family, so called froni its resinous lustre.

FEVERFEW. The popular name of the Pyrethrum Parthenium, much used

amongst the peasantry as a remedy for fevers. It contains some tannic acid, and
has been employed in Germany in tanning and currying leather. The Pyrethrum

officinale is the Pelletory of Spain. See Pyrethbtjm.

FIBRES, or FZBROVS BOBZES. Prom time to time nimierous grasses, fibrous

barks, and other substances of a similar character, have been introduced into com-
merce ; a few of these only have been found available for manufacture. It is, however,

deemed of interest to describe briefly some of these. Some of the more important
vegetable fibres wiU be fully noticed luider their respective heads. (See Coie ; Es-
PAETo; FiAx; Hemp; Phoemtom, &c.)

China Crrass.—Thisfibre is obtained fromUrtica {Bcehmeria) nivea^ which grows abun-
dantly in China, and in various parts of our Indian empire. The samples which have
been imported are principally obtained from Canton and Hong-Kong. In 1849, Messrs.
Wright and Co. obtained a patent for the preparation of this fibre. Their process

consisted essentially^ of boiling the stems in an alkaline solution, after they had been
previously steeped for 24 hours in cold water, and for 24 hours in water at 90° Fahr.
The fibre is then thoroughly washed with pure water, and finally subjected to the
action of a current of high-pressure steam till nearly dry.

Callooee Hemp or Bhea.—This fibre is usually confounded with China grass ; but
there is little doubt they are obtained from two diflferent kinds of urtica ; the China
grass from the Urtica nivea of Willdenhow ; the Callooee Hemp, Kalmoi, or Bami, of
Sumatra, and the Ehea, from the Urtica tenadssima of Eoxburgh. The plant pro-

ducing the Callooee hemp was introduced from Bencoolen to Calcutta in 1803, whore,
under the care of Dr. Eoxburgh, it was for many years cultivated in the Botanic
Gardens. In 1814, a quantity of the Callooee hemp was imported into England, and
properly tested ; its-practical value was thought so highly of, that the Society of Arts
awarded a silver medal to Capt. James Cotton, of the East India Company, who in-

troduced it. ' The chief obstacle which interfered, however, with its use, was the
difficulty which was found to exist in the preparation of the fibre from the stems of

the plants ; none of the processes usually adopted with flax or hemp were found to

be at all suitable to them ; and the rude, wasteful, and imperfect means employed by
the natives in preparing the fibre for the manufacture of twine, thread, and fishing

nets, by the mere process of. scraping, were wholly inapplicable on a large scale,

and gave besides only a very inferior result. When macerated or retted in water, it

was found that the fibre itself was more easily destroyed than the glutinous matter of
the stem. During the last forty years, various attempts have been made to devise a
good and cheap process for preparing this fibre, but hitherto without much success

;

and consequently, till quite recently, the cost of the fibre was such as to preclude its

being brought into the market .as a substitute for flax. But recent investigations have
shown that the Urtica ten.acissi'ma and. the U. heterophylla maybe obtained in almost im-
limited quantities in various, parts of India ; and a process which has been lately

patented appears, to a very great extent, to have removed the practical difficulties

which previously stood in the way of its employment by manufacturers ; so that in a
few years it is probable that the Callooee hemp will constitute an important addition
to the fibrous materials employed in the arts.'

—

Jurors' Be^ort, Great Exhibition, 1861.
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Neilgherry Nettle ( Urtica Jicteiophi/lla).—This nettle appwirs to be nniarkable l>c-

yond all otliers for its stinging properties. It is abundant in Mysore, ilourisiiing in

Alpine jungles. The Todawars prepare the fibre of this plant by Ijoiling the stems in

water, after whieli they readily separate it from the woody parts and then spin it into

a coarse but very strong fibre. The Malays simply steep the stems in water for ten

or twelve days, after which they are so much softened that the outer fibrous portion

is easily peeled off.

Yerciim Nar.—This is the native name of the fibres of the Calotropia (Asclepias)

piganica, a plant which grows wild, abundantly, in various parts of the Bengal and
Madras Presidencies, and is used by the natives in the manufacture of cord called

Lamh-dore, or Tondec Coir.

Aloe fibre, or Nar, the produce of the Agave vivipara, and other allied species.

This is often called the tiilk grass fibre.

Pine-apple fibre, sometimes called Ananas flax. This has been prepared in Java
and at Travaucoro. Many fine specimens have been brought to this country.

Plantain fibre.—In the Government establishments of Ceylon this is extenf«ivoly

employed. Canvas and ropes are made of it. It is obtained from the Musa textilis.

It is calculated that 8 cwt. per acre of this excellent fibre might be obtained.

Mahant bark.—Employed at St. Vincent's in the manufactiire of fishing nets,

common cord, and coarse lines for fishing.

Iscxi) Orleans 7ncss (
Tillandsia usncoides), a substitute for horse-hair as a stuffing

material for upholsterers. Sometimes the fibrous husk of the Indian corn is used
for the same purpose, but it is more brittle than the moss.

Palm-tree fibre. These fibres are obtained from many varieties of the palm.
Grass fibre.—^]\Iany of the grasses are now being used in the manufacture of paper,

and for other purposes.

The following tables by Dr. Eoxburgh and Dr. Wright, afford much information

as to the relative strengths of different kinds of fibrous substances. The first table

gives experiments made by Dr. Roxburgh in 1804 ; some of the fibres were, however,
probably imperfectly prepared :

—

Common Name Botanical Name Breaking Weight
j

1. Hemp (English)

2. Murga (Sanseviera) .

3. Aloe

4. Ejoo
0. Donsha ....
6. Coir

7. Hemp (Indian) .

8. Woollet comal .

9. ? . . . .

10. Sunn
11. Bunghi paat

12. Ghu nala paat .

13. ? . . . .

14. Flax (Indian) .

Cannabis saliva

Alectris nervosa

Agave Americana! .

Saguerus Bumphii .

jEschgnomone cannabina
Cocos nucifera

.

Cannabis saliva

Abroma Augusta
Banhinia

.

Crotolariajuncea
Corchorus olitorius .

„ capsidaris

Hibiscus manikot
Linum usitatissimum

lbs.

105
120
110
96
88

87
74
74
69
68
68

67
61

89

In 1808, Dr. Eoxburgh made another series of experiments

table gives the result :

—

, of which the following

Common Name Botanical Name BreakiDg Weight

1. Bowstring hemp
2. Callooee hemp .

3. ? . . . .

4. Sunn
5. Hemp (Indian) .

6. Donsha ....
7. ? . . . .

8. Musta paat

9. Bunghi paat

10. Plantain ....

Asclepias Sp. .

Urtica tcnacissima .

Corchorus capsularis

CrotolariaJuncea
Cannabis saliva

JEschynomoiie cannabina
Hibiscus strictus

„ cannabinus
Corchorus olitorius .

Musa

Ibe.

248
240
164
160

168
138
128
116
113

79

Experiments were made some years Jigo by Dr. Wright on several well-known vege-
table fibres when made into ropes. The following were the results :

—
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Common Kame Botanicjvl Name Breaking Weight

1. Yercura nar CalMropis giganica .

lbs.

552

2. Janapiim .... Crotolariajuncca 407
3. Cutthalav iiar . Agave Americana 362
4. Cotton .... Gossgpium herbaceum 346
5. Maroot .... Sanscvicra zcylanica . . . 316

6. Pooley mungu . Hibiscus cannabinus 290

7. Coir Cocos nucifera.... 224

The defect of all these fibres is, as it regards their use in weaving, that they break

the knot, and in all weaving processes the fibres require frequent joining.

FZSRZi, VEGETiLBldZi, called also Lignixe {Ligneux, Fr. ; PflanzenfaserstojfT,

Ger.), is the most abundant and general ingredient of plants, existing in all their

parts, the root, the leaves, the stem, the flowers, and the fruit ; amounting in the com-

pact wood to 97 or 98 per cent. It is obtained in a pure state by treating sawdust

successively with hot alcohol, water, dilute muriatic acid, and weak potash-lye, which

dissolve, first, the resinous ; second, the extractive and saline matters ; third, the car-

bonate and phosphate of lime ; and, lastly, any residuary substances. Ligneous

fibres, such as sawdust, powdered barks, straw, hemp, flax, linen, and cotton cloth,

are convertible by the action of strong sulphuric acid into a gummy substance

analogous to dextrine, and a sugar resembling that of the grape.

Much attention has of late years been directed to the conversion of vegetable fibre

into paper. See Paper.
' Becognition of vegetable and animal fibres in spun and woven tissues.—Kopp has

lately examined the chemical behaviour of animal and vegetable fibres with a view to

their detection in mixed £ibrics. Cellulose (vegetable tissue of whatsoever origin) re-

sists boiling aqueous solutions of an alkali, but is readily attacked by sulphuric, nitric,

and hydrochloric acids. Cotton can be soaked without material injury in cold water

containing 5 to 10 per cent, of acid; but. if heated, the cotton is disintegrated, and
rapidly converted into gum and sugar. Fuming nitric acid and mixtures of concen-

trated sulphuric and nitric acids do not dissolve cellulose, but convert it into gun-

cotton. Ammonia has no action on cotton and hemp at any temperature. The cuprate

of ammonia, an ammoniacal solution of copper, sometimes spoken of as ' Schweitzer's

test.' dissolves cotton, hemp, and flax. Vegetable fibre has but little affinity for

artificial colours. If steeped in their solutions, it takes merely a stain, which is easily

removed by soap. Cellulose is not easily destroyed by chlorine or the hj^cWorites.

If burnt, it yields no particular smell. Wool, on the other hand, resists acids, even

when strong and hot, but is dissolved by alkalis. As it contains sulphur, sulphide of

sodium is found on steeping it in soda, which gives a black precipitate with tlie acetate

of lead. Nitric acid turns it yellow. The effect of chlorine and the hypochlorites is

very similar. Schweitzer's test has no action in the cold, but dissolves it when hot.

If burnt, it gives off the well-known smell of bxirnt horn. The affinity for artificial

colours is very great, even without the aid of mordants. Silk, if burnt, smells like

wool. It is attacked by strong and hot acids more readily than wool. Nitric acid

turns it yellow. Dilute acids have little immediate action. Alkalis dissolve it ; but,

as no sulphur is present, there is no formation of a sulphide, and the acetate of lead

does not yield a black precipitate. Dilute alkalis affect it, but without solution.

Ammonia has no action. In Schweitzer's test it dissolves like cotton. Its affinity

for coloiirs is like that of wool. To detect cotton, hemp, flax, and jute in mixture

with wool and silk, boil the sample in an aqueous solution of soda containing 10 per

cent, of hydrate of soda. Wool and silk dissolve, while the vegetable fibres remain

unacted upon. The whole is thrown upon a cotton filter, and the undissolved matter

is then washed with hot water, and afterwards with water acidulated with 5 per cent,

of hydrochloric acid, to which, if the residue is black or dark-coloured, a few drops of

chlorine-water are added. Meantime, the original alkaline filtrate can be tested for

wool with the acetate of lead. If a white precipitate is formed, which dissolves on

stirring, silk alone is present. A black precipitiite indicates wool. The nitro-peroxido

of sodium gives a ^'iolet colour if wool be present. If the tissue is deeply coloured

it may be cut up and steeped for fifteen to twenty minutes in a mixture of two
measures of concentrated sulphuric and one of fuming nitric acid. Wool, silk, and
colouring matters are destroyed, while the cellulose is converted into gun-cotton.

White and pale mixed tissues may be tested by their affinity for colours. Cleanse

and rinse thoroughly in water to remove starch and similar dressings ; boil for ten

minutes in water containing 2 per cent, carbonate of soda and a little soap ; then rinse
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in hot water ; steep .live to ten minutes in water at 50° to 60° C, containing 2 per
cent, sulphuric acid, and wash again. In the meantime prepare the colour-bath by
dissolving a few decigrammes of magenta in 28 to 30 cubic centimeters of water ; heat
to boiling, and during ebullition add to it, drop by drop, caustic soda till a pale rose
colour only remains, in the liquid ; take oflfthe fire, and put in the sample ; after some
minutes take out to dry. Silk and wool are dyed while the vegetable fibres remain
colourless. Wool may be detected in silk by the presence of sulphur : if it is immersed
for a short time in plumbato of soda, the silk will bo colourless and the wool black.

Or a piece of the tissue, two centimeters square, may be boiled in 10 to 12 cubic centi-

meters of Schweitzer's test : in five to ton minutes the silk will be dissolved. If the
silk is black add double the volume of Schweitzer's test, and soak ten to twelve
minutes ; after taking out the undissolved wool the liquid, quickly neutralised with
nitric acid, gives no precipitate if silk is only present, but cellulose is precipitated.*

FIBRXia*. Recent researches have shown that the substance known as animal
fibrin is formed by the union of two distinct albuminous principles, termed, by A.
Schmidt, the fibroplastic and fibrinogenous substances. Fibrin may be obtained in a
pure state by agitating or beating new-drawn blood with a bundle of twigs, when it

will attach itself to them in long reddish filaments, which may be deprived of colour

by working them with the hands under a streamlet of cold water, and afterwards freed

from any adhering grease by digestion in alcohol or ether.

Fibrin, thus obtained, is solid, white, flexible, slightly elastic, insipid, inodorous,

denser than water, but containing fths of its weight of it, and without action on
litmus. When dried, it becomes semi-transparent, yellowish, stiff, and brittle : water
restores its softness and flexibility. 100 parts of fibrin consist of 63-36 carbon, 19*68

oxygen, 7*02 hydrogen, and 19-31 nitrogen. As the basis of flesh, it is a very nu-
tritious substance, and is essential to the sustenance of carnivorous animals.

FiBEiN, Vegetable. A nitrogenous substance very similar to animal fibrin. It

occurs in the gluten prepared from wheaten flour, and in most kinds of grain.

FXBROXiXTE. A silicate of alumina occurring in fibrous or columnar forms,

associated with corundum, in the Carnatic. Many of the pre-historic stone celts found

in Switzerland, France, and the Channel Islands, are said to be wrought in fib-

rolite.

FIBROUS RESZDUXiS. New Trocessfor separating the AniTnalfrom the Vegetable

Ingredients.—^Mr. F. 0. Ward was an exhibitor in 1862 of this process, which
received the high approval oi the jury of Class II., to whose attention it was espe-

cially directed. Mr. Ward has been associated with Captain Wynants in carrying

out this interesting and useful discovery. These gentlemen placed in the hands of

Dr. Hofmann a concise description of their process, which we give in Mr. Ward's
words :

—

' There is a class of rags of intermediate character, neither wholly composed of

vegetal matter, nor exclusively of animal origin. I allude to the residue of fabrics

containing both these classes of materials interwoven.
* Such are the rags of so-called union fabrics, wool and cotton ; of the silk and

alpacas woven with a cotton warp ; and of the numerous varieties of stuffs, merinos,

&c., which are more and more extensively manufactured every year. Such also are

the rags known technically as " seams ;
" being the clippings which fall from woollen

rags under the scissors of the sorters, Who prepare them for the machine by which
they are torn into " rag-wool." These pieces are cut offand withhold from the tearing

machine, precisely becaxise they have a sewing thread running along them, or por-

tions of cotton lining adherent, or other vegetal admixture. In rags of this class,

each of the materials present interferes with the use, and diminishes the value, of the

other. The paper-maker cannot advantageously work off the cotton because of the

wool, which would sprinkle his sheets with coloured specks. The rag-wool manu-
facturer, on the other hand, cannot advantageously convert the wool to liis purpose

because of the cotton, which would show amidst the wool when dyed, as filaments of

paler hue.
' To meet this difficulty two plans have been of late years proposed, viz., the dis-

integration of the cotton by means of dilute acid, in order to the separate recovery of

the wool ; and the dissolution of the wool by means of caustic alkali, in order to the

separate recovery of the cotton.

' Both these plans, it will be observed, involve the sacrifice of one material for the

recovery of the other ; for its recovery in the case of the wool, much impaired in

strength by acidulation : in the case of the cotton at a considerable expenditure of

the alkaline solvent.

•The process now under review was devised in the year 1857, with special refer-

ence to this class of mixed rags ; as also to the unsortable residuum which remains

under the name of •' land rags," after the sorting of a heap has been pushed as far as
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economically ^wsBible. The object kept in view was to turn to account not one only,

but both the classes, animal and vegetable, of intermingled ingredients ; and this

result is accomplished by the new method without the aid of the acid or alkaline

disintegrants heretofore employed; without, in fact, any chemical agency stronger

or more costly than that of water, applied in the form of a high-pressxire steam

atmosphere. This process is so extremely simple that its nature, and the mode of

practising it, can be explained in half a dozen sentences.

' The mixed rags, or other analogous mixed residue, are introduced into an ordinary

autoclave digester, and there kept for about three hours (more or less) surrounded

with an atmosphere of steam heated to a pressure of from three to five atmospheres.

The exact pressure and temperature requisite vary with the materials under treatment

;

wool requiring a higher temperature than leather, for example, and silk than wool.

The materials condense a proportion of the steam and absorb its heat. The joint

action of the moisture and heat is to convert the animal matter into a friable sub-

stance, which, however, still retains its original form and aspect. Thus the wool of

mixed rags retains after digestion the same fibrous appparance that it had before,

though it crumbles to powder when handled. It will be understood that ordinary

crushing and beating machinery readily reduces this brittle coal-like product to

dust, and detaches it from the interwoven vegetable matter, which preserves its

fibrosity unimpaired. The beater is provided with a sieve, which retains the vege-

table fibre, but suifers the animal dust to fall through. Ultimately the vegetable

fibre is projected from the machine as a paper-material ready for use ; the animal

dust, meanwhile, being propelled by an Archimedian screw, and raised by a

Jacob's-ladder till it reaches the mouths of the sacks successively placed for its

reception.
' In the details of this process, and in the fuel- and labour-saving arrangements for

drying the rags and handling them in their passage through the several departments

of the factory, there are peculiarities not bearing on the broad principles of the plan,

though essential to its successful prosecution. Special precautions of this kind, as

they are learned, point by point, by costlj^ manufacturing experience, cannot, with

propriety, be divulged ; nor, indeed, would they ifiiterest any reader not specially

charged with the conduct of the operation. I "pass on, therefore, to a brief con-

sideration of the products.
' The fibrous product, or paper-material, presents but few peculiarities for notice.

It consists principally of cotton, but usually contains also a percentage of flax and
hemp, which increase its tenacity and value. The fibre is, for the most part, set free

in the form of long parallel threads, tJie warp of the fabrics treated; but it also pre-

sents many shreds of an ordinary rag—portions, doubtless, of the calico with which the

stuffs were lined. As the cotton warps of union fabrics are usually dyed in fast colours,

often black, and as they are apt to retain a small percentage of the altered wool-dust, they

require to be boiled under somewhat higher pressure than ordinary coloured rags

;

with which, in other respects, they are pretty much on a par as paper-material. Until

the right pressure for boiling them had been ascertained, it was found dif&cult to

bleach them to perfect whiteness ; and some early failures, thus occasioned, rendered

the material unpopular among paper-makers. Nevertheless, when properly ma-
nipulated, this material produces excellent white paper, as the samples exhibited

show.
' The animal product, being an entirely novel article, requires particular attention.

It issues from the beating machine as a dark-coloured powder, intermingled with
small lumps of the same substance, which lumps are sifted out and crushed. This
powder, as practically produced, with the dust and gric of the rags in it, contains, on
an average, nearly 12 per cent, of nitrogen; a proportion corresponding to 14-5 per
cent, of ammonia. The nitrogen exists to a small extent as ready-formed ammonia
held in combination with brown acids—ulmic and humic—developed during the pro-

cess. The bulk of the nitrogen, however, is present, not in the form of ammonia,
but as a constituent of the wool-product itself. This organic compound is partially

soluble, and more so as more moisture is supplied to the rags during their digestion.

As ordinarily produced, it is a manure of highly ammoniferous power, the whole of

its nitrogen being liberated as ammonia, under the influences with which it meets in

the soil. The rate of this development holds a happy medium between that of ordinary

woollen rags, which are reckoned too "slow" a manure, and that of guano, wliich is

often as much too " sudden." The farmer desires an equable as well as a copious

development of ammoniacal plant-food, whereof abrupt and superabundant supplies

are apt, as he expresses it, to " burn" the roots ; which have, moreover, subsequently

to endure privation of the very food thus worse than wasted.
• The new manure may, I think, be regarded as being for plants what modcrately-

cooked food is for animals ; the artificial preparation being, in both cases, carried
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just far enougli to Ioavo Naturo her .appropriuto share of tho work. As, howovor,
wool, leather, liair. silk, and the like, are not rich in phosphatic salts, an admixture
of these, whether in tho form of bone-ash, bone, or coprolitic superphosphate, Kouria
Mouria guano, or the like, improves the manure

;
producing, in fact, a fertilising

compost, which for general use loaves nothing to bo desired. Of course, for soils

specially deficient in any particuhvr ingredient, and for crops reqiiiring a more than
average supply of some one element, special additions are made to tho manure

;

which become thus turnip manure, cereal manure, bean manure, &c., as desired.
• Another property may also be mentioned here, as giving to this manure, in one

particular, a considerable advantage over guano. It is that whereas guano is liable,

while in store, to undergo spontiineous decomposition, whence arises tlio loss of much
volatile alkali, the new wool-product, on tho contrary, manifests no such tendency,

but remains perfectly stable at all ordinary temperatures and in all states of the

weather, an advantage which it doubtless owes to the high temperature at which it

is made. This manure may, therefore, be warehoused for any length of time, and
during any climatic vicissitudes to which it may be exposed cither at homo or in

tropical regions.
' This product is distinguished in commerce as " Ulmate of Ammonia," a name

which, though not perhaps strictly coi*rect, serves to indicate two of its most notjvblo

constituents—acid and alkaline—in tlio combination which they really affect.

' Its analysis, by Professor Voelcker, of the Eoyal Agricultural College, Cirencester,

is subjoined :

—

3Ioisturo irn9
Organic matter' 73*89

Ammonia in state of ulmate 2 "05

Oxides of iron and alumina and phosphoric acid . . 2*52

Carbonate of lime 2*22

Alkalis and magnesia 1-26

Insoluble siliceous matter . . . • . , .6*47

100-00

• The relative proportion of the manurial and fibrous products resulting from the

working of this process varies, of course, with the nature of the materisils treated.

Some mixed debris are rich in vegetal, others in animal, fibre. Average mixed rags,

however, contain these ingredients in pretty equal proportions ; and in all cases tho

sum of the weights of the two products, fibrous and pulverulent, equals the weight of

the raw materials, so that the process involves no waste.

'The pecuniary profit of the operation is liable, of course, to vary from time to

time with the cost price of the raw material, and labour employed, and tlio selling

price of the products, as also with the varying activity of trade, and the intervals of

commercial depression. On this point it may suffice to observe that a process founded

on correct principles, and yielding, under skilful conduct, good chemical results, is

generally found to succeed also, on the average, as a commercial enterprise, if it Lo

soundly and vigorously administered. The new manufacture is carried on at lai*ge

works, built expressly for the purpose, on tho left bank of the Thames, at Grays,

Essex, where machinery, adequate to treat about 12 tons of rags per diem, lias been

fitted up. A largo paper-mill has also been erected on the opposite side of tho river,

at Dartford, to convert the fibrous product into paper. Tlio ulmate is for the most

pfirt sold to manure manufacturers, who use it as the nitrogenous ingredient of their

several fertilising composts. It is, therefore, employed by many farmers who are not

aware of the fact.

' With reference to the origination of this process, the separability of animal from

vegetal matters by tho peculiar means indicated above, first occurred to the exhibitor,

and was communicated by him to his friend Captiin Wynants during tho course of

experiments carried on by them jointly for the attainment of a diflferent end, viz. tho

tot'il reduction to manure of cerUvin forms of waste. Tho modified design thus

originated was worked out by both conjointly; and it is the wish of tho associates

that any credit which an indulgent appreciation may connect with its success should

be understood as attaching equally to both. Their highest ambition as to this pro-

cess will be satisfied should the means employed therein bo regarded as simple and

cheap, yet efficacious to their appointed end ; that end being tho recovery, from

• Containinp—
Nitrogen 10'24

Corresponding to ammonia 12-43

Total quantity of nitrogen 11 '93

Corresponding to ammonia 14*48

I
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mixed librous residua, under somowliat difficult conditions, of unquestionably useful

products.'

FZCHTEXiZTE. A resinous hydrocarbon occurring in fossil pine-wood from the

Fichtelgohirgo iu Bavaria.

FtCTZIiS MAlfXTFACTITRB. See Pottery, &c.

FXCUS. Tho fig. The species of this genus are of considerable number, and all

of them are inhabitants of warm countries. Most of the species yield a milky juice

containing caoutchouc. The Ficiis elastica is the India-rubber bearing tree ; the

Ficus indica, the banyan tree ; the Ficus religiosa, the pippul tree or sacred fig of India

;

the Fi<^s sycamoris, an Egyptian tree, probably the sycamore of the Bible ; and the

Ficus carica, the common fig. ,

FID. A tapered wooden pin used by seamen in splicing large ropes. It is also

tho name of an iron support passed through a hole in the heel of a mast.

FZBBIiZ: BIiOCK. A block shaped like a fiddle. It has two sheaves, one over

the other ; the lower one smaller than the upper.

FZBDIiE STRZITGS. The catgut cords stretched across a violin ; fastened at tho

ends and raised by the bridge. See Catgut.

FZDBXiE 'WOOB. A West-Indian timber tree, the Citharexylon melanocardium,

much used for mills, carriage-wheels, &c.

FZC-VTORT. The fig-wort family (Scrophulariacece) form a natiiral order of

dicotyledonous plants, the species belonging to which are herbs, abounding most in

temperate climates, but also found both in tropical and arctic regions. The leaves are

generally exstipulate, or the stipules are very small. The jmce of these plants pos-

sesses very varied properties. In some it is watery. In others, as Verbasciim, it is

mucilaginous. In the Veronica it is bitter, as it is also in Scrophiilaria and some

others. In the Pedicidarics and Gratiola it is astringent ; and in Digitalis it is highly

narcotic. The genus Scrophularia is the type, and contains numerous species, which

are principally natives of temperate climates, more especially in the Mediterranean

region.

The common fig-wort, S. nodosa, may be taken as the type : a common plant on
ditch-sides, woods, and moist places. Its root is swollen and knotty, and it was sup-

posed to resemble scrofulous tumours of the neck. As in former times it was pretty

generally believed that Nature thus pointed out the proper remedies for different

diseases, this plant was immediately supposed to possess great virtues in cases of

scrofula, and was largely used for that purpose externally. JBCence the name for the

plant, which was afterwards adopted for that of the genus. At the present day it is

said to be used on the Continent, in form of an infusion as a wash, in cases of itch. S.

cani7ia, a native of Ifcily, is used in like manner as a cure for tho mange in dogs. The
flowers of S. nodosa contain generally a quantity of honey, and are remarkably
attractive in consequence to wasps and bees. ' Flores vesparum dcliciae,' says

Linnaeus.

FZGITRE STOirS. A stone used by the Chinese for caning small figures.

Some of it is the mineral called agalmatolite, and some merely steatiic, or soap-

stone.

FZXiBERTS. The nuts of a variety of the Hazel, or Corylus Avdlana.
FZZiB {Lime, Fr.'; Feile, Ger.) is a well-known steel instrument, having teeth upon

the surface for cutting and abrading metal, ivory, wood, &c.
AVhen the teeth of these instruments are formed by a straight sharp-edged chisel,

extending across the surface, they are properly called files ; but when "by a sharp-
pointed tool, in the form of a triangular pyramid, they are termed rasps. The former
are used for all the metals, as well as ivory, bone, horn, and wood ; the latter for wood
and horn.

Files are divided into two varieties, from the form of their teeth. When the teeth

are a series of sharp edges, raised by the flat chisel, appearing like parallel furrows,
either at right angles to the length of the file, or in an oblique direction, they are
termed single cut. But when these teeth are crossed by a second series of similar

teeth, they are said to be double cut. The first are fitted for brass and copper, and
are found to answer better when the teeth run in an oblique direction. The latter

are suited for the harder metals, such as cast and wrought iron and steel. Such teeth
present sharp angles to the substance, which penetrate it, while single-cut files

would slip over the surface of these metals. The double cut file is less fit for filing

brass and copper, because its teeth would be very liable to become clogged with the
filings.

Files are also called by different names according to their various degrees of
fineness. Those of extreme roughness are called rough ; the next to this is the
bastard cut ; the third is the second cut ; the fourth, tho smooth ; and the finest

of all, the dead smooth. The very hea-vT" square files used for heavy smith-work
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are sometimes a little coarser than the rough ; they are known by the name of
rubbers.

Files are also distinguished from their shape, as flat, half-round, three-square, four-

square, and round. The first aro sometimes of uniform breadth and thickness
throughout, and sometimes tapering. The cross section is a parallelogram. The
half-round is generally tapering, one side being flat, and the other rounded. The
cross section is a segment of a circle varying a little for different purposes, but seldom
equal to a semicircle. The throe-square generally consists of throe equal sides, being
equilateral prisms, mostly tapering; those which are not tapering are used for

sharpening the teeth of saws. The four-square has four equal sides, the section
being a square. These files are generally thickest in the middle, as is the case with
the smith's rubber. In the round file the section is a circle, and the file generally
conical.

The heavier and coarser kinds of files are made from the inferior marks of blistered

steel. Those made from the Russian iron, known by the name of old sable, called

from its mark CCND, are excellent. The steel made from the best Swedish iron,

called Hoop L or Dannemora, makes the finest Lancashire files for watch and clock

makers.

The steel intended for files is more highly converted than for other purposes, to give

them proper hardness. It should, however, be recollected, that if the hardness be not
accompanied with a certain degree of tenacity, the teeth of the file break, and do but
little service.

Small files are usually made of cast steel, which would be used for all other kinds,

if it were not for its high price. It is much harder than the blistered steel, and from
having been in the fluid state, is entirely free from those seams and loose parts

which are common to blistered steel.

The smith's rubbers are generally forged in the common smith's forge, from the
converted bars, "which are, for convenience, made square in the iron before they
come into this country. The files of lesser size are made from bars or rods, drawn
down from the blistered bars, and the cast ingots, and known by the name of tilted

steel.

The file-maker's forge consists of large bellows, with coke as fuel. The anvil-block,

particularly at Sheffield, is one large mass of millstone grit. The anvil is of con-

siderable size, set into and wedged fast into the stone ; and has a projection at one
end, with a hole to contain a sharp-edged tool for cutting the files from the rods. It

also contains a deep groove for containing dies or bosses, for giving particular forms

to the files.

The flat and square files are formed entirely by the hammer. One man holds the

hot bar, and strikes with a small hammer. Another stands before the anvil with a

two-handed hammer. The latter is generally very heavy, with a broad face for the

large files. They both strike vriih. such truth as to make the surface smooth and
flat, without what is called hand-hammering. This arises from their great experience

in the same kind of work. The expedition arising from the same cause is not less

remarkable.

The half-round files are made in a boss fastened into the groove above mentioned.

The steel, being drawn out, is laid upon the rounded recess, and hammered till it fills

the die.

The three-sided files are formed similarly in a boss, the recess of which consists of

two sides, with the angle downwards. The steel is first drawn out square, and then

placed in a boss with an angle downwards, so that the hammer forms one side, and
the boss two. The round files are formed by a swage similar to those used by
common smiths, but a little conical.

The file-cutter requires an anvil of a size greater or less, proportioned to the size of

his files, with a face as even and flat as possible. The hammers weigh from one to

five or six pounds. The chisels are a little broader than the file, sharpened to an

angle of about 20 degrees. The length is just sufficient for them to be held fast be-

tween the finger and thumb, and so strong as not to bend with the strokes of the

hammer, the intensity of which may be best conceived by the depth of the impression.

The anvil is placed in the face of a strong wooden post, to which a wooden seat is at-

tached, at a small distance below the level of the anvil's face. The file is first laid

upon the bare anvil, one end projecting over the front, and the other over the back
edge of the same. A leather strap now goes over each end of the file, and passes down
upon each side of the block to the workman's feet, which, being put into the strap on

each side, like a stirrup, holds the file firmly upon the anvil as it is cut. "While the

point of the file is cutting, the strap passes over one part of the file only, the point

resting upon the anvil, and the tang upon a prop on the other side of the strap. When
one side of the file is single cut, a fine file is run slightly over the teeth, to take away
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tho roughness; when they are to be double cut, another set of teeth is cut, crossing

the former nearly at right angles. The file is now finished upon one side, and it is

evident that the cut side cannot be laid upon the bare anvil to cut tho other. A flat

piece of an alloy of lead and tin is interposed between the toothed surface and tho

anvil, while the otlier side is cut, which completely preserves the side already formed.

Similar pieces of lead and tin, with angular and rounded grooves, are used for cutting

triangular and half-round files.

Kusps are cut precisely in the same way, by using a triangidar punch, instead of a

flat chisel. The great art in cutting a rasp is to place every new tooth as much as

possible opposite to a vacancy.

File-cutting machines have been from time to time invented. In 1778 M. de
Montigny read a memoir before the Committee of Commerce, in which he mentioned

the inventions for file-cutting in 1699 by Duverger, in 1725 by Fardouet, in 1740
by Thiout, in 1756 by Brachat and Gamain, aiid in 1778 ; since which, in 1800, Raoul
invented a file-cutting machine ; and in 1836 Ericsson introduced another. Sir John
Eobison, just before his death, invented a method for cutting curved files ; and in

1843, Messrs. Johnson, Cammell, and Co. received the medal of the Scottish Society

of Arts for perfecting Sir J. Eobison's scheme. The accompanying woodcuts, which
are representations of the file-cutting machine of Mr. W. Shilton of Birmingham, will

show the general principle upon which those machines are constructed.

In order to render this inven-

tion better understood, two views
of the apparatus for producing the

crosscut or teeth of tho files, are

given.

Fig. 857 is an elevation of the

upper part of the file-cutting ma-
chine, as seen on one side

; fig. 858
is a plan or horizontal view, as the

machine appears on the top.

a, is the head of the tilt hammer
placed in the end of the lever b,

which is mounted on an axle c,

turning in proper bearings in the

frame work of the machine ; d, is

the tilt wheel mounted on another

axle s, also turning in bearings on
the frame work of the machine,
and having any required number of

projections or tappets upon it for

depressing the tail or shorter end
of the hammer or tilt lever b.

The tilt wheel d, receives its

rotatory motion from the toothed

wheel /, mounted upon the same
axle, and it takes into gear with a
pinion g, upon the main shaft h,

which is actuated by a band passed

from any first mover to the rigger

on its end, or in any other con-

venient manner. The bed upon
which the blank piece of steel

bears is marked i. This bed is

firmly supported upon masonry
placed upon proper sleepers : j, is

one of the blank pieces of steel

under operation, and is shown
secured in the pair of jaws or
lioldirig clamps k, mounted on centre pins in the slide /, fig. 858, which slide is

hold down by a spring and slide beneath, and is moved backwards and forwards in

the machine upon the (v) edges m m, of the frame, by means of the rack n and its

pinion ; the latter being mounted upon the axle of the ratchet wheel p, and which
ratchet wheel is made to turn at intervals by means of tho pall q, upon the end of the
lever r, fig. 858. This lever is depressed, after every cut has been effected upon the
blank by means of the teeth or tappets of the wheel s, coming in contact with the
inclined plane t, upon the lever r. The tappet wheel s, is mounted upon the end of

the axle e, of the tilt wheel, and consequently revolves with it, and by depressing the
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lever r, every time that a tooth passes tlio inclined plane t, the click q, is made to

drive the ratchet wheel j9, and thereby the advancing movement of the blank is effected

after each blow of the tilt hammer.
There is a strong spring ii, attjjchcd to the iipper side of the tilt hammer, its end

being confined under an adjustable inclined plane v, mounted in the frame w, which
inclined plane can bo raised or lowered by its adjusting screws as required, to pro-
duce more or less tension of the spring.

A similar spring is placed on the under side of the tilt hammer, to raise and sustain
the cutter or tool clear of the bed after every blow, and, in conjunction with safety

holders or catchers, to counteract any vibration or tendency the spring ?t may have
to cause the hammer to reiterate the blow.

The end of the lower spring acts on an inclined plane, mounted in the frame w,
which has an adjusting screw similar to ii, to regulate the tension of the spring.

In case the under spring shoidd raise, that is, rctiu'n the hammer, with sufficient

force or velocity to cause the top spring u, to reiterate the blow, the ends of the safety

holders or catchers are made to move under and catch the tail of the lever b, immedi-
ately on its being raised by the under springs, which is effected by the following
means:—The holders are mounted upon a plate or carriage 1, fg. 857, which turns

upon a small pin or axle moimted in the cars of a cross bar ; the iipper ends of the

holders are kept inclined towards the tail of the tilt hammer by mwins of a spring

fixed to the cross bar, and which acts upon one end of the plate or carriage.

In order that the holders may be removed out of the way of the tail of the hammer
h, when the tilt wheel is about to effect a blow, the tooth of the tilt wheel which
last acted upon the hammer comes in contact wdth an inclined plane fixed on

the plate or carriage 1, and, by depressing that end of the plate, causes the upper
ends of the holders to be withdrawn from under the tail of the hammer h. The
tilt wheel continuing to revolve, the next tooth advances, and depresses the tail of the

hammer, but, before it leaves the tail of the hammer, the tooth last in operation will

have quitted the inclined plane and allowed the spring to return the holders into their

former position. After the tooth has escaped from the tail of b, the hammer will im-

mediately descend and effect the blow or cut on the blank, and, as the tail of the

hammer rises, it will come in contact with the inclined planes at the upper ends of the

holders, and force them backwards ; and, as soon as the tail of the hammer has passed

the top of the holders, the spring will immediately force the holders forward under

the tail of the hammer, and prevent the hammer rising again until the next tooth

of the tilt wheel is about to depress the end of the hammer, when the same move-
ments of the parts will be repeated, and the machine will continue in operation until

a sufficient length of the blank of steel (progressively advanced under the hammer)
has been operated upon, when it will bo thrown out of gear by the following

means :

—

Upon the sliding bar 6, there is placed an adjustable stop, against which the fore-

most end of the slide 1 1, fig. 858, comes in contact as it is moved forward by the rack

n, and its pinion. The sliding bar 6, is connected at its left end to the bent lever 8,

the other end of this lever being formed into a forked arm, which embraces a clutch

upon the main shaft, and, as the slide I continues to advance, it will come in contact

with a stop ; and when it has brought a sufficient length of the blank pieces of steel

under the operation of the cutting tool, the slide /, in its progress, will have moved
that stop and the bar 6 forward, and that bar, by means of the bent lover 8, will with-

draw the clutch on the main shaft from locking into the boss of the fly-wheel, and

consequently stop the further progress of the machine ; the rigger and fly-wheel

turning loosely upon the main shaft.

The cut file can now be removed from out of the clamps, and reversed to cut the

other side, or another blank piece put in its place ; and after throwing back the pall

q of the ratchet wheel p, the slide /, and with it the fresh blank, may be moved back

into the machine by turning the winch handle, on the axle of the ratchet wheel p, the

reverse way, which will turn the pinion backwards, and draw back the rack «, without

affecting any other parts of the machine ; and on moving back the bar 6, by the

handle 11, placed on the stop, the clutches will be thrown into gear again, and the

machine proceed to cut the next blank.

When the blanks have been thus cut on one side, and are reversed in the machine

to form the teeth upon the other side, there should be a piece of lead placed between

the blank and the bed to protect the fresh-cut teeth.

It will be seen that the position of the stop upon the bar 6, will determine the

length or extent of the blank piece of steel which shall be cut or operated upon ; and

in order that the progressive movement of the blanks under the cutting tool may bo

made to suit different degrees of fineness or coarseness of the teeth (that is, the dis-

tance between the cuts), there is an adjusting screw upon the lever r, the head of
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which screw stops against the under side of an ear projecting from the framework,

and thereby determines the extent of the motion of the lever r, when depressed l»y

the tappets of the wheel s, acting upon the inclined plane t, consequently determining

the number of teeth the ratchet wheel p shall be moved round by the pall q ; and

hence the extent of motion communicated by the rack and pinion to the slide I, and

the blank y, which regulates the distance that the teeth of the file are apart, and the

lever r is forced upwards by a spring pressing against its under side.

It will be perceived that the velocity of the descent of the hammer, and conse-

quently the force of the blow, may be regulated by raising or lowering the inclined

plane v of the spring u ; and in order to accommodate the bed upon which the blanks

rest to the different inclinations they may be placed at, the part of the bed is formed

of a semi-globular piece of hardened steel, which fits loosely into a similar concavity

in the bed r, and is therefore capable of adjusting itself, so that the blanks shall be

properly presented to the cutting tool, and receive the blow or cut in an equal and

even manner ; or the piece of steel may be of a conical shape, and fit loosely in a

similar shaped concavity.

There are guides 16, placed on the top of the bed i, for the purpose of keeping the

blanks in their proper position towards the cutting tool, and these can be regulated

to suit blanks of any width, by turning the right and left handed screw 17-
^
There is

also another adjustable stop on the jaws or clamps k which serves as a guide when
placing the blanks within thejaws : and 19 is a handle or lever for raising the clamps

when required, which has a weight suspended from it for the purpose of keeping down
the blanks with sufficient pressure upon the bed.

The cutting tool in the face of the hammer can be placed at any required angle or

inclination with the blank, it being secured in the head of the hammer by clamps and
screws. In cutting fine files a screw is employed in preference to the rack and pinion,

for advancing the slide I, and the blank piece of steel in the machine.

Hardening ike Files.—This is the last and most important part of file-making.

"Whatever may be the quality of the steel, or however excellent the workmanship, if

it is not well hardened all the labour is lost.

Three things are strictly to be observed in hardening : first, to prepare the file on
the surface, so as to prevent it from being oxidised by the atmosphere when the

file is red-hot, which effect would not only take off the sharpness of the tooth, but
render the whole surface so rough tliat the file would, in a little time, become
clogged with the substance it had to work. Secondly, the heat ought to be very
uniformly red throughout, and the water in which it is quenched, fresh and cold,

for the purpse of giving it the proper degree of hardness. Lastly, the manner of

immersion is of great importance, to prevent the files from warping, which in long
thin files is very difficult.

The first object is accomplished by laying a substance upon the file, which, when
it fuses, forms, as it were, a varnish upon the surface, defending the metal from the

action of the oxygen of the air. Formerly the process consisted in first coating the

surface of the file with ale grounds, and then covering it over with pulverised common
salt (chloride of sodium). After this coating became dry, the files were heated red-hot,

and hardened ; after this, the surface was lightly brushed over with the dust of cokes,

when it appears white and metallic, as if it had not been heated. This process has
been improved, at least so far as relates to the economy of the salt, which from
the quantity used, and the increased thickness, had become a serious object. Those
who used the improved method are now consuming about one-fourth the quantity of

salt used in the old method. The process consists in dissolving the salt in water
to saturation, which is about three pounds to the gallon, and stiffening it with ale-

grounds, or with the cheapest kind of flour, such as that of beans, to about the con-

sistence of thick cream. The files required to be dipped only into this substance, and
immediately heated and hardened. The grounds or the flour are of no other use
than to give the mass consistence, and by that means to allow a larger quantity of
salt to be laid upon the surface. In this method, the salt forms immediately a firm

coating. As soon as the water is evaporated, the whole of it becomes fused upon the

file, in the old method the dry salt was so loosely attached to the file, that the
greatest part of it was rubbed off into the fire, and was sublimed up the chimney,
without producing any effect.

The carbonaceous matter of the ale-grounds is supposed to have some effect in giving
hardness to the file, by combining with the steel, and rendering it more highly
carbonated. It will be found, however, upon experiment, that vegetable carbon does
not combine with iron, with sufficient facility to produce any effect, in the short space
of time a file is heating for the purpose of hardening. Some file makers are in the
Jiabit of using the coal of burnt leather, which doubtless produces some effect ; but
the carbon is generally so ill prepared for the purpose, and the time of its operation
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60 short, as to render the result inconsiderable. Animal carbon, when properly pre-

pared and mixed with the above hardening composition, is capable of giving liardness

to the surfiice even of an iron file.

Tliis carbonaceous matter may be readily obtained from any of the soft parts of

animals, or from blood. For this purpose, however, the refuse of shoemakers and
curriers is the most convenient. After the volatile parts have been distilled over,

from an iron still, a bright shining coal is left behind, which, when reduced to powder,
is fit to mix with the salt. Let about equal parts, by bulk, of this powder, and
chloride of sodium be ground together, and brought to the consistence of cream by the
addition of water. Or mix the powdered carbon with a saturated solution of the salt,

till it becomes of the above consistence. Files which are intended to be very hard,

should bo covered with this composition, previous to hardening. All files intended

to file iron or steel, particularly saw files, should be hardened with the aid of tliis

mixture, in preference to that with the flour or grounds. Indeed, it is probable, that

the carbonaceous powder might be used by itself, in point of economy, since the

ammonia or hartshorn, obUiined by distillation, would be of such value as to render

the coal of no expense. By means of this method the files made of iron, which in

itself is unsusceptible of hardening, acquire a superficial hardness sufficient for any
file whatever. Such files may, at the same time, be bent into any form ; and, in con-

sequence, are particularly useful for sculptors and die-sinkers.

The next point to be considered is the best method of heating the file for hard-

ening. For this purpose a fire, similar to the common smith's fire, is generally

employed. The file is held in a pair of tongs by the tang, and introduced into

the fire, consisting of very small cokes, pushing it more or less into the fire for

the purpose of heating it regularly. It must frequently be withdrawn with a view
of observing that it is not too hot in any part. When it is uniformly heated, from
the tang to the point, of a cherry-red colour, it is fit to quench in the water. At
present an oven, formed of fire-bricks, is used for the larger files, into which the

blast of the bellows is directed, being open at one end, for the purpose of introducing

the files and the fuel. Near to the top of the oven are placed two cross-bars on which
a few files are placed, to be partially heating. In the hardening of heavy files, this

contrivance affords a considerable saving, in point of time, while it permits them also

to be more uniformly and thoroughly heated.
j

After the file is properly heated for the purpose of hardening, in order to produce

the greatest possible hardness, it should be cooled as soon as possible. The most

common method of effecting this is by quenching it in the coldest water. Some file-
\

makers have been in the habit of putting different substances in the water, with a

;

view to increase its hardening property. The addition of sulphuric acid to the water

was long held a great secret in the hardening of saw-files. After all, however, it will

be found that clear spring water, free from animal and vegetable matter, and as cold

as possible, is the best calculated for hardening files of every description.
j

In quenching the files in water, some caution must be observed. All files, except the

half-round, should be immersed perpendicularly, as quickly as possible, so that the

upper part shall not cool. This management prevents the file from warping. The
half-round file must be quenched in the same steady manner ; but, at the same time

that it is kept perpendicular to the surface of the water, it must be moved a little

horizontally, in the direction of the round side, otherwise it will become crooked

backwards.
,

After the files are hardened, they are brushed over with water and powdered cokes,

when the surface becomes perfectly clean and metallic. They ought also to be washed

well in two or three clean waters for the purpose of carrying off all the salt, which, if

allowed to remain, would be liable to rust the file. They should moreover be dipped

into lime-water, and rapidly dried before the fire, after being oiled with olive oil,

containing a little oil of turpentine, while still warm. They are then finished.

FXIiZCREE {Filigranc, Fr. ; FUigran, or Fdne Drahtgcflccht, Ger.) is, as the

last term justly expresses it, intertwisted fine wire, used for ornamenting gold and silver

trinkets. The wire is seldom drawn round, but generally flat or angular ; and sol-

dered by gold or silver solder with borax and the blowpipe. The Italian word,

filigrana, is compounded of jUum and granum, or granular net-work ; because the

Italians, who first introduced this stylo of work, placed small beads upon it.

FZZiTRATZOia' (Eng. and Fr. ; Filtriren, Ger.) is a process purely mechanical,

for separating a liquid from the undissolved particles floating in it, which liquid may
be either the useful part, as in vegetable infusions, or of no use, as the washings of

mineral precipitates. The filtering substance may consist of any porous matter in a

solid, foliated, or pulverulent form ; as porous earthenware, unsized paper, cloth of

many kinds, or sand. The white blotting-jmper sold by the stationers answers ex-

tremely well for filters in chemical experiments, provided it be previously washed with
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dilute muriatic acid, to remove some lime and iron that are generally present in it.

Filter papers are first cut square, and then folded twice diagonally into the shape of

a cornet, having the angular parts rounded oflf. Or the piece of paper, being cut into a
circle, may be folded fan-like from the centre, with the folds placed exteriorly, and
turned out sharp by the pressure of the finger and thumb, to keep intervals between

the paper and the funnel into which it is fitted, to favour the percolation. The diameter

of the funnel should be about three-fourths of its height, measured from the neck to

the edge. If it be more divergent, the slope will be too small for the ready efflux of

the fluid. A filter covered with the sediment is most conveniently washed by spouting

water upon it with a little syringe. A small camel's-hair paint-brush is much employed
for collecting and turning over the contents in their soft state. Agitation or vibration

is of singular efficacy in quickening percolation, as it displaces the particles of the

moistened powders, and opens up the pores which had become closed. Instead of a
funnel, a cylindrical vessel may be employed, having its perforated bottom covered

with a disc of filtering paper folded up at the edges, and made tight there by a wire

ring. Linen or calico is used for weak alkaline liquors ; and flannels, twilled woollen

cloth, or folt-stuff for weak acid ones. These filter bags are often made conical like a

fool's cap, and have their mouths supported by a wooden or metallic hoop. Cotton

wool put loose into the neck of a funnel answers well for filtering oils upon the small

scale. In the large way, oil is filtered in conical woollen bags, or in a cask with

many conical tubes in its bottom, filled with tow or cotton wool. Stronger acid and
alkaline liquors must be filtered through a layer of pounded glass, quartz, clean sand,

or bruised charcoal. The alcarrhazas are vessels of porous biscuit stone-ware made in

Spain, which are convenient for filtering water, as also is the porous filtering stone of

Teneriffe, largely imported into England at one time, but now superseded in a great

measure by the artificial filters patented under many forms, consisting essentially of

strata of gravel, sand, and charcoal-powder.

It is convenient to render the filter self-acting by accommodating the supply of

liquid to the rate of percolation, so that the pressure upon the porous surface may be
always equally great. Upon the small scale, the lamp-fountain or bird's-glass form
so generally used for lamps, will be found to answer.

Fig. 859 represents a glass bottle a, partly filled with the fluid to be filtered, sup-
ported^ in the ring of a chemical stand, and having its mouth inverted into the same
liquor in the filter funnel. It is obvious, that whenever this liquor by filtration falls
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b

below the lip of the bottle, air will enter Into It, let down a fresh supply to feed the
filter, and keep the funnel regularly charged. If larger quantities are to be operated
upon.-othe following apparatus may be employed. Fig. 860, a b, is a metallic vessel,

which may be made air-tight ; c is the under pipe provided with a stopcock b, for

letting down the liquor into the filter a h. The upper pipe t, through which the fluid

Vol. II. BB
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is poured by means of the funnel e, has also a stopcock -svliich opens or shuts, at the
same time, the small side tube tit, through which, during the entrance of the fluid,

the air is let off from the receiver. A glass tube g, shows the level of the liquor in

the body of the apparatus. In xising it, the cock k must bo first closed, and the cock
s must be opened to fill the receiver. Then the filter is sot a-going by reopening the
cock K, so as to keep the fluid in the filter upon a level with the opening of the tube c.

Both these pieces of apparatus are essentially the same.
In many manufiictures, self-acting filters are fed by the plumber's common con-

trivance of a ball-cock in which the sinking and rising of the ball, within certfiin limits,

sorvo to open or shut oif the supply of liquor as it may be required or not, Dumont
lias adopted this expedient for his system of filtering syrup through a stratum of
granularly ground animal charcoal or bone-black. Fig, 861 is a front view of this
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apparatus with 4 filters c ; and/^. 862 is a cross section. The framework b supports
the cistern a, in which the syrup is contained. From it the liquor flows through the

t,g2 stopcock b, and the connection-

tube a, into the common pipe c,

which communicates, by the short

branch tubes e, with each of the

four filters. The end of the

branch tube, which is inside of

the filter tub, is provided with a
stopcock d f, whose opening, and
thereby the efflux of the liquor

from the cistern through the tube

a, is regulated by moans of the

floating-ball g. Upon the brick-

work D the filter tub stands, fur-

nished at h with a false bottom
of zinc or copper pierced with

fine holes ; besides which, higher up at i there is another such plate of metal furnished
with a strong handle Jc, by which it may be removed, when the bone-black needs to

be changed. In the intervening space I, the granular coal is placed, o is the cover
of the filter tub, with a handle also for lifting it. One portion of it may be raised

by a hinge, when it is desired to inspect the progress of the filtration within, m vi

is a slender vertical tube, forming a communication between the bottom part h, and
the upper portion of the filter, to admit of the easy escape of the air from that
space, and from among the bone-black as the syrup descends ; other-wise the filtration

could not go on. p is the stopcock through which the fluid collected in the space
under h is let off from time to time into the common pipe q, fig. 861. r is a trickling

channel or groove lying parallel to the tube q, and in which, by means of a tube «,

inserted at pleasure, the syrup is drawn off in case of its flowing in a turbid state,

when it must be returned over the surface of the charcoal.

The celerity with which any fluid passes through the filter depends,— 1, tipon the
porosity of the filtering substance ; 2, upon the pressure exercised upon it ; and 3, upon
the extent of the filtering siu-face. Fine powders in a liquor somewhat glutinous, or
closely compacted, admit of much slower filtration than those which are coarse and
free ; and the former ought, therefore, to be spread jn a, thinner stratum and over a
more extensive surface than the latter, for equal effect : a principle well exemplified in

the working of Dumont's apparatus, just described.

In many cases filtration may be accelerated by tlio increase of hydrostatic or pneu-
matic pressure. This happens when wo close the top of a filtering cylinder, and con-

nect it by a pipe with a cistern of fluid placed upon a higher level. The pressure of the
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air may be rendered operative also either by withdrawing it partially from a close

vessel, into which the bottom of the filter enters, or by increasing its density over the

top of the liquor to be filtered. Either the air-pump or steam may be employed to

create a partial void in the receiver beneath the filter. In like manner, a forcing-pump
or steam may be employed to exert pressure upon the surface of the filtering liquor. A
common siphon may, on the same principle, be made a good pressure-filter, by making
its upper leg trumpet-shaped, covering the orifice with filter-paper or cloth, and filling

the whole with liquor, the lower leg being of such length as to create considerable

pressure by the difference of hydrostatic level. This apparatus is very convenient
either on the small or great scale, for filtering off a clear fluid from a light muddy
sediment. The pressure of the atmosphere may be elegantly applied to common filters

by the apparatus represented in fig. 863, which is merely a
funnel enclosed within a gasometer. The case a b bears an
annular hollow vessel a b, filled with water, in which receiver

the cylindrical gasometer defi is immersed. The filter

funnel c is securSl at its upper edge to the inner surface of

the annular vessel a b. In consequence of the pressure of the

gasometer regiilated by the weight g, upon the air enclosed

within it, the liquid is equally pressed, and the water in the

annular space rises to a corresponding height on the outer

surface of the gasometer, as shown in the figure. "Were the

apparatus made of sheet iron, the annular space might be
charged with mercury.

In general, relatively to the application of pressure to filters,

it may be remarked, that it cannot be pushed very far, veith-

out the chance of deranging the apparatus, or rendering the

filtered liquor muddy. The enlargement of the surface is, generally speaking, the

safest and most efficacious plan of increasing the rapidity of filtration, especially for

liquids of a glutinous nature. This expedient is well illustrated in the creased bag
filter now in use in most of the sugar refineries of London. See Sugar. .

An improved method of rapid filtration has been introduced by Professor Bunsen.

He facilitates the operation by filtering into a vessel from which the air has beep

partially exhausted by means of a water air-pump, on the principle of the Sprengel

pump. The liquid undergoing filtration is thus forced, by the pressure of the atmo-

sphere, through the pores of the filtering medium, and meets with but little resistance

on the opposite side, where it passes into a rarefied atmosphere. Bunsen's paper on

this -subject has been translated in the 'Philosophical Magazine' for January 1869,

p. 1 . See Aspirator.
lu many cases it is convenient so to construct the filtering apparatus, as that the

liquid shall not descend, but mount by hydrostatic pressiire. This method has two
advantages : 1. that without much expensive apparatus, any desired degree of liydro-

static pressure may be given, as also that the liquid may be forced up through several

filtering surfaces placed alongside of each other ; 2. that the object of filtering, which
is to separate the particles fioating in the fluid without disturbing the sediment, may
be perfectly attained, and thus very foul liquids be cleared without
greatly soiling the filtering surface.

Such a construction is peculiarly applicable to the purification

of water, either alone, or combined with the downwards plan of

filtration. Of the former variety an example is shown in^. 864.

The wooden or zinc conical vessel is provided with two perfo-

rated bottoms or sieves ee, betwixt which the filtering substance is

packed. Over this, for the formation of the space h h, there is

a third shelf, with a hole in its middle, through which the tube

db is passed, so as to be water-tight. This places the upper
open part of the apparatus in communication with the lowest space

a. From the compartment kh a, small air-tube I runs upwards.
The filtering substance consists at bottom of pebbles in the

middle of gravel, and at the top of fine sand, which may be mixed with coarsely-

ground bone-black, or covered with a layer of the same. The water to be filtered

being poured into the cistern at top, fills through the tube 6 c^ the inferior compart-

ment a, from which the hydrostatic pressure forces the water upward through the

perforated shelf and the filtering materials. The pure water collects in the space

h h, while the air escapes by the small tube I, as the liquid enters. The stopcock i

serves to draw off the filtered water. As the motion of the fluid in the filter is slow,

the particles suspended in it have time to subside by their own gravity; hence

there collects over the upper shelf at d, as well as over the under one at a, a precipi-

tate or deposit which may be washed out of the latter cavityby means of the stopcock vu

BB 2
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865

i i="

As an oxamplo of an upwards and downwards filter, fig. 865 may bo exhibited.

A B c D is a wooden or metallic cistern, furnished with the perforated shelf c d near

its under part, upon which a verticjil partition is fixed through the axis of the vessel.

A semicircular perforated shelf is placed at «, and a second similar one at h. These

horizontal shelves rest upon brackets in the sides of

the cisterns, so that they may bo readily lifted out.

The space a is filled with coarse sand, j with mode-

rately fine, and h with very fine. The foul water is

poured into the chamber e, and presses through

o J H and into tho space f, whence it may be drawn
by the stopcock /.

Fig. 866 represents in section a filtering apparatus,

consisting of two concentric chambers ; thy interior

being destined for downwards filtration, and the ex-

terior for upwards. Within tho larger cistern A, a

smaller one b is placed concentrically, with its under

part, and is left open from distance to distance, to

make a communication between the interior cavity

and the exterior annular space. These cavities are

filled to tho marked height with sand and gravel.

Tho inner cylindrical space has fine sand below, then

sharper sand with granular charcoal, next coarse

Tho annular space has in liko manner fine sand below. The

K

-ZTXZ

B ||'^2!sza2

.'and, and lastly gravel.

foul water is introduced, by tho pipe e, the orifice at whoso end is acted upon by a

ball-cock with its lever a ; whereby the water is kept always at the same level in the

inner vessel. The water sinks through tho sand strata of the middle vessel, passes out-

wards at its bottom into the annular space, thenco up through tho sand in it, and, col-

lecting above it, is let off by the stopcock on tho pipe h. When a muddy deposit forms

after some time, it may be easily cleared out. Tho cord e, running over the pulleys /./*,

being drawn tight, the ball lever will shut up the valve. The stopcock d made fast to

the conducting tube e must then be opened, so that the water now overflows into the
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annular space at a ; the tube c, in communication with the inner space b, being opened

by taking out the stopper h. The water thereby percolates through the sand straUv in

the reverse direction of its usual course, so as to clear away the impurities in tho

space B, and to discharge them by the pipe c h. An apparatus of this kind of mode-

rate size is capable of filtering a great body of water. It should be constructed for

that purpose of masonry ; but upon a small swilo it may be made of stone-ware.

A convenient apparatus for filtering oil upwards is represented in Jig. 867. g is an oil

cask, in which the impure parts of tho oil have accumulated over the bottom. Imme-
diately alx)ve this, a pipe a is lot in, which communicates with an elevated Mater-cistern

n. /is the filter (placed on the lid of tho cask), furnished with two perforated shelves,

ono at e and another at d, which divide tlio interior of the filter into three com-

partments. Into the lower space immediately over the shelf e, tho tiibo h, furnished

with a stopcock, enters, to establish a communication with the cask ; tho middle cavity

e is filled with coarsely-ground charcoal or otlier filtering materials ; and tho up]H'r

ono has an oduction-pipo /. When tho stopcocks of the tubes a and b are opened, tho

water passes from the cistern into the oil cask, occupies from its density always tho

lowest place, and presses the oil upwards, without mixing tho two liquids ; whereby
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first the upper and purer portion of the oil is forced through the tube b into tho filter,

and thonco out through the pipe I. When the fouler oil follows, it deposits its im-

piu-ities in tho space under the partition c, which may from time to time be drawn off

through the stopcock k, while tho purer oil is pressed upwards through the filter. In

this way the different strata of oil in the cask may be filtered off in succession, and
kept separate, if found necessary for sale or use, without running any risk of mixing

up the muddy matter with what is clear. According to the height of the water-cistern

w will be the pressure, and of course the filtering force. When the filter gets choked

with dirt, it may be easily re-charged with fresh materials.

It has been for many years the custom of the Water Companies to send the water
taken from the river through filter beds, prepared usually of sand and gravel. It Was
long thought that the effect of these filter beds was merely to separate the solid in-

soluble matters suspended in the water. It has, however, been shown by the investi-

gations of the late Mr. Henry M. Witt (a chemist of peculiar promise, lost too soon to

science, and ere yet the world could recognise his powers), that these filter beds had
the power of separating many of the dissolved substances from the water ; that, in

fact, the soluble salts of lime, and the like, were removed by some peculiar physico-

mechanical force, resident, as it appears, as a surface-force, in all porous masses.

There are many very remarkable examples in nature of the operation of this power in

producing beds charged with metalliferous matter, some of which will be described

under the head of Mining.
Mr. H. M.Witt communicated to the 'Philosophical Magazine' for December, 1856,

an account of some experiments on filtration, which are of much value. Many of his

experiments were made at the Chelsea Water-works, and they appear of such interest

that we quote the author's remarks to some extent :

—

* The system of purification adopted by the Chelsea Water-works, at their works at

Chelsea, consisted hitherto (for the supply has by this time commenced from Kngston)
in pumping the water up out of the river into subsiding reservoirs, where it remained
for six hours ; it was then allowed to run on to the filter-beds. These are large square
bods of sand and gravel, each exposing a filtering surface of about 270 square feet,

and the water passes through them at the rate of about 6^ gallons per square foot of
filtering surface per hour, making a total quantity of 1687*5 gallons per hour through
each filter.

' The filters are composed of the following strata, in a descending order :

—

. . ft. in.

1. Fine sand •• », •• • .26
2. Coarser sand . . . , , • , .10
3. Shells 6
4. Fine gravel 3

5. Coarse gravel , • 3 3

These several layers of filtering materials are not placed perfectly flat, but are dis-
posed in waves, and below the convex curve of each undulation is placed a porous
eartlienware pipe, which conducts the filtered water into the mains for distribution.
The depth of water over the sand was 4 feet 6 inches. The upper layer of sand is

renewed about every six months, but the body of the filter has been in use for about
twenty years.

' Samples of water were tiaken and submitted to examination :

—

' 1st, from the reservoir into which the water was at tho time being pumped from
the middle of the river.

' 2nd, from the cistern, after subsidence and filtration.*

Experiments were made at different seasons of the year ; but one of Mr. Witt's
tables will sufficiently show the results.

1

OriginaUy
present

2

After filtration

3

Amount
separated

4
Percentage ratio

of separated
Matter

Total solid residue, includ-

ing suspended matter
Organic matter

.

Total mineral matter
Suspended matter
Total dissolved salts

,

Lime , . ,

55-60

4-05

51-55

28-93

22-62

8-719

22-85

1-349

21-501

2-285

19-216

8-426

32-75
2-70

30-049

26-645

3-404

0-293

58-90

66-66

58-29

92-10

1504
3-36
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Col. 1 shows the quantities of the several substances originally present, represented
in grains, in the imperial gallon (70,000 grains) of water.

2. The amount present after filtration.

3. The actual quantities separated in grains in the gallon of water.
4. The percentage ratio which the amounts separated bear to the quantities origin-

ally present.

• It has been assumed as a principle that sand-filtration can only remove bodies
mechanically suspended in water, but I am not aware that this statement has boon
established by experiment ; in fact, I am not acquainted with any published analytical
examination of the effects of sand-filtration.

' These experiments supply the deficiency, and show, moreover, that these porous
media are not only capable of removing suspended matter (80 to 92 per cent.), but
even of separating a certain appreciable quantity of the salts from solution in water,
viz. from 6 to 15 per cent, of the amount originally present, 9 to 19 per cent, of the
common salt, 3 per cent, of the lime, and 5 of the sulphuric acid.

' Taking the purer water from Kingston, two experiments were made simultaneously
with the same water, one filtration being through charcoal alone, and the other through
sand alone ; the sand filter having an area of 4 square feet, and consisting of the fol-

lowing materials :

—

ft. In.

Fine sand 19
Shells 1^
Grravel IJ
Coarse gravel 9

2 9

Results of Sand Filtration.

1

Original
Water
used

After 23 hours' action After 120 hours* action

Comparison
Amount
seiiarated

Percentage
of Quantity
separated

Comparison
Amount
separated

ercentaRO
ratio of
Quantity
separated

Total residue .

Mineral salts .

Organic matter
Suspended matter .

Chlorine . . .<

Chloride of sodium .^

24-578
23-687
0-8906
3-509

0-862

1-^20

23-87

22-858
1-012

2-6C3

..

0-708
0-829

0-846

2-88

3-50

24-109

23-ce
23-04

0-648

6*671

1-105

0-888

0-647
0-2426

0-191

0-315

3-613
2-73

22-16
22-11

• After 240 houra' action. After 376 hourt* action

Total residue .

Mineral salts .

Organic matter
Suspended matter .

Chlorine .

Chloride of sodium .

24-578

23-687
0-8906
3-509

0-862

1-420

22-534

21-517
0-917
1-88

0-674

1-110

2-044
2-170

1'629
0-188

0-310

8-316

9-161

46-423
21-8

21-8

22-507
21-098
0-809

1-584

2-071

1-989

1-926

8-426

8-397

54'83

Resvlts of Charcoal Filtration,

Original
Witer
used

After 72 hourt' action After 120 hours' acUon 1

ComptriMn
Amount
leparatod

Percentage
ratio of
Quantity
separated

Comparlion
Amount
separated

Perconlage
ratio of

Quantity
separated

Total residue .

Mineral salts .

Organic matter
Suspended matter .

Chlorine .

Chloride of sodium .

24-678
23-687
0-8906
3-509

0-862

1-420

22-18
21-375
0-755

2-448
2-312

0-1356

9-906
9-76

15-22

21-644

3-06

2-934

0-449

11-93

12-79

After 240 hours' acUon After 370 hourt' action

Total residue ,

Mineral salts .

Organic matter
Suspended matter .

Chlorine .

Chloride of sodium .

24-578
23-687
0-8906
3-509
0-862

1-420

20-821

2-79

3-767

0-Vl9

15-28

20-48

21-374
20-604
0-770

3-204

3-033

0-1206

18-03

12-34

13-54
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' Apart from its special interest, as compared with the follo"wing experiment, made
simultaneously through charcoal, the following points are in themselves remarkable

in the results obtained by this filtration through sand :

—

• 1st. That the filter continued increasing in efficacy even till the conclusion of the

experiment, i.e., for 376 hours, not having lost any of its power when the experiment

was terminated.
' 2nd. That no weighable quantity of dissolved organic matter was removed by the

sand in this experiment ; but it must be remembered that the quantity originally pre-

sent was but small.
' 3rd. Its power of removing soluble salts was considerable ; as a maximum, 21 per

cent, of the common salt being separated.'

On comparing this experiment with the preceding, the following point comes

out as showing the difference between the effects of sand and charcoal as filtering media.

By the charcoal, speaking generally, a considerably larger quantity of the total

residue contained in the water was removed than by the sand, their maximum results

being respectively as follow :

—

Amount originally

present

Amount separated in Grains in the
Gallon

Amount separated in Percentage of
the Quantity present

By Sand By Charcoal By Sand By Charcoal

24-578 grs. in
J

the gallon I

2-074 3-757 8-426 15-28

FZRZ: AUKTIBZlbATORS. This name is given to a portable machine invented

by Mr. Phillips, which is adjusted to produce the immediate production of steam,

carbonic acid, and other gases, which could be at once directed on the burning
mass. The machine is cylindrical in form, and slightly conical. For use it is charged

with the following composition : charcoal 20 parts, nitrate of potash 60 parts, and
gypsum 5 parts. These materials are boiled together in water, and afterwards dried

in a stove at the temperature of 100°. The whole is moulded into the form of a
brick, down the axis of which penetrates a hollow cavity for the reception of a bottle,

which contains a mixture of chlorate of potash and sugar, surmounted by a globule

of sulphuric acid. The char'^e so prepared is placed in a cylindrical vessel, per-

forated in many places, which is itself within another cylindrical vessel, also per-

forated for the passage of the gases ; both these are contained in a double cylindrical

receiver, the lower part of which contains a quantity of water. The apparatus is

closed by two covers, in the outer of which is an opening for the escape of the vapour.

In the centre of the cover is placed a spike, for the purpose of breaking the glass

bottle deposited in the cavity of the charge. The spike being forced down breaks
the bottle, and the sulphuric acid causes the instantaneous combustion of the chlorate

of potash and sugar, which fires the charge. The gases now escape through the per-

forations, and heating the air in the water-chamber, and causing it to expand, forces

the water up a tubular passage into the space between and around the cylindrical

vessels placed each within each, and being thus converted into vapour, mixes with the

gases, and escapes by the dischai^e-tube, forming a dense cloud, which rapidly extin-

guishes flame.

Many very successful experiments were made with these fire annihilators, but
they have not been much used. There can be no doubt the principle is a correct one.

Any arrangement for pouring carbonic acid upon flame woiid be certain of success,

if the cost of production did not stand in the way. A patent was granted in 1873 to

Mr. W. B. Dick, of Glasgow, for improvements in apparatus for extinguishing fires.

Carbonic acid gas is generated by the action of sulphuric acid on bicarbonate of soda,

and is dissolved in water ; the solution is projected, by the expansive force of the gas,

from a strong vessel through a regulator valve and delivery hose. The bottle of acid

is held between a fixed bottom-support and a moveable cap, and is broken by striking

an external cap. These * extincteurs ' have been recently supplied to some of the
Government offices.

FIRE-ARMS, MAlOirFACTnRE OP. This article belongs properly to a
work on mechanical engineering. It cannot be extended as it should be without
encroaching to too great an extent upon the space reserved for the articles which
legitimately belong to this Dictionary. It has therefore been allowed to remain as it

stood in the last edition: all the main principles connected with the construction of fire-

arms being fully described.

This art is divided into two branches ; that of the metallic, and that of the woodeij
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work. The first includes the barrel, the lock, and the mounting, with tho oayonet
and ramrod, for military arms. The second comprises the stock, and in fowling-pieces
likewise the ramrod.

The Barrel.—Its interior is called the bore ; its diameter, the calibre ; the back
end, tho breoch ; the front end, tho muzzle ; and tho closing of the back end, tho breoch
pin or plug. The barrel is generally niado of iron. Most military muskets and
low-priced guns were formerly fashioned out of a long slip of sheet-iron folded to-

gether edge-wise round a skewer into a cylinder ; they wore then lapped over at the
seam, and welded at a white heat. The most ductile and tenacious soft iron, free from
all blemishes, must be selected for this slip. It is frequently welded Jit the common
forge, but a proper air-furnace answers better, not being so apt to burn tho iron,

which should bo covered with ashes or cinders. The shape of tho bore is given by
hammering tho cylinder upon a steel mandril, in a groove of the anvil. Six inches of
the barrel at either end are left open for forming the breoch and tho muzzle by a sub-
sequent welding operation ; the extremity put into tho fire being stopped with clay,

to prevent the introduction of cinders. For every length of two inches, there are
from two to three welding operations, divided into alternating high and low heats

;

tho latter being intended to correct the defects of the former. The breech and muzzle
are not welded upon the mandril, but upon the horn of the anvil ; the breech, being
thicker in tho metal, is more highly hcatod, and is made somewhat wider to save
labour to the borer. The barrel is finally hammered in the groove of the anvil witli-

out tho mandril, during which process it receives a heat every two minutes. In
welding, the barrel extends about one-third in length ; and for muskets, is even-
tually left from 3 to 3i feet long ; but for cavalry pistols, only 9 inches.

The best iron plates for gun-barrels are those made of stub iron ; that is, of old

horse-shoe nails welded together, and forged into thin bars, or rather narrow ribands.

Atone timerfawwstfws barrels were much in vogue; they were fashioned either as above
described, from plates made of bars of iron and steel laid parallel, and welded together,

or from ribands of the same damascus stuff coiled into a cylinder at a red heat, and then
welded together at the seams. The best modern barrels for fowling-pieces and the

modern rifles are constructed of stub nail-iron in this manner. The slip or fillet is

only half an inch broad, or sometimes less, and is left thicker at the end which is to

form the breech, and thinner at the end which is to form tho muzzle, tlian in the

intermediate portion. This fillet, being moderately heated to increase its pliancy, is

then lapped round the mandril in a spiral direction till a proper length of cylinder is

formed ; the edges being made to overlap a little in order to give them a better hold

in the welding process. The coil, being taken off tho mandril and again heated, is

struck down vertically with its muzzle end upon the anvil, whereby the spiral junc-

tions aro made closer and more uniform. It is now welded at several successive heats,

hammered by horizontal strokes, calledjumping, and brought into proper shape on tlio

mandril. The finer barrels are made of still narrower stub-iron slips, v.-hcncc they

get the name of wire twist. On the Continent, some barrels aro made of steel wire,

welded together lengthwise, then coiled spirally into a cylinder. Barrels tliat aro

to be rifled, require to be made of thicker iron, and that of tho very best quality,

for they would be spoiled by the least portion of scale upon their inside. Soldiers'

muskets are thickened a little at the muzzle, to give a stout holding to tho bayonet.

The barrels thus made are annealed with a gentle heat in a proper furnace, and
slowly cooled. They are now ready for the borer, which is an oblong square bit of

steel, pressed in its rotation against the barrel by a lip of wood applied to one of its

flat sides and held in its place by a ring of metal. The boring bench works horizon-

tally, and has a very shaky appearance, in respect at least of the bit. In some wises,

however, it has been attempted to work the barrels and bits at an inclination to the

horizon of 30°, in order to facilitate the discharge of the borings. Tho barrel is held in

a slot by only one point, to allow it to humour tho movements of the borer, which
would otherwise bo infallibly

broken. The bit, as roprcsontod

in/_l^. 868, has merely its square

head inserted into a clamp-
chuck of the lathe, and plays

freely through the rest of its

length.

Fiff. 869 represents in plan

the boring bench for musket
barrels

; // is the sledge or

carriage frame in which tho

barrel is supported ; a is the revolving chuck ot tho lathe, into M'hich the square end

xrf the bit,^^. 868, is inserted; b is tho barrel, clampeil at its middle to the carriage,
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and capable of being pressed onwards against the tapering bit of the borer, by the

bont lever c, worked by the loft hand of the operative against fulcrum knobs at d,

which stand about two inches asunder. Whenever the barrel has been thereby ad-

vanced a certain space to tlie right, tlie bent end of the lever is shifted against another

knob or pin. The borer appears to a stranger to be a very awkward and unsteady

meoliauism, but its perpetual vibrations do not affect the accuracy of the bore. The
opening broach may be of a square or pentagonal form ; and either gradually tapered

from its thickest part, or of uniform diameter till within two inches of the end, whence
it is suddenly tapered to a point.

A series of bits may be used for boring a barrel, beginning with the smallest and
ending with the largest. But this multiplication of tools becomes unnecessaiy, by
laying against the cutting part of the bit, slips of wood, called spales, of gradually

increasing thickness, so that the edge is pressed by them progressively further from
the axis. The bore is next polished. This is done by a bit with a very smooth edge,

which is mounted as above, with a wedge of wood besmeared with a mixture of oil and
emery. The inside is finished by working a cylindrical steel file quickly backwards and
forwards within it, while it is revolving slowly.

In boring, the bit must be well oiled or greased, and the barrel must bo kept cool

by letting water trickle on it ; fcr the bit, revolving at the rate of 120 or 140 times a

; minute, generates a great deal of heat. If a flaw be detected in the barrel during tlie

boring, that part is hammered in, and then the bit is employed to turn it out.

Many sportsmen are of opinion that a barrel with a bore somewhat narrowed towards

the muzzle serves to keep shot better together ; and that roughening its inside witli

pounded glass has a good effect, with the same view. For this purpose, also, fine

spiral lines have been made in their interior surface. The justness of the calibre of

. a fowling-piece or musket is tried by means of a truly-turned cylinder of steel, 3

or 4 inches long, which ought to move without friction, but with uniform contact

from end to end of the barrel. Whatever irregularities appear must be immediately
removed.
The outer surface of the barrel is commonly polished upon a dry grindstone, but it

is better finished at a turning lathe with a slide-rest.

Kifle barrels have parallel grooves of a square or angular form cut within them, each
groove being drawn in succession. These grooves run spirally, and form each an
aliquot part of a revolution from the chamber to the muzzle. Eifles should not be tx)0

deeply indented, only so much as to prevent the ball turning round within the barrel

;

and the spires should be truly parallel, tliat the ball may glide along with a regular

pace.

The Parisian gun-makers, who are reckoned very expert, draw out the iron for the

Ijarrels at hand forges, in fillets only one-ninth of an inch thick, one inch and a half

broad, and four feet long. Twenty-five of these ribands are laid upon each other, be-

tween two similar ones of double thickness, and the bundle, weighing 60 lbs., bound
with wire at two places, serves to make two barrels. The thicker plates are intended
to protect the thinner from the violence of the fire in the numerous successive heats

necessary to complete the welding, and to form the bundle into a bar two-thirds of an
inch broad, by half an inch thick ; the direction of the individual plates relatively to

the breadth being preserved. This bar, folded flat upon itself, is again wrought at the

forge, till it is only half an inch broad, and a quarter of an inch thick, while the plates

of the primitive ribands are now set perpendicular to the breadth of the narrow fillet

;

the length of which must be 15 or 16 feet French (16 or 17 English), to form a fowl-

ing-piece from 28 to 30 inches long. This fillet, heated to a cherry red in successivft

portions, is coiled into as close a spiral as possible, upon a. mandril about two-fifths of

an inch in diameter. The mandril has at one end a stout head for drawing it out, by
means of the hammer and grooves of the anvil, previous to every heating. The
welding is performed upon a mandril introduced after each heat ; the middle of the

barrel being first worked, while the fillets are forced back against each other, along the

surface of the mandril, to secure their perfect union. The original plates, having in the
formation of the ultimate long riband become very thin, appear upon the surface of

the barrel like threads of a fine screw, with blackish tints to mark the junctions. In
making a double-barrelled gun, the two are formed from the same bundle of slips, the

coils of the one finished fillet being turned to the right hand, and those of the other to

the left.

The barrels forged, as above described, from a bundle of steel and iron plates laid

alternately together, are t-wdsted at the forge several times, then coiled and welded as

usual. Fifteen workmen concur in one operation: six at the forge; two at the
boring mill ; seven at filing, turning, and adjusting ;

yet altogether make only six

pairs of barrels per week. In the first instance, it will be understood, that, for the

9onstruction of the superior barrels, a bundle of horse-shoe nails is welded into a flat
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bar, similar bars of scrap steel are made, and these are made up into a bundle—a bar
of iron, and a bar of steel—of eight or twelve bars. This is again welded into one bar,

and the result is, when the surftice is polished, that the diflforence in the texture of the

two metals is distinctly visible. Now, if two bars of iron and one of steel, or two bars

of steel and one of iron, or any other combination of the two, be adopted, there will

be a variety in the pattern of the finislied bar.

In constructing the barrel this bar may be twisted up singly, as described, or two
bars differing in pattern may be welded together, and then twisted. It is usual to place

two bars together, to twist one into a screw and leave the other plain, or to give one
a right-handed twist and the other a left-handed one ; or sometimes three bars are
employed, and by twisting or otherwise previously to welding the bars together, and
turning or twisting the compound bar into a cylinder, a great variety of patterns are

produced on the finished barrel.

The breeching is of three kinds : the common ; the chamber, plug, or mortar,

^y. 870; and the patent, jig, 871. The common was formerly used for soldiers*

muskets and inferior pieces. The se-

cond is a trifling improvement upon it.

In the patent breeching, the screws do
not interfere with the touch-hole, and
the ignition is quicker in the main
chamber.
The only locks which it is worth

while to describe are those upon the

percussion principle, as flint locks have
ceased to be employed. Forsyth's lock

{fig- 872) was an ingenious contrivance.

It has a magazine a, for containing the

detonating powder, which revolves round
a roller 6, whose end is screwed into

the breech of the barrel. The priming
powder passes through a small hole in

the roller, which leads to a channel in

communication with the chamber of the

gun.

The pan for holding the priming is

placed immediately over the little hole

in the roller. There is a steel punch <?,

in the magazine, whose under end stands above the pan, ready to ignite the priming
when struck upon the top by the cock d, whenever the trigger is drawn. The punch,

immediately after being driven down into the pan, is raised by the action of a spiral

spring. For each explosion, the magazine must be turned so far round as to let fall

a portion of the percussion powder into the pan ; after which it is turned back, and

the steel punch recovers its proper position for striking another blow into the pan.

The invention of the copper percussion cap was another great improvement upon the

detonating plan. Fig. 873 represents the ordinary percussion lock, which is happily

divested of three awkward projections upon the flint lock, namely, the hammer,

hammer spring, and the pan. Nothing now appears upon the plate of the lock, but

the cock or striking hammer, which inflicts tlio striking blow upon the percussion

cap. It is concave, with a small metallic ring or border, called a shield or fence, for

the purpose of enclosing the cap, as it were, and preventing its splinters doing injury

to the sportsman,- as also protecting against the line of flame which may issue fronj
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the touch-hole in the c<ap-nipple. This is screwed into the patent breech, and is per-

forated TV'ith a small hole.

873

The safety lock of Dr. Somerville is, in its essential feature, a slide stop or catch,

placed under the trigger, a, fig. 874. It is pulled forward into a notch in tlie trigger,

874

by means of a spring b, upon the front of the guard, which is worked by a key c,

pressing upon the spring when the piece is discharged. In another safety plan there
is a small moveable curved piece of iron, a, which rises through an opening b, in the
lock-plate c, and prevents the cock from reaching the nipple, as represented in the
figure, until it is drawn back within the plate of the lock when the piece is fired.

To fire this gun, two different points must be pressed at the same time. If by
accident the key which works the safety be touched, nothing happens, because the
trigger is not drawn ; and the trigger touched alone can produce no effect, because it

is locked. The pressure must be applied to the trigger and the key at the same
instant, otherwise the lock will not work.
The old French musket is longer than the British, in the proportion of 44*72 inches

to 42 ; but the French bayonet is 15 inches, whereas the British is 17.

Diameter of the bore
Diameter of the ball

Weight of the ball in oz. .

Weight of the firelock and bayonet in lbs

Length of the barrel and bayonet .

Within these few years a great many contrivances for fire-arms have been brought
forward, and several have been patented. The first is that of Charles Eandom,
Baron de Berenger. Fig. 875 shows the lock and breech of a fowling-piece, with a
sliding protector on one of the improved plans ; a is the hammer, h the nipple of the
touch-hole, c a bent lever, turning upon a pin, fixed into the lock-plate at d. The
upper end of tMs bent leyer stands partly under the nose of the hammerj and whi|eifl

Eng. Dimensions Fr. Dimensions
0-75 in. 0-69 in.

0-676 0-65

1-06 0-958
12-25 10-980

69-00 59-72
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that situation stops it from striking tho nipplo. A slider g fly connected with the
under part of tlio gun-stock, is attached to tho tail of tho bent levor ut i ; and when

tho piece is brought to the shoulder for firing, the hand of the sportsman pressing
against the bent part of tho slider at g, forces this back, and thereby moves tho

end of the lover c forwards from under the nose of the cock or hammer, as shown
by the dotted lines. The trigger being now drawn, tho piece will bo discharged

;

and on removing tlie hand from the end g^ of the slider /, tho spring at A, acting

against the guard, will force the slider forward, and the lever into the position first

described.

Mr. Eedford, gun-maker, of Birmingham, introduced a modification of the lock for

small fire-arms, in which the application of pressure to tho soar spring for discharging

the piece is made by means of a plug, depressed by the thumb, instead of tlio force of

tlio finger exerted against the trigger. Fig. 876 represents a fowling-piece partly in

action. The sear spring is shown at a. It is not here connected with tho trigger, as

in other locks ; but is attached by a double-jointed piece to a lever &, which turns upon
a fulcrum pin in its centre. At the reverse end of this lever an arm extends forwards,

liko that of an ordinary sear spring, upon which arm tho lower end of the plug c is

intended to bear ; and when this plug is depressed by the thumb bearing upon it, that

end of the lever h will be forced downwards, and tho reverse end will be raised, so as

to draw up the end of the sear spring, and set off the piece. For the sake of protec-

tion, the head of tho plug c is covered by a moveable cap d, forming part of a slider <»,

which moves to and fro in a groove in the stock, behind the breech end of tlie barrel

;

this slider e is acted upon by the trigger through levers, which might be attached to

the other side of the lock-plate ; but are not shown in this figure to avoid confusion.

When the piece is brought to the shoulder for firing, the fore-finger must be applied as

usual to the trigger, but merely for tlio purpose of drawing back the slider c, and un-

covering tho head of the plug ; when this is done, the thumb is to bo pressed upon tho

liead of the plug, and will thus discharge tho piece. A spring bearing against the lever

of the slider c, will, when the finger is withdrawn from the trigger, send the slider

forward again, and cover the head of the plug, as shown.
The Rev. John Somervnllc, of Curric, in April 1835, obt^iined a pitent for a further

invention to prevent the accidental discharge of fii'c-arras. It consists in hindering tho

hammer from reaching the nipple of a percussion lock, or the fiint reaching the steel

of an ordinary one, by the interposition of moveable safety studs or pins, which pro-

trude from under the false broecli before the hammers of the locks, and prevent them
from descending to strike. These safety studs or pins are moved out of the way by
the pressure of the right hand of tho person using the gim only when in the act of

firing ; that is, when the force of the riglit hand and arm is exerted to press the butt-

end of the stock of tho gun against the .shoulder while tho aim is taken and tho trigger

pulled. In carrying tl:o gun at rest, tho proper parts of tho thumb or hand do not

come over Mr. Somervillc's moveable buttons or studs.

Ftg. 877 is a side view of part of a double perciission gun; and fig. 878 is a top or

plan view, which ^vill spn'o to explain these improvements, and show one out of

many methods of carrying them into effect, a is the stock of the gun; n tho barrels;

4: tJio breech ^p t|)6 nippks ; b tha false brpech, on the upder ^ide of vhich tho leyors
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which work the safety studs or pins are placed ; f is the shield of the false breecli ;
n

triggers ; H the lock-plate ; and i the hammers : all of which are constructed as usual

;

«a are the safety studs or pins, which protrude before the shield r, and work through

guide pieces on the under side of the false breech. The button piece is placed

878

in the position for the thumb of the right baud to act upon it ; but when the pressure

of the ball of the right thumb is to produce the movement of the safety studs, it

must be placed in or near the position k ; and when the heel of the right hand is to

effect the movement of the safety studs, the button piece must be placed at l, or

nearly so.

In these last two positions, the lever (which is acted upon by the button piece to

work the safety studs through a slide) would require to be of a different shape and
differently mounted. When the hammers are down upon the nipples after discharging

the gun, the ends of the safety pins press against the inner sides of the hammers.
"When this invention is adapted to single-barrelled guns, only one pin, a, one lever and
button piece will be required.

]\Ir. Richards, gun-maker, Birmingham, patented a modification of the copper cap

for holding the percussion powder, as represented in/_^. 879 ; in which the powder is

-removed from the top of the cap, and brought nearer the mouth ; a being the top, b

the sides, and c the position of the priming. The dotted lines show the direction of

the explosion, whereby it is seen that the metal case is opened or distended only in a
small degree, and not likely to burst to pieces, as in the common caps, the space be-

tween a and c being occupied by a piece of any kind of hard metal d, soldered or

otherwise fastened in the cap.

George Lovell, Esq., Director of the Royal Manufactory of Arms at Enfield, intro-

.duced an improvement upon the priming chamber. He forms it into a vertical

double cone, joined in the middle by the common apex ; the base of the upper cone,

being in contact with the percussion cap, presents the most extensive surface to the

fulminate upon the one hand, while the base of the under one, being in a line with the

interior surface of the barrel, presents the largest surface to the gunpowder charge,

upon the other. In the old nipple the apex of the cone being at its top, afforded very
injudiciously the minimum surface to the exploding force.

Guns, Rifling of the Barrels.—The outside of rifle barrels is, in general, octagonal.

After the barrel is bored, and rendered truly cylindrical, it is fixed upon the rifling

machine. This instrument is formed upon a square plank of wood 7 feet long, to which
is fitted a tube about an inch in diameter, with spiral grooves deeply cut internally

tlirongh its whole length; and to this a circular plate is attached about 5 inches

diameter, accurately divided in concentric circles, into from 5 to 16 equal parts, and
supported by two rings made fast to the plank, in which rings it revolves. An arm
connected with the dividing graduated plate, and pierced with holes, through which a
pin is passed, regulates the change of the tube in giving the desired number of grooves
to the barrel. An iron rod, with a moveable handle at the one end, and a steel cutter

in the other, passes through the above rifling tube. The rod is covered with a core of
leiid one foot long. The barrel is firmly fixed by two rings on the plank, standing in
a straight line on the tube. The rod is now drawn repeatedly through the barrel, from
end to end, until the cutter has formed one groove of the proper depth. The pin is
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then shifted to another hole in the dividing plate, and the operation of grooving is

repeated till the whole number of riflings is completed. The barrel is next taken out
of the machine, and finished. This is done by casting upon the end of a small iron

rod a core of lead, which, when besmeared with a mixture of fine emery and oil, is

drawn, for a considerable time, by the workmen, from the one end of the barrel to the
other, till the inner surface has become finely polished. The best degree of spirality is

found to be from a quarter to half a revolution in a length of three feet.

Military Rifles.—An essential improvement in this destructive arm has been in-

troduced into the IJritish service.

The intention in all rifles is to impart to the ball a rotatory or spinning motion
round its axis, as it passes out through the barrel. This object was attained, to a
certain degree, in the rifles of the old pattern, by cutting seven spiral grooves into the
inside of the barrel, in the manner shown hj fig, 880, the spherical ball,/y. 881, being

a little larger than the bore, was driven down with a iiMllct, by which the projecting

ribs were forced into the surface of the ball, so as to keep it in contact with their

curvatures, during its expulsion. Instead of this laborious and insecure process, the
barrel being now cut with only two opposite grooves,>^. 882, and the ball being formed
with a projecting belt, or zone, round its equator, of the same form as the two grooves,

fig. 883, it enters so readily into these hollows, that little or no force is required to

press it down upon the powder. So much more hold of the barrel is at the same time
obtained, that instead of one quarter of a turn, which was the utmost that could be
safely given in the old way, without danger of stripping the ball, a whole turn round
the iDarrel in its length can be given to the two grooved rifles ; whereby a far more
certain and complete rotatory motion is imparted to the ball. The grand practical

result is, that better practice has been performed by several companies of the Eiflo

Corps at 300 yards than could be produced with the best old military rifles at 160
yards ; the soldier being meanwhile enabled to load with much greater ease and
despatch. The belt is bevelled to its middle line, and not so flat as shown in the

figure.

This mode of rifling is not, however, new in England. In fact, it is one of the

oldest upon record ; and appears to have fallen into disuse from faults in the execu-

tion. The idea was revived within the last few years in Brunswick, and it was tried

in Hanover also, but with a lens-shaped {linser\formig) ball. The judicious modifica-

tions and improvements it has finally received, have brought out all its advantages,

and rendered it, when skilfully used, a weapon of unerring aim, even at the distance

of 700 yards.

The locks, also, for the military service generally, are receiving important im-

884

provemcnts. In Lovell's lock the action of the main spring is reversed, as shown by

fig* 884 ; thus rendering the whole mechanism more solid, compact, and convenient

;
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while the ignition of the charge is effected by percussion powders in a copper, cap.

Mr. Lovell, Inspector of Smnll Arms for Her Majesty's service, and Director of the

Eoyal Manufactory, at Enfield Chase, directed his atteption to the gg^
construction of a sure, simple, and strong musket, with which,

under his superintendence, the whole of Her Majesty's soldiers

were long provided. Ho has also furnished them with a short,

but clear set of instructions for the cleaning and management
of these excellent arms, illustrated by a series of wood engrav-

ings. From this little work the following notice is copied :

—

Fig. 885. The barrel, reduced to one-seventh size, a, the

breech ; b, the nipple-seat or lump ; c, the back sight ; d, the

back loop ; e, the middle loop
; /, the swivel loop

; g the front

loop, with the bayonet-spring attached ; h, the front sight ; i,

the muzzle.

Fig, 886. The breech-pin, half-size, a tiie tang; h, the

neck; c the screw-threads; d, the face.

i

ci: a

•^^^r^

Fig. 887. The bayonet-spring, two ways, half size. «, the

ehank ; h, the neck ; c, the hook ; d, the mortice.

Fig. 888. The nipple, full size, a, the cone ; b, tlie squares ;

c, the shoulder ; d, the screw-threads ; e, the touch hole.

887 888

C

A

i

Fig, 889. The rammer reduced to one-seventh size,

head ; b, the shaft ; c, the screw-threads.

Fig. 890. The lock, outside, half size, a, the plate ; b, the

cock ; c, the tumbler-pin ; d, the hollow for the nipple seat.

Fig. 891. The lock, inside, half size, showing all the parts in

their places with the cock down at bearer, a, the main-spring

;

b, the sear-spring ; c, the sear ; d, the tumbler ; e, the bridle

;

/, the main-spring pin
; g, the sear-pin ; h, the sear-spring

pin ; i, the bridle-pin.

Barrel-welding by Machinery.—The barrels of muskets, bird-

ing-guns, &c., or what are called plain, to distinguish them
from those denominated stub or twisted barrels, have of late

years been formed by means of rolls : a process in which the

welding is first effected on a short slab of thick iron, and then
the barrel is brought down to its destined length and form, by
repeatedly passing it between a pair of rolls, that have been
previously grooved to the exact shape of the barrel intended to

be made.
The iron, being thoroughly refined, and reduced into flat bars,

by the process described, is cut by the shears into slabs or

lengths of 10 to 12 inches, and 10 to 10-^ lbs. weight, or less, according to the de-

scription of gun-barrel that is intended to be made. These slabs are then heated,

and bent in their whole length, by means of conveniently-grooved bending rolls,

until they assume the form of rough tubes, of the kind of section shown by A,

fig. 892. They are then placed on the hearth of the reverberatory furnace, and
brought to a full welding-heat, and, as soon as the edges of a tube come to a semi-
fluid state, it is taken out and passed between rolls ha-N^ng grooves somewhat smaller
in diameter than the exterior of the tube, by which means the tube is perfectly welded
from end to end ; and if care be taken in the management of the heat, and the junc-

889

If'
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ture be kept clear of dirt and cinders, the iron will be found perfectly homogeneous
in every part, and there will be no uppcaranco whatever of the Beam where the edges

came together. These tubes are repeatedly heated, and passed between the barrel

rolls, which are of sufficient diameter to admit of gradually decreasing grooves, the

whole length of the intended barrel being indented on their surfaces.

To preserve the tubular form, and ensure regularity in the size of the bore during
tho welding process, they are taken out of the furnace, by thrusting into thorn a tool

called a mandril, b,^. 893, which consists of a long rod of iron, having a short steel

893

r

treblett on its end, of tho diameter that tho bore of tho barrel is meant to be. This
rod is so adjusted by means of a strong iron plate c, near its handle, which is of wood,
and long, that when passed with tho heated tube on it between two transverse holding
bars, tho short steel treblett d shall be found exactly between the point of impact of
the barrel roils, k, e.

The adhesion of the hot iron to the surface of the rolls is strong enough to draw
tho tube off tho mandril, which thus keeps the bore open from end to end ; and by
repeating the process through tho whole scries of grooves in the rolls, tho barrel is

gradually elongated, and brought down to tho exact form required ; any superfluous
length at tho muzzle is then cut off. The breech end is then adjusted by tho hammer
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a triple-seat velded on by hand if it bo intended for a percussion lock; and then the

barrel is ready to go forward to the mill to be bored, turned, and finished.

Gun-barrels formed by this mechanical method are found to stand proof better than

those worked by hand, because the heat is more equalised ; and any imperfections in

the original mass of iron are more dispersed over the whole extent of the tube.

Of late years large strides have been made towards increasing the efficacy of mili-

tary fire-arms.

The first attempt to improve the rifle in use in the French army was that proposed

by M. Delvigno, an officer of the royal ex-guard {fig. 894), in which the upper orifice

894

r }
of the chamber that contained the powder took the form of a cup, wherein the ball

(somewhat wider in diameter) was received, and by two or three smart blows of a

heavy-headed rammer (also cupped out for the purpose) became expanded laterally,

and thus the rotatory motion was imparted to it by the spiral grooves of the barrel in

passing out. Colonel Poncharra suggested the addition of a wood bottom or sabot

under the ball and a greased woollen patch ; and Colonel Thouvesino proposed {fig*

895) a steel stem or pillar about 2 inches long inserted into the face of the breech-

895

pin ; round this pin the charge of powder was received, and the diameter of the ball,

when resting on the top of the pin, was enlarged by the blows of the heavy-headed

rammer, as suggested by Delvigne.

This, system took the name of ' Carabine a Tige,* and has been very generally intro-

duced for the service of fusilier battalions in Continental armies ; very grave objections,

however, have been found against it in use, from the impossibility of keeping the

chamber (or part round the pin) clear ; and from the severe labour to the soldier in

ramming down and enlarging the diameter of the ball sufficiently to ensure the rotatory

motion desired.

But if the ultimate results thus attained with spherical balls turned out not entirely

satisfactory, it was made clearly manifest, in the course of the experiments carried

on, that no insuperable difficulty stands in the way of rendering the fire of infantry

very much more accurate and powerful, by the use of rifled barrels throughout the

army, and thus leading to a verification of the prediction made by Robins above one

hundred years ago, that ' whatever state shall thoroughly comprehend the nature and
advantages of rifled barrel pieces, and, having facilitated and completed their con-

struction, shall introduce into their armies their general use, with dexterity in the

management of them, will by this means acquire a superiority which will almost equal

any thing that has been done at any time.'

But besides smoothing the way to such an essential improvement, it has been elicited

of late years, that when the accuracy of flight is secured by the rotatory motion derived

from the rifling, the bullet, instead of being limited to ggg 397
the form of a sphere as heretofore, may, up to certain

limits, be elongated with considerable increase of de- [ \
/~^

structive effect ; and with an augmentation of range ^ ^
very much beyond any thing that has hitherto been
considered to lie within the reach of small arms

—

placing them, in fact, with reference to artillery and
cavalry, in the first place instead of the last.

An immensely-extended field has thus been opened
to experimenters. 1st. Mons Didion proposed a true
oval {fig. 896) as the best form of bullet, so that,

when shortened by the blows of the heavy rammer and
widened in its diameter, it might be brought nearer to the spherical shape before
leaving the barrel. 2nd. Mons. Delvigne took out a patent for a bullet {fig. 897) under
the designation of ' Cylindro-Ogivale ;

' it had a conical opening behind, in which he
imagined that the force of the powder would exert itself with sufficient energy to expand
the lead permanently, and so make the ball take the rotatory movement derived

Vol. II, C G
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from the rifling, without any fatigue to the soldier in loading: with this projectile, in-
deed, the operation is but slightly more difficult than with the ordinary cartridge and
smooth barrels.

The buUet {fig. 898) of the Carabine a Tige' was called • Cylindro-Coniquc,' and

898 899 900

was said to possess this advantage over the preceding, that, being brought more to a
point in front, it bored its way through the air with greater ease, and thus retained
greater velocity, and of course, more extended range ; and with this bullet it Avas that

Mons. Tamisier introduced three sharp-edged channels round it, which ho stated were
necessary to keep its flight steady, by offering a resistance to the action of the air.

Finally, Mons. Minie, an officer of the French line, suggested {fig. 899) the addition

of a deuoyau or culot to the hollow ball of Delvigne. This, in the form of a little cup
made of sheet iron, is placed in the orifice of the conical hollow of the ball behind, and
by the energy of the powder is driven into the ball, enlarging its diameter permanently,
and thus giving all the accuracy of the rifle, with nearly the same facility of loading
as with the plain barrel.

The principle of the invention, as thus developed, has, we learn, been adopted by our
Government for the general use of the army, seeing that it offers so great advantages
over the system of plain barrels, but the bullet {fig. 900), as modified by the Inspector

of Small Arms, has on its exterior no channels, they being found not only useless as to

steadying the flight of the projectile, but absolutely injurious in lowering its velocity.

The bullet in its improved form too, being more truly balanced in its proportious,

and made by mechanical means instead of by casting, has no tendency to the gyrations

which appear to have so puzzled French artillerists, and for which they have invented
the word ' derivation,' and wasted much learned disquisition.

But even if it were ever to happen, which is not likely, that these various projectors

could be brought to agree as to the best form of projectile, they will then find out,

that although by the general introduction of rifled and elongated bullets an immense
advantage has been realised over plain barrels, their plans, based as they all are upon
a system of loading at the muzzle, are at best but one step in advance ; and that a good
sound military fire-arm loading at the breech will, after all, remain the groat desideratum

—an arm that, without any less accuracy or power to reach masses of artillery or

cavalry at a thousand yards' distance, will enable the soldier to triple the quantity of

his fire at any moment that he may be called upon to repel a charge of cavalry, or

attack or defend a breach at close quarters ; of such simple construction, and so easily

handled in every position of the body, that the soldier can pour every shot of his most
murderous fire upon the enemy with unerring j^recision, whilst he himself may lie

coolly behind a stone or in a ditch in entire security.

These are no longer wild imaginings, although so many hundreds of attempts towards
the same object, from the earliest period to the present day, have been one after another

seen invariably to fail. The Germans have been long and steadily pursuing the groat

object, until at length Ilerr Droysa, of Sommerda in Thuringia, has succeeded, after

more than twenty years of continued labour, in establishing a musket, under the name
of ' Ziindnadelgewehr,' which, if not quite perfect, is so well adapted for the uses to

^^^VWAAA/yv/^

which it is applied that the Prussians have armed the whole of their line and the

Landwehr with this weapon.
The needle musket {fig, 901) consists of a strong socket a, open on the upper side
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and screwed on to the barrel h, which is rifled in the usual manner ; within this socket

is a slider c, which in fact constitutes the lock, as it contains the spiral spring and
mechanism that produce ignition by percussion ; it has a stout hebel, or

handle, by which it is moved backwards and forwards freely. The car-

tridge {fig. 902) consists of the ball a, the sabot b, or bottom of hard

paper, and holding the priming matter, and lastly the charge of powder
c, the whole being made up in paper pasted together. In use, the slider

being drawn back, the soldier puts the cartridge with the point of the

ball in front into the open breech of the barrel, pushes the slider for-

ward, and secures its close junction by a turn to the right against an
inclined edge of the open socket. The spiral spring is then brought into

action by pressing the spring case forward with the thumb.

To Captain Drayson, E. A., we are indebted for the follo-vdng. The
Enfield rifle, which has lately been approved of for the use of the army,

is constructed principally by machinery.

The factory at Enfield, at which this arm is manufactured, is con-

sidered one of the most complete establishments in the world.

The barrel, lock, wood-work, furniture, and bayonet are all constructed

at Enfield, and, as each portion is made exactly of the same size and shape,

a part of one rifie will fit into the same part of another.

The total length of this weapon, including bayonet, is 6 ft. 0^- in., and it weighs
9 lbs, 3 oz. ; the barrel is 3 ft. 3 in. in length, and weighs 4 lbs. 2 oz. ; the diameter
of bore is -577 inch. The bullet is elongated, and rotates on leaving the piece like a
spherical bullet. The general figure of the bullet is cylindrical, but its front end is

rounded, and its rear end has a conical-shaped cavity. In the Minie rifle, some of

which were introduced into the service, a small iron cap was placed in the hollow at

the rear end of the ball for the purpose of causing the bullet to expand, but in the
Enfield rifle this opening is filled by a wooden plug instead. This diminishes the
fouling of the bore, and answers all the purposes of expansion.

The bullet is -568 inch, length 1-062 inch, weight 530 grains. The barrel is proved
at Enfield, and when flaws are supposed to exist as much as 15 drams of powder have
been fired, without bursting the barrel. The service charge is 2|- drams. The weight
of 60 rounds of ammunition, including 75 caps, is 5 lbs. 8 oz.

The bore has three grooves ; each groove forms a spiral of half a turn in 3 ft. 3 in.

The rifle is sighted up to 900 yards, but an effective range may be obtained beyond
that distance.

The system of rifling by grooves is the plan which has been generally employed, and
many experiments with different numbers of grooves, some of varying
depths, being deeper at the breech, and with different turns ; some in-

creasing towards the muzzle have been tried and thought advan-
tageous, at various times. The Enfield rifle has three grooves, with a
pitch of 6 ft. 6 in,, so that the bullet receives half a turn round its

axis while moving through the barrelj the length of which is 3 ft. 3 in.

The bullet is cylindro-conchoidal ; it is wrapped in paper, and made of

such a diameter as to pass easily down the barrel. It requires very
pure lead, to allow of its being properly expanded, or ' upset,' by the
explosion, and is driven partly against the original portions of the

bore, called the lands, and partly in the form of raised ribs, is forced

into the grooves, whose spiral shape gives the required rotation. The
Enfield bullet is shown in the annexed figure. It is conical in shape,

and has its back end recessed fo^ the insertion of a box-wood plug.

This plug, driven forward at the first shock of the explosion of gun-
powder, expands the lead until it fills the grooves at the breech.

{Fw. 903.)

The prime cost of a finished Enfield rifle is stated to be about 21. os.

;

and from 1,500 to 1,800 rifles per week are at present made at the
Enfidld rifie factory.

Since the remarkable proof, which has been obtained during the ' seven days* war,*
of the advantages possessed by the Prussian needle-gun, our War Office has directed
that all the fire-arms supplied to our army shall be breech-loaders, and the Enfield
factory is now fully engaged in the conversion of the ordinary Enfield into this form
of weapon.

Whitworth's Rifl^.—This fire-arm, and the principles on which it is constructed, can-
not be better described than by adopting, to a great extent, the words of the inventor

:

In the system of rifling which I have adopted, the interior of the barrel is hexagonal,
and instead of consisting partly of non-effective lands, and partly of grooves, consists

gf effective rifling surfaces. The angular corners of the hexagon are alwavs rounded i

cc2
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as shown in section, fig. 904, whicli shows a cylindrical bnllet in a hexagonal barrel.

The hexagonal bullet, which is preferred to the cylindrical one—although cither

may bo used,—is shown in fig. 905. Supposing, however, that a bullet qq-
of a cylindrical shape is fired, when it begins to expand it is driven

into the recesses of the hexagon, as shown in^^. 904. It thus adapts

itself to the curves of the spiral, and, the in-

clined sides of the hexagon offering no direct

resistance, expansion is easily effected. With
all expanding bullets proper powder must be

used. In many cases this kind of bullet has

failed, owing to tlie use of a slowly-igniting

powder, which is desirable for a hard metal

projectile, as it causes less strain upon the

piece ; but is unsuitable with a soft metal ex-

panding projectile, for which a quickly igniting

powder is absolutely requisite to ensure a com-
plete expansion, which will fill the bore : un-

less this is done the gases rush past the bullet,

between it and the barrel, and the latter becomes foul, the bullet is

distorted, and the shooting must be bad. If the projectile be made
of the same hexagonal shape externally, as the bore of the barrel

internally, that is, with a mechanical fit, metals of all degrees of hard-
ness, from lead, or lead and tin, up to hardened steel, may be employed, and slowly-

igniting powder, like that of the service, may be used. As we have already stated,

the Enfield rifle has one turn in 6 ft. 6 in. ; that is, the bullet rotates once on its

axis in passing over this space. This moderate degree of rotation, according to

Mr. Whitworth, only admits of short projectiles being used, as long ones turn over on
issuing from the barrel ; and, at long ranges, the short ones become unsteady. With
the hexagonal barrel much quicker turns are used ; and ' I can fire projectiles of

any required length, as, with the quickest that may be desirable, they do not " strip."

I made a short barrel, with one turn in the inch (simply to try the effect of an ex-

treme velocity of rotation), and found that I could fire from it mechanically-fitting

projectiles, made of an alloy of lead and tin ; and with a charge of 35 grains of powder
they penetrated through 7 inches of elm planks.'

* For an ordinary military barrel 39 inches long, I proposed a •45-inch bore, with
one turn in 20 inches, which is, in my opinion, the best for this length. The rota-

tion is sufficient, with a bullet of the requisite specific gravity, for a range of 2,000
yards. The gun responds to every increase of charge, by giving better elevation,

from the service charge of 70 grains up to 1,200 grains ; this latter charge is the

largest that can be effectually consumed, and the recoil then becomes more than
the shoulder can conveniently bear with the weight of the service musket.'

The advocates of the slow turn of one in 6 ft. 6 in., consider that a quick turn

causes so much friction as to impede the progress of the ball to an injurious, and
sometimes dangerous, degree, and to produce loss of elevation and range ; but Mr.
WTiitworth's experiments show the contrary to be the case. The effect of too quick

a turn, as to friction, is felt in the greatest degree when the projectile has attfiined its

highest velocity in the barrel, that is at the muzzle, and is felt in the least degree

when the projectile is beginning to move, at the breech. The great strain put upon a
gun at the instant of explosion is due, not to the resistance of friction, but to the via

inerticB of the projectile which has to be overcome. In a long barrel with an ex-

tremely quick turn, the resistance offered to the progress of the projectile as it is

urged forward becomes very great at the muzzle, and, although moderate charges

give good results, the rifle will not respond to increased charges by giving better

elevation. If the barrel be cut shorter, an increase of change then improves the

elevation.

There does not appear to have been, even yet, any thoroughly satisfactory experi-

ments on the degree of motion which it is necessary to impart to the ball to ensure a
flat trajection, and to overcome the different forces which are continually interfering

with the correctness of aim, with even the best rifle. In the experiments with Arm-
strong's and Whitworth's cannon, some very satisfactory results have been obtained,

and much information may be gained by studying the experiments quoted in the

article on Ahtillery.
A professional writer, well qualified to judgf> of the matter on which he wrote, has

made some striking remarks on the Whitworth rifle in the 'Mechanics' Magazine.'

After pointing out the small importance of a high prime cost in the case of so

durable a weapon as the rifle in question, ho refers to the strength of the metal used.

In illustration of its great strength, this fact is quoted. Mr, Whitworth put into a
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riflo barrel, one inch in diameter at the breech, with a bore of O'ly inch, a leaden plug

18 inches long, as tightly as it could be driven home upon the charge. It was fired

with an ordinaiy charge of powder, and the leaden plug being expanded by the explo-

sion remained in the barrel, the gases generated by the gunpowder all pa filing out

through the touch-hole. With such strength great durability must of necessity co-

exist, unless the quick turn of the rifling should tend to its rapid deterioration. But
this is not the case, Mr. Longridge's elaborate investigations having proved that the

amount of the force expended upon the rifling of the Whitworth rifle scarcely exceeds

two per cent, of the total force of the powder.

Perhaps the most remarkable testimony which has been borne to the merits of this

rifle is that of General Hay, the director of musketry instruction at Hythe. After

admitting the superiority of the Whitworth to the Enfield in point of accuracy, Gene-

ral Hay said there was a peculiarity about the Whitworth small-bore rifles which no
other similar arms had yet produced,—they not only gave greater accuracy of firing,

but triple power of penetration. For special purposes, any description of bullet

could be used, from lead to steel. The Whitworth rifle, with a bullet one-tenth of

tin, penetrated 35 planks, whereas the Enfield rifle, with which a soft bullet was
necessary, only penetrated 12 planks. He had found that at a range of 800 yards,

the velocity added to the hardened bullet gave a power of penetration in the propor-

tion of 17 to 4 in favour of the Whitworth rifle. This enormous penetration is of

the highest importance in a military weapon, in firing through gabions, sandbags, and
other artificial defences. Mr. Bidder, President of the Institution of Civil Engineers,

says, the Whitworth small-bore rifle, fired with common sporting powder, would
never foul so as to render loading difficult. He had himself fired 100 rounds one

day, 60 rounds the next, then 40 rounds, and so on, and left the gun without being
cleaned for ten days, when it fired as well as it did on the first day. The words of

Mr. Whitworth as to the application of his principle to the Enfield weapon must be
quoted in answer to the objections of cost, &c., urged against it. ' With regard to the

cost of my rifled musket, which has been stated to be an impediment in the way of its

adoption for the service, I may state that there would be no difficulty in adapting the

machinery and plant already in operation at Enfield, or any requisite portion of it, for

making rifles on my system. The change would not cause an increase in the manu-
facturing expenses ; and, supposing the quality of the workmanship and the materials

to remain the same, the advantages arising from the use of my bore and turn, and
hard metal projectiles, would double the efficiency of the rifle without increasing the

cost.*

Amongst arms requiring some notice from us, the more remarkable, as involving

some excellence in construction, or peculiarity in principle, are the following :

—

CoWs Eepeating Eifle.—This weapon is constructed mainly on the principle which
was introduced by Colonel Colt, in his 'revolvers,' to be noticed presently. The
Secretary of War of the United States reported as follows on this arm, which is shown
in fig. 906, and in section fig. 907- Fig. 908 is a vertical section of the revolving

barrels, and/^. 909 the wiping rod.

' The only conclusive test of the excellence of the arms for army purposes is to be
found in the trial of them by troops in actual service. Colonel Colt's arms have
undergone this test, and the result will be found, in some measure, by reports of
General Harney and Captain Marcy, who used them in Florida against the Indians.

These reports relate only to the rifle, but are clear and satisfactory A
board of officers recently assembled to consider the best mode of arming our cavalry,

made a report, showing the present appreciation of the arm by officers of the army
standing deservedly high for their services, experience, and intelligence.'

In its internal construction this rifle differs in some respects from the pistols and
early revolving rifles. The catch which causes the breech cylinder to revolve, instead
oi acting against ratchet teeth, and on the cylinder itself, works in teeth cut on the
circumference of the cylinder-end of the base-pin, in such a manner that the base-
pin rotates with the cylinder itself, being locked by a small mortise in the cylinder

;

and the stop-bolt gears into corresponding notches, also cut in the end of the base-
pin, and thus locks it when required. This is an improvement in the arrangement
of these weapons, and by a simple arrangement the small spring catch, which, by
means

^
of a circular groove in the front end of the base-pin, keeps it in place, is

immediately released by pressing on a small stud, and the cylinder can be instan-
taneously removed or replaced. Instead of the pin, which, in the pistol, is used to let

the hammer down on, when carrying it, a small recess is cut between each nipple, in
the cylinder itself, into which the hammer fits when let down, and makes security
doubly secure.

The rifle is provided with two sights : the ordinary leaf-sight usually employed is

also provided. The hinder sight is adjustable to suit long or varying ranges, and the
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front sight is that known as the bead-sight, which consists of a small steel needle,

with a little head upon it, like the head of an ordinary pin, enclosed in a steel

tube. In aiming with this sight, the eye is directed through a minute hole in the

sliding piece of the hinder sight, to the small bead in the tube, which bead should

cover the mark aimed at ; and this sight affords great accuracy in shooting. The
wiping rod, which occupies the position usuaUy allotted to the ramrod, in muzzle-

loaders, is ingeniously constructed so as to admit of being lengthened. In its interior,

which is hollow, slides a slight steel rod, in the end of which a screw-thread is cut

;

on drawing out the rod, a turn or so of the hand in one direction enables this steel

rod to be drawn out to a length as nearly as possible that of the outer case, and a
few turns in the contrary direction fasten it firmly in its place ; thus enabling it to

be used with as much fecility as if it were solid. When done with, the reversal of
the former motions enables the rod to be restored to its original dimensions, and it

can then be returned to its place. This weapon has a real business-like serviceable

appearance, and its weight varies, according to the length of the barrel, from 8 lb. to

10 lb, each, with five and six shots.

Colonel Colt has introduced a new shot gun, which is adapted for being loaded alter-

nately with shot and ball. This is adapted for colonists, enabling them to use the gun
as an ordinary sporting weapon for birds, &c., or for more deadly purposes. The ball

for Colt's rifle is shown hj figs. 911, 912.

Lancaster's Elliptic Eifle.—So called, although the Elliptical rifle is very old.

The bore in this rifle is slightly oblate ; the twist found, by experience, to be most
advantageous is one turn in 52 inches, the approved diameter of the bore -498 inches,

the length of the barrel being 32 inches. An eccentricity of '01 inch in half an inch
is found suflBcient to make the bullet spin on its axis to the extreme verge of its flight.

The length of the bullet found to answer best with these rifles is 2\ diameters in

length, with a windage of four or five thousandths of an inch.

Major NuthalUs Rifle.—In the ordinary mode of grooving rifles, sharp angles are
left between the grooves and ' land ' (those parts of the smooth bore left in their origi-

nal state after the process of grooving has been completed). These create great
friction with the projectile, both in loading and discharging. Major Nuthall removes
these objections by rounding off the ' lands ' into the grooves ; that is, making them
a series of convex and concave curves, the bore assuming a beautiful appearance to
the eye, from the smoothness and evenness with which the lands and grooves blend
into each other.

There are also General Boileau's rifle, and some others, which our space will not
admit of our noticing.

Breech-loading Bifles have been introduced, and they prove so satisfactory that
the principle of breech-loading is applied to ordinary fowling-pieces. Prince's breech-
loader has been highly recommended. In this rifle, ^. 913, the barrel has attached

913

to it a lever with a knob at its end, kept in its place and locked by a little
bolt attached to the bow of the guard. In order to load, the stock being firmly
grasped under the right arm, the catch is released, and the knob attached to the lever
is drawn to the right, and almost simultaneously pushed forward. The lever being
firmly connected with the breech-end of the barrel, the whole of the barrel is thus
slipped forward in the stock, to the extent of about 3 inches, disclosing a steel
cone, provided on either side with inclined planes, forming a segment of a screw, and
locking tightly into slots at the breech-end of the barrel. The cartridge is dropped
into the open space at the extremity of the cone, the lever is depressed, pulled back-
ward, and then pushed into its place. The barrel and cone are thus tightly locked
together, and until they are in this position the gun cannot possibly be fired. It is,

therefore, obvious, that in strength and security this rifle is not inferior to any. At a'
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trial at Ilythe, Mr. Princo firod 120 rounds in loss than cightoon minutes, slio-vring tho

rapidity of loading which this weapon admits of. Tho rifling proforrod by tlio inventor

is a five-grooved boro rather deeply cut, the twist being throe quarters of a turn in

three feet. The London gunmakers have certified to the great merits of Prince's

breech-loading riflij.

Prince's cartridge is an ingenious invention ; it can be used either with a muzzle or

with a breech-loader. The cartridge is made of gun-paper, produced in tho manner
described for making gun-cotton. The spark fires this with tho powder, and if the

paper is puro there is no ash loft from its combustion. Mr. Princo has brought out

a new breech-loading rifle which is simpler than any yet produced. His practical ex-

perience in such matters, extending over more than a quarter of a century, combined
with the success he has already attained, causes any fresh arm emanating from him
to be regarded with considerable attention. The breech is opened by a half turn of a
lever, and closed by a corresponding movement. Either common ammunition or a
flask can be used in loading. The barrel is a fixture ; a chamber being attached

to the breech-end, so that existing muzzle-loaders may be readily converted. For
cavalry a simple addition is made to the arm, so that the caps are placed on the nipple

in the act of loading.

Terry's Breech-loading Rifle differs from Prince's in having the barrel fixed.

There is an opening at the base of the breech, which being lifted by a lever discloses

a receptacle for the cartridge.

Mr. Westley Richards, Mr. James Leetch, and some others have introduced breech-

loading rifles. Of the former. Colonel Wilford says :
' The weapon manufactured by

Mr. Westley Richards is a perfect wonder. I saw a small carbine, weighing only

bl lbs., fire better at 800 yards than the long Enfield.'

In the rifle by Leetch the opening for the admission of the charge is in front of

the chamber ; consequently the shooter has all the security that tho solidity of tho

breech can import.

Revolvers or Repeating Pistols.—The fame attached to Colt's revolvers,/^. 910,

renders them so well known as to require but little introduction necessary. Although
the invention of revolvers, of course, cannot be ascribed to Colonel Colt, their adaptation

to modern requirements, and their general use, are undoubtedly due to his extreme

energy, perseverance, and skill, and to him, therefore, every credit ought to be given.

This make is now extensively used in the United States, and indeed in almost every

corner of the world, and seems not to lose favour anywhere. In Turkey, Egypt,

Brazil, Peru, Spain, Holland, Prussia, Eussia, Italy, and Chili, as well as the United
States, and our own country, they have been and are extensively used and approved

;

and wo are given to understand that 40,000 of them have been supplied to our au-

thorities, and have been served out and used in the Baltic, in the Crimea, in China,

and in India, with the utmost effect. The shooting with Colt's arms is highly satis-

factory. With Colt's revolver you can make first-rate shooting, and be perfectly

satisfied with its action. As a proof that it is not liable to get out of repair, wo need

only state that tho American Board of Ordnance had a holster pistol fired 1,200 times,

and a belt pistol 1,500 times, without the slightest derangement. The penetration of

the first-named was through 7 inches of board, and the second through 6 inches.

The barrel is rifle-bored. The lever ramrod renders wadding or patch unnecessary,

and secures the charge against moisture, or becoming loose by rough handling or hard

riding. The hammer, when at full cock, forms the sight by which to take aim, and
is readily raised at full cock by the thumb, with one hand. It has been tested l)y long

and actual experience, that Colt's arrangetnent is superior to those weapons in

which tho hammer is raised by pulling tho trigger, in which, in addition to tlio great

danger from accidental discharge, tho strength of tho pull necessary for cocking

interferes with tho correctness of aim, which is of so much importance. A very

effectual provision is made to prevent the accidental discharge of this pistol whilst

being carried in tho holster, pocket, or belt. Between each nipple (the position of

which secures tho caps in their places) is a small pin, and tho point of the hammer
has a corresponding notch ; so that if tho hammer be lowered in the pin, the cylinder

is prevented from revolving, and tho hammer is not in contact with tho percussion cap,

80 that, even if the hammer bo struck violently by accident, it cannot explode

the cap.

The movements of tho revolving chamber and hammer are ingeniously arranged

and combined. The breech, containing six cylindrical cells for holding the powder
and ball, moves one sixth of a revolution at a time ; it can only be fixed when tho

hammer and tho barrel are in a direct line. Tho base of the cylinder being cut ex-

ternally into a circular ratchet of six teeth (tho lever which moves tho ratchet being

attached to tho hammer) ; as the hammer is raised in tho act of cocking, tho cylinder

is made to revolve, and to revolve in one direction only ; while the hammer is falling
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tho chamber is firmly hold in position by a lever fitted for tho purpose ; when the

hammer is raised the lever is removed, and the chamber is released. So long as the

hammer remains at half-cock, the chamber is free and can be leaded at pleasure.

Kevolvors by Daw, by Adams and Dean, and others, have been introduced. They are

all so similar in principle, that they need not be described.

FZRE-BlJXiia'DZ:. A rare mineral containing about 62 per cent, of silver, with

sulphur and antimony. It is found at Andreasberg in the Hartz, at Freiberg ia

Saxony, and at Przibram in Bohemia.
FZRE-BRZCXS. See Bbicks.

FZRE-Cl^AY. Those clays which are termed fire-clays are such as are of a very

refractory character—resisting the highest temperatures of the blast-furnace without

melting. Tho conditions which are necessary for the production of a good fire-clay

have rarely been sufficiently explained. The best fire-clays are hydrated silicates of

alumina, not unfrequently containing silica uncombined ; they should not contain soda,

potash, or lime in any quantities, as those alkalis combine at high temperatures ^ith

the silica, and form glasses. The presence of iron is also exceedingly injurious to a
fire-clay. Under the direction of Dr. Percy, an extensive series of analyses of fire-clays

were made in the laboratory of the Museum of Practical Geology. From these, as pub-
lished in Dr. Percy's 'Metallurgy,' the following more important have been selected :

—

Water Water
Places SiO» A1=0» KO CaO MgO FeO Fe='0=' com-

bined
Hygro-
scopic

Stourbridge 65-10 22-22 0-18 0-14 0-18 1-92 ... 7-10 2-18

Corngreaves 57-21 28-58 0-44 0-71 0-49 2-83 ... 8-52 2-26

BrierleyHill . 51-80 30-40 ... ... 0-50 4-41 ... ... 13-11

Glascote, near

Tamworth . 60-20 32-59 2-32 ... 0-36 0-44 3-52 9-69 3-00

Stannington,

near Sheffield 48-04 34-47 1-94 0-66 0-45 ... 3-05 11-15 ...

Newcastle 55-50 27-75 2-19 0-67 0-75 ... 201 10-53 ...

Dowlais . 67-12 21-18 202 0-32 0-84 ... 1-85 4-82 i-'39

Glasgow .
66-16 22-54 ... 1-42 ... 5-31 ... 3-14 ...

See Cla.y.

FZRE-BAMP, the carburetted hydrogen of coal-mines, produced, in some cases,

by the slow decomposition of the coal itself ; in others, it is probably the result of the

changes in the constitution of the vegetable matter of which the coal itself is formed,

which has been confined under great pressure in the interstitial spaces of the coal

or rocks immediately in connection with them. The accumulation of this gas in the
'goaf,' or waste spaces of a coal-mine, is probably due to the changes which the
coal itself undergoes. The sudden outbursts of this gas, known as ' blowers,' are no
doubt the result of the liberation of the gas by suddenly removing the pressure under
which it has been confined. This gas is the constant product of the decomposition of

carbonaceous bodies under water ; it has hence been also called ' marsh gas.' It is a
protocarburetted hydrogen, its formula being C^H* (CH*).

This carburetted hydrogen gas does not explode when mixed with air in a propor-
tion much above or below the quantity necessary for complete combustion. With
three or four times its volume of air it does not explode at all, with five and a half or
six volumes of air it detonates feebly, and with seven or eight most powerfully.

When mixed with fourteen volumes of air the mixture is still explosive, but with
larger proportions of air the gas only burns about the flame of the taper. See Safety
Lamp and Mining.
FXRE-BAMP ZXTBICATOR. Fire-damp or Grisou of the French is a great

source of danger to the coal-miner, for, when mixed with certain proportions of air,

it forms a mixture which, meeting with, a naked light, explodes, occasionally causing
great destruction to life and property, while its products of combustion poison those
who, although stunned by the concussion, would yet recover if conveyed into a pure
atmosphere ; therefore its presence is a twofold source of danger. To make these two
sources of danger more easily comprehended, it may be explained that if fire-damp be
present to a very large extent, it naturally reduces to such an amount the oxygen,
because two substances cannot occupy the same space at one time, and oxygen being
thus excluded leaves in its place fire-damp, which is not poisonous, but simply in-

capable of supporting life, that is of oxidising the blood, since life simply goes out.

The other source of danger is, however, of a diffijrcnt character, for when an explosion
of such a mixture takes place the carbon which is hidden in the compound called fire-

damp or mine-gas becomes converted, by its combustion with oxygen, into carbonic
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acid or choko-damp, which is actually poisonous, so that if a man should broatho an
atmosphere mixed witli it, and bo then removed into pure air, ho -would not bo capable
of resuscitation, for liis life is gone ; whereas in the case of suffocation by fire-damp it

comes to bo simply a case of suspended animation, for if the lungs bo artificially

inflated with pure air before a great expiration of time life may bo saved, as in the
case of persons who have been immersed in water ; hence as a precautionary measure
in all pits where fire- or choke-damp is known to occasionally or habitually be
present, casks of lime-water should be placed at intervals, with coarse cloths suspended
in them, so that men in the event of an explosion could seize a cloth as they run from
their stall after an explosion, and holding this loosely to their mouths in tho manner
of a respirator they would find that the lime had removed the carbonic acid, and
permitted only the remaining mixture of air and fire-damp to pass into their lungs;
and these gases not being poisonous would enable the men to pass through the
dangerous space occupied by the products of tho explosion, and then to reach a place

of safety ; whereas if they should fall down and lie in the atmosphere of the explosion,

the lime respirator would prevent them being poisoned, and when their bodies were
reached by the searchers they would be removed, and tho ordinary means of restoration

being applied many would be recovered, while the searchers themselves would benefit

by the aid of the respirators. If fire-damp to the extent of 5 per cent, be mixed with
atmospheric air, and be long inhaled, it produces no remarkable effect, except perspir-

ation, which becomes profuse if the amount of fire-damp reach 10 per cent. ; if it still

increase to 15 per cent., and be inhaled for half an hour, a peculiar bodily helpless

feeling supervenes, which makes one feel disposed to lie on one's back, and the eyelids

tingle and smart. These feelings pass off in a few minutes, if fresh air be breathed.

In an atmosphere containing 22 per cent, of fire-damp a man may still breathe for

some considerable time. The writer of this article remained in such an atmosphere
for five minutes making experiments, without other inconvenience than a feeling of

mental lassitude—other words do not convey the exact sensation ; but in an atmo*
sphere more fully charged with fire-damp, probably 33 per cent., he became helpless

before he could determine the amount per cent, present, even in three attempts ; that

is, in shorter time than sixty seconds.

The physical characters of fire-damp vary greatly in different mines ; in some cases,

being present to exactly the same amount per cent., it will explode violently in the

lamp with a click, in others quite quietly ; the miners call it a ' sharp gas,' or a
' slow gas,' as the case may be. Its odour varies greatly ; and a circumstance of

much importance in another point of view is that its diffusion-rato as regards time
varies in different pits ; in one pit it will diffuse into a vessel in forty-five

seconds, in another in fifty, while in a third it may take sixty seconds ; the hygro-

metric state of the gas appears to cause these variations, for in dry pits the time is

longer, or appeared to be so in these cases, than in pits whose atmosphere was at the

dew point. The writer of this paper is of opinion that tho circumstances attending

the production of fire-damp in mines require investigation, as there are many points

to be elucidated, by experiments to be made in the pits.

Fire-damp is a mechanical mixture of carburetted hydrogen, nitrogen, and carbonic

acid, in varying proportions. The carburetted hydrogen is the only substance with
which we have to deal in fire-damp, because it is this substance that, when mixed
with atmospheric air, becomes explosive ; in the act of combustion its carbon forming
carbonic acid, and its hydrogen water, both of which at the moment of formation

are gaseous, and being at a high temperature, they therefore occupy a larger space than
was formerly occupied by the mixed gases : in other words, it explodes, and gives rise

to all the phenomena so well known.
In speaking, then, in future of fire-damp, we allude only to the carburetted hydrogen,

or marsh-gas, contained in the n^dxture, that alone being the combustible substance
;

a proposition to be noticed, because our figures will appear to be different from those

obtained by some who have taken the compound substance. Fire-damp is a chemical

compound, otherwise known by tho namo of mine-gas, or as marsh-gas, and is com-
posed of one equivalent of carbon, with two equivalents of hydrogen ; it is a light

substance of specific gravity 0*559, air being rOOO, and, by its le\nty, has a tendency

to rise to the uppermost part of a gallery. Notwithstanding the law of diffusion,

tho lower contain less than tho upper strata in a chamber, but tho writer found,

in a return air-way in the Hetton colliery, a uniform atmosphere of 3 per cent, of

fire-damp. It is combustible, forming carbonic acid and water.

In the same manner, while speaking of • choke-damp,' * after-damp,* ' black-

damp,' 'dampie,' &c., we allude only to tho carbonic acid which is contained in

the compound which passes under so many names, according to tho source whence
it occurs, for in all cases it is a mixture of carbonic acid, watery vapour, and nitrogen,

in varying proportions.
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Carbonic acid gas is a chemical substance, composed of one equivalent of carbon

and two equivalents of oxygen ; it is a dense gas of a poisonous nature, having a specific

gravity 1-521; its density causes it to flow to and accumulate upon the floor of a

chamber. In an atmosphere, containing 10 per cent, of carbonic acid, life can be

maintained for a short time only, and a candle for a still less time; indeed. Dr.

Angus Smith has observed that 3 per cent, is fatal, if the amount of oxygen falls

below 18 per cent, in the same atmosphere.

"We have thus spoken of fire-damp and of carbonic acid, because wo are about to

explain Mr. Ansell's proposition for giving warning of the existence of these sub-

stances through the agency of diffusion by means of a simple system of telegraphy.

Mr. George F. Ansell, late of theKoyal Mint, in a recent lecture on this subject, said :

^Possessing this information, I visited some pits, that I might see the precise con-

ditions to be met, and I placed before myself the problem, how to make known, by
their own agency, the existence of substances so varying as carbonic acid and fire-

damp ; it was perfectly manifest that the specific gravity, as specific gra%'ity which
had been proposed by others, must fail, because of the dust and currents of air in

the pits ; but these thoughts developed the idea that specific gravity, as a diffusive

agent, would be the plan, and I have up to this date been unable to improve the first-

formed idea, although I have been enabled to greatly simplify the mode of operation.

I felt all along that if the existence of dangerous gases could be made known to

the master without the man's agency, then the servants would be more particular

to observe the laws laid dovm by the master, and so conduce to the welfare of all.'

Tlie diffusion of gases may be described as an intermingling of them when placed

in such circumstances as to admit of the natural motion of their particles extending

itself into space or into other gases ; for this explanation, it is. well to consider that

matter in every form, whether solid, liquid, or gaseous, that is liquid in a higher

sense, is formed of minute particles, just as the ocean is formed of drops of water.

Those minute particles have been called atoms or molecules, and there are reasons for

believing that these atoms have motion amongst themselves in either the solid, liquid,

or gaseous form of matter. In the case of gases, the law governing one particular

motion was eliminated by the late Mr. Thomas Graham, who demonstrated that
gases diffuse into each other and into space in the inverse ratio to the square root of

their densities ; in other words, a light gas diffuses itself rapidly, while a dense gas
diffuses itself slowly into space, or into another gas.

If we take the following substances, and compare them with atmospheric air, as the
standard of specific gravity, they will illustrate our meaning, for

—

Specific gravity. Cubic in. Grains.

Air being taken as of 1-0000 . 100 will weigh 31-0117
Hydrogen being taken as of 0*0691 „ „ „ 2*1400

Marsh gas being taken as of 0*6690 „ „ „ 17*4100
Carbonic acid being taken as of 1*5240 „ „ „ 47*2600

The barometer registering 30 inches, and the thermometer 60° P. If, therefore, a
vessel of a given capacity be filled with each of these different gases under precisely

similar circumstances, and weighed carefully, the variations of weight would be as
indicated above.

If, then, we imagine the containing vessel to be made of such a substance as will

admit of diffusion, we should find that the gas would diffuse out of that vessel in a
period of time relative to its specific gravity: hydrogen most quickly, marsh gas
next in its place, air following, and lastly carbonic acid ; each gas being replaced by
its diffusion-equivalent of air ; but in the case of air, although diffusion would take
place, its amount would not be registered, because air would replac^e air, volume for

volume.

To demonstrate this with one experiment, it will be siifficient to fill a glass tube,

whose one end is closed by a plug of plaster of Paris, with coal-gas, and then to
place its lower end in water, when the water will gradually rise in the tube, because
the gas diffuses out into space, leaving a partial vacuum, while tJie atmosphere presses
the water into that space.

But we find that the whole space is not exhausted, yet there is no gas remaining

;

for while the gas has diffused out, air has diffused into the tube (the gases have
passed each other within the interstices of the plaster of Paris), and thus we come to
the relative movement of gases under the circumstances of diffusion, or endosmose and
exosmose, as it was formerly called.

The same gas, diffusing through different substances, occupies varying times,
being quicker through unglazed pottery ware of "Wedgwood than through Sicilian

marble. The force or power of diffusion is considerable, as will be evident if the
little apparatus about to be described be placed in an atmosphere of coal-gas. The
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instrument consists of a porous cell, surmounted by a cylinder, in which is placed a
piston of brass, the piston being free to move, just as in the case of steam. Imme-

diately that this instrument is placed
914 in an atmosphere of coal-gas, diffu-

sion commences; the gas passing
into the porous cell through its walla
more rapidly than the air passes out,

causes an increase of volume, which
exerts its pressure on the lower side

of the piston and carries it up through
the cylinder.

Fire-damp and choke-damp accu-
mulate slowly under some conditions,

and rapidly under others ; there are,

therefore, two main divisions to be
met, and wo will first explain how
Mr. Ansell proposes to indicate the

existence of a slowly-accumulating

mass of gas in a goaf, or other place.

For the purpose of indicating by
signal a slowly-accumulated mass of

fire-damp, or of carbonic acid, he
uses a balloon of thin India-rubber

;

for, singularly enough, he found that

both these gases cause an expansion
of the balloon. At first sight one
can understand how marsh gas ex-

pands the balloon, by the law of
diffusion ; but that carbonic acid

should also expand it, is so surpris-

ing, that the effect will require to be
explained by a law not yet dis-

covered.

The balloon is filled with atmo-
spheric air, and its neck tied tightly with silk, or wax-end, and a piece of linen

is bound round the equator of the balloon to prevent lateral expansion. The balloon

c,Jiff. 914, so prepared, is placed under a small lever a upon a stand of wood, so that

it exerts a gentle pressure on the lever; if now any fire-damp or carbonic acid

accumulate round it, either of these gases passes through the substance of the India-

rubber balloon, and, accumulating inside, causes it to expand, thus to press against

the lever, and raising it releases a detent b, e, by which the terminal poles of

a battery f are connected, whereby we get telegraphic communication with a distant

place, or a warning on the spot at will. It must be stated that the temperature
of a given place in a mine does not vary from year's end to year's end. The
action of gases through India-rubber has been explained, by assuming that the gases

dissolve in the outer coats of the India-rubber, and in solution pass through and
evaporate from the inside. This proposition is rather fascinating, but Mr. Ansell
refuses to regard it as the true explanation ; he is, therefore, engaged in investigating

the facts in a larger field, and at a future time hopes to discover the law which
regulates the passage of gases through thin India-rubber.

These balloon instruments can be so arranged as to tell if the accumulation be still

free from danger, or if it be explosive.

In the event of a sudden irruption of fire-damp, he applies the law of diffusion in

all its simplicity ; for by an instrument, y^. 915, he shows at once, if there be gas, no
irruption can be so sudden that this instrument cannot toll of its approach—say, in

from 5 to 10 seconds—according to the percentage of tire-damp contained in the
dangerous rush. It may be so delicjitoly set as to give warning if the mixture be
still below the explosive point. The instrument consists of an iron funnel, b, whose
stem is bent into a U, the funnel being closed with a plate, a, of unglazed Wedgwood
ware (but, in his first experiments, he used a broken flower-pot), the stem being closed

by a cap of brass, c, through which is passed a platinum-tipped copper-wire, capable
of just dipping into the mercury, d, previously placed in tlie bend of the funnel.

The distance between the platinum-pointed wire and the mercury regulates the point
at which the indication shall be given as regards the irruption ; that is to say, if a
non-explosive mixture is to give its warning, the wire must bo brought almost to

touch the mercury ; but if it be intended to give its alarm for an explosive amount,
then it may stand a little farther off; but in no case to exceed the thickness of a
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shilling. If, -when the instrument be ready, gas impinge on the porous tile diflfiision

takes place, and the pressure of the accumulating gas forces the mercury against the

platinum-pointed wire, and the circuit

being thus completed, telegraphic warning

is given on the spot, as well as in the

manager's room, if such be desirable,

either by a needle or by a bell.

In the case of known accumulations,

Mr. Ansell considered that, if the amount
per cent, could be readily ascertained,

measures in proportion could be taken

to sweep out by ventilation such a dan-

gerous mass. He tried instruments upon
many systems, all acting by diflFusion, and
with many obtained splendid results, such,

for instance, as with a column of water

or of mercury ; but in all cases tempera-

ture would be fatal, unless in the hand
of a scientific man. Then, again, there

is another action depending on the ex-

change of the proportions of the gases

composing the atmosphere, which leads

to errors ; he has, therefore, been led to

use the aneroid barometer, which, al-

though far from a perfect instrument, is

still reliable, and may be depended on till

a better is discovered. In this place we
may mention that Mr. Ansell is now at

work at a most beautiful pocket indicator, which we have reason to believe will avoid

all the dilB&cultiesof the aneroid, and be simply an indicator, not a compound instrument

answering three purposes, as does the aneroid indicator. That marvellous arrange-

ment, the Davy lamp, gives magnificent indications, and it may be asked, why try

to go beyond it ? Mr. Ansell says, * I hope to supplement it by another indicator,

for it must still be used with my proposed instrument
;
yet I am not without hope

that I shall soon make my instrument self-registering ; then I shall hope it will be
even more useful than in its present form.'

The instrument, fig. 916, about to be explained, is an
aneroid barometer of the most delicate construction, the

brass back of which has been removed, and its place

occupied by a porous tile, b. There are besides one or

two minor alterations, such, for instance, as a small

valve, A, to be used at pleasure. This instrument acts by
pressure on the outside of an aneroid ch%,mber, c, which,

by a system of levers, causes a hand to travel over a dial

face, which is graduated in inches just as the ordinary
aneroid, so that it can be used as a barometer, and as

such can be relied upon. If we desire to experiment for

fire-damp, or for choke-damp, by means of this indicator,

i* must be taken into the neighbourhood of the suspected

atmosphere, and held by the ring handle, a, till it has
become of the same temperature as the new place. It is

absolutely necessary to follow these directions, because,

when the valve is closed, the instrument is affected by
temperature; when the temperature is equalised, which
is usually in a short time, it may be known by the fact

that the hand remains stationary after the valve is closed.

The valve, which is simply a hole bored through the

handle a, so that by turning the handle the atmosphere
is admitted or excluded at will, is closed by screwing it

tightly, and the position of the hand recorded. Then
the brass cap d, which protects the porous tile, is removed,
and the instrument held up into the suspected atmo-
sphere, when in about 45 seconds the maximum effect is

produced ; at this time it is necessary to read the barometer accurately, because, the*
maximum point having been reached, effusion takes place, and the hand travels back
to zero.

Efiusion is the mechanical passage of gas through the tile by pressure alone. This

916
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action proceeds with the diffusion, hence wo never obtain all the effect calculated
upon; but directly diffusion ceases, effusion going on empties the chamber of gas, so
that if the instrument be held long enough in the same atmosphere, the hand will
return to zero, whence it started, and remain there till the instrument is taken into a
purer atmosphere, or into one more fully charged. If into an atmosphere more fully
charged, the barometer will rise, and this increased reading must bo added to the
other reading, so as to obtain the amount present at the new place. Thus in ono
reading it gives 3 per cent, of fire-damp ; this atmosphere remains, and the hand
returns to zero, but the instrument is placed in an atmosphere which gives 7 per cent.
on its face, therefore the true reading is 7 + 3 = 10 per cent., which can be confirmed
by taking the instrument into the intake gallery for a few minutes, and then putting
on the cap ; carry back the instrument to the suspected atmosphere, and it will at once
indicate the 10 per cent.

Effusion has been a source of great trouble in the elimination of a suitable substance
for a diffusion septum, but Mr. Ansell has just now happily found that Sicilian marble
supplies his wants, for this substance permits diffusion to take place while it almost
entirely arrests effusion.^ This will have a very important bearing on the indication
of fire -damp, because it is now only necessary to fit a plate of Sicilian marble into the
iron funnel of fig. 915 m the place of the porous tile a, and that instrument may be
used instead of the delicate instrument shown at^^'. 916, which, it must be admitted,
is extremely delicate and liable to destruction. By regulating the thickness of the

n 1
- marble from one-eighth of an inch to

one inch, Mr. Ansell meets the cases

of the varying times required for the

various rates at which gas accumulates.

Instead, however, of using the instru-

^^ ^
ment, ^^. 915, which is proposed only

j.j > ^Rii^^ iHMI ^^ ^ means of warning to those on the

spot, he wishes to place in the pits an
instrument shown as fig. 917, which is

about a third of the actual size. This
is made of a thick cup of cast iron,

screwed into a stand of the same metal,

and from the other side of which an
upright pillar rises to a height just

above the top edge of the cup, as will

==10 niiiiiiiiiiiiiiiiiiy^^^H^^:^:^:^
^^ ^^^^ ^^ ^^^ i llustratiou. The top of

^" •'^-"--- :---^-^-----:iu:iiitu]iii((illLLJ_'ffi?^^5" ^^Q •j.Qjj g^p jg closed by a solid disc

of Sicilian marble three quarters of an
inch thick, shown at a, where the iron is

torn away for the sake of demonstration. The cup contains mercury as represented by j),

while between b and a is a space b, occupied by atmospheric air. If the cup bo examined
it will be seen that the mercury d flows by^ bent tube into the upright pillar where
of course it assumes the same level as in the cup. In the event of fire-damp accu-

mulating around the cup (and this instrument is to be placed near the roof at a fitting

place in the pit) it at once diffuses through the marble, and by the law above ex-

plained accumulates in the space b, and thereby presses on the mercury d and causes

it to flow and rise into the pillar till it touches the needle c, and thus to complete the

circuit between the poles of a battery, and to ring a bell which may be placed mil?3

or yards off in the viewer's office or in the lamp-cabin. The distance between the

mercury and the needle c determines the point of mixture between the gases of which
warning should be given ; and this may be fixed at above or below the point of explo-

sion at will, by regulating, by means of the screw which passes through the top, where
a pin E is placed, to enable a man to regulate the distance in the dark by feeling the

pin ; H is a valve which should be securely closed as soon as the instrument has been

steadily fixed in its proper position, wliilo f and o are the wires which terminate in a
cable going to the office, &c., so that twenty of these instruments commimicato with

the one bell, just as in the case of the telegraph bells at hotels, where the bell rings

and a number drops to show which instrument is communicating the state of the pit.

All the time the valve a of the aneroid indicator is open, the instrument is

a barometer, therefore it indicates change of altitude ; at the spot ono wishes to test

the valve is closed ; a knowledge of this will preclude the possibility of mistaking

change of altitude for gas. It is well to remember that this instrument is not

intended to detect gas : its inventor intends it to be used only to determine how much
gas exists in any place where it has been shown to exist. A few intelligent obser-

vations will make any man as perfectly acquainted with the indicator as with his

watch.
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It is imperative that the instrument be held by the ring liandle, else its action

cannot be depended on. Mr, Ansell has found that the following figures are to be

relied upon for fire-damp, and for carbonic acid :—

With Sisinff Barometer,

Fire-damp.
Inches.

1 per cent. = O'OIO

3 = 0-030

5 = 0-060

7 = 0-080

^l\
= 0-0901 ^
= 0-130

1

12i = 0170 &<

16 = 0-220 ^
20 = 0-320

60 = 0-800

100 = 1-680

With Falling Barometer.

Carbonic Acid.
Inches.

1 per cent. = 0-015

3 „ = 0-050

5 „ = 0-080

10 „ = 0-160

15 ,, = 0-240

20 „ = 0-330

60 „ = 0-820

100 „ = 1-640

Mr. Ansell was much assisted by Mr. Thomas W. Short (of the firm of Short and
Mason, 62 Hatton Garden, E.G.), who practically realised the ideas Mr. Ansell con-

veyed to him, and so produced the apparatus in a simple and practical form.

The foUowdng actual experiments were made by Mr. Ansell in a coal-pit at the

Ince Hall Colliery, on the 7th June, 1866, in the presence and with the assistance of

some officials of the Ince Hall Colliery Company.
Two aneroid barometers were used, each with tiles of dijfferent thicknesses, -with a

view to determine the proper thickness. The instrument denoted by the * had the

thinner tile.

Aneroid Baro-

Time meter Indicator i Amount Distance
occupied u of gas in- from Davy Lamp giving to the tJndervicwer

by expe- Before After

p
dicated floor indications as follows

—

riments experi- exjMjri-

ment ment

Seconds Inches Inches Inches Per cent. Inches

50 30-65 30-71 0-06 5-00 ... Small cap
*50 30-40 3U-53 0-13 10-50 ... Very explosive

60 30-52 30-60 0-08 700 ...

*50 30-40 30-52 0-12 10-00 ...

50 30-57 30-62 0-05 4-50 24
*50 30-40 30-50 0-10 8-00 24 Three-inch cap on flame

50 30-55 30-67 0-12 10-00 40 Lamp exploded sharply
*60 30-41 39-55 0-14 11-00 36 Lamp exploded sharply

60 30-50 30-65 0-15 11-50 24 Gras explosive at this point

50 30-60 30-65 005 4-50 6 One-inch top on flame
•>i50 30-44 30-50 0-06 5-00 12 Half-inch top on flame

*oO 30-59 30-64 0-05 4-50 18 One-inch top on flame
30-42 30-50 008 7-00 18 Three-quarter inch top on flame

60 30-61 30-65 0-04 4-00 ...

*60» 30-45 30-53 0-08 700 18 One-inch top on flame

60 30-56 30-66 0-10 800 18 One-inch top on flame
*50 30-42 30-56 0-14 11-00 24 Very explosive

60 30-59 30-70 0-11 8-50 24 Very explosive
*60 30-55 30-70 0-15 11-50 30 Over explosive point

60 30-40 30-59 0-19 13-50 30 TElame elongated in lamp, and gave

\ evidence of going out60 30-57 30-76 0-19 13-50 36
*50 30-39 30-51 0-12 10-00 36 Very explosive

60 30-50 30-74 0-24 1600 42 fLamp could not be held in this

\ gas without fear of extinction*60 30-41 30-62 0-21 14-60 42

Note.—It was remarked by the underviewer, that the lamp indicated a varying
amount of gas within a few seconds at the same place. These changes were attri-

buted to the heat from our lamps and from our bodies; and it was found that the
lamps and indicators most nearly agreed when both were taken into the gas at the
same instant.

It was agreed that this was held 10 seconds too long, as the ludex-hand travelled backwards.
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FZnS-OPAXi or Girasol. A lustrous variety of opal. Sco Opal.
FXRESTOXTE signifies a stone which will bear the heat of a furnace without injury.

In geology the term is generally applied to the sandstone which occurs at the top of
the Upper Greonsand in the south of England, which, from its power of withstanding
the effects of heat, is frequently used for lining kilns and furnaces. It is a greenish
calcareous sandstone, soft, and easily worked in any direction when first taken from
the quarry ; but, on exposure, it becomes extremely hard and durable, and well suited

for building purposes. Many of the older churches in Dorsetshire are built of this

stone.—H.W.B.
FZRE-'WORXS. See Pthotechny.
FIB-'WOOB. The wood of several species of conifers, the most important of

which are the Silver Fir, Abies excdsa, or the Pinits abies of Linnajus {Sapin conimun,
Fr. ; Weiss or Edel Tanne, Ger.) ; and the Scotch Fir, Pinits sylvestris {Pin cCEcosse,

Fr. ; Kicfer, or Fohre, Ger.). These are valuable as timber-trees, and for the resinous
juices which exude from them. See Abies ; Turpentine.
FZSCHERZTE. A hydrous silicate of alumina, from Nischne-Tagilsk in the Urals.

FISH. Many of the parts of fish enter into manufactures, and, prepared, become
articles of commerce. The 'sound' or swimming-bladder of the sturgeon yields isin-

glass, but the true isinglass is sometimes sophisticated by the gelatin of common fish.

Fish-oil finds employment in many ways, and manures prepared from fish-offal aro

much used.

Owing to the arrangements made relative to our less important imports, it is not
possible to give—as was given in the last edition—our importation of fish. See
Cavaire ; Isinglass ; Manure.
FZSH-SXZXr. The skin of the dog-fish, shark, and other ganoids, used occasionally

in polishing and in cleaning rounded and irregular works in pattern making.
FZSSITRE. A crack or rent in rocks. See Dyke.
FZXED AZR. An old name for carbonic-acid gas.

FXiAGSTOXrE. A stone which splits freely in a particular direction along the
original lines of deposition of the rock. These are generally sandstones, and the
splitting surfaces are frequently produced by tliin laminae of mica ; but thin bedded
limestones also furnish fiagstones, of which some beds of Purbeck limestone and the

Stonesfield slates are examples. Flagstones are also obtained from Lias limestones,

which are, in fact, thin beds of indurated clay.—H.W.E.
Most of our common flagstones are micaceous sandstones from the coal-measures of

Yorkshire.

FXiiiSE-VrHXTS. This name is applied indiscriminately to pure white lead,

and to the trisnitrite of bismuth.

FZiAME {Flamme, Fr. and Ger.), in the ordinary acceptation, is the combustion
of a mixture of an inflammable gas or vapour with air. That it is not, as many sup-

pose, combustion merely at the exterior surface where the gas and the air come
in contact with each other, is proved by passing a fragment of phosphorus or sulphur

into the centre of a large flame. Either of these bodies ignited in passing through

the film of fiarae will continue to burn there with its peculiar light ; thus pro^^ng

that oxygen is mixed with the vapour in the interior. If we mix good coal-gas with

.as much atmospheric air as can convert all its carbon into carbonic acid, the mixture

will explode with a feeble blue light ; but if wo mix the same gas with a small

quantity of air, it will burn with a rich white flame : a knowledge of this fact has led

to the practice, in many of our large gas-works, of pumping air into the gasometers

with the coal-gas—a dishonest and a dangerous system. In the latter case, the

carbonaceous particles are precipitated, as Sir H. Davy first showed, in the interior of

the flame, become incandescent, and constitute white light. Towards the interior of

the flame of a candle, a lamp, or a gas-jet, where the air is scanty, there is a deix)sition

of solid charcoal, which, by its ignition, increases in a high degree the intensity of the

light. If we hold a piece of fine wire gauze over a jet of coal-gas close to the orifice,

and if we then kindle the gas, it will burn above the wire with its natural brilliancy;

but if we elevate the gauze progressively higher, so as to mix more and more air with

it before it reaches the burning point, its flame will become fainter and less white.

At a certain distance it becomes blue, like that of the above explosive mixture. If a

few platina wires be held in that dim flume they will grow instantly white hot, and

illuminate the apartment. On reversing the order of this experiment, by lowering

progressively a flat piece of wire gauze from the summit towards the base of a gas

flame, we shall find no charcoal deposited at its top, because plenty of air has been

introduced there to convert all the carbon of the gas into carbonic acid ; but, as we
descend, more and more cliarcoal -will appear upon the meshes. At the very bottom,

indeed, where the atmospheric air impinges upon the gauze, the flame is blue, and no

charcoal can therefore be deTX)sitcd,
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The fact of the increase of the brilliancy and whiteness of flame by the development

and ignition of solid matter in its bosom, illustrates many curious phenomena. We
can thus explain why olefiant gas affords the most vivid illumination of all the gases

;

becjiuse, being surcharged witli carbon, this is deposited in the middle of the flame,

as it would bo in an ignited porcelain tube, whereby its solid particles first get ignited

to whiteness, and then burn away.
The explanation given above was originally advanced by Sir H. Davy, and has,

until recently, been universally accepted by chemists and physicists. Dr. Frankland
has, however, brought forward a body of evidence tending to show that the presence of

incandescent solid particles is by no means essential to the luminosity of a flame.

Indeed, many flames of high illuminating power cannot possibly contain solid par-

ticles ; thus, when the vapour of bisulphide of carbon is burnt in nitric oxide gas, it

produces a dazzling light, yet without the presence of any solid matter. Frankland
maintains that the luminosity of a flame is directly connected with the density of the

burning vapours. He finds that dense vapours and gases become luminous at much
lower temperatures than do those of less density ; and that a rare gas, when not

luminous at a given temperature under ordinary atmospheric pressure, may become so

when suddenly compressed. The passage of electric sparks through different gases

produces an intensity of light varying with the density of the gas. With respect to

ordinary flames, it is believed that glowing particles of precipitated carbon are not

the true source of luminosity, and that soot is far from being a deposit of mere carbon.

Frankland maintains that ' incandescent particles of carbon are not the source of light

in gas and candle-flames, but that the luminosity of these flames is due to radiations

from dense but transparent hydrocarbon vapours.'

—

On the Source of Light in

Luminoiis Flames, Proc, Boy. Inst, June 12, 1868.

In the blowpipe flame from an oil-lamp or a candle, the inner blue flame has the

greatest heat, because there the combustion of the whole fatty vapour is complete.

The feeble light of burning hydrogen, carbonic oxide, and sulphur, may, upon the

principles above expounded, be increased by simply placing in them a few particles of

oxide of zinc, slender filaments of amianthus, or fine platina-wire. It is now many
years ago since Dr. Ure demonstrated, in his public lectures in Glasgow, that by
narrowing the top of a long glass chimney over an argand flame either from oil or

coal-gas, the light could be doubled, at the same cost of material. The very tall

chimneys used by the lamp-makers are wasteful, as they generate a strong current
of air, and the combustion of the solid matter is carried on with great rapidity. With a
narrow chimney of half the length we can have nearly as good a light, and save 30
per cent, of the oil See Blowpipe ; Lamps.
FIiAXTDERS BRZCXS, commonly called Bath bricks. These are made in large

quantities at Bridgewater, from the silty clay deposited in the estuary, which contains

a large proportion of fine sand. These bricks are much used for domestic purposes,
also in making founders' cores, and for polishing some steel articles.

FltAZrirEIi. A plain woollen stuff of a rather open and slight fabric.

Wales is the country in which flannel was originally made, and the Welsh flannel

is still held in much estimation. Hand labour is rarely employed in the production
of Welsh flannel ; and, though it is not so cheap as some others, the quality and finish

of this fabric generally cause it to be preferred for vests worn next the skin and
similar purposes. Flannels are now made more extensively at Eochdale than in any
other part of the world. In that neighbourhood the manufacturers produce the greatest
variety of widths, finish, and substance, viz., the thin, the medium, the thick, double-
raised, and swanskin. Saddleworth produces the so-called Saxony flannels, which are
much admired ; and some varieties are produced at Leeds, and finished the natural
colour of the wool. In the West of England fiannels are made, but not extensively

;

and in Ireland a few varieties of low fiannels and coatings, called Galways, are manu-
factured from Irish-grown wool. See Woollen Manufactures.
riiASHIWGS. Pieces of lead or other metal let into the joints of a wall so as to

lap over the gutters, and prevent the splashiugs of rain from injuring the internal
work. When glass is coated with a thin layer of coloured glass it is said to be
' flashed,' and the operation is called ' flashing.'

FKASX. In foundries, a shallow iron frame, without top or bottom, used for
moulding. The lower flask is called a drag. See Founding.
FIiAT. The name of a river boat, usually flat-bottomed, and carrying from 80 to

1 20 tons. This term is also applied to baskets in which butter is now sent from all
parts of the country to the London markets.
FIiAT ROBS. In mining, a series of rods for communicating motion from the

engine, horizontally, to the pumps or other machinery in a distant shaft.
FXiATS. A mining term.. Flats are the decomposed parts of limestone strata,

and often contain deposits of lead ore and other minerals, all of which are spread out
Vol. II. D D
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horizontally. Similar horizontal beds occur in our tin mines, and they are sometimes
very productive. The • carbonas' of tho tin mines near .St. Ives aro little more than
flats. Ilooson, in his * Derbyshire Miner,' published in 1747, thus defines a flat:

—
' it

is neither vein, pipe, rake, nor screw.'

FXtATTIxrc Tho operation of finishing house-painting so as to prevent the un-
pleasant glare which arises from a surface left in simple oil colour. The flatting

colour should be incorporated with a large quantity of spirits of turpentine. This
drying leaves a dull surface, which is produced by the resin of tho turpentine. Unfor-
tunately, from the high price of turpentine, naphtha is now commonly employed. As
naphtha contains no resin, the colour is not so permanently placed upon the surface

;

it washes off readilj'', and is liable, after a season, to fall off as dust. This substitution

of naphtha should therefore never be allowed.

FIiATTZZTG MIIiIi. A mill for rolling out metals into plates. Cylinders of

great power are employed for this purpose.

FIiAirCHTS. Tools for carding wool, used chiefly in Scotland.
FIiAVinr. A yellow dye-stuff imported from America, and used as a substitute

for quercitron bark. It is prepared by dissolving it in hot water, with which it makes
a somewhat turbid solution. It should be used when newly dissolved, for if allowed
to stand it deposits a brownish-yellow mass, in consequence of its not being all com-
pletely soluble in water. If boiled in distilled water until all tho soluble matter is

taken up, and the clear solution decanted, it soon yields a deposit. The colour pro-

duced by flavin is never good until raised. A colour dyed by it weakens gradually
when a little sulphuric acid has been added; but what remains retains its brilliancy

by raising, and in respect of this property it differs from bark.
Adolph Ott, of New York, makes the following remarks on Flavin in the * American

Chemist '
:

—

' The flavine handed to me for examination came from the Stamford Manufacturing
Company, 157 Maiden Lane, New York. It represented a light yellow powder, but
sparingly soluble in hot water, and separating again on cooling. The supernatant

liquid remained slightly coloiired. "Warm alcohol, even when diluted, dissolved it

quickly ; not so ether. Tartrate of potassa and copper was not reduced by an aqueous
solution, showing the absence of sugar. The solution remained clear on adding a

solution of glue, thus indicating the absence of tannin. Sodium-amalgam, when
added to an alcoholic slightly-acidulated solution, gave rise to the well-known purple

reaction indicative of quercetrin ; this reaction was, b}- the way, also obtained with the

deposit of a decoction of yellow bark. The watery solution of flavine decoloured

permanganate of potassa, proving the presence of gallic acid (test of Monier). The
absence of tannin and the presence of gallic acid are to be considered as proof that

the alkaline decoction of the bark had been treated for some time with sulphuric

acid.

' The above-mentioned tests satisfied me that tho sample was 'a remarkably pure

flavine.

• The late Professor BoUey, who first made us acquainted with the method of manu-
facture of flavine, discovered tannin and sugar in flavine analysed by him. My speci-

men was free from both, but contained gallic acid, the dorivato of tannic acid. Since

a solution of crude quercitrin assumes a beautiful yellow colour, when protochlorido

of tin is added, this being not the case with my flavine, I drew the conclusion it M-as

free from quercitrin. This fact was also to be inferred from the presence of gallic

acid.
' Prompted by the results of this investigation, I began to search whether there

existed other analyses of flavine besides that given by BoUcy. My researches in this

direction remained without result ; but I obtained, on the other hand, some notes which

strikingly illustrate how slow industries sometimes progress when they are unaided by

science. According to James Napier, who published a book on the art of dyeing in

1853, the flavine must have become a commercial commodity in or about the year 1850.

Aside from describing its behaviour towards mordants and vegetable fibres, tho author

states that it contains 4'4 p(«r cent, ashes. They consisted doubtless of sulphate of

soda. Supposing that the dye-stuff had not been washed out, and that to make tho

decoction the same quantity of water had been employed as prescribed in tho patent

specification of Leeshing, it would be very easy to calculate how much soda was used.

The quantity was doubtless very large. In 1856 (*' Repertory of Patent Inventions")

Leeshing, in Glasgow, secured a patent for tho treatment of yellow bark, Mcld (the

herb of Reseda lutcola), and flavine, for the purpose of enhancing their colouring

power. He terms " quercitrin," the material obtiiined from quercitron ;
" flavotin,"' tho

ono obtained from flavine. His first process consists in boiling the pigment-yielding

substance, either with dilute sulphuric or hydrochloric acid, and then washing it out

with cold water ; a second process consists in previously boiling tho dye-woods or dye-
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stuffs in a -weak soda-solution, saturating with sulphuric or hydrochloric acid, and
boiling for half-an-hour. The inventor claims that the products thus obtained differ

from the original substances in being free from tannin and lime (?), and in having

acquired new properties, viz. a greater affinity for mordants and a more vivid- and
richer colour. Eeing less soluble in water, they are preferable for the dyeirg of such

tissues as require a boiling heat in the vat.

' Since particular stress is laid upon the increase of the intensity of the colour, it is

to be assumed that the flavine contained then a larger proportion of quercitrin.

Although the patentee fails to give hints with regard to this point, my supposition

has been confirmed by the results of an examination of flavine imported in 1858 into

Germany, made by Kcenig. I am unfortunately not in possession of the original

paper, yet according to Gmelin, Kcenig obtained quercitrin in minute crystals by
treating the flaWne with very dilute boiling sulphuric acid, and by purifying the

separated flocculent precipitate—the ordinary manner. However, it will always
remain a disputed point whether Leeshing was or was not acquainted with the papers

on quercitrin by Rigand, who first communicated the fact that this substance is split

up if acted upon by dilute mineral acid. This paper appeared in the " Chemical
Gazette," two years previous to the date of Leesliing's patent. I would remark that

Rigand was well aware of the ftict that mordanted cotton assumes a purer yellow when
dyed with quercetin than when dyed with quercitrin.

' With regard to the process of Leeshing for enhancing the colouring power of the

yellow oak, BoUey, in his " Chemische Technologic der Spinnfasern," says that it was
not rational, the quercetin formed being deposited on the bark. But the learned

technologist failed to consider that the process in question was also applied to flavine,

which was already then a commercial commodity ; and, moreover, we may well accept

that it was not the intention of Leeshing to extract the colouring matter, partly

because the weighty bark with enhanced colouriag power brought a proportionally

higher price than the pure dye-stuff, and partly because the demand for the latter (the

flavine) was undoubtedly not yet sufficiently large. When considered in this light,

the inventor certainly deserves credit. One of the processes is quite analogous to the

preparation of garancine from madder. In both cases a substance combined with
glucose must be set free to be converted into a dye-stuff. In short, the " quercitrin

"

of Leeshing is a technical product from quercitron.
' Mter the beautiful researches of Bolley and Rigand on quercitrin had already

been published, it is incomprehensible that Muspratt (vide his " Chemistry applied

to the Arts and Manufactures," edition of 1860), in treating of the above-mentioned
dyes, states that their intensity was probably enhanced because the colouring matter
had become more soluble in water. Yet on the very same page, in giving an abstract

of the Patent Specification of Leeshing, he mentions that the derivates in question upon
being treated -svith hot as well as cold water, yield much less colouring matter than
the materials from which they had been produced. Schlumberger, according to

Grothe, treats the bark of the yellow oak as follows :—100 kilos of the ground wood
are mixed with 280 litres of water, acidulated with 25 kilos of oil of vitriol. This
mixture is boiled for two hours, whereupon the bark is washed out, pressed and dried.

For the same quantity of bark Schlumberger takes four times the quantity of acid (of

only one-third the strength) of that of Leeshing, but extends the time of treatment to

twice the length. These are the only points in which these two methods differ from
each other. In speaking of this process, Grothe, in his " Katechismus der Bleicherei,

Earberei, und des Zeugdrucks" (p. 103), remarks:—"All the tannin having been
separated by treating the bark with sulphuric acid, the colours produced with quercetin

are much purer and brighter than those obtained with flavine." I am at a loss to

comprehend this, for it must be evident to every one that the ground bark, when
directly treated with acids, must always contain a larger amount of intermediary
products than flavine, even when this latter has not been washed out. Grothe, more-
over, observes: " Dye-extracts from quercitron, which contain mainly quercitrin, yield
with alum a beautiful yellow." I ask, how is it possible that extracts from quer-
citron, among which Grothe includes the flavine, dye a beautiful yellow, if yet con-
taining tannin, which, according to Grothe, acts injm-iously ? And why have extracts

of quercitron been produced " with a high percentage of quercitrin," since " recent
investigations have demonstrated that they contain quercetin, which is principally
effective ?

"

' Immediately after this, Grothe remarks :
—" For this reason the quercetin is now

especially made." If Grothe designates with this name the prepared bark of Schlum-
berger, he will excuse me for asking why it is that it is not preferable to produce the
flavine, which, with regard to purity and intensity of colour, is to the yellow bark as
the purpnrine of Kopp to the madder of Alsace ?

* AVith regard to the behaviour of the peculiar kind of tannic acid contained in the
DD 2
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bark of Qu€rcus tinciorm, many erroneous views seem still to exist. Bolloy, in his

nbovo-mentioned treatise, observes, for instance, that it -was probable that the jflavine

furnishes a purer yellow than the bark of quercitron, because it has been freed from
the greater part of tannic acid. It appears to mo that it would have been more
correct to state that the flaviuo produces a purer colour because it consists chiefly of
quercetin, as 33olley himself has demonstrated, while the bark contains only the less

colouring quercitrin. It is, moreover, not quite clear to me in what manner the tannic
acid referred to coidd act injuriously, since, for dyeing yellow, the goods are not
mordanted with iron salts. Besides, the tannic acid from quercitron, according to

Schlossberger, yields green, not black, when coming in contact with salts of peroxide
of iron. This was already known by Dr. Bancroft when he wrote in his Patent
Specification, bearing date of 1776 :—" This species of bark may bo distinguished from
all others by its giving with alum a fine yellow colour, and not striking a black upon
the addition of iron."

' According to Grotho (" Katechismus," &c., p. 103) flavine yields a dark, greenish-

black precipitate with salts of protoxide of iron, and citron-yellow with salts of
protoxide of tin. This can be comprehended only when it is known that Grothe com-
piled from the above-mentioned book of Napier, who evidently examined a kind of

flavine containing much tannic acid. With salts of protoxide of iron, pure flavine

yields a green colour with olive tint ; with tin salt the liquid only assumes a brighter
colour. A decoction of bark, however, from which quercitrin has already separated,

produces, with salts of protoxide of iron, a greenish-black ; with tin salt, a light

yellowish precipitate. In this latter case the supernatant liquor grows reddish.
* In dyeing with a decoction of the bark, the brown colour discovered by Chevreul

acts undoubtedly more injuriously than tannin does. If, therefore, one chooses, with
BoUey, to ascribe the purer yellow of the flavine to the absence of a foreign substance,

it would certainly be more correct to seek the cause of this fact in the absence of the

brown colour of Chevreul. Every dyer knows that in dyeing with the bark of quer-

citron high temperatures are not desirable, the brown dye being then absorbed by the

fibre, just as in dyeing with aniline violet the real colour contained therein is with-

drawn at a high degree of heat.'

The quantity of colouring matter in flavin is very great, its value as compared
with bark is 16 to 1, or one ounce of flavin is equal to one pound of quercitron bark.

A portion burned left 4*4 per cent, of ash, and a solution of it gives the following

reaction with salts :

—

Persalts of iron . , . . Orange black precipitate.

Protosalts of iron .... Deep greenish black precipitate,

Protosalts of tin . . . . Lemon yellow precipitate.

Persalts of tin . . . . Orange yellow precipitate.

Alumina A rich yellow precipitate.

Acids lighten the colour of the solution, and alkalis deepen it, rendering it

redder.

—

Napier.

FZhA.VZlirDZZr. A substance isomeric with indin and Indigo blue. It is produced
by the action of potash on indin. Flavindin may be obtained in large quantities by
continuing the ebullition of indin with solution of potash for a long time. It is

purified by solution in water containing a few drops of ammonia, and precipitation

with hydrochloric acid. Flavindin is of a pale yellow colour, and is sparingly

soluble in alcohol. See Watts's * Dictionary of Chemistry.'

FZiAX (Latin, linutn ; French, Im ; Italian and Spanish, lino ; Portuguese, linho ;

German Flacks ; Dutch xlas), the Linuni usitatissimum, a plant of the class Pentandria,

order Pentagynia, in the system of Linnaeus, and the type of the order Linacese, in

the natural system of Botany, largely cultivated for its fibre and seed, and, next to

cotton, the most extensively used raw material for textile manufacture in the vegetable

kingdom. This plant was primarily a native of Asia, and was introduced at an early

period into Europe. Frequent mention is made of it in Scripture history, as grown
both in Palestine and in I^ypt, as well as of the fabrics mamifactured from its fibre.

It was probably introduced into Europe by the Phcunician traders, or the Greek
colonists of Egypt and Syria. Homer alludes to the linen manufacture of Greece.

At the present day, the flax plant is grown for fibre alone, for seed alone, or for

both products together, in many countries of the eastern, and in some of the western

hemisphere. For seed alone, in Hindostan, Tiirkey, and the United States of America

;

for fibre and seed in Russia, Belgium, Holland, France, Germany, Scandinavia, Italy,

Switzerland, the Iberian Peninsula, Great Britain, and Egypt ; in Ireland, chiefly for

the fibre, without utilising the seed.

The average annual production of fibre, in the chief countries where flax is grown,
ip as follows :

—
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Tons

Eussia 130,000

Prance 48,000
Belgium 18,000

Holland 9,000

Austria 60,000

Prussia 32,000

Ireland 35,000

Egypt 10,000

and adding all other countries, we may estimate the entire annual weight of fibre

produced throughout the world, at 400,000 tons.

The quantity of seed may be taken at nearly 2,000,000 of quarters. At the

average value of fibre and seed, the annual production in all countries, of the former,

may be given in value at 20,000,000/., and of the latter at 5,000,000/., making in all,

25,000,000/. as the worth of the raw produce, before its conversion into woven fabrics

and feeding-stuffs.

From all we can learn relative to the earliest annals of the flaxen trades of the

United Kingdom, it would seem that the great object of those who took most interest

in their progress was to secure ample supplies of raw material. Long before the

manufacture of cotton gave such impulse to enterprise in Great Britain the govern-

ments of the day and the great landowners in each shire or county successively

patronised the growth of flax. In many of the old English leases it was made a

matter of actual covenant that farmers should every season set apart certain sections

of land for that purpose, and at most of the country fairs there were premiums offered

for the largest and best-finished parcels of flax. Two centuries ago, Scotland was
especially famed for the production of the finest description of material to be found in

either England or Ireland ; and as she too had her Board of Trustees whose duty it

was to encourage the growth as well as the manufacture of fiax, a large quantity of

that article was annually raised there. This system of home growth was kept up on
both sides the Tweed until the last quarter of the past century, when the introduction

of the Asiatic fibre, and the mechanical contrivances of Hargreaves, Crompton, and
Arkwright, gave a new turn to British enterprise. In a few years the manufacture of

cotton had extended so rapidly that it took the lead of all the clothing trades.

Prom that period demand for flax fell away, and English farmers, finding more
difiiculty in making sale of that variety of crop, ceased to grow it for fibre ; but a
few men in Dorset, Devonshire, and Somersetshire sow fiax almost solely for seed.

All that time, however, and on to the present, the Irish people, and especially Ulster-

men, continued to grow the ' national fibre,' for although the cotton manufacture had
made some progress there, the demand for linen rose rapidly and the cry for larger

supplies of raw material was heard on all sides. The culture of flax in Ireland

formed a large field of local enterprise at a very early period of that country's history.

Cormac O'Conn, who reigned there in the third century, is described as wearing ' a
girdle of fine flax ;

' and five hundred years afterwards, when I»iiall the Third was in

power, exports of flax formed the most prominent features of Ireland's trade with
England. During succeeding ages the Irish farmer seems to have forgotten his

cunning, as in the days of Lord Strafford's vice-regal government in that island the

growth of flax as well as the make of linen had degenerated very much. Whatever
may have been the faults or failings of the unfortunate Earl, in other phases of his

political career, the Irish linen trade owes more to him than to any other of the

English deputies, not only of his own time, but of any that succeeded him. When
Lord Strafford made his first tour of the Irish provinces, the average yield of the
plantation acre, which in point of area was more than one and a half that of the
English acre, did not exceed fifteen stones, and the length of fibre was about twelve
inches. The Earl sent orders to Holland for supplies of seed in the spring of 1633,
the year after his appointment, and he also brought over a number of Dutch farmers
to teach Irishmen the most successful mode of cultivating the plant. These foreigners

were kept at work for several seasons, and the result of their exertions was that in

1638 the turn-out was thirty stones to the acre, and the length of fiax stem had
increased to 2|- feet. Fifty years afterwards Arthur Dobbs wrote a history of Ireland's

Commerce and Agriculture. There was then an area of thirty thousand acres under
flax, and the yield had gone up to an average of forty-four stones to the Irish acre.

We should here state that the settlement of the Huguenots in different parts of the
island had by that time given powerful impetus to every branch of the linen trade. In
nearly all the northern counties the culture of flax began to be studied as an art, and
the more enterprising growers px-ided themselves very much on the quality of the article

they were able to produce,
'
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A board, consisting of nobles ami gentry, was appointed to sit in Dublin, under the
title of ' Trustees of the Linen and Hempen Manufactures,' and ample means were
placed in the hands of members for tlio purpose of encouraging the trade. Invo and
twenty years afterwards a similar institution was established for Scotland ; and in

both cases much good was done, though the principle on which they were founded
could scarcely bo justified in rightly-regulated economy. Foreign flax seed was
largely imported into Dublin and Dundee, and bounties awarded to growers of the
largest and finest lots of fibres. But the breadth of lands under that crop north of the
Tweed never exceeded 10,000 acres, or little more than one-fourth of the area sown
at that time in Ireland. In 1809 there were only 5,000 acres in all Scotland against
35,000 acres in Ireland, but of that aggregate 23,000 acres were raised in Ulster.

There were 148,000 acres sown in that county in 1815, and about the same extent of
area in 1820, while in 1825 the sowing occupied 139,400 acres. After the dissolution

of the Linen Board in 1828 no reliable record of crops was kept, and until 1847,
when a regular system of agricultural statistics was got up in Ireland, all was left to

mere conjecture. In the meantime the imports of foreign flax into the United King-
dom had been making enormous progress. We give the figures for different periods
of the first half of the present century :

—

Year Cwts.

1801 273,720
1821 498,653
1831 936,440
1841 1,346,843

1851 1,194,184

Flax-spinning by machinery has accomplished wonders for flax-growers. Some
attempts had been made to produce linen yai-n by water-power in Lurgan, so early as

1717. A carpenter, Thomas Turner, of that town, who was much patronised by Louis
Crommelin, invented a machine to spin flax and for which the Board of Trustees
awarded him 100/., but the death of the inventor took place before the work had been
brought to perfection. Louis Paul, a Birmingham blacksmith, tried his hand at a
machine in 1740, and John Kendrew and Thomas Porthouse of Darlington brought
out in 1787 a still superior invention. But until John Marshall, son of a Leeds shop-
keeper, took the matter in hand, all had proved complete failures. The Leeds mill

was commenced about the close of the past century, and some time afterwards the
trade was started in Dundee, These mills imported Irish flax very largely, and this

gave fresh stimidus to growers in that island. Ireland had been trying the new
principle of yarn spinning for some years, and although the Board of Trustees paid a
premium of 301. for every spindle erected, no permanent good resulted. The bounty
system ceased in 1828, and two years afterwards T. and A. Mxilholland, of Belfast,

erected in that town their famous York-street mill, which, like that of the Marshalls
of Leeds, gradually grew into gigantic proportions. In 1833 there were nine flax-

spinning-mills at work in Belfast, thereby creating an immense increase in the con-

sumption of raw material. Imports of foreign fibre were not keeping up to the
requirements, and about that time a number of Belfast spinners and linen merchants
began to feel that a famine in flax/would arise if extra exertions were not made to

extend home-growth. In 1841 a society was formed for that purpose, and so well did

it do the work that the breadth of land which for that year was only 83,750 acres

had been extended in 1844 to 122,680 acres. But the great good effected by the
Flax Improvement Society did not end there. Besides that enlargement of area,

the farmers were taught by experienced instructors better modes of preparing the soil

and a more airelul system of choosing seed. The effect of these lessons was to im-
prove the skill of growers so much that the article produced was superior in quality

and the yield equally improved.

A terrible prostration of energy in the ranks of Irish agriculturists followed the
famine of 1847, and the breadth of flax lands was narrowed one-half. For some
seasons afterwards this state of a ffliirs continued, the total area in 1849 only extending

to 60,070 acres. But, as better days set in, a great improvement took place in flax-

growing, and in 1852 there were 137,000 acres under the crop ; the succeeding season
showed a much wider area, 174,529 acres having been sown. Then came a reaction,

and in 1857 the breadth was only 97,720 acres. By this time the demand for first

flax had been rendered still greater in consequence of the extension of spinning-mills

in Dundee and Leeds ; so that, besides the homo requirements, Irish farmers had a
stirring appe^il for further supplies made to them from the sister isle. All this

cry for more flax did not fall unheeded on the ears of the people engagetl in the

different departments of the trade. After the final suppression of the Sepoy mutiny,
the tide of public interest had set strongly towanls India, and much attention was
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aroused as to the best mode of turning to good account the immense capabilities of

that magnificent appanage of the British Crown. The House of Commons, as tlic

roflex of popular feeling outside, took up the subject, and a Select Committee was
appointed to inquire into and ' take evidence on the Colonisation and Settlement of

India.'

In course of that inquiry Mr. James Dewar, of the house of D. Dewar, Son, and
Sons, Cheapsido, London, stated, that of all Britain's possessions none equalled the

land bej'ond the Ganges in the variety and value of its fibrous products. He said

that in 1854 tlie Indian Government, at the suggestion of the Punjaub Agricultural

Society, had induced the native farmers to cultivate 60,000 acres of land in flax ; and
BO well did tliat crop succeed that in the following year 250,000 acres were sovm. In
1858 Colonel Burnett brought over large lots of India-grown fibre, part of which, after

having been examined and approved of by the Belfast Chamber of Commerce, was
sold in that town at 451. a ton. At a moderate computation of the average yield of

the India flax lands, the value of the crop for 1855 was about 2,250,000^. In 1859
several of the leading linen merchants on both sides the Channel held conference as to

the practical opening up of a field of industry beyond the Ganges, and ultimately Mr.
James Dewar and other men in the trade formed * The India Flax Company.' Ample
means were subscribed to start the project of flax culture in the Punjaub on a scale

of extended dimensions, and a large tract of land was acquired by the directors on
very favourable terms. Practical instructors—^men well schooled in the art of flax-

growing—were sent out to watch over the preliminary proceedings, and teach tlio

natives how to prepare the ground, sow the seed, and attend to the crop in every stage

of its growth. For a few seasons the work went on favourably. In the south-east

transept of the second Industrial Exhibition held at Kensington in 1862, several

samples of Indian flax were shown, and these were considered as very hopeful evi-

dences of what might be done in that phase of Indian enterprise. But from various

causes, probably want of perseverance as the leading one, the India Flax Company
was dissatisfied, and the whole afikir was given up. There had, some time before,

been much attention directed to Canada, where the prospects of abundant supplies

were said to be most favourable. Some lots of flax grown in Ontario were sent to

Belfast, some to Dundee, and some to Leeds, and in each case mill-owners were well
pleased with the article ; but after all the assertions made by sanguine projectors,

Canada's flax culture has not done much for the spinning trade.

We have seen that England and Scotland have all but ceased to supply fibre for

flax-spinning ; to Ireland, therefore, and continental Europe, mill-owners must look
for raw material. The uncertain nature of the crop and the very unfavourable state

of the climate in some seasons cause great diversity of feeling among the Irish

farmers as to the flax culture, A small extent of area marked the season of 1857, but
in 1861 there were 147,950 acres sown ; in 1862, 150,000 acres ; in 1863, 214,000
acres ; and in 1864, 301,942 acres, by far the widest area ever known. Of this last-

noted total, Ulster alone had 278,254 acres, while Connaught had cultivated 8,688
acres ; Leinstor, 7,383 acres ; and Munster, which for soil and climate could compete
with Belgium itself, had only 7,620 acres. We hear much about utilising Ireland's

resources, and of the necessity of creating more remunerative fields of enterprise for

capitalists and work-people ; but in the most fertile province of that nation, and where
there might annually be produced some 250,000 acres of flax, we find that only a
mere fractional part of such breadth had been thus occupied. And if so much had
been sown every single pound weight of the entire crop would have been taken up by
our mill-owners.

An unprecedented demand for fiaxen products was created by the scarcity and
dearth of cotton during the American War. Not only were the spindles of every mill
in the kingdom taxed to their extreme power, but vast lots of French yarns were im-
ported to meet the requirements of that time of extra activity. Of course there was
great demand for fiax, and foitunately the yield of 1864 was above the average. From
that season, however, the growth of flax in Ireland declined. In 1865 there were
251,433 acres sown; in 1867, 253,257 acres ; in 1869, 229,252 acres ; and in 1871,
156,764 acres, or little more than one-half the breadth under flax in 1864. The yield
of 1870 averaged about 40 stones of fibre to the acre, that of 1871 was less than 20
stones to the acre ; but that year is well known as the most unfavourable of any season
for the last sixty.

There were 430,000 spindles in England's flax mills in 1864, and 350,000 in Scot-
land ; at the same time Ireland had 750,000 spindles set up in her mills. Very little

change has since then taken place in the trade of Great Britain, while that of Ireland
has increased to more than 900,000 spindles. . Foreign supplies of raw material have
been making up for defective produce in home lands, as -will be seen by the annexed
figures of imports :

—
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Year Cwts.

18G1 1,133,979
I860 1.913,132

1871 2,697,900

Some timo .after Sir Robert Peel's Inst accession to power, ho proposed that duties

sliould be tlirown off all raw materials. Foreign flax thou paid a tax of 10^. a ton,

and when tho minister mooted his iutoution to let such material como in free, a great
outcry was raised against tho proposition, which, it was said, would, if carried into

law, ruin the Irish farmers. At that time (1842) milled flax sold at os. Gd. to IQs. 6d.

tho stone of 16^ lbs., and hand-scutched flax at 45. 6d. to 6s. Gd. the stone. Tho
average prices of flax for the first half of 1872 were 5s. Gd. to 85. Gd. for hand-scutched,
and 7s. to I2s. Gd. for milled, per stone of 14 lbs.

The flax plant has a single slender stem, varying from 2 to 4 feet in height, ac-

cording to the nature of the soil and the season, with the difference of climate, and
niodc of culture. It has lanceolate, sessile leaves, of a rich green colour, and branches
out, at the top, into two or more small stems, each of 2 or 3 inches in length,

and bearing light blue flowers, succeeded by globular capsules, pointed at tho apex,

and bearing eight to ten seeds of a reddish brown, when ripe. The stem of the plant

consists of an inner part, or core, sometimes hollow, but more frequently solid, com-
posed of ligneous matter, surrounded with a bark of fibres, which are united to each

other by a gum, the whole being sheathed in a fine epidermis. The plant arrives at

maturity in fourteen or fifteen weeks after the seed is sown. It has then changed to

a pale yellow or straw colour, and the seeds have become brown. Tho usual period

of sowing, in European countries, is from March to May, although in some parts of

the Continent the seed is put in the gi-ound in autumn ; but in this case nothing is

giiined, as the plant becomes mature very little earlier than when the sowing is done
in spring. It is grown on a wide range of soils, sandy, calcareous, clay, loam, peaty,

&c., but that best adapted to it is, either a deep, friable, clay loam, or tho alluvial

deposit of rivers, whether along their banks, their deltas, or where reclaimed from the

sea, as in the case of the polders of Holland. Deep tillage, good drainage, and re-

peated pulverisation of the soil, are very requisite. The preparations for the crop are

begun in winter, by ploughing the surface, and turning it up to the action of frost:

they are completed in spring, by ploughing and harroAving. The seed is sown at the

rate of 2i bushels per statute acre, the best season being April. In the British Isles,

Belgium, and Holland, tho favourite seed is obtained from Russia, Riga being the

port of shipment. Dutch seed is also extensively in use in Ireland, and a good deal of

home-grown seed—the first year's growth from Riga seed (one year from the barrel),

which is considered quite equal to the parent. No manure is used in Ireland, but in

Belgium and France rape cake dissolved in urine is considered very useful. The
seed is sown broadcast, and the soil is afterwards rolled. When tho plant is a few
inches high, weeds are carefully removed, and no further attention is necessary until

the season of pulling. Flax is not cut wuth tho scythe or sickle, but is pulled up by
the roots. About the middle of August it is generally ready for pulling in tho British

Lslands, but in Belgium and France it is in a fit state two to three weeks earlier.

The after treatment varies in different countries. In Russia, part of Belgium and
Holland, and in France, tho plant, after being pulled, is dried in tho sun, being set up
on the root end in two thin rows, tho top interlacing in the form of the letter V in-

verted. The sun and air soon thoroughly dry the stems, and they are then made
into sheaves, and the seed afterwards beaten off. The stems are steeped subsequently.

Another mode, in general use in Ireland and in part of Flanders, is to steep the green

stems immediately after they are pulled. In Flanders, tho seed is invariably separated

from the stems before the latter are immersed in water. In Ireland, although this

is practised to some extent, yet the great bulk of the flax crop is put in the water at

once, with the seed-capsules attached, and consequently there is a very considerable

annual loss to tho country by this waste of a most valuable product of the plant.

In the Walloon country of Belgium, in its eastern provinces, and in the greater part

of Germany, dew-retting is practised. That is, in place of immersing the stems in

water, they are spread thinly on short grass, and the action of the dews and rains

ultimately effects what immersion in a running stream or pool accomplishes in a much
shorter time, namely, the decomposition of the gum which binds the fibres to the stem

and to each other. Fibre obtained by this method is, however, of very inferior

quality and colour.

If the fibre of flax be separated from tho stem, without the decomposition of this

matter, it is found to be loaded with impurities, which are got rid of afterwards in tho

wet-spinning, tho boiling of tho yarn, tiie subjection of the woven fabric to the action

of an alkaline lye, and the action of the atmosphere—of rains and of alternate dippings
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in water, acidiilatod with .sulplinric aeiil, and of a Bolution of chloride of limo, which

are all required to perfect the bleaching. Tiio great object, therefore, is to obtain the

fibre as nearly free from all foreign substances as possible, and, consequently, the

mechanical separation of it from the woody pith of the stem is not to be recom-

mended.
At various periods attempts have been made to prepare flax fibre without steeping.

Weak acids, solutions of caustic potash, and of soda, soap lye, and limo, have all been

tried, but have all been found objectionable. In 1815 Mr. Lee brought before ' the

Trustees of the Linen and Hempen Manufactures of Ireland ' his system of separating

the fibre without steeping. He alleged that a large yield was thus obtained, that the

colouring matter coukl afterwards be discharged by the most simple means, and that

the fibre possessed greater strength. But it was found tliat the system was practi-

cally worthless. In 1816, Mr. Pollard, of Manchester, brought forward a plan of the

same nature, and proposed to make an article from flax which could be spun on

cotton machinery. This also fell to the ground. In Franco and Belgium, at different

periods, similar projects were found equally impracticable. In 1850, and again in

1857, Mr. Donlau revived the same, but the same fatal objections prevented the success

of the system. The fibre was loaded with impurities, and the apparently larger

yield over steeped fibre consisted solely of these very impurities, which had to be

got rid of in the after-processes of manufacture. At the same time it must be recog-

nised that the * dry separated ' fibre can be rendered useful for one class of manu-
factures, viz., those where no bleaching is necessary, and its great strength is here

an object. For ropes, rick-covers, tarpaulins, railway-waggon covers, &c., where
pitch or tar is used to prevent the decomposing action of moisture and of atmo-

spheric changes, this mode of obtaining flax fibre is highly useful.

The immersion of the flax stems in water, either as pulled full of sap, or after

drying, appears, as yet, to be the best mode of effecting the decomposition of the

gum, and obtaining the fibre pure, or nearly so. The water most suitable for this

purpose is that obtained from surface-drainage, springs generally holding more or

lefr'S of mineral matters in solution. Spring-water from a calcareous soil is peculiarly

unsuitable, the carbonate of lime which it contains being adverse to the putrefactive

fermentation of the vegetable extractive. In Russia, much of the flax grown is

steeped in lakes. In Holland, it is always steeped in pools filled with the surface-

drainage. In France and Belgium, it is either steeped in pools or rivers. In England
and Ireland, generally in pools, though occasionally in rivers. The most celebrated

steep-water in the world is the river Lys, which rises in the north of France, and
flows through the west of Belgium, joining the Escant at Ghent. Although the

water of this stream has been analysed, chemists have not been able to discover why it

should be so peculiarly favourable to the steeping of flax. All along its course flax

is steeped. The trade is in the hands of factors, who purchase the dried stems from
the growers, and undertake all the after-processes, selling the fibre to merchants when
it has been prepared for sale. The apparatus in use consists of wooden crates, 12 feet

long, 8 wide, and 3 deep. The sheaves of flax-straw are placed erect in the crates,

and the root ends of one are tied to the top ends of another, to secure uniformity of

packing. The crate, when filled, is carried into the river, and anchored there, the

upper part being sunk by the weight of stones, 6 inches underneath the surface. The
jjeriod of steeping begins in May, and ends about September. The previous year's

crop is thus steeped, having lain over in the state of dried straw during the winter.

All the flax thus treated produces fibre of a yellowish white colour, very soft and
lustrous, with very finely divided filaments, and strong. From it almost exclusively

are made cambric, the finest shirtings, and damask table-linen. It is a strange fact

that flax-straw is brought to the Lys, from a great distance, and even from Holland,
as no other water has yet been found to give such good fibre.

In 1847 a new system of steeping was introduced in Ireland, by Mr. Schenck, of

New York. It had been successfully tried in America on htmp, and the inventor

crossed the Atlantic to try its efficacy on fiax. His plan consisted in hastening the

putrefiictive fermentation of the vegetable extractive by artificially raising the tem-
peratiu'e of the water to 90° F. By this means instead of an uncertain period of

seven to twenty-one days being required for the steep, according to the state of the
weather and the temperature of the atmosphere, the flax was retted uniformly in

sixty hours. The flax-straw, after the separation of the seed, is placed in wooden
or brick vats, and the heat is communicated by forcing steam into a coil of iron or
leaden pipes, placed under a false bottom perforated with holes.

The annexed plan (Jig. 918) of a retting on Schenck's system, capable of consuming
annually the produce of 400 acres of flax, and employing, in jill the operations of
seeding, steeping, drying, and scutching, 30 men and 55 girls and boys, or an aggre-
gate of 85 pergons, yriw give an idea of the arrangements. Tlic secding-house
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requires to bo of largo size, as flax-straw is a bulky article. It is on the ^ound floor,

for the convenience of carting-in the flax. Tlio loft above it is used for cleaning and
storing the seed. The vat- and spreading-rooms are in a building of one story only,

built with a vaulted roof resting on pillars. That part of the roof which is over
the vats has lower windows to aid the escape of the vapours from the vats. The
drj-ing sheds at the top of the plan are on an open space, well exposed to the wind,
and oO or 60 feet apart. The hot-air rooms, or desiccating house, are fire-proof, each
room being capable of containing the flax turned out in one day's work. The scutch
mill, with engine and boiler-house, complete the plan.

918
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The advantages of this system were so manifest that it was speedily adopted in

many parts of the United Kingdom and of the Continent. It was found, however, to

have some defects. The small quantity of water soon became thoroughly saturated
with the products of decomposition, and the fibre of the flax, when dried, was, conse-

quently, found loaded with a yellow powder, offensive to the smell, causing incon-
venience in the preparing and spinning, and, worse still, acting prejudicially on the
quality of the fibre itself, rendering it harsh and dry.

To obviate these defects, Mr. Pownall, of London, conceived the idea of pressing
the flax-straw, immediately when taken out of the steep, between a pair of smootii

cast-iron cylinders, while, at the same time, a stream of water played upon the rollers.

l?y these means the foul water of the vat is pressed out of thi; flax stems, which are
flattened and bruised, thus tending to aid the separation of the bundles of fibres into

minute filaments, while the stream of water effectually washed away all remaining
impurities.

It has recently been found that better fibre can bo obtained by reducing the tem-
perature and extending the time of steepi ng. The most perfect adaptation of Schcnck s

system is at the rettery of M. Augusto Scrivo, near Lille, and Jiff. 919 is a repre-

sentation of it. Tanks of wood or stone are used, each to contJiin two and a half tons of

flax-straw. The straw is classified according to quality and length before being picked
in the tank. It is put in erect, the root ends resting on the perforated false bottom,

and slightly pressed together, but not so much as to prevent a free circulation of water,

and a free exit for the gases germinated by the fermentation. The tiink being fiUecl

with water, the wliole is secured at the tops of the sheaves by narrow strips of wood
four inches thick a, catching the tops on the whole length of each row of bundles.
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These strips of wood are kopt firm by cross iron holders b, secured by iron bars c,

fastened to pieces of wood d, worked into the side walls of the tank, leaving a surface

four inches deep of water over the top of the flax. When the tank has been filled

with cold water through tlxe wooden shoot e, the whole is rapidly heated to TS''

Fahrenheit, by means of steam-pipes coiled under the false bottom. A second open

shoot F carries heated water at 90° to discharge on the surface, besides two closed

pipes G G, one of which brings hot water of the same temperature, and the other cold

water. When fermentation sets in, which is ordinarily in eight hours, the pipe, as

well as the shoot of water at 90^, is set at play ; the first to create a continual current

of fresh water through the mass of fiax, clearing off the products of decomposition,

and bringing them to the surface ; the second to drive this foul water to the openings

H H, where it is discharged by the overflow. The two pipes with heated and cold

water going to the bottom of the tank, as well as the two shoots containing cold and
hot water, to go to the surface, are also made use of to equalise the temperature during

the whole operation, which is ascertained by the use of a thermometer in the square

wooden box J J. The steeping of coarse straw requires 38 to 48 hours, medium
qualities 50 to 60 hours, and the finer descriptions 60 to 72 hours. The « wet roll-

ing ' between cylinders after the steep is accompanied by a shower of water at 78°,

not on the flax but on the top of the cylinders. This removes the remaining impu-
rities, and prepares the straw for being easily dried. The heated water may be ob-

tained from the waste water of a spinning-mill, or from a condensing steam-engine,

919

Ground Plan. Top of Tank. Side of Tank.

Flax steeped by Schenck's system is dried in various ways. Some retters have
drying houses with heated air ; others set up the flax loosely on the root end, in the
field, or spread it thinly on the grass ; while others, again, clasp it between two slender

pieces of wood about a yard in length, and hang these up in a building open at the
sides, so that a current of atmospheric air is constantly passing through.

In 1852 another mode of retting flax was introduced by Mr. Watt, of Glasgow.
Instead of immersing the stems in water, he subjected them to the action of steam.
Square iron chambers were employed, in which the flax-straw was packed. The door
by which it was introduced was then fastened by bolts or nuts, and steam was then
driven in. The steam penetrated the stems of the flax, and being partially condensed
on the top and sides of the iron chamber, a constant drip of water, lukewarm, fell upon
the flax. In twelve to fourteen hours the stems were removed, and, after being dried,

the fibre readily separated from the woody core, the water remaining in the iron
chamber being of a dark brown colour, without offensive odour. The fibre obtained by
this method was of a greyish colour, and was at first well thought of by manufacturers

;

but, in the end, on more extended trials it was found to possess .several defects, and
Watt's svstem is not now carried out.
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Another system of treating flax was introduced by M. Claiissen, a Belgian, and for

some time it attracted much attention. He separated the fibre from the stem without

steeping, and then, by the employment of acids and alkalis, ho got rid of the vegetable

extractive and other impurities, and produced a fibrous mass strongly resembling cotton.

He professed to make an article capable of being spun with cotton or wool. The
higher value of flax fibre, howevei*, was a great obstiiclo, and at present the only use

made of his process is to convert scutching tow—the refuse flax fibre—into an article

to bo spun M'ith wool, and even this is practised to but a very small extent.

Messrs. Burton and Pye's patent {fig. 920) is a modification of the hot-water steep.

By this process the flax-straw, after the seed is removed, is passed through a machine
composed of plain and crimping rollers, by the combined action of which the woody
part is rendered easily separable from the fibre. The latter is then placed in a vat,

holding about a ton, which is subsequently filled with cold water {fig. 921 ). This vat has

a perforated false bottom, under which steam, with a pressure of 60 lbs. to an inch, is

introduced and disseminated by perforated tubes. Another tube conveys into the vat a
cold mixture of fuller's earth in water. The introduction of the mixture and the steam

920

is continued until the liquid in the vat reaches 80° Fahrenheit. The flax remains in

it at this temperature for thirty hours, when the surface of the liquid is covered with a

saponaceous froth. Then an apparatus of cross bars of wood, closely fitting into the

interior of the vat, and pressed by two powerful screws, expresses the impurities from
the fibre. The supply of the fuller's earth is stopped, and cold water is alone sup-

plied with the steam, so regulated that the temperature is by degrees raised to 150°.

the pressure being continued until the water appears free from impurities. Tho water
is then withdrawn from the vat through a valve in tho bottom, and a pressure equal to

200 tons is applied to the mass of tho flax. It remains under this pressure for four

hours, when it is half dry. It is then taken out and dried in sheds open at tho sides

to the air. The fibre produced by Mr. Pyo's method appears of good quality and
strong, but tho system has not as yet been carried out on a sufficiently large scale to

admit of a decided opinion on its merits.

The same may be said of the plan of M. Terwangue, of Lille, who employs hot

water at a temperature of 15° to 17° Centigrade (60° Fahr.), in which chalk and char-

coal have been placed. His process requires seventy-two hours on tho average, and
he employs brick tanks. The water is, as in all the preceding cases, heated by steam.

Before leaving the subject of steeping, reference may bo made to a process patented

by Mr. F. M. Jennings, of Cork, by means of which coarso flax fibre is rendered

capable of being subdivided into minute filaments, or, in other words, made fine.

"While the fibre of cotton is incapable of subdivision, that of flax, as viewed through
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the microscope, is seen to consist of a bundle of extremely delicate filaments adhering

together, so that fine and coarse flax are really relative terms. Mr. Jennings throws

down upon the fl[ax fibre, as it appears in commerce, a small quantity of oil, say half

an ounce to the pound of fibre. He effects this by boiling the fibre in an alkaline soap-

lye, washing with water, and then boiling in water slightly acidulated with pyrolig-

neous acid, which decomposes the soap, and leaves its fatty constituent on the fibre.

It is afterwards washed once more, and is then found to be soft and silky, and the

coarse fibres capable of being readily separated on the hackle, while the strength is

not apparently reduced. There is also a greater facility in the bleaching of the linen

made from flax fibre so treated, and less loss in weight in the bleaching process.

While some of the inventions referred to for hastening and equalising the time of

steeping are being carried out to a considerable extent, and promise well, when brought
to a greater degree of perfection by experience in practical working, to be yet more
largely employed, the great mass of the flax grown throughout the globe is steeped in

pools, rivers, or lakes. It will, therefore, be most advisable to follow the processes, as
practised by the growers or factors.

Wlien the flax has been sufficiently retted, i. e. when on taking a few stalks out of

the water the. fibre can be readily separ.ited by the fingers along its entire length from
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tho woody interior, it is removed from the water, and placed to drain on the banks of

the pool or river. It is then taken to a closely-shorn grass-field or old pasture land,

and spread thinly and evenly on the ground. In Flanders, however, the system of

drying is somewhat different. Instead of being spread flat on tho ground, tho sheaves

are divided into four portions, and these are set upright in capellcs, i. e., the butt ends

are spread widely out in a circle on the ground, and tho tops are kept close together.

By this means the sun and air soon dry the flax. When thoroughly dried it is tied

up in sheaves, and after remaining a few days in the usual form of a grain stack, it is

ricked. In this state it may remain for years Avithout the fibre being deteriorated.

The next process is termed scutching (French, ieillagc), and is intended to separate

the fibre from tho woody matter of tho stem, and thus to make it fit for the spinner.

The first part of this process is to bruise the stems thorougbly, so that while the fibre,

from its tenacity, is intact, the brittle woody part is flattened and broken in such a
manner as to admit of its easily being beaten off by the action of the scutch-blade or

scutch-mill. In most countries the bruising is done by hand. ^ In Flanders and France
tho flax-straw is first laid flat on the ground, the sheaf being untied and spread thinly,

and tlio workman, placing his foot upon it, beats it with an instrument called a mail,

having a curved handle and a hea-v-y square indented mallet. Jig. 922.

The next part of the process is to give the flax repeated blows in a machine termed

a brace or braqiie, Jig. 923. This is generally made of wood, but sometimes of iron,

and consists of two rows of grooves t t, the upper one moving on a pivot at tho

socket s. A stout pole p runs from end to end of tho upper row of teeth. Tlie latter

are wedge-shaped, 4^ inches deep, 1^ incli thick at top, and 33J inches long from tlio

head ii to the socket s. The head weighs about 8 Ibsf. and is 10 inches long, and 3|
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inches thick. The lower row of teeth consists of four, wliile the upper is three, fitting

into the interstices. The Lest wood for the machine is that of the apple-tree.

Next comos the scutching proper, still following the Belgian, French, and Dutch
method of hand-work. After the flax has been bruised by the mail, and crushed by
the braqiic, it is ready for the scutching process. In Belgium and Franco the method
pursued is by the einployment of a wooden stand (Jiff. 924). A broad plank of

pine or beech, about 4 feet high, and rather more than a foot broad, about f inch

thick, is fixed in a wooden sole b. 3 feet from this sole is a cut in the wood of the

upright plank, about H to 2 inches wide. This cut serves for the introduction of a

]i indful of the flax-straw, bruised as before described, and the workman, holding it

three-fourths exposed through the slit, beats it Avith a tool called the scutch-blade,

Ji(jf. 925. It is made of walnut wood, and is very tough and flexible. In Ireland the

system of scutching by hand is very rude, and prevails chiefly in the western counties.

A brake similar to that of Belgium is employed ; but instead of the Belgian scutch

tool, a rude instrument is employed, generally of ash-wood, in the form of a sword-

blade.

It must be stated that the system of hand-scutching is only to be recommended
where the quality of the flax fibre is so superior as to render economy in waste of

primary importance, or else where the wages of labour are so low as to render the

power of machinery of little consequence as regards economy. But, where wages are

high, and flax of medium or low quality, there is no question that machine-scutching

is the most advisable, and the most economical. This has been especially recognised

in Ireland, where in 1870 there were 1540 scutch-mills in operation, when the growers

sent their crops to be prepared for market, at a reasonable rate, much less than hand-
scutching would have cost. Scutch-mills have been introduced with advantage into

Eussia, Prussia, Austria, Denmark, Holland, Belgium, France, Italy, and Egypt.

In Ireland, although in several districts flax is scutched by hand, machine or mill

scutching lias been for more than half a century in operation. As in the hand-
scutching, the operation consists of two processes : first, the bruising of the stems

;

and secondly, the beating away of the woody parts from the fibre. The original

system of bruising is still very general. It consists of a set of three smooth wooden
rollers, one underneath and the two others above it, parallel to each other, and one of

them horizontal to the lower roller. The labourer sits opposite the lower roller, and
inserts a handful of flax-straw between the latter and the upper one, which is hori-

zontal to it. The flax being drawn in and bruised between these, passes up between
the two upper rollers, and reappears at the outside. It is again put through, once or

twice, according to its thickness, or to its being more or less steeped, and the fibre,

consequently, more or less easily freed from the ligneous part. The scutching ap-

paratus consists of a wooden shaft, to which are attached, at intervals, like radii of a
circle, short arms, to which are nailed the stocks, which are parallelogram-shaped

blades of hard wood, with the edges partially sharpened. The labourer stands beside

an upright wooden plank, very similar to that figured in the description of the Belgian
hand-scntching apparatus (f//. 924), and through just such a slit exposes one half of tlie

handful of bruised flax-straw to the action of the stocks, which revolve with rapidity

along with the shaft, and strike the flax-straw, beating off the ligneous matter, and
leaving the flbre clear. When the end exposed to the stocks is cleaned, the workman
turns the handful, and exposes the other end. It is usual to have a set of either two
or three men, at as many different stands, and instead of each thoroughly clearing out

the handful of flax, he only partially does so ; the second then takes it up and finishes

it ; or, if there be three in the set, he does not quite clean it, but hands it over to the

third to do so. In the latter case, the first workman is called the buffer, the second

the middler, and the third the finisher. The motive-power in these scutch-mills is

generally water ; in some cases they are wind-mills, and in a few instances they are

driven by horses. Latterly, the use of steam-engines has considerably increased, as

being more to be depended upon than water, which frequently fails in a dry season.

It has been found that the woody waste produced in the scutching is quite sufficient

fuel for the boiler, without its being necessary to purchase coal or peat, and this waste
had hitherto been applied to no useful purpose, being with the greatest difficulty

decomposable for manure.
The first improvement on this old scutch-mill apparatus was the introduction, by

Messrs. MacAdam Brothers, of Belfiist, of a machine for bruising the flax-straw,

prior to steeping, and it has since been extensively employed, vith very satisfactory

results. It consists of a series of fluted rollers, running vertically on each other, the
flutings varying in -svidth, the widest set being the first through -nhich the flax-straw

passes, and the others diminishing in width, until the finest is the last. While acting
strongly on the ligneous matter, at the same time bruising and crimping it, and re-

ducing it almost to powder, it docs not injure or disarrange the fibres. One breaking
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mcachiuo of this construction is capable of supplying twelve scutching-stjvncls of the
ordinary mill. It is attended by two boys, one to feed the flax-straw into the machine,
by means of a feeding tiible, and the other to remove it at the opposite extremity.
Onco passing througli the machine is quite sufficient to prepare the flax-straw
thoroughly for being scutched. The force required to drive it is one horse-power.
Fig. 926 will best show its construction and mode of action.

It having been found that many disadvantages were inherent in the old scutch-

mill, several persons have set tliemselves to work to supply a machine which -would

reduce the cost of labour, obviate the necessity of obtaining skilled workmen, and
diminish the great waste of fibre, which was but too frequent in the ordinary mill.

Among the most successful of these scutching machines, is an invention of Mr.
MacBride, of Armagh, Ireland, figs. 927, 928. It consists of a cast-iron frame, at

each end of which is a compartment, enclosing a double set of beaters, of peculiar

construction, which revolve rapidly in a contrary direction, striking alternately on
each side of the flax, as it is submitted to their action, and thoroughly removing the

woody part, which falls down in dust into a pit or hollow under the machine. In

order to ttirry the flax gradually through the machine, and present it in a proper

manner to the beaters, in succession, an endless double rope is introduced, carried in

the hollow of a large grooved wheel, in which it is kept tight, by means of tension-

weights. The flax-straw, made into handfuls, is introduced at A, under the double

rope, at one end of the machine, and is at once grasped by it firmly rather above its

middle, and carried along slowly, by the movement of the grooved wheel, until it

enters, hanging downwards, the compartment b, containing the first set of beaters.

By the time the flax-straw has been carried through them, all its lower half, which
has 1)een exposed to the action of the beaters, is cleaned out, and the rope, passing on

a short way farther, arrives at a point where a second grooved wheel is revolving,

furnished with ropes in like manner, but arranged at a rather lower level. By a simple

arrangement, the flax is here transferred from one set of ropes to the other, the

second set grasping it near its lowest end, thus Iwiving all theuncleaned part, or upper
half, ready to be scutched. The second wheel moves on, and Girries the flax to-

wards the compartment containing the second set of beaters, cleaning all the upper
portion of the flax. It then i.ssues out at d, cleaned througliout, and is received by a

person placed there for that pur^jose, Avho makes it up into the usual package for Siile.

of 16| lbs. A constant succession of similar handfuls of flax-straw is thus kept jvisS
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ing through the machine without interruption, e e arc the boaters ; f f are two cones,

carrying a leather band, which gives tlie motion to the ropes, or carrying-apparatus.

927

By shifting the position of this band towards one end or the other of the cones, the
speed of the carrying-ropes may be varied at pleasure, so as to keep the flax a longer
or shorter time under the beaters. Some kinds of flax require more scutching than
others, g g are the driving pulleys, for giving motion to the machine by means of a
band from motive power, -which may be steam, water, wind, or horses. Each pair of
pulleys drives one set of beaters separately from the other set, and hence, if requisite

to drive one set faster than the other, which is sometimes the case when the top end
of the flax is hard to clean, this is easily done by using a similar pulley on the machine,
or a larger drum on the driving shaft, ii h are the tension-weights and levers for

keeping tight the carrying-ropes, j j are bearers of wood for carrying the frame of
the machine, k k are pits underneath the compartments containing the beaters,

and are for receiving the woody dust as it falls from the flax-straw. The machine
occupies a space of IH feet, by 10 feet, but some space is required round it for

handling the flax. The height of the machine is 6^ feet. The power required is

three-horse.

M. Mertens, of Grheel, Belgium, has invented a scutching-machine, which merits
notice. It is portable and cheap, and requires the attendance of only boys or girls, to

put the flax-straw in and take the scutched fibre out. The action is something similar
to that of the Irish scutch-mill, but the bruised flax-straw is placed in iron clasps, one
end being first cleaned out, and then the clasps opened, the flax-straw reversed, and a
second insertion in the machine clears out the other end.

Messrs.
^
Rowan, of Belfast, have recently introduced a scutching machine,

whose action differs from all hitherto in use. The flax-straw is not previously
bruised, but is at once fastened in iron clasps, which are placed in a slide, the action
of the machine carrying them on along one side, while tAvo parallel bars of iron,

toothed, comb the straw and separate the woody part from the fibre. The first

portion of these bars have coarse teeth, and the teeth become closer by degrees upto
Vol. II. EE* ^ fa i
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the end of the slide. There a workman or boy Uikcs out the cLisps, unscrews the

nuts fastening tlioni, and reverses tlio position of the straw, so that the portion not

previously subjected to the action of the machine is now presented to it, while that

already cleaned out is untouched. The machine is double, i.e. has two sides of

combs, each capable of containing twelve of the clasps, and each cleaning out one
end of the flax-straw. Hence, after the workman or boy has unclasped the half-

cleaned straw, turned it upside down, and presented the uncleanod end to the other

side of the machine, the same action of combing, already described, clears out that

end thoroughly, and by the time the progressive movement of the mechanism brings

the slide to the extreme end, the flax fibre appears free from woody refuse, and in a

fit state for market. It is then unclasped and made up into bundles.

There have been a great number of other scutching machines invented, but it is

not necessary to particularise them.
In the operation of scutching, however carefully it may be done by hand or by

machine, there occurs more or less waste, i. e. the beating of the flax-straw, in order

to separate the marketable fibre from the useless wood, causes a portion of the former
to be torn off in short filaments mingled with the wood, and this torn fibre is very
much less valuable than the long filaments when finally cleaned out. In general, it

will not average more than an eighth or a tenth of the value of the long fibre. It is

termed scutching-tow or codula, and when properly cleaned is dry-spun for yarns cm-
ployed in making coarse sacking, tarpaulins, &c. Being very much mixed with the

woody matter of the flax stems, it is necessary to get rid of the latter before the

scutching-tow can be spun into yarn. To accomplish this, shaking by hand is the

first process, and subsequently the stuff is put into a wooden machine termed a 'devil,'

in which, by a mechanism something resembling the shakers in a threshing machine,
the woody particles and dust are got rid of. The tow is sorted into different quali-

ties, and, in some cases, it is hackled before being sold. In France and Belgium it is

chiefly retained at home, spun by hand, and woven into such fabrics as coarse

trowsers and shirts, for the labouring classes, aprons, table-covers, &c. What is

produced in Russia, is partly used for similar purposes among the lower classes, but

the great mass is exported, Great Britain and Ireland being the chief mart, and
Dundee especially.

The great aim in all the different methods of scutching, has been to obtain the

largest possible yield of long fibre from the flax-straw, and to waste as little as pos-

sible in scutching-tow. The French and Flemish system of hand-scutching is most
successful in this respect, but as the quality of fibre there produced is very much
finer, and consequently more valuable than all others, the additional expense of hand-
labour is compensated by the larger yield of long fibre ; whereas, in Ireland, the fibre

being generally coarser and less valuable, occupjnng an intermediate place between
the Flemish and Russian, the cheapness of mill-scutching turns the scale, and, except

in remote districts, it is now universal. In Egj'pt, until some fifteen years ago, the

method of scutching was of the most primitive form. The fellahs, after steeping

their flax in the Nile, and drying it on the banks, proceeded to clean out the fibre, by
first beating the straw between two fiat stones, and then striking it against a wooden
post. Mehemet Ali and his successors, however, introduced Irish scutch-mills, driven

by steam-power, and since then a marked improvement has taken place in the stjito

in which i^yptian flax has been brought to market. It may be interesting to note

here, that in the early period of Egyptian civilisation, the dwellers by the Nile were
able to manufacture cambrics of a finer texture than the most finished modern mecha-
nism can produce—as is evidenced by the cerecloths wrapping the mummies—and
that from a fibre so cairso in comparison to European finx, that while the latter may
bo spun by machinery to 300 or 400 leas, and by hand to 1,200 leas, the former cannot
be put higher than 40 to 60 leas, and rarely even to that.

In the scutching operation, three several matters are obtained from the flax stems.

The first is the fibre, which is the primary object, and which is the really valuable

portion, that known as ' flax ' in commerce. The second is the woody refuse of the

stems, hitherto applied to no other use than as fuel, or occasionally in Ireland as a
covering for cuttings of potatoes, when planted, to protect them from frost. Mr. Pye,

of Ipswich, however, proposes to make it available as an auxiliary food for cattle,

having the authority of Professor Way that a sample analysed by him yielded 7*02

percent, of oil and fatty matter ;
7*93 of albuminous matter (containing 1-25 nitrogen),

and 26-29 of starch, gum, sugar, &c. He (Mr. Pye^ recommended its use for feeding

live stock, in conjunction with ground oats or otner farinaceous food. Professor

Hodges, nevertheless, in analysing another sample of this ground ligneous matter,

gave quite a different result, his estimate of the nutritive constituents being as fol-

lows :—nitrogenised flesh-forming matters, 323 per cent. ; oil and fatty matters, 2-91
;

gum and soluble matters, 14*66; and ho compared this "with the average results of
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seven analyses of oil-cake, giving nitrogenised matters, 28*47; fatty matters, 12*90;

gum and other soluble matters, 39*01.

The third portion separated by the scutching process is termed * scutcMng-iow,' in

Ireland ; in Kiissia and Prussia, ' codilla ; ' in France and Belgium, ' etouppe de teillage,^

described above. These branches of the trade consume annually many thousand tons,

imported chiefly into Scotland, from Eussia and Prussia. In France, Belgium, and
Holland, the codilla or scutching-tow is chiefly retained by the growers or factors at

home, for a domestic manufacture of similar goods, and of coarse blouses and trowsers.

It has also been employed for conversion, by Claussen's process, into a finely-divided

mass of fibres, capable of being mixed with wool and spim along with it into yarn,

the fabric made from this yarn being chiefly hose.

Before proceeding to treat of the processes to which flax flbre is subjected subse-

quent to scutching, it may be well to glance at the uses to which the seed is applied.

This valuable product of the plant furnislies two articles of much utility, and of very

extensive use,—the oil and the cake. "When the seed has been separated, dried, and
threshed out, it is either sold again for sovdng or for conversion into cake and oil.

Of course the former purpose only consumes a small proportion of the seed produced

throughout the world, and in many countries it is not of a quality suitable to the chief

flax-growing localities. Thus, while northern Russia, Germany, the Low Countries,

and France either export seed for sowing, or consume their own produce to a considerable

extent for this purpose, the southern provinces of Russia, the States along the Medi-
terranean, Egypt, Turkey, Greece, and the East Indies, while large exporters of seed

for crushing, cannot sell any for sowing. The supply of the seed-crushers of the

United Kingdom is more largely obtained from Russia and Hindoostan than from any
other countries. The entire annual import of seed into the British Islands averages

600,000 to 800,000 quarters, value between a million and a half and two millions

sterling. The conversion of flax seed into oil and cake is carried out by different

methods. In France, Belgium, Holland, and the north of Europe generally, where
a large quantity is crushed, the apparatus employed is very simple and yet very effec-

tive. Lille, in France, Courtrai and Ghent, in Belgium, Neuss, in Prussia, and the

province of Holstein, are the great seats of this manufacture. See Linseed.
The seed is pounded in a kind of wooden mortar, cut out of solid timber, and at

the bottom lined with thick copper. By means of a revolving shaft, furnished

with projecting notches of wood, beams of oak 20 feet high, having the ends shod with

channelled iron, are alternately raised up and let fall into the mortars, where, in a

short time, they convert the seed into a pulpy mass. When sufficiently pounded, this

is removed and put into woollen bags, which are then wrapped up in a leathern

case, lined with a hard twisted web of horse-hair, covering both sides and ends, but
open at the edges. These are then ready to be pressed, and for this purpose are

packed perpendicularly in an iron receptacle, narrow at the bottom, and widening
towards the top. Packings of metal are then put in, and in the centre of the bags is

inserted a beech wedge. A beam similar to that employed in pounding the seed is

then set in motion, and at each descending stroke it drives the wedge in tighter, thus

squeezing the bags of seed against the iron sides of the press. When the wedge has

been driven home, another is introduced and battered by the beam, until it will drive

no farther. At the bottom of the press are holes through which the oil thus pressed

out of the seed runs into a receptacle beneath. In order to loosen the wedges and
admit of the bags being removed from the press, a wedge of a different form, wide at

bottom and narrow at top, and already a fixture in the press, but raised up and fastened

by a rope during the driving of the other wedges, is released from the rope, and another

beam drives it home, thus partially starting the differently-constructed wedges and
loosening the mass. The bags with the pressed seed are then taken out, and the

latter, having lost the greater part of its oil while subjected to so considerable a

pressure, is found in a thin hardish cake, taking the form of the leathern case, and off

it the woollen bag is readily stripped by the workman's hands. The oil obtained by
this process is the purest and most limpid ; but another process has to be performed
before the seed yields all that the pressure is capable of extracting from it. The
cakes, therefore, when taken out of the bags, are broken up and put into the mortar,

where the same pounding operation takes place. When again brought intoa com-
minuted state, the powder is put into a circular iron pan or kettle, under which is a
fire, and slowly roasted in it, being kept from burning by means of an iron arm which
is moved round inside by the machinery, constantly turning the ground seed. When
sxifficiently warmed by this operation, during which it is made to part more freely

with the oil, the mass is again fiUed in bags and pressed as before, after which they
are finally, the bags being stripped off, pared at the edges, put in a rack to dry, and
stored for sale. The oil thus obtained is darker in colour than that by the cold pro-
cess, and contains more mucilaginous matter. Many foreign oil-millers, however, only

E E 2
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employ tho hot plan, bolioving that tlioy have thus a larger yield than when the cold
pressure is first used. See Linskkd On..

In England, tho cold pressure is little, if at all, practised, tho seed being almost in-

variably warmed before pressure. The system of crushing, formerly universal hero,
had some resemblance to the Flemish method above detiiiled, the chief difference
being in tho mode of preparing tlio seed, prior to its being put in the press. Tho
first process is to pass slowly from a hopper the whole seeds into a pair of smooth
or fluted metal rollers, which, in turning on each other, crack tho seeds. Heavy
edged stones then grind thom into a meal, a little water being added during the opera-
tion, which facilitates tho comminution of tho seed. Tlio meal is then put in tho
hefUe bcforo described, and while heated and stirred in it, tho water mixed with
it is evaporated. It is thou bagged and put in the press, where the stampers, falling
on tho wedges, effect tho desired results. Tho most recent improvement in tho mode
of pressure, and ono now largely adopted, is tho hydraulic press, and it is generally
considered that a larger yield of oil can bo obtained by its use than by the wedge and
starapor-beam method. Blundell's (of Hull) patent is that most generally employed,
and Slessrs. Samuelson of that place are distinguished as makers of it, having them-
selves introduced some modifications and improvements. The oil obtiinod from flax-

seeds or linseed, as it is generally termed, is of very extensive use in the arts, and is

the chief vehicle for paints. To suit it for this purpose, and to make it dry quickly,

it is mostly boiled in an iron pan, and during the operation a quantity of litharge is

dissolved in it. The cjike is a very favourite article with stock-feeders, being com-
bined, as containing much nutriment in small bulk, with roots or other vegetable
food, having largo bulk with small nutriment. So extensively is it consumed in

Great Britain, that besides the very large quantity made from imported seed, fully

80,000 tons of foreign cake are annually imported. On tho Continent inferior qualities

of cako aro ground to a coarse powder, and either applied to tho soil as a top-

drossing, or steeped in a liquid manure, and the mass spread out on the land in that state.

Scutched flax fibre appears in the market made up in different ways. Russian is

in large bales or bundles ; Dutch and Flemish in bales weighing 2 cwts., tho fibre being
tied in ' heads,' each of which is about as much as tho hand will grasp. Irish is

made up in bundles termed ' stones,' the weight of which is either 16|: lbs. or 24^ lbs.

In this state it is piled in the stores of the spinner, care being taken that it bo placed
on a ground-floor, flagged or tiled, and not in a boarded loft, as the humid atmo-
sphere of the former is conducive to the preservation of the suppleness and * spinning
quality' of the fibre, whereas it deteriorates considerably when exposed to a drier air.

The first operation which it undergoes in tho spinning factory is hackling.

This process is required to comb and straighten tho fibres, to get rid of any knots,

and to lessen and equalise the size of the filaments. The action of tho hackles

necessarily divides the scutxihed flax into two portions, the long, straight ones, wliicli

remain after the flax has passed through tho operation, being termed ' line,' and tho

woolly- or cottony-looking mass which remains, being designated ' tow.' Both of

these are spun, but the lino produces tho finer and better qualities of yarn, and is

consequently much more valuable than tlie tow. Tho great object, therefore, is to

obtain tho largest possible quantity of tho former from a given weight of scutched

fljix, and the yield of lino varies considerably according to the nature of the season.

Spinners, therefore, aro anxious, as each now crop of flax is brought to a marketiblo
state, to test the yield of lino, so as to guide them in tlieir purchases. They aro thiis

enabled to ascertain more clearly the suitability of tho samples for ' warp' or 'weft'

yarns, and for thread-twisting. Warp-yarns, l>eing those which constitute tho long

threads of a linen fabric, requiro to be harder and stronger than well-yams, which
form the cross or short threads.

Tho yield of line, as well as the general economy of tho operation, is, of course,

greatly dependent on the nature of tlio hackling-machine employed, and great scope

for cjiro and ingenuity is thus given to tho machine-makers. A great number of

liackling-macliines have, from time to time, been brought out, employed in the

fiictorie.", and subsequently abandoned, when others, having greater merit, have boon

invented.

In the early period of the linen manufacture, when spinning was done exclusively

by hand, no hackling-machincs were employed. Tho process was exclusively cficctcd

by hand-hackles. Even after tho introduction of machine-spinning, they wore, for a
long period, the sole means of liaekling. Of late years, the machine has been more
and more brought into use, and, although hand-hackling still exists to a considerable

extent, tho other method is by far the more extensively employed.

For hand-hackling, the tools used consist of a surface stu 'ded more or less thickly

with metal points, called hacklc-tccth, through which teeth tho flax is drawn by the

ojperator.
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The hackles ordinarily used for hand-hackling in this country are in the form of

rectangular parallelograms, presenting a line of 7 inches towards the worker, and

4 to 6 inches deep. The first tool employed is called the 'ruffer,' the pins of which

arc about ^ inch square at their base, and 7 inches long, and brought to a fine point

;

the second is the * common 8,' which is always used after the • ruffer ;
' then the ' fine

8,' the ' 10,' the '12,' the ' 18.' The pins of all these tools are similarly placed to

those of the ruflfer, but are somewhat shorter in length, and are more slender as the

tools increase in fineness. In all these tools the pins are held in wooden stocks of

about f inch in thickness and covered with sheet tin. This sheet tin, through which

the pins are driven, helps to support them and prevent the wood from splitting.

These tin-covered stocks are only of a size necessary for the extent of pins em-

ployed, and are themselves screwed to other larger pieces of board, a little broader

and some inches longer - q^q
than themselves, and
by which they are ulti-

mately fixed to the

hackler's bench, inclin-

ing somewhat backward
with their points from
the worker, and a slop-

ing board behind to

prevent the flax enter-

ing too much in the pins

thus

:

Fiff. 929, end view of

a hackle
; Jig. 930 front

view of hackle
; Jig. 931

hackle, &c., fixed up for

working, a pins ; b tin-

covered stock ; c founda-

tion board ; d beam of

table or bench ; e backboard
; / table to receive the tow, &c. ; g hand of workman.

Such is the.form of hackle used in England, and also the manner in which they are,

of whatever description, fixed for work.

The operation of manual hackling is simple in principle, although it requires much
experience to acquire dexterity.

The workman having first divided the flax into handfuls or stricks, of which there

are 300 to 400 to the cwt., proceeds to grasp one as flatly spread as possible

between his forefinger and thumb, by about its middle, and wind the top end round
his hand in order the better to prevent the slipping of the fibres ; he then begins by a
circular swing of his arm to lash the root end into the hackle ; taking care to com-
mence as near the extremity as possible, now and then collecting the fibres by holding
his left hand in front of the tool, turning the strick from time to time. He thus
gradually works up as near as possible to his right hand, when he seizes the ruffed

part of the strick and holds it in the same manner as at first, and proceeds by a
similar treatment to ' ruff' the top end ; when this is finished the ' ruffed ' work is

taken to the tool called a ' common 8,' the pins of which are much closer placed than
those of the ruffer, and are only 4 or 5 inches long. This * 8

' is always used after the

ruffer, but from it the work can be taken to any of the finer tools, ^nz. 8, 10, 12, and
sometimes 18. It is usual and better to dress both ends over each tool before taking
the work to the next. The pins of all these tools are 4 inches long, in order, as was
supposed, to have sufficient spring. The flax is not lashed into them as into the
ruffers, neither are the ends required to be wound round the hand. But the root end
of the flax is always the one to be first worked, and the hackling begun at nearly the
extremity of the strick, which on being drawn through the hackle is received by the
loft hand of the workman, and by it carried back and laid upon the backboard and
over the point of the pins, for the angle of inclination of the hackles and a slight

lowering of the right hand causes it to enter sufficiently on being drawn forward. As
it is impossible to ruff or dress entirely up to the hand, when the hold is changed in

either operation, there must of necessity be left a certain space to be repassed through
the tools; this is called the 'shift,' but the less length that is required for this

purpose the better for the yield of line. The numerous long fibres that slip from the
strick in ruffing must be collected and drawn from the mass of tow attached to them,
when they can be relaid in the strick, or kept to be dressed separately under the
name of ' shorts,' and from time to time the short fibres or tow sticking to the teeth of
the finer tools are removed. Whenever one-half of the length of the strick of flax is

hackled, it is turned round to hackle the other half. This process is repeated upon each
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hackle. From 100 pounds of woll-cleanod flax, about 45 op 60 pounds of hackled
lino may be obtained by the hand labour of 12 hours ; the rest being tow, with a
small waste in woody particles of dust. Tlio process is continued till, by careful
handling, little more tow is formed.
To aid the hackle in splitting the filaments, three methods have been had recourse

to : beating, brushing, and boiling with soap-water or an alkaline lye.

Beating flax either after it is completely hackled, or between the first and second
hacklings, is practised in Bohemia and Silesia. Each hackled tress of flax is folded
in the middle, twisted once round, its ends being wound about with flaxen threads

;

and this head, as it is called, is then beaten by a wooden mallet upon a block and
repeatedly turned round till it has become hot. It is next loosened out, and rubbed
well between the hands. The brushing is no less a very proper operation for part-
ing the flax into fine filaments, softening and strengthening it without risk of tearing
the fibres. This process requires, in tools, merely a stiff brush made of swine's
bristles, and a smooth board, 3 feet long and 1 foot broad, in which a wooden pin
is made fast. The end of the fiax is twisted two or three times round this pin to

hold it, and then brushed through its whole length. Well-hackled fl;;x suffers no
loss in this operation ; unhackled, only a little tow ; which is of no consequence, as

the waste is thereby diminished in the following process. A cylindrical brush turned
by machinery might be employed hero to advantage. These have been tried in

establishments for machine spinning, but not found advantageous.
The object of all hackling being to produce a good yield of line with tow of good

quality—that is to say, free from broken, unsplit fibres, lumps and knots—the care and
attention necessary to do this, with the expense and uncertain result of the individual

skill of workmen, urged manufacturers to attempt the establishment of machines for

effecting the process.' Therefore many contrivances were invented with this view,

but it was long doubted whether any of them made such good work, with so little loss,

as hand labour. In hackling by the hand it was supposed that the operator would
feel at once the degree of resistance, and be able to accommodate the traction to it, or

throw the flax more or less deeply among the teeth, according to circumstances, and
draw it with suitable force and velocity. For a considerable period these ideas, or

rather prejudices, as they may now bo called, seemed to be confirmed : for the earlier

attempts to supersede hand-hackling, like those in many other undertakings, thoun;h

partially favourable, were, on the whole, rather discouraging. In attaining one poiut

desired another was lost, for too much still depended on the care and attention, if not

on the actual skill, of the persons attending the machines.

It ^vill be desirable, therefore, to give particulars respecting some of those which
have been from time to time invented, although they are not now in use, as a lesson for

preventing the repetition of things already known, as well as to illustrate the steps suc-

cessively taken. The first machine invented, or, at least, published, was called the
' Peter,' and was intended to illustrate, as clearly as possible, the movements of the

hand hackler. The flax was first divided into small convenient portions or handfuls,

about 4 oz. each, called * stricks,' which, before being taken to the machine, wore

slightly straightened and dressed over the ordinary hand ' rougher.' Each of these

was then placed between a pair of short iron bars, called a ' holder,' one of which had
an indentation in the middle, and the other a corresponding projection. Thus when
tightened together by screws 4^- inches apart (such length being equal to a man's

grasp), the strick of flax was flrmly held while exposed to the action of the hackles.

The holder was then suspended from moveable levers over a truncated rectangular

cylinder, upon the angles of which were fixed, at a certain angle, hackles similar to

those used in the manual operation. The levers supporting the holders received from

a crank a short up-and-down motion, so timed in their oscillations as to strike the

holder nearly against the points of the pins at the time they wore passing under,

coming thus as nearly as possible to the effect of a man striking in and drawing

tlirough the hackles, except that the fiax remained nearly stationary, and the hackle

was drawn through it by the rotation of the cylinder, whereas in the hand-process the

hackle was stationary, and the fiax drawn through it by the operator. Each machine

carried two holders. The tow made and collected from the holders was seized and

taken off by boys stationed for that purpose, while another, at the ringing of a bell,

took out and changed the sides of tlio stricks to be presented to the action of the

hackles, and subsequently withdrew them from the first machine to another similar

but with finer hackles, and thus continued until the root end—always the first ope-

rated on—was dressed to the desired degree of fineness, when they would be tiken to

a table where another set of boys, previously to removing the first holder, put on a

second to the already-hackled part, leaving about 2^ to 3 inches to be ro-hncklcd.

This operation is termed ' shifting,' and tho space loft, * the shift;' it is thus porforme4
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and remains so called at the present day, the only change being that in the holder

now in use one screw is used for two stricks instead of two screws for one etrick.

Fig. 932 will more clearly show the construction of this machine, a, square trun-

cated cylinder carrying the hackles ; b, oscillating arm or lever for supporting the

holder; c c, framing; d, crank and shaft;

E, connecting rod from crank to oscillating ^"2

arm ; f f f, hackles ; g o g, back board

;

H, holder. The first motion was given by
pulleys on the shaft d, which revolved 4

times to 1 of the hackle cylinder, by the

intervention of suitable wheels. The worm
and wheels for the bell motion were at-

tached in the usual manner to the shaft of

the cylinder.

Machines of this construction continued

in rather limited use without any change or

competition till about the year 1826, when
a patent was taken for a machine known
as the pendulum machine. The flax in the

holder being suspended and swung back-

wards and forwards while the hackle re-

mained fixed, the flax was thus hackled,

stroke for stroke, on each of its sides ; the

boys, as in the last described, snatching off

the tow as it was formed, and at certain

times, that is at each rise of the pendulum (for it had a rising and falling motion to

imitate the hand workers in commencing at the extreme end of the flax), passing the

holder from one recess to another of the pendulous table, so as to arrive at the pro-

gressively finer tools when ranged along the machine ; but sometimes the different

tools were fixed upon the angles of a square cylinder that presented a finer range,

the whole length of the machine, by turning up a new angle at each rise of the

pendulum, when the labour of the boys was simply to put in the tow and take out

from it the flax. The adjoining diagram {fig. 933), without entering on any details of

a machine that was so little used, will make the theory of its action quite clear.

A, hackle bench sometimes revolving so as to present different degrees of hackles at

its various angles, sometimes stationary with the gradation of hackles upon its length;

B B, pendulum arms ; c c, equal wheels working into each other ; d d, crank arms ; e,

radial slide-bars to preserve the

holder table; h, holder table; ^^^

F F F F, hackles ; g g, back ^^ v^^ „--' "-^^

boards; ii, direction in which /' *\ / '\

the holders swing; there were
the same wheels, &c., at each

end of the machine, and the

holder table h reached from
one to the other. The wheels,

cc, with all attached to them,

were made to rise and lower

upon the hackles, and the back-

boards c to rise when the hackle

bench turned.

About the same time another
patent was taken out for a ma-
chine where the holders were
suspended above one end of
a travelling sheet of hackles.

This machine also required
hand labour to turn and transfer

the stricks, though the tow was
caused to fall clear from the
hackles by mechanical means.
The following sketch {fig. 934)
shows the principle upon which
this machine works, and, though
never much employed at the
time of its appearance, it has subsequently serve^ as foundation for those that are i)o^

ip the zenith of their prosperity.

#4^

k
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A A {fig. 934), sheet of hackles ; b, support for holders ; c c, carrier pulleys for tho

sheet of hackles. Fig. 935, a larger view of tho hackle bar og, in order Letter

to show the ftiller ddd, in tho stiples or grooves be, at tlio end of the hackle-

bar QG ; FF, pins of the hackles, between the rows of which the fullur ddd acts to

push the tow off the pins.

934 There is a clearing fuller

D to each hackle, which
is kept to tlio bottom of

the hackles at tluit part

of their course wliero

they are in contact with

the flax, but at the turu

F D fly beyond the points,

as shown l)y the effect of

the centrifugal force.

All these machines,

possessing great simi-

larity of features in re-

gard to the personal

attention required, never

came into such general

operation as to supersede

entirely hand -dressing,
either from their own
defects, or prejudices

against their employment. About the year 1830, in consequence of the new mode of

spinning being airried on with considerable energy, it was found advantageous to cut

the flax into two, three, or more lengths previously to hackling, which rendered it

necessary to have machines peculiarly adapted for this new short description of

material. This machine, known as tho excentric or circular machine, deserves con-

siderable attention for its own inherent merits, and the extensive utility it has proved

to be of in suggesting the principal parts of those by which it has been supplanted.

In its original form it was made of a breadth suitable for only one strick, and consisted

of a cylinder 3 ft. diameter, upon the whole circumference of which at intervals of 3 or

4 inches were fixed the hackles. As each machine could only carry one description of

hackle, it was necessary to employ a series of these machines, called a ' class,' when
the flax required to be dressed over a succession of finer tools, each succeeding machine

carrying a finer tool than its predecessor. The hackles were cleared of tow by coming

in contact at one part of their revolution with a brush roller, which also revolved in

937

contact with a cylinder covered with card clothing, tho points of the pin being in such

a direction as to clear the briush from tow, and allow itself to be in its turn cleared bjr
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tho oscillations of a comb, whence by rollers the tow was brought into a sliver. In

order to preserve the continuity in tho supply of tow, and maintain the regularity of

tho sliver produced by it, tho holders with the flax were presented to the hackle

cylinder in a manner peculiar to this machine, and in endless succession by means of

ccr!:ain circular carriers placed at each end of the hackle cylinder, but excentric thereto,

and at such a disUinco apart as each should bear one end of the holder as it ex-

tended across tho cylinder parallel to its axis. Thus, the holders introduced at that

part of the circumference of these carriers furthest from tho hackles were carried for-

ward, while the flax was in operation, till they were brought almost into contact with

tho points of the pins, when, by the intervention of a slide, they were withdrawn from

the machine, but with ofle side only of the flax dressed, and that but on one tool

;

therefore tho holder required replacing in the same machine, in order that the second

side of the strick should be dressed as was the first. The holders then required to bo

Ciirricd by hand to each succeeding machine of the class.

The preceding figure (937) shows the leading features of these machines : a a,

hackle cj'linder ; b b, excentric wheel to carry holders in its recesses, h h; c,

slide upon which the holders were laid so as to fall into the recesses hh of wheel u

;

D, slide for taking out holders ; e, brush cylinders with brushes ; g, cylinder covered

with card clothing ; h, holder come out ; i, doffing comb. The space of the holder-

carrying wheel was filled with holders, and so maintained in endless succession, and

thus each served in some measure to keep tho end of its preceding one down into the

hackles.

About 1833, a machine was patented consisting of two parallel cylinders, over which

the flax was carried, revolving in its progress so as to present the alternate sides of

the strick to the hackles, the progressively finer tools being ranged along theso

cylinders, so that having passed the length of one cylinder one end was completely

finished. When the holder was taken out, ' shifted,' and replaced, it was carried

back along the second cylinder, and thus retiu-ned to where it commenced, finished.

This machine, however, never was carried further than the experimental one for the

patent.

Another machine (Wordsworth's) the same year made its appearance, and
for some time enjoyed much celebrity. It consisted of two parallel vertical sheets

of hackles running together, and so geared that the hackles of one intersected the

interstices of the other. The flax suspended in its holder from a species of trough

passed between these two sheets, and was thus hackled simultaneously on each side in

its course through the progressively finer hackles from one end of the niachino to the

other.

A A {Jig. 938), hackle sheets ; b b, holder trough or slide ; c c c c, pulleys for carrying

the hackle sheets ; d d, brush rollers ; e e, rollers covered with card clothing to clear

the brushes ; f f, doffer combs ; g g, hackles ; h, holder ; 1 1, brushes.

It is unnecessary to notice more at length the dijBferent machines brought out, em-
ployed for a time, and then rejected. Although the hackling and spinning of flax, in

the full length as it grows, was what was first practised by hand, the first really suc-

cessful machine for hackling was what was known as the 'circular machine' for

hackling ' cut line,' as it is called, or the long flax fibre broken into several lengths.

It had always been known that the top and root ends of the fibre were of very infe-

rior quality to the middle, and of course when all was spun in one length the yarn
produced was inferior to what the middles could be spun to, while superior to what
the tops and roots would produce. It therefore occurred that in the general qualities

of flax the division of the fibre, so as to separate the different portions named, would
be advantageous to the spinner. The operation of cutting was performed by a simple
machine consisting of a pair of jaws, so constructed that when the flax is introduced
between them the different parts, instead of being clearly cut off, are, so to speak,

bitten off, leaving ragged ends. This is desirable in order that the ragged ends might
interlace in the spreading prior to going through the preparing machines, which pre-

cede the spinning operation. The machine for haclding cut line was brought out
about forty years since, and underwent, before it was finally set aside, a considerable
number of modifications for the purpose of economising the labour in working it.

About the same time the ' fiat machine ' was introduced, which was more particularly

intended for hackling long flax. The nature of the operation of these machines was
the same, the flax being acted on by different series of hackles fixed in the circum-
ference of a cylinder in the one machine, and on an endless sheet in the other. The
curvature of the cylinder was no objection in hackling cut flax ; but for acting on long
fibres it was necessary to put the hackles on a sheet, for the purpose of getting suffi-

cient length of flat surface. The most successful machines, and which displaced
• all previous ones, have been modifications of these of different kinds, some of them
being simply contrivances foy saving manual labour, and giving certainty to the action,
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and others combining other improvements with this object. Carmichael's patent

machine {figs, 939, 940) was, as brought out at first, simply the old flat machine with

938

rrrrl)

f elf-acting motions for actuating the holders applied to it. It was afterwards mucli

improved by the adoption of an inclined sheet in imitation of a very successful

self-acting modification of the old flat machine which was brought out by Combe, of

Belfast, whose machine, at this time, is considered by many to be the best one in use
for long line.

The distinguishing feature in these rival machines is, that in Carmichael's the
motions are all performed by the descent of ponderous weights, while in the other

they are performed by the direct action of the machine.
There are other differences affecting the working of the machines, which are by

practical hacklers considered of great importance, and as giving more value to Combe's
machine. The most important of these is the facility of adjusting the place whore
the holders approach the flax, which greatly affects the yield of line.

The same principles of actuating the holders were applied to cylinder machines for

hackling cut flax, but, as these have been displaced by more recent inventions, it is not

necessary further to refer to them. "Wordsworth's machine, already figurotl {fig. 938),

was of importance, as being the basis of several other valuable machines. Its essential

feature was arranging the hackles on two sets of endless sheets placed opposite each
other, and driven and connected by wheol-work so as to revolve together, the surfaces

being placed so close together that the hackle pins penetrated the flax from both

sides, and hackled at the same time. The largo circle described by the points of the

hackles in this machine, which prevented them cutting the flax close to the holders,

and other imperfections, led to its abandonment. Some years since. Combe of

Belfast designed for the eminent flax-spinning firm of Marshall and Co., of Leeds,

a modification of this machine, which since has been known as Ardill and Pickard's

machine, and has come into extensive use. The principal new feature in this machine
was the introduction of cranked wheels for supporting and carrying the hackles, for

the purpose of making the points of the hackles describe a small circle, and thus enable

them to cut close to the holders. Although successful, this invention did not fully

accomplish the object aimed at. About the same time, Marsden's intersecting

machine was brought forward, and possessed a great reputation for a length of time.

JtB success was a good deal owing to the flax hackled b^ it having an apparent fine-
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ness ; but this was not found to be of practical value, as the spinning quality was not

improved thereby. For this reason it has gone greatly out of use.

The next machine which came into extensive use was Combe's reversing cylinders,
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fig. 941. Theso mfichincs arc constructed in a groat variety of forms for different kinds
of work, and seem to give very good results. They are simple in their coustructiou,

941

and give little trouble, acting lightly on the flax and maldng very wiry fibres. They
are made of all sizes, from 12 to 30 inches in diameter, and with 4, 6, or 8 gradu-

ations of hackles, according to the kind of work to bo done on them. Tlio flax is

hackled on each side, or each gradimtion of hackles, by reversing the direction of the

rotation of cylinders. The tow, or short fibre, is thrown off the hackles by stripper

rods, placed between the rows of pins.

The next machine to be named is by the same inventor, and is styled the patent

reversing sheet-hackling machine. It is for long line, on tho same principle as tliat

just described, except that it has the hackles fixed on flat sheets, as in the 'old flat'

machine. It is simple and complete, easily driven and attended ; and a considerable

number are now in use. From the hackles being on a flat sheet, it is necessary to

make tho holders descend, first on one side while tho sheets are moving in ore direc-

tion, and then on tho other while they are moving tho other way. Tiiis is done by
supporting the channels which carry the holders on four levers fixed on two oscillating

shafts, to which motion is communicated by a shaft. Tho holders aro slid through by

^ leycr on tho top, which acts on a sliding bar, b^ moans of i^ ball, which foiinp t^
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universal joint and actuates the holders, whatever position the channels are in. The
drawing hero given, fig. 942, will show tho mechanism.

f

!Both the machines last described are made double, or in fact, the construction of
each is that of two machines in one. Tho table for filling and changing the flax in
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the holders is attached to the machine. One side hackles one end of the flax, and
the other side the other end.

"We now have to describe a machine for hackling cut line, patented by Mr. Lowry,
of Manchester, and now extensively in use at liomo and on the Continent. It is

virtually a modification of "Wordsworth's machine, already described.

Fig. 943 is a side elevation of a sheet-hackling machine to which these improve-
ments are applied ; fig, 944 is an end elevation of the same ; fig, 946 is a front view

;

and fig, 946 an end view of one of Lowry's improved hackle bars. In figa. 943 and

944, a a represent the belts, shceta, or chains to which the hackle bars h are attached.

These belts, sheets, or chains pass around the small drums c c, and larger drums
d d, which are tuiped round by the gearing, shown in the drawing, or by any other

suitable arrangement of gearing. The hackle bars b are made with a recess to

receive the stock of the hackles e.

The hackle bars b are connected to the belts, sheets, or chains a, a, by means of

rivets or screws, passing through the flanges b, and through the belts, sheets, or
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cliains a ; and at each end of each hacklo bar is a stud or guide pin b', which, \vIiou

the hackles arrive near the small drums c, c, fcvke into the groove in the guide plates.

The object of these guide plates is to support the hackle bars in passing over the

small rollers c, and during the operation of striking into the strick of flax or other

fibrous material to be operated upon. The holders, with the stricks depending from

thorn, are placed within the rails i, i, and these rails are made to rise and fall and the

holders are made to pass from one end of the machine to the other, in the usual

manner. When the machine is at work, the drums c and d revolve in the direction

of the arrows mjig. 944, and the hackle bars being attached to the belts, sheets, or

chains a, and supported by the guide plates, cause the hackles to enter the stricks of

fibrous material at or nearly at right angles to the fibres thereof, and to retain that

pasition at the commencement of their downward motion ; whereby as the belts,

sheets, or chains continue to descend, the hackles are drawn through the fibrous

material for the purpose of removing the short fibres and extraneous matter. Another
great advantage resulting from this improved mode of attaching the hackle bars b to

the belts, sheets, or chains a, is, that the hackles can be made to enter the fibrous

material at a point closer to the holder than in any of the sheet machines now in use.

When the hackles are passing round the drums d, d, they are cleansed by the

revolving brushes j, j, which deposit the material removed from the hackles on to

the card drums k, k. These drums are cleansed or doffed by the combs I, /, or in any
other convenient manner.

This machine is also used to a very large extent, and well liked for dressing half-

line and full-length flax. For this purpose the sheets require to be made 6 inches

longer from centre to centre, and the head or trough to lift t3 inches higher, and the

top rollers to approach and recede from each other simultaneously with the rising

and falling of the head.

Combe, of Belfast, has produced another edition of Wordsworth's machine. Its

novel feature consists in dispensing with bars altogether, in carrying the hackles

and in fixing them directly on the leather sheets. By this means a very true action

is obtained, and the working parts are so light that the machine bears any speed

with scarcely any wear and tear. In this invention there are also combined convenient

modes of regulating the lift and severity of the cutters to suit different kinds of flax,

and the holders are carried through the machine by a separate apparatus for that

purpose, while they are at their highest elevation, instead of during the whole process

of lifting, as had always been the case in other machines.

The cutting of flax already referred to, is effected by a machine consisting of a
species of circular saw about 20 in. in diameter ; but, instead of a single blade, it is

constructed of 3 or 4 plates of steel, each about \ in. thick, and having angular pro-

jections from their circumference. This revolves at a considerable velocity, while
the fl^x, firmly grasped in each hand by its ends, is still further held and slowly
carried against the saw by two pair of grooved pulleys pressed together by a con-

siderable weight. It is tlius partly sawn and partly broken through. Flax may
be cut into 2, 3, and sometimes 4 divisions : and sometimes the dead harsh fibres

that are frequently found at each of its ends only are cut off and used as tow

;

but more generally the different portions are hackled and used for the purposes they
are sorted for.

Description of fiax-cutting machine (figs. 948, 949). a a, framing ; b, the grooved
pulleys for holding and carrying the flax ; c c, the driving pulley ; d, saw or cutter

;

E, F, wheels for gearing together the pair of holding pulleys ; g, h, i, k, pinions and
wheels for producing the proper relative speeds between the cutter and pulleys ; r,

weight, which by levers m and n, causes the pressure of the holding pulleys.

Preparing.—By this term are understood those preliminary operations through
which both line and tow must pass after the hackling and before the spinning
process.

The mechanism and modes of proceeding for this purpose, which consist of repeated
drawings, are similar for * long ' line or ' cut

;

' though the dimensions and fineness of
the machinery must be made suitable for their various lengths and qualities. But in

the preparation of tow a peculiar additional operation is demanded, as a consequence
of the different state of the fibres of which the material is composed ; this operation,

termed 'carding,' has for its object to bring the highly irregular and entangled mass
into a somewhat more homogeneous and uniform state, previously to its being after-

wards drawn and equalised in a manner similar to line.

In the preparation of line the first operation is called • spreading,' or first drawing

;

nnd the machine employed a ' spreader
:

' those subsequently are the second and
third ' drawings ' (sometimes a fourth is used), and lastly the ' roving.' It is upon
the spreader that the separate stricks of line are first combined and drawn into long
uniform bands or ribbons, called ' slivers,' of determinate lengths. This is effected
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by subdividing tho strides into two or thrco portions, and then placing thorn con-

secutively, slightly elongated, and overlaying each other about ^ths of their length

948 949

upon and in tho direction of an endless creeping sheet or apron. The machines are

generally made with two of these creeping sheets or aprons, and upon each sheet are

thus laid two distinct lines of strides ; each of which forms a thick uniform body of

lino, and capable of being maintained to an indefinite length. These endless creeping

sheets supply continuously another part of the machine, where tho body of * line ' is

drawn out to between 20 and 60 times its original length, according to whether it is

composed of cut or long flax. This part of tho machine comprises a pair of holding

950

or back rollers ; an endless succession of bars called fallers, bearing combs of closely-

ranged steel pins, through which the slivers arc drawn ; a pair of drawing rollers ; an
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arrangemen of diagonal or doubling bars ; and a pair of delivering rollers. It is

generally termed the ' gill frame,' or ' gill head,* probably froni the French word
aiguilles (needles), as descriptive of the combs, and to distinguish this machine from

those formerly used for the same purpose, which simply consisted of a series of

rollers, under and over which the lino v?as passed.

Fiffs. 950, 051, 952, show the outline of the present most approved gill spreader or

lirfct drawing.

951

A A, general frame of the machine ; b, driving pulleys ; c, auxiliary frame for end-
less sheets ; d d d d, rollers for carrying the endless sheets or aprons ; e b, con-

ductors to guide and slightly condense the four bodies or slivers of line ; f, can for

receiving the sliver; g, lever for weight on fropt or dra-wing roller; h, lever for

weight on back roller ; k, delivering-roller shaft, spring, and bell, which, by the
Vol. II. F F
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intervention of gearing between it and the front roller, is caused to ring when any
desired lengtli of sliver is delivered.

a a, the iron^ drawing roller or boss ; b h b, the wooden or pressing roller, by the
pressui-e of which upon a a the sliver is held during the greater velocity of those rollers

963

over that of c ; the holding or back rollers elongate in exact proportion to its aug-
mentation ; the holding roller c is in like manner pressed against another in order to

assist the 'gills' ill retaining the fibres ;
^- /i:, hooked rods to connect the weighted

lever h with the holding roller c, and by tlie pressure thus caused insure its effect

;

d the sheet or surface of ' gills ' composed of separate bars, as seen at figs. 954, 965

;

Cy rubber or cleaner of pressing roller b; f f^ conductors to contract laterally the

954

ggggai—Tissssg ,^r,'f^<ii.-.'Af^.^ ^

sliver at the moment of drawing
; g, plate of metal having diagonal openings at an

angle of 45° (this plate is sometimes called the 'doubling bars,' having been first

made of separate bars) to the original course of the sliver, in order to enable it to bo

turned in a rectangidar direction and guided to the delivering rollers hh ; this direc-

tion of the sliver is more distinctly seen at/^. 952 ; t, hanger or connector of pressing
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roller i to its weight lever c; 1 1, the screws or worm shaft for carrying the ^11 bar

d d; m m, the shaft with bovel wheels by which the screws at opposite sides of the

frame are caused to move simultaneously ; n n, pinions for connecting the upper and
lower spirals of each pair; oo, the cams or excentrics for lowering and raising the gill

bars
; p p, weighted guide lever or bell cranks for guiding the faller in its descent, and

moderating the shock caused by its weight when coming in contact with the lower

slide or support
; q and r, worm and wheel for bell motion ; 5, t, u, v, jv, x, line of

wheels from pulley to front roller and from front roller to back; 1, 2, 3, line of gear-

ing from back roller to sheet ; 4, 5, 6, 7, line of gearing from roller to delivering

roller ; 8, from roller to brush
; y y, from back shaft to back roller.

The machines for the second, third, and fourth dra^vings, though in principle

essentially the same, yet differ in some of their minor details from the foregoing, as

they do not require the feeding sheet to supply them, the sliver, from the spreader,

having sufficient coherence to allow itself to be drawn from the cans direct by the

back rollers of these machines ; neither is a bell motion requisite to determine the

length of slivers produced by them. The subjoined sketches show the general parts

requisite.

A A. {figs. 956, 957), framing; b, driving pulley; c, support of sliver carrier; d,

roller for carrying sliver; e, conductors ; f, can containing the slivers from the first

drawing ; g, receiving can ; h h, the hackle carrying spirals ; i, the diagonal or

957

doubling bars ; k, the delivering rollers ; l, the drawing rollers ; m, m, m, the retaining
rollers.

The roving frame is the same in regard to the arrangement of its back and front
rollers and gills as the drawing frames ; and, as the position and manner of regulating
the poles are generally the same as adopted for cotton, the description of these parts,

therefore, does not require to be repeated ; but an improvement patented a few years
since by Sir P. Fairbairn, of Leeds, of that part of these frames which relates to
regulating the taking-up movement of the bobbin merits particular attention, as by it

the inconveniences of the older method of a vreighted belt and cone, and those of the
more recent disc frames, are entirely overcome. The principle of this improvement
consists of driving a pulley by pressure between two discs running at equal speeds in
opposite directions, as seen ixtfigs. 958, 959, 960.
To obtain the variable speed, instead of using a cone and belt as in some frames, or

the pulley and single disc as in others, we have the following parts : a b, the horizontal
driving discs; the lower one a is keyed to the shaft d, while the upper b is free to
turn upon it ; i, bevel wheel fitted to or forming one piece with the upper disc b ; c, bevel
wheel keyed to shaft d ; e, intermediate bevel wheel gearing in the bevel wheels
c and i, so as to turn them in opposite directions, and consequently the discs to
which they are directly or indirectly attached

; g, the variable pulley covered with
leather and resting upon the lower disc a, and itself pressed upon by the weight

ff2
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of disc b; it is thus driven at speeds varying according to its appraich to or from
the shaft d, thus answering the purpose of the traversing leather bolt of the cone

movement ; h, shaft keyed
in tlie pulley

ff,
from which

the variable motion is trans-

ferred to the bobbins.

A series of preparing ma-
chines, termed a 'system,'

consists in general of 1

spreading of 4 slivers at the

drawing rollers, united into

one by the doubling bars at

the delivering roller, 2 frames
of second drawing, in all

2i bosses 2 frames, third

drawing containing together

36 bosses ; if a fourth draw-
ing is required, 2 frames of

24 bosses each, or 48 bosses

in all. 180 spindles of rov-

ing in 3 frames will well

supply 3,000 spindles of

medium spinning. The
mode of using this ' system
is, as has already been said,

first to spread the strides of

line upon the feeding-sheet

of the spreader, then to

receive the sliver or slivers

there produced into cans capable of holding 1,000 to 1,200 yards of slivers. Those

cans specially intended to receive the slivers from this machine are all made to

959 960

one rcgxiiar M'cight ; tlius, •wiioii liiird, Tiio weight of line each contains is correctly

ascertained, and by the bell motion the length is also known. Upon this basis

is founded the method of producing any desired number of yarn, and by doubling

the slivers, a degree of equalisation that the simple spreading would be unable

to effect; for at each drawing, and nt the roving, several of the slivers from the

preceding drawing are put together, to be again reducad to one for this object alone.
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Hence, the weight of a dcterminatfe length in yards of the desired yarn being known,
a calculation is made, combined of the drafts and number of doublings the material

Jiiis to undergo, to determine what the weight should be of that length of slivers con-

tained in the cans from the spreader. It is ordinary to put 10 or 15 of these cans
together, to form what is called a * set,' the slivers of which are united at the second
drawing with the subsequent drawings and roAnngs. The combination of two or three
silvers at each boss is sufficient.

Though the above is descriptive of the * gill ' frames now in use, yet it should be
understood they are by no means the first or only results of the attempts made to

correct the defective principle of the original roller machines, which were incapable
of holding or retaining the flax with a sufficient degree of regularity, owing to its

unequal lengths and unadhesive nature. The consequences were that the yams pro-
duced were ' lumpy ' and unlevel, making it evident that some improved means were
necessary for more completely restraining and regulating the drawing of the fibres.

The most obvious way to do this was to introduce some mode of partial detention by
creating a friction among tlie fibres to imitate the action of the fingers in hand-spinning.
This led to causing the slivers to pass through and among several ranks of serrat^
pins, which was found very nearly to attain the object, and certainly greatly improved
the levelness and uniformity of the slivers. Thus the use of * gills ' became general
about forty years since.

Those first brought into general use were constructed with circular discs or plates
for carrying the faller or gill bar, which at the same time were guided hy their ends
passing in fixed slides, so as to bring the gill in as vertical a position and as near the
drawing roller as possible.

The figures (961, 962) are

profile and front views of the

working parts of one of these

gills :— A, slotted plate or

disc, of which a pair were
keyed upon a shaft b, so as

to carry each end of the

faller d, passing through the
slots cc; B, the fixed ex-

centric slide ; g, h, the draw-
ing rollers; f, the holding
rollers.

This was succeeded by the
' chain gill,' in which the
fallers were carried forward
by an endless series of con-

nected links, or jointed to-

gether ' slotted plates,' in-

stead of the simple circular.

The object of this was to in-

crease the flat surface of gill

bars between the holding and
drawing rollers, making it

more suitable for the longer
descriptions of material.

The sHdes and rollers, being
similar in these machines to
those in the former, are not
repeated, but the sketch of
five slotted plates is given
in Jiff. 963.

From the evident import-
ance of bringing the retain-
ing effects of the gills as
closely as possible to the
point where the movement
of the drawing fibres is

greatest, several attempts
have been made to improve
the above-described gills in this respect. With this view, Messrs. Taylors and
Wordsworth patented a ^11 of considerable ingenuity (Jiff. 964), which therefore
deserves mention, though it never c<ime into use. Its description is as follows :

—

a, b, the faller or 'gill bar' m one piece, which was carried forward

932

U I

by ao
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endless chain ; c, d, elides placed horizontally over tho gill sheet p;uiding the ends
of certain bell-cranks e, /, joined at their angle in tho roccss /, g, e, of tho gill

QOA ^^r, and at their other end to

tho gill or comb o. By this

arrangement, as long as

the bell-cranks are in tho

parallel parts of tho slides

c, d, the gill teeth will bo
above tho faller a,b, but
when they arrive at tho

contracted part tho guided
ends will bo brought into

the position q q, and conse-

quently the gill depressed is

G 2 ; this is so timed as to

cause them to clear the draw-
ing roller, when, on again

continuing their course, they

are again caused to rise and
penetrate tho sliver by the

reversed inclination of tho

slides c, d, at the back
roller.

Tho objection to this in-

genious machine was the

largeness of tho space sud-

denly loft open by the de-

scent of tho gill, as tho

double faller, bell-crank,

and gill necessarily occupied great width.

The screw or spiral movement of the fallors, whicli was soon afterwards invented,

quickly superseded all others in use, as by these means the faller was caused, even in

the manner they wore first constructed, to approach closer than even in tho most per-

fected construction of tho others, to the side of the drawing roller, and still maintain
the pins in a vertical position. Kecently this object has been more perfectly attained

by a patented improved construction adopted by Messrs. P. Fairbairn and Co., whereby
the obstacle to the faller wholly touching the roller has been removed, and thus pro-

ducing the full holding effect of the gill to tho latest possible moment. This is effected

by employing a method of supporting the spirals by their working in tubular recesses

in the side plate of the machine; along these recesses are longitudinal openings through

which the faller end passes to enter between the threads of the spiral, and which servo

^Hl

also as slides to support tho faller. As by this means tho supports or plummor blocks

that intervened between tho end of the spirals and the roller are suppressed, the faller
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is enabled to advance to the place they formerly occupied. Figs. 965 and 966 show
this comparison of the older and more recent methods, a, b, spirals ; c c, the parts

by which they are supported, being \njig. 965 small pivots in plummet block d d, and
in fig. 966 hollow tube-like recesses in frame plate cc ; k e, pinions to work the upper
and lower spiral together; r, bearings; g, drawing-rollers; h, pressing rollers; 1 1,

passage of the faller's descent.

Here it may be as well to observe that the same parties have still more lately intro-

duced another important amelioration in these machines for remedying the noise and
wear and tear which ordinarily attend them by the abrupt and violent descent of tho
faller. Fig. 967 shows a sectional front view of a head having this improvement
applied, a a, supports for screws ; b, c, top and bottom screws ; d d, the new cams
fixed on shafts parallel with the screws, and revolving at the same speed. Thus, these
o^ms dd receive the faller ee at their largest diameter, at the moment they are free

to descend, and guide them gradually down to the lower slide.

Thus constructed, the * screw gill ' continues to be the most esteemed in principle,

though not without some serious objections in practice. For the abrupt and angular
movement of the faller even here not only liberates too suddenly a portion of tho

fibres that should be but gradually relaxed at the moment of being drawn, but causes

considerable wear and tear to itself, the slides, and the gills attached to it ; to which
cause of destruction must be added the great friction of the worm movement ; these,

however, in ' line ' preparing, where the fibres are long and straight, and the drafts

employed large, and where, consequently, a comparatively slow movement of the

gills is required, are not so much felt as in the preparation of tow, where they become
serious.

In * tow preparing * the first operation, as before stated, consists of ' carding,' which
is generally repeated over two separate machines, which are respectively called the
' breaker' and tlie ' finisher' cards. They are essentially the same in principle, and
vary but little in construction, the only difference being that the ' breaker' is fed or

supplied by the disjointed parcels of tow from a creeping sheet (as the spreader with
'line') and delivers its slivers into a can, whereas the 'finisher ' is fed from a bobbin upon
which several of the slivers from the breaker are united by a machine expressly for

that purpose, called a ' lap frame ;

' this card thus receives its supply of work in a very
regular form, and previously to delivering it in the form of slivers causes them to pass
over a gill, to consolidate and strengthen them before delivering them into the receiving

can ; it is also generally clothed with a finer description of wire filleting than the
breaker. Though it is the better method to card thus the tow twice, yet this second
carding is sometimes dispensed with ; in that case this auxiliary gill is similarly
iixed to the first card or breaker. The cards employed for tow are machines of con-
siderable weight and importance, the main cylinder, or, as it is sometimes called,
' swift,' being from 4 to 5 feet diameter and 4 to 8 feet long ; those most generally
employed are 6 feet long. Previously to entering upon the detailed description of a
card, it may be as well first to trace in general terms the progress of its operations,

as tending to elucidate the explanation of the machine itself.

The tow is first divided by weighing into small parcels of 10 to 20 drams; these
are then shaken out and spread so as to cover certain definite portions of tho creeping
feeding-sheet, by which they are conducted to the first pair of rollers called the feeders.

These rollers are covered with a leathern band, in which are fixed in close array a
number of wire points about ^- an inch long, and having a tangential inclination to the
circumference of the rollers, which are about 2.^- inches diameter. The tow passing at
a slow rate of progression between these rollers, is by them gradually presented to

the points with which the swift is likewise covered, also set in leathern bands, but
which are about 2 inches wide ; these points, the same length as those of the feeders,

Jiave an inclined direction pointing to that in which the cylinder turns. The much
greater velocity of the ' cylinder ' combs and somewhat opens and breaks the tow as it

slowly arrives in contact, and tlie inclination of the pins at the same time carries it
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forward. All such lumps and fibres as aro not sufficiently opened and straightened by
this first contact, remaining prominent on the surface of points on the cylinder, aro

carried by it against another roller, whose axis is parallel, and whose wiru-corered

circumference is brought as near as possible, without absolute contiict, in order to catch

and retain these prominent lumps and fibres ; the points of this roller (called a * worker
')

are inclined in a direction opposed to the movement of the swift, and, therefore, hold
the tow to be again combed and straightened as at first it was by the feeders : this

is repeatetl eight or nine times, by having that number of workers to the card ; each
of these workers has its attendant roller also covered with wire points, by whose incli-

nation in a contrary direction, and by the greater velocity of the roller, the tow is

stripped from the workers, to be again laid on to the cylinder. The strippers, though
running at a greater velocity than the workers, are still slower than the cylinder. The
tow thus carried forward gradually improving in openness and regularity as it passes

each pair of ' workers and strippers,' finally arrives at the roller called a ' doffor,' of

which there are two or three upon a card, the wire points of which are in such &
direction as to hook or catch the tow * as it flies.' The use of these several doflers is,

that by placing each succeeding one progressively nearer the swift, the longer and
shorter fibres are successively and separately taken off. Each dofFer is cleared by an
oscillating comb, and the slivers conducted, if intended for the lap machine into a can

by delivering rollers ; but if finished, these delivering rollers are, as it were, the back

rollers of the auxiliary gill, patented for this application by Messrs. Fairbairn and Co.;

"whereby the slivers are not only saved from all danger of derangement in their loose

and porous state as direct from a card, but the hitherto double expense of carding and
first drawing is reduced to that of carding alone.

AAA {fig. 968), framing; b, swift or main cylinder; c, feed rollers; ddd, strip-

pers to feed rollers and workers driven by one belt from pulley e, and maintained

tight by the moveable pulley f ; a o o, workers ; i i i, the three doflfers ; h h h,

intermediate wheels to connect the movement of the dofFers with one another ; k k k,

oscillating combs for their respective doffers ; l, delivering rollers ; m, back roller of

auxiliary gill ; n, gill surface; o, p, drawing rollers ; q, delivering rollers and bell

motion for measuring the sliver in the cans r ; s 8, doubling plate ; t, pulley for driv-

ing auxiliary gills by boll from the pulley k.

The lap frame, to which allusioii has already been made as the necessary adjunct

to the cards when double carding is to be performed, is employed to collect together a

number of slivers from the breaker by winding or lapping them upon a cylindrical

piece of wood, which may be described as a bobbin shank, thus producing an equa-

lisation of the slivers of tow as the making up of sets eflfectod in line preparing ; from
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60 to 60 lbs. of tow is the usual complement of one of these bobbins ; the length and
the diameter, when full, about 22 inches ; thus, a 6-feet wide finisher card will take

off these bobbins at once; from 15 to 20 is the number of slivers usually wound to-

gether, and the completion of a bobbin by the ringing of a bell, connected with the

measuring cylinder of the machine. The following is a descriptive drawing of the

lap machine :

—

969

AAA {figs. 970, 971), framing; b, measuring and pressing cylinder; c c c,

driving pulleys connected with di&rent gearing to change the speed as the bobbins

fill ; n, bobbin or shank intended to be filled ; e, table to receive the bobbin when
about to be taken from the machine ; f, weight to increase the effect of pressure of the

970

measuring cylinder by the connecting rods o g, which are split for part of their

length in order to pass the shaft h, and at another, g g, have racks into which work
pinions keyed on the shaft of the hand wheel i, for the convenience of raising and
lowering the cylinder and weight. The shaft h is divided at the plates k and l, and
provided with sockets to receive the end of the bobbin shank d, which is introduced
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by sliding back tlic pioco n n, and returning it by lover m, and thus is coupled and
tui'ns together with two pieces of shaft u, as also the disc plates k and i>, which are

to serve as temporary ends to the bobbin during the time of its filling, and thus by
tu ning with it avoid that rubbing and felting effect upon the edges of the tow so in-

jurious in the machines formerly constructed, and by the bobbin acting as the driver
to the cylinder the slivers are drawn tighter, and thereby avoid those plaits that tiio

other machines were so liable to produce.

As before mentioned, some objections were found to the working of the screw-gill,

of a nature detrimental to the machines themselves, which, though not of great im-
portance in ' line,' were much aggravated in tow preparing, as the lesser drafts there

employed cause a greater wear and tear of the fallers and gills. The objection to

these machines, however, is not confined to this point only, but extends also to their

effect upon the material itself. The fibres of the tow sliver, as coming from the card,

are in a light and much confused state, which renders them liable to be easily separ-

ated ;• so that the faller, by its sudden descent, has a tendency to draw some down,
and become lapped by them, as well as to make so marked a difference in the thick-

ness of the sliver, by the withdrawal of the retaining comb, as materially to injure

the quality of the yarn. Thus this ' gill' was not enabled to hold its place in tow
spinning, when other circumstances led to greater attention being paid to this im-
portant branch of the flax business, and it became a desideratum to have a machine
free from these defects, and capable of working without derangement, at much greater

velocity than was safe with the screw-gill. These desiderata the 'rotary' gill,

patented by Messrs. Fairbairn and Co., amply supplies. For in this gill the circular

form of the gill sheet obviates the necessity of having several fallers, and the simple
motion creates neither friction nor abruptness of effect, while, the retention of the fibres

being continuous, the slivers produced are perfectly level and uniform ; consequently,

these gills are extensively applied, as the auxiliary gill explained in carding, as well

as for the subsequent drawings and rovings of tow, and sometimes, as will bo aft-er-

wards seen, to coarse spinning. The theoretical construction of these rotary gills will

be seen by the annexed sketch.

M (Jiff. 972), back rollers, but when applied to a card at top and bottom holding-

rollers are again employed; n, the rotary gil' sheet having the pins inclined back-
wards, so as to insure the impalement of the sliver when the fibres begin to draw

;

p and o, the drawing and pressing rollers ; the doubling bars or plates are the same
to these gills as to the screw gills.

A machine has been invented, and brought out by Sir P. Fairbairn and Co.
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of Leeds, called Heilmann's tow-combing machine {fig. 973), which, on trial, is

much approved of. The tow is first carded in the ordinary way, say on a breaker-

972

card, and then on a finisher-card ; the latter delivers the tow in the shape of a

sliver into cans, which are next placed at a, or back of the tow-combing machine.

973

from the cans a the tow goes to the back conductor b, divided into as many com-
partments as there are slivers ; and from the conductor b, to the feeding box c sus-

pended on shaft d, without being keyed to it. The front lip e of the feeding box is

fluted and fitted with leather, and a corresponding nipper f hung from the same shaft

D, and keyed upon it, completes the jaw which has to hold fast the tow, while the
cylinder g combs it.

The feeding box c derives its motion from the nipper r, which is moved by lever
and excentric as shown, and follows that nipper by its own weight, until stopped by
india-rubber bufibrs h ; when the nipper f in going further back leaves it, and the
jaw E F opens for more tow to be fed, and the tow already combed to be drawn through
the detaining comb i, as explained hereafter.

The top K of feeding box is moveable up and down, by means of the connecting
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rod L, hung on a fixed centre m, so that the top part k opens or shuts as the body of
the box goes backwards or forwards. The levers n k n are only used to keep the* top
and bottom of the box parallel to eacli other.

As shown in the drawing, the top of the feeding box is fitted witli hackles passing
through two grates o and p, fast on bottom of feeding box, and leaving between them
a space through which the sliver has to pass.

974

By the above arrangement, the hackles are caused to withdraw from the tow, while

the whole box is drawn backwards on slides of table q, by the excontric motion k r h.

The last backwards motion takes place while the jaw f is yet shut, and the top of the

box up ; but when the latter has got closed again, then the whole box slides down on
the table q to its former position, bringing with it the sliver of a quantity equal to that

move : this completes the feeding motion.

Now as the feeding box recedes, the lip e comes nearer to the combing cylinder o,

the hackles s s cleaning the tow projecting outside the nipper f. As soon as they are

passed through, the feeding box comes back to the most forward position, when the

nipper f leaves it, and the jaw e f opens : at the same time the two rollers t tj have
reached their top position. The top one t is then thrown forwards (by the lever

arrangement shown in v v v) upon the leather w, stretched on parts of surface of

cylinder g ; this roller t is thus driven, and takes hold of the points of the tow pre-

sented to it by lips or bottom jaw e ; a fine detaining comb i being just before inter-

posed between them to keep back the * noils,' that have not been carried off by the

combing cylinder.

In that way the points of the tow are driven upon the sheet x, until the roller t,

by being thrown back again off the leather w, their motion is stopped at the same
moment, the two rollers u and t are allowed to drop down by oxcentric v. drawing
with them (through the detaining comb i, and quite out of the rest of the sliver) the

other ends of the fibres of which they have got hold.

While this has been going on, the feeding box has advanced the sliver a step, the

nipper closed, and forced the said feeding box forwards so as to bring the lip e witliin

the reach of hackles s on cylinder o, which then met it, cleansed the tow, and so on
as before.

At that time the rollers t and v come up again, and during that upwards motion
the latter ends of the fibres partly combed and overturned by the cylinder hackles, as

shown in drawing, are combed by them in their turn, Then the roller t is once more
driven round by the leather w stretched on cylinder, the new points place themselves
above the back ends of the fibres combed before, and are carried forwards into a
continuous sliver on the leather sheet x, from the leather sheet to the rollers z z, then
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to the trumpet conductor a, the front delivery roller c, and (when more than one head

to the machine) from c to the end delivery c, over the conducting plate d.

In e,f, g, and h, are the usual brush, doffer, comb, and tow box for the noils.

These combing machines are made of different sizes to suit all sorts and lengths of

tow ; the yarn produced from them is much finer than that produced by the ordinary

carding system alone. The combed tow can generally be spun to as high numbers
as the line from which it has been combed, and in some instances has produced good
yarn, even to higher numbers. The combed tow, after the combing machine, is

passed through a system of drawing, roving, and spinning, similar to that used for

cut line.

Subsequently to the carding the preparation of tow is completed by making up sets

of cans for the second drawing, as explained for line ; these slivers are doubled and
drawn once or twice more, and then roved. The drafts used in tow-preparing are from
9 to 8, for, as the fibres are shorter, it necessitates the emplojTnent of less draft. In
both line and tow preparing, lesser drafts are employed as the stages advance, the gills

finer, and the conductors narrower : also for both materials much attention is requisite

to keep the various parts of the machines in good order, free from bent or broken pins,

and chipped or indented rollers, for no subsequent operation can cure the defects that

may be produced by negligence in these particulars. The drawing and roving frames
for tow are shown in ^5. 974, 975, 976.

A A {/iff. 974), drawing frame ; b, driving pulleys ; c, rotary gill sheet ; d, drawing
roller ; b, pressing ; f, a, pairs of delivering rollers ; h, doubling plate ; i, back con-
ductor ; K, back roller wheel with pulley to turn the sliver rail i,.

A A (figs. 975 and 976), roving frame ; b, pulley and fly wheel combined ; c, drawing
roller ; d, rotary gill ; a a, stand for gill movement. The regulation of the bobbins
is effected in the same manner as already described for line roving.

975

Spinning.—This operation consists in drawing the rovings down to the last

degree of tenuity desired, and twisting them into hard cylindncal cords, which are
called 'yarns.'

There are three modes of performing this operation : the first, and perhaps oldest,

is that where the drawing and twisting are performed altogether, with the material
preserved dry, and without breaking or shortening the fibre ; the second is that which
likewise, without changing the length of the fibres, draws them while dry, but wets
them just at the moment before twisting. This method is the nearest imitation of
hand spinning, and makes the yarn more solid and wiry than the first; as the fibres

of flax losing their elasticity while wet, unite and incoi-porate better with one another.
The third mode of spinning has been much more recently introduced than either of
the others, and by it the fibres are wetted to saturation previously to being drawn,
whereby they are not only much reduced in length, but their degree of fineness is
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increased by the partial solution of the gummy matter inherent in the flaxen material:

owing to these circumstances equally good turns can be produced by this mode of

spinning from line and tow of inferior quality, to what could be employed upon either

of the others, and not only that, but much finer yarns can be now spun than were
possible previous to its introduction. It has therefore not only nearly superseded all

other methods of spinning for yarns from 20's to the finest, but has much increased the

extent and importance of the flax manufacture.

The only difference in spinning frames for line or tow, when employed for the

older methods, consists in the length of reach, which generally involves the necessity

of having separate machines for each material, though sometimes they are made Mith
a capacity to be adapted to either purpose. In the third method the same machines
are used promiscuously for lino or tow.

The yarns spun wholly dry are used for the coarse description of woven goods, as

packing canvas, corn sacks, and when partially bleached, for sheetings and towellings,

as from its greater elasticity and openness it fills up better in weaving. Those spun
partially wetted are employed for a somewhat superior description of linen goods, and
tlie solid silky appearance qualifies them for drills, damasks, &c., as well as forse^nng

and shoe threads ; a somewhat inferior material, by this manner of treatment, maki'S

an equally good yarn as a better material spun dry. The yarn produced from this

wet principle is rather inclined to have a cottony appearance ; and from the comparative

ease with which an inferior material can be made to present an apparently fine good
yarn, the application of yarns thus produced is exceedingly various and sometimes
deceptive, though, when good materials are used, tliese yarns afford durable and
handsome drills, shirtings, lawns, and cambrics, as well as fine sewing threads.

The mechanical arrangements for twisting, and then winding the yarn upon a
bobbin, is called the ' throstle ' principle, supposed to be so called from the whistling

noise they create when working at full speed, which is from 2,600 to 4,000 revolu-

tions a minute. The following diagram will explain the principle, which is applied

alike to all the modes of spinning above described.

A A {fig. 977), the spindle ; b, the bobbin, loose and independent of the spindle in

regard to turning, and rising, and lowering, but througli which the spindle passes

;

c c, the flyer screwed to the spindle top; d, table called 'bobbin lifter,' as while at

work it rises and lowers to lay the yarn on the whole bobbin equally ; K, a small

cord to press on the bobbin by the weight f ; g, pulley by which the spindle is

driven.

Many attempts have been made to improve upon this principle, in order to avoid

or lessen the strain upon the thread in its passage from the drawing rollers to the

flyer eyo ; but, till recently, without any degree of success. The only improvement
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at present known, and which promises to become general, is that where the necessity

to have a top to the bobbin is avoided. It will bo seen from the diagram {fig 077),

977 978

that the yarn is compelled to rub the top of the bobbin, and the friction thereby

created quickly causes it to become rough ; and therefore it has a tendency to catch

and break the thread. The desirableness, therefore, of having a clear course for the

yarn was evident, and this improvement that we are about to explain produces the

'efifect by employing what is called a coping motion, which, like that used in mule-

spinning, preserves the layers of thread upon the bobbin ever in a pointed or conical

state, and therefore self-supporting without the aid of the wooden end of the bobbin.

8ee Cotton Spinning.

The arrangement of the rollers for holding and drawing the slivers or rovings, as

well as the plates and rollers for aiding to retain the twist of the roWngs, in order to

render their elongation more equable when to be drawn dry and spun upon the older

methods, will be seen mfig. 978.

A {fig, 978), ro\Tiug bobbin ; b, back or holding roller ; c, carrying roller ; d, flat

plate with a slightly curved face ; the carrying roller and plate are so placed as to

cause a degree of friction to the roving when passing over them, so as to retain the

twist, and thus act as the pins in the ' gill frames ; ' e, tin conductor for contracting

the roving at the moment of being drawn
; /, metal roller

; g, wooden roller pressed

against the drawing roller in order to pinch the roving ; h, lever and weight. When
it is intended to wet the yam previously to twisting, the trough i is used, in which is

water, which is supplied to the roller g by the capillary attraction of a piece of cloth

immersed therein, and bearing against the roller by lever 7c.

Tlie machines for ' wet ' spinning are of a very different construction and appear-

ance ; as the close proximity of the holding and drawing rollers prevents the inter-

vention of holding rollers or friction bars, while the force reqiiisitc to draw the rovings

at the short reaches used, varying from 2^ to 4 inches, requires each pair to be
deeply and accurately fluted into one another. The water used is heated, in order

by the expulsion of the fixed air more rapidly and completely to saturate the rovings
while passing through it. The following drawings and description will be suflBcient

to give an accurate idea of the principle of these machines, which are generally 20 to
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30 foet in length, and contain 200 to nearly 300 spindles ; that is, 100 to 150 on
each side.

A A A A {figs. 979 and 980), framinf;

;

BB, stand for roving bobbins ; c, driving

pulleys fixed upon the axle of cylinder d,

from which pass endless cords to drive

the spindles e c ; f, step-rail of spindles

;

(J, collar rail for ditto ; h, bobbin lifter
;

1 1, front roller ; k k, back roller ; l, back
pressing roller; m, top pressing roller

(these are generally made of box wood,
but sometimes of gutta-percha); n n,

levers in connection with the excentric to

produce the rise and fall of the bobbin
lifter ; o o, thread-plate ; q q, saddles or

transverse bars resting on the axles of

the back and front pressing rollers, so

tliat one lever and weight acts for both
by the connecting rod and lever r r, which,

in order to cause more pressure on the

drawing than on the back roller, is placed

on the saddle nearer the former than the

latter. 1, 2, 3, 4, 6, 6, 7, 8, train of

wheelwork, by which the movements are

distributed, a a a, the trough of hot
water maintained by steam-pipes at the

desired temperature ; b h, guide rods or

pipes to cause the roving to pass under the

water. In order to avoid the rollers be-

coming indented by the roving always
passing on the same place, they are

caused to traverse the breadth of the

rollers by a traversing guide rail, moved
by an excentric at the worm and wheel c ; d, flyers, and/, spindles.

Here it may bo proper to introduce a description of the machines for twisting the

yarns when spun into ' threads' used for sewing, &c. The yarns spun for this pur*



FLAX 449

pose should always be made of a somewhat superior description of line to that em-

ployed for the same number of yarns for weaving, and have rather less twist. They
are generally taken while wet on the spinning bobbins to the twisting frame, and,

when combined together, the union is effected by a torsion in the opposite direction to

the original twist of the separate yarns.

Reeling.—This operation consists in winding the yarn off the bobbins of the

spinning or twisting frames, and forming it into hanks or skeins. The various deno-

minations of the skeins into which yarn is reeled, and then the forms or combinationa

they are made up into, are as follow :

—

The lea containing 300 yards

10 leas making 1 hank
20 hanks „ 1 bundle

6 bundles „ 1 packet.

It is by the standard lea of 300 yards that the description of yarn is known from the

number contained in 1 lb. weight ; thus. No. 20 contains 20 leas or 6,000 yards for

1 lb. weight. In Scotland, the subdivisions are rather different from the foregoing,

which are employed in England and Ireland; the lea, however, remaining the

same :

—

38 leas make 1 spindle

6 „ „ 1 rand
12 rands „ 1 dozen.

The reeling is performed upon exceedingly simple machines, generally put In mo-
tion by the hand of the person attending them, though sometimes they are driven by
the motive power of the factory. The reel is made sufficiently long to receive twenty
bobbins, and the barrel upon the yarn is wound in one length ; the diameter, however,
varies so as to suit the different sizes yarned to be reeled. For the coarsest yarns and
down to 16 and 20, the largest circumference is used of 3 yards ; from that to about
No. 100, 2^ yards ; and for the finest yarn l^ yard is found most convenient. These
various circumferences are compensated either by putting a great number of threads
into each ' tye,' or increasing the number of tyes, so that opposite to each one of the

20 bobbins an entire hank should be formed before taking the yam off; thus at each
' stripping,' one bundle is turned off. To facilitate the stripping, one of the rails of

the barrel is made to fall in, and thus slacken the hanks ; care is taken to leave the

lea bands very loose, in order to allow the yarn to be spread out in drying and
bleaching. The determinate lengths of yarn, when wound on the reel, are notified by
the ringing of a bell connected with the axle of the barrel. Fig. 981 below shows the
form of an ordinary hand-reel.

981

A A {fig. 981), framing; b b, reel barrels; c, box or trough to receive empty
bobbins, &c. ; n d, bobbins in position of being reeled ; e », guide rails, moveable so
as to place the leas side by side on the reel; //, bell wheels; g g, bells for each
reel barrel suspended on springs.

To these hand-reels there are many objections ; for it is evident that the correct-

ness of measure depends entirely upon the attention of the reeler, and the stoppages
arising from the breaking of a thread or the finishing of a bobbin interrupt the work of
all the others. These objections rendered it necessary to attempt some ameliorations

Vol. n, G G
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of the system by the introducbion of a reel that should automatically prevent these

causes of error. Such a reel was patented a few years since, and is now in general

use in Scotland ; it is so contrived as to have the capacity of stopping itself when a

thread breaks, when a bobbin finishes, and leas and hanks are complete! ; and having

but four or five bobbins in one compartment, the stoppages affect but few at a time

;

and as this machine can be worked by less skilful persons without possibility of error,

much saving is effected both in wages and material. The annexed figure (082) shows

the principle of this improved reel.

A A {fig. 982), framing ; n reels ; c c, pendulums on which are hung the bobbins to

be wound off; d, driving shaft with ratchet wheels opposite to each pendulimi, so

that when a thread breaks, the pendulum to which it is attached falls into the ratchet

wheel, and thus stops it.

982

The drying of wet spun yarns should always, when possible, be done in the open
air by spreading the hanks upon horizontal poles through them, with another similar

pole resting inside upon their lower extremities, in order to keep them straight. If

artificial heat is employed, that from steam or hot water is preferable, and it should

never exceed 90° Fahr., as otherwise the yarn is apt to become harsh.
Making up.—By this operation is first produced upon the yarns a certain soft-

ness and suppleness, and then the hanks are folded and tied up in conveniently-sized

packages.

In order to give the yams that soft and mellow feel so agreeable and characteristic

of flax yarns, the hanks when brought from the drying are what is called slakon

down and pin-worked. This is done by separating a few at a time, and passing them
on to a strong arm of wood fixed to a wall or pillar, when, with a heavy baton put
through them, the workman proceeds to stretch the hanks with a sudden check or

jerk, which operation he repeats in two or three places so as to thoroughly straighten

and shake them loose ; he then, using the same baton as a lever, twists them lightly

backwards and forwards till the desired degree of suppleness is olataincd. A brush is

sometimes used to aid the straightening and separating, as well as to increase the

gloss on the yarn. The hank or hanks will then bo found to have assumed a flat

shape, as on the reel, which facilitates their folding with a dexterous twist by their

middle, when they arc laid in square piles upon a table with their twisted folds one

upon anotlier. They are maintained in the perpendicular by a few supports fixed in

the table. Sometimes these packages, which» according to the sizes of the yarn, con-

sist of from quarter of a bundle to five or six bundles, are bound together by some of

their own hanks, but sometimes by cords in three or four places of their length. It is,

however, better to employ a bundling press than an ordinary table, as the yarn can

then be made up more solidly, thus l^oth improving its appearance, and causing it to

occupy loss space for packing and stowage. The bundling presses are made upon the

same principle, but on a smaller scale, than those used for making up the small packets

in which sewing threads are generally presented for sale, and are upon the following

construction {fgs. 983, 984) :—
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Fig. 983, front view; fig. 984, profile, a a a, frame;

frame; c, rising table; d d, iron uprights fixed to b; i

983

B, table or flat top of

E, bars hinged at one

984

end to uprights d d, to shut across the press, and be caught and latched down
by the spring catch t, fixed to the upright d along one side of the press ; f f, racks

for lifting the table c by the pinions on shaft g ; h, crossed levers for turning the

shaft G ; I, ratchet wheel engaging the detent k, and thus retaining the shaft g in

any required position, and thus of course maintaining the pressure of table c against

the top cross-bars e.

Weaving is the operation by which the yarns are combined into textile fabrics,

such as canvas, linens, lawns, drills, damasks, &c., and a great variety of other deno-

minations of articles for use and ornament.
Hitherto the weaving of linens has been carried on by the ancient and well-known

hand process, so ancient and so well known as to place the operative practising it

among the worst paid of any other art. Now, however, there are several extensive and
thriving establishments where machinery has taken the place of much squalid misery,

and at much cheaper rates produce to consumers superior articles, and still afford good
payment to the operative. The improvements in power-weaving which have led to

this result are not founded upon one or even a few successful inventions or contri-

vances, but are the combination of a great many that have occupied much time to

mature. Many diflSculties had to be overcome in the weaving of flax, that did not
exist in that of other materials ; and for a considerable period the expense of linens

rendered their consumption so limited, as to make their production by power-weaving
but a very secondary object. The greatest obstacle of a practical nature to the intro-

duction of the power-loom weaving of linens was, the stubbornness or want of elasticity

in the yarn, which caused frequent breakages and much confusion. In woollen or
cotton goods, if a thread or yarn should chance to be a little tighter than the others in

the warp, its elasticity will allow it to come up to the general bearing of the others

when the weft is struck up by the reed ; but in linen, from the want of that elasticity,

a thread so situated would break, and by crossing some others, cause those also, if not
to be broken direct by that circumstance, at all events to produce an obstruction to the
shuttle that would lead to further mischief. Hence it was most material in linens to

have such a method of winding the yarns upon the warp beams that should insure the
greatest regularity ; but strange to say, that point, though now attained, was at first

wholly lost sight of. That circumstance, as well as the great mistake of attempting
to use the same looms as are found suitable for cotton, produced so much discourage-
ment in the earlier attempts as to give rise to a high degree of prejudice against the
possibility of success in this undertaking, which may account for the backwardness in

which this branch of the flax manufacture was found till quite recently.

The roving machine, called by the ingenious inventor, Mr. "W. K. "Westley, of
Leeds, the Sliver Boving Frame, seems to be a philosophical induction happily
drawn from the nature of the material itself, and acconunodated to its peculiar consti-

tution. It is remarkable for the simplicity of its construction, and, at the same time,

G o 2
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for its comprehensiveness : requiring no nicety of adjustment in its application, and
no tedious apprenticeship to be able to work it.

It is known that the mucilaginous matter of the plant may be softened by water, and
hardened again by heat ; of this fact advantage is taken, in order to produce a roving
wholly without twist ; that is, in the form of a ribbon or sliver, in which the fibres are

held together by the glutinous matter which may be natural to tliem ; or which may,
for that purpose, be artificially applied. The sliver roving, as long as it remains dry,

possesses all requisite tenacity, and freely unwinds from the bobbin, but on becoming
again wetted in the spinning frame, it readily admits, with a slight force, of being
drawn into yarn, preserving the fibres quite parallel.

The diagram,/^. 986, shows this in explanation:

A, is the drawing roller of the roving

frame in front of the usual comb.
B, tho pressing drawing roller.

c, a shallow trough of water.

D, a cylinder heated by steam.

E, a plain iron roller for winding.

F, a bobbin lying loose upon tho

winding roller, and revolving upon it

by the friction of its own weight.

The roving, or sliver, as shown by the

dotted line, after leaving the drawing
rollers a, b, passes through the water,

in the trough c, which softens the gluten

of the fibres: and then it is .carried

round by the steam cylinder d, which
dries it, and delivers it hard and tena-

cious to the bobbin f, on which it is

wound by the action of the roller e.

This is the whole of the mechanism required in producing the sliver roving.

All the complex arrangements of tho common cone roving are superseded, and
the machine at once becomes incomparably more durable, and easier to manage

;

requiring only half the motive power, and occupying only half the room. A frame

of 48 bobbins is only 6 feet long, and affords rovings sufficient to supply 1,200 spinning

spindles.

This machine, though here described, is but little used, being capable of but very

limited application.

Combe of Belfast has lately introduced an improvement in the roving frame. It

consists in the application of a peculiar expanding pulley, instead of the cones or

discs and runners which have hitherto been always used for the purpose of regulating

the ' take-up ' of the bobbins. It is evident that a strop of 2 or 3 inches broad, work-
ing over tho cones, placed with the small end of one opposite the largo end of the other

is an imperfect and rude mechanical contrivance, and that there must be a constant

straining and stretching of the belts. There is the same imperfection attending the

discs and runners. The expanding pulley is free from these objections, as its acting

surface is a line ; and therefore it works with the greatest accuracy, wliile it is also

a great simplification of the machine generally. In rovings for flax and tow it is

generally driven directly from the front roller, by which means a large number of

wheels and shafts are avoided {firj. 986).

The following sketch sliows the arrangement of the machinery in the most im-
portant rooms in a modern flax mill of 7,000 to 8,000 spindles, capable of producing,

weekly, about 1 ,900 bundles of line yarn. No. 25's to 120's ; and about 700 bundles of

tow yarn, No. lO's to 40'8.

There are three systems of long-line machinery for No. 26's to 70*8 ; two systems of

cut-line machinery for No. lO's to 120'8
; and three systems of tow machinery for No.

lO's to 40'8.

The building is 56 feet wide and 162 feet long; which is a very suitable and con-

venient size, and which admits of the most economical arrangement of the machinery.

.

The following is a description of the machines shown in the preparing room {fig. 987):

—

A A, two of Baxter's patent sheet hackling machines for long tow.

B, a flax-cutting machine.

c, one of P. Fairbairn and Co.'s patent double line of holder hackling machines for

cut line.

D D, are two breaker cards, 4 feet diameter x 6 feet wide.

E, lap machine.
F F F, are three finisher cards, 4 feet diameter x G feet wide, with P, Fairbairn and

Co.'s patent rotary gill drawing heads attached.
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Q o, are tvo patent rotary gill dra-wing frames for long tow, 12 slivers each.

H H, two ditto regulating roving frames, 48 spindles each, for long tow.

[bo

J, is a screw gill second drawing frame of 3 heads for cut-line tow.
K, is a screw gill third drawing frame of 3 heads for cut-line tow.

L, a screw gill regulating roving frame of 72 spindles for cut-line tow.

M M M, are three long-line first drawing frames or spreaders of 4 bosses each.
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N N N, are three long-line second drawing frames of 2 heads each.

000, are three long-line third drawing frames of 2 heads each.

p p p, three long-line regulating roving frames, 60 spindles each.

Q Q, are two cut-line spreaders of 4 bosses each.

E E, two cut-line second drawing frames, 2 heads each.

s s, two cut-line third drawing frames, 2 heads each.

T T, two cut-line regulating roving frames, 72 spindlea each.
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The spinning room {fig. 988) contains 34 spinning frames of 184 to 244 spindles
each, apportioned to the several systems as described below.
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I. System of long-line machinery for spinning No. 25's to 40's.

1 Baxter's patent sheet hackling machine, 6 tools.

1 spreader or first drawdng frame, 4 bosses.

1 second drawing frame, 2 heads, 4 bosses each.

1 third drawing frame, 2 heads, 6 bosses each.

1 patent disc regulating roving frames, 60 spindles, 10 spindles per head, 8 inches

X 4 inches bobbin.

6 spinning frames, 2| inches pitch, 200 spindles each, 1,000 spindles.

The production of this system is about 66 bundles, or say, 420 lbs. of No. 30*s yam
per day.

II. Two systems of long-line machinery for No. 40's to 60's.

1 Baxter's patent sheet hackling machine, 8 tools.

2 spreaders or first drawing frames, 4 bosses each.

2 second drawing frames, 2 heads of 6 bosses each.

2 third drawing frames, 2 heads of 8 bosses each.

2 patent disc regulating roving frames, 60 spindles each, 12 spindles per head,

inches x 3J inches bobbin.

10 spinning frames, 220 spindles each, 2| inches pitch, 2,200 spindles. Produc-

tion about 130 bundles, or 472 lbs. of No. 55's yarn per day.

III. Two systems of three cut-line machinery for No. 40's to 120's (one for 40's

to 70's, and one for 70's to 120's).

1 flax cutting machine.

1 P. Fairbairn and Co.'s patent double lino of holder hackling machine.

2 spreaders or first drawing frames, 4 bosses each.

2 second drawing frames, 2 heads each, 6 slivers per head.

2 third drawing frames, 2 heads each, 8 slivers per head.

2 patent disc regulating roving frames, 72 spindles each, 12 spindles per head,

6x3^ inches bobbin.

6 spinning frames, 220 spindles each, 2\ inches pitch= 1,100 spindles.

5 spinning frames, 244 spindles each, 1\ inches pitch = 1,220 spindles.

Production about 65 bundles or 236 lbs. of No. 53's yarn per day, and about 50
bundles or 105 lbs. of No. 95's yarn per day.

IV. Two systems of long-tow machinery for No. lO's to 26*8.

1 breaker card, 4 feet diameter, 6 feet wide, doffed by rollers.

1 lap machine.

2 finisher cards, 4 feet x 6 feet, with P. Fairbairn and Co.'s patent rotary gill

drawing frames attached.

2 patent rotary gill drawing frames, 12 slivers each.

2 patent rotary gill disc regulating roving frames, 48 spindles each, 8 inches x 4

inches bobbin.

3 spinning frames, 184 spindles each, 4 inches pitch for No. lO's to 18's = 562
spindles.

3 spinning frames, 200 spindles each, 2J inches pitch for No. 16's to 26*Ss=600

spindles.

Production about 39 bundles, or 488 lbs. No. 16's per day, and about 30 bundles

or 312 lbs., No.. 25's per day.
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V. One system of cut tow machinery for No. 25*8 to 40's.

1 breaker card, 4 feet diameter, 6 feet wide, doffed by combs.

1 finisher caxd, with P. Fairbaim and Co.'s patent rotary gill drawing frame

attached.

1 screw gill second drawing frame, 3 heads each, 4 bosses per head.

1 screw gill third drawing frame, 3 heads each, 6 bosses per head.

1 screw gill patent disc regulating roving frame, 72 spindles, 12 spindles per head,

6x3^ inches bobbins.

3 spinning frames of 220 spindles each, 2^ inches pitch = 660 spindles.

Production about 36 bundles, or 240 lbs. of No. 30's per day.

The reeling is generally carried on in the attic above the spinning room, and the

number of reels required is about the same as the number of spinning frames.

Summary view.

There are 3,200 spindles long line, producing 196 bundles, or, 890 lbs. of yam per day,

1,152 „ long tow, „ 78 „ 800

2,320 „ 3 cut Hue, „ 115 „ 340

660 „ cut tow, „ 36 „ 240

7,332 spindles 425 bundles 2,270 lbs. of yam per day.

A more effective system of economy, as well in the finish of raw flax as in the make
of yarn, has been satisfactorily carried on for years past.

The old mode of hand-scutching, as was usual in farming circles in earlier times,

had many drawbacks. It was not only very costly, but exceedingly wasteful. No
matter how well skilled may have been the operators, or how careful they were of the

flax straw, serious damage was often done to the fibre in course of the scutching

process ; the actual weight of material produced having rarely exceeded twenty per
cent, of the original produce.

Nearly two hundred years ago the native Irish, as well as the various settlers from
England and Scotland who had become nationalised in every peculiarity of taste and
habit, were still plodding on as their fathers had done in the ancient track. Lands
were only partially prepared for flax culture ; and, although a few of the more forward
growers retained the traditional desire for improvement handed down from the days
of Lord Strafford, the general rule was to take little more pains in the management
of the flax crop than was then usual in relation to corn or root culture. About that

time the cruelty of Louis XIV. was thinning Prance of some thousands of its Pro-
testant people. Persecution waved the flag of intolerance, Tyranny held its carnival,

and whole districts were depopulated. Many of the fugitives fled to Ireland, and the
greater number of those French exiles had been connected with manufacturing in-

dustry. Dublin, Waterford, Portarlington, and Limerick welcomed numbers of these

people, and in the north, Lisburn and Lurgan formed the respective resting-places of
others. After the battle of the Boyne large accessions were made to the ranks of
the Huguenots, and King William, having taken great interest in the well-being of
the settlers, induced Louis Crommelin, a gentleman of immense experience in the linen

manufacture, to leave his asylum in Amsterdam and come over to Lisburn, where he set

him at the head of the people. A number ofHollanders had also settled there, and those
men, being well skilled in the art of flax-growing, were placed in farms which the lord

of the soil had given at low rents, and which lands were set apart for the special

culture of flax. With the native population of that wide district of Ulster, the
Dutchmen and Huguenots formed amicable brotherhood. Difference of creed and of
country was never permitted to create social warfare, and the result was that the im-
provements in the mode of cultivating the flax grounds, as suggested by the foreigners,

were readily adopted by the Irish, many of whom, in the course of a few years, showed
by their skill and forethought how much they had profited by the lessons of their

teachers. M. Crommelin, as director of the linen manufacture, watched with intense
interest every phase of progress, and with the means placed in his hands for that
purpose rewarded to the utmost of his power the leaders of his industrial army.
The law enacted in 1701 for the encouragement of the Irish linen trade not having

been carried into effect, a new Act was passed by Queen Anne in 1711, and a number
of nobles and other gentry were appointed to form a Board, the head-quarters of
which was in Dublin. This body immediately set to work, and in the first instance
commenced operations by directing special attention to the growth of a quality of flax,

flner and more silky in texture than any that had ever before been raised in Ireland.
Better machinery for scutching purposes had been introduced by M. Crommelin ; his
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Dutch assistants and the French women having been offered largo premiums for
spinning, great stimulus was given to the culture of fine flax. In 171 8, M. Crom-
melin, with the assistance of James Turner, a Lurgan carpenter, succeeded in effecting

considerable improvements in the mechanism of the wheel then used by spinsters.

This machine, we need scarcely state, was that which succeeded the ancient distaflf and
spindle. The leader of the Iluguenot colony had previously purchased some hundreds
of spinning wheels in France, and when these came to hand he had them distributed
among the women and girls most celebrated for ability in producing fine yarn. But
in the French wheels he found it necessary to make certain changes in order to adapt
them more especially to the wants as to the peciiliar ideas of the spinners. On the
improved wheel, however, the native Irish as well as the French settlors spun yarns of
a degree of fineness far exceeding anything ever before seen in Ulster.

We have no authentic data on which to found a correct opinion of the area under cul-

tivation in Ireland during M. Crommelin's directorship. Mr. Dobbs, who wrote in

1728, says there were then grown in the different provinces 30,000 Plantation, say
about 47,000 English acres. Towards the close of the century the breadth had been
lai^ely extended, and the imports of foreign flax, which did not exceed 60,000 cwts. in

1700, had increased to 260,000 cwts. in 1799.

A new era was then setting in on the flax manufacture. The Messrs. Marshall of

Leeds had successfully established the enterprise of spinning that fibre by mechanical
power, and from that time rapid improvements were made in the finish of material

for the spindles. The preparing process known as hackling was then in a comparatively
backward state ; but, as the new system of producing yarns extended to Scotland and
Ireland, the inventive genius of the different sections of the British Isles was called

into play, and before the first half of the nineteenth century had gone by every single

department of the trade showed its evidence of progress. Among the leading makers
of hackling machines we have the Messrs. Lowry of Manchester. To Mr. George
Lowry the trade is indebted for the invention of that great improvement, the

vertical wheel hackling machine. Then wo have Messrs. Combe and Barbour,

S. Cotton and Co., and Mr. George Horner of Belfast. Each of these makers has

contributed some special improvement in easy working and simple mechanism,
and several of them show a high rate of yield of lino per cent, compared with other

machines.
Flax-spinning by steam-power had been preceded by the same system, but in which

the works were driven by water ; and these works, generally on a small scale, wore
attempted in various parts of the isles of Britain before the end of last century. To
the Messrs. Marshall of Leeds, the Messrs. Baxter of Dundee, the Messrs. Murland
of Castlewellan, and Messrs. Mulholland of Belfast, the trade is indebted for the first

effective introduction of the steam-driven flax-spindle. For a long period, however,

the enterprise of mill-spinning in the higher numbers of yarn was confined to Leeds,

and in the coarse numbers to Dundee. In 1828 the mill at Castlewellan, Co. Down,
was started by the brothers Murland, and in 1830 the first bundle of flax yarn pro-

duced in Belfast was turned off the spindles of the brothers Mulholland. In 1869

there were in England and Wales 437,623 spindles ; in Scotland, 256,228 spindles
;

and in Ireland, 894,273 spindles. Forty-four years ago—1830—the imports of

foreign flax into the United Kingdom amounted to 944,500 cwts. ; and in 1873

2,194,473 cwts. were landed. In the meantime, Ireland had become the chief source

of home supply. Great Britain having gradually contracted her breadth of flax-lands

until the total area for 1873 was narrowed to 14,683 acres, the vast proportion of

which was grown for seed rather than for fibre. In course of last year there were 122,432

acres of land under flax in Ireland, producing an aggregate of 406,950 cwts. of

marketable material. From various causes, but more especially unfavourable seasons

and neglect on the part of some growers of preparing the soil with due care, as well

as want of care in selecting the seed, the yield of flax-lands in Ulster fell off consider-

ably. In the famous season of 1853 the average produce was 41 stones to the acre.

That rate of yield fell off until in 1869 only 19^^ stones were raised, and in the disas-

trous season of 1871 the average had declined to about 15 stones to the acre. This

caused the utmost depression in fanning circles, and the very unguarded assertion

made by a member of the linen trade that Ireland was ' flaxed out' began to be looked

upon as a practical truth. But in tlio season of 1873 flax crops in most parts of the

country were abundant in yield, and superior in quality. Many of the more skilful

-flax growers in Down raised 80 stones to the Plantation acre, and 'in other counties

equally large produce was reported.

We have thus given full details of the flax and yarn trades down to 1874. Under
the head of Linen we shall note the latest improvements in the make of goods and the

mechanism of steam-looms.

Our trad© in flax will be seen by the following tables ;—
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IMPORTS.

Places 1871 1872

Dressed: cwts. £ cwts. £
From Russia .... 6,316 15,486 2,875 6,235

„ Germany .... 4,467 8,835 1,629 5.317

„ Holland .... 18,792 46,341 25,450 86,351

„ Belgium .... 85,945 206,384 140,738 648,784
„ Australia.... 14,192 18,838 3,467 5,280

„ other countries

.

Total . ,

Rough or Undressed :

874 2,593 2,630 7,727

130,586 298,477 176,789 659,704

From Russia .... 1,420,633 3,215,611 1,115,804 2,690,610

„ Germany 222,908 472,673 172,436 392,375

., Holland 117,054 340,233 88,473 264,682

„ Belgium 173,663 562,591 104,082 342,696

„ France 11,156 24,453 11,680 29,299

„ Egypt 22,257 51,297 7,767 18,326

„ Australia 37,152 46,336 7,468 10,534

„ other countries .

Total .

Tow or Codilla of Flax

:

7,073 18,760 11,145 23,757

2,011,896 4,731,954 1,518,855 3,772,279

From Russia .... 296,324 523,583 209,349 403,044

„ Germany.... 16,561 33.160 19,060 36,536

„ Holland .... 40,043 60,278 19,988 35,940

„ Belgium .... 78,500 109,680 72,627 96,782

„ France .... 5,468 8,095

„ Australia . 6,734 8,149

„ other countries

.

Total . . .

954 2,041 4,302 6,244

444,584 744,986 325,326 578,546

EXPORTS.

Countries to which exported 1871 1872

Dressed and Undressed: cwts. £ cwts. £
To Belgium .... 2,528 7,374 5,406 14,088

„ France 6,335 14,232

„ Portugal, Azores and Madeira 1,019 3,095

„ Spain and the Canaries . 568 1,566

„ United States : Atlantic 13,043 61,256 23,029 137,641

„ British India, Bengal and Bur-
mah 587 3,362

„ other countries . . . 1,123 3,990 3,416 9,387

Total . . . 26,203 94,875 31,851 161,016

F]LSXZBXiS SAlfDSTOXrii. A micaceous or talcose sandstone, possessing

considerable elasticity, so as to bend to and fro with gentle pressure. It is found in

the diamond-bearing districts of Brazil, in the United States, and near Delhi. See
Abticulite ; Itacoltjmite.

FZiSXZBXiZ: SZXiVZUR ORE. A name for Stephanite. See Silveb.
TTLXKT. {Pierre a fusil, Fr. ; Feuerstein, Ger.) A massive impure variety of silica

allied to chalcedony. It forms a connecting link between quartz and opal, since it

consists, according to Fuchs, of an intimate mixture in varying proportions of the two
forms of silica—the crystalline or insoluble, and the non-crystalline or soluble;

the latter being readily sepaTated by solution of caustic potash. The colours of
flint, which are usually various shades of grey, brown, or black, are entirely removed
\>j calcination, the flint thus becoming white and opaque : whence the colour is cx)ia-
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monly referred to the presence of organic matter, derived probably from the associated

fossils. Althougli sufficiently hard to strike copious sparks -with stool, flint is very
easily broken, splitting with a flat conchoidal fracture, usually dull on the surface.

It is feebly translucent, and has so fine and homogeneous a texture as to bear polishing,

but possesses little lustre.

Flint is found chiefly in the form of nodular masses, of very irregular and frequently

fantastic shapes ; and of various sizes up to a foot in diameter. These masses occur

embedded in calcareous, never in siliceous strata ; and are especially abundant in the

upper beds of the chalk, which have hence been termed ' Chalk-with-flints.' Although
occasionally arranged in layers running across the plane of bedding, as in the
' potstones ' of Norfolk, yet as a rule the nodules have a notable tendency to dispose

themselves in lines parallel to the direction of the stratification ; occasionally they
occur so close together as to unite, and thus form continuous horizontal bands or flat

tabular masses.

Externally the flint nodules are usually coated with a white opaque crust, appa-
rently siliceous ; whilst internally they are often hollow, the cavities sometimes
containing pulverulent silica, and sometimes being lined with chalcedony, or with
crystals of iron pyrites or other minerals ; whilst almost universally they enclose tho

remains of some marine organism, commonly a sponge. Indeed, the study of the

microscopic structure of flint has led Dr. Bowerbank to the conclusion that all flints,

both nodular and tabular, contain the remains of spongeous tissue, which appears to

have acted as a nucleus or centre of attraction around which the silica was deposited,

from solution.

Flints when first quarried are exceedingly brittle, and are commonly humid when
broken, but by exposure to the air they gradually acquire toughness ; hence, when
used as road-material, they should never be laid down on immediate removal from the

quarry.

Flints calcined and ground to a powder enter into the composition of all kinds of

fine pottery, and were formerly employed in the manufacture of the finer varieties of

glass, hence termed flint glass.'

Flints form excellent building materials ; because they give a firm hold to the mortar
by their irregularly rough surfaces, and resist, by their nature, every vicissitude of

weather. The counties of Kent, Essex, Suffolk, and Norfolk contain many substantial

specimens of flint-masonry.

Formerly an important application of this siliceous substance was in the formation

of gun-flints, for which purpose it was cut in a peculiar manner. The following

characters distinguish good flint nodules from such, as are less fit for being manu-
factured : the best are somewhat convex, approaching to globular ; those which are

very irregular, knobbed, branched, and tuberose, are generally full of imperfections.

Good nodules seldom weigh more than twenty pounds ; when less than two they are

not worth the working. They should have a greasy lustre, and be particularly smooth
and fine grained. The colour may vary from honey-yellow to blackish brown, but it

should be uniform throughout the lump, and the translucency should be so great as

to render letters legible through a slice about ^th of an inch thick laid down upon
the paper. The fracture should be perfectly smooth, uniform, and slightly conchoidal

;

the last property being essential to the cutting-out of perfect gun-flints. Although
flint locks are now but rarely employed, the process of cutting the flints to shape

possesses much interest.

Four tools are employed by the gun-flint maker.

First, a hammer or mace of iron with a square head, from 1 to 2 pounds weight, with"

a handle 7 or 8 inches long. The tool is not made of steel, because so hard a metal

would render the strokes too harsh, or 'dry,' as the workmen. say, and would shatter

the nodules irregularly, instead of cutting them with a clean conchoidal fracture.

Second, a hammer with two points, made of good steel well hardened, and weighing

from 10 to 16 ounces, with a handle 7 inches long passing through it in such a way
that the points of the hammer are nearer the hand of tho workman than the centre of

gravity of the mass.

Third, the disc hammer or roller, a small solid wheel or flat segment of a cylinder,

parallel to its base, only 2^ inches in diameter, and not more than 12 ounces in weight.

It is formed of steel not hardened, and is fixed upon a handle 6 inches long, which

passes through a sqimre hole in its centre.

Foiirth, a chisel tapering and bevelled at both extremities, 7 or 8 inches long, and 2

inches broad, made of steel not hardened ; this is set on a block of wood, which serves

also for a bench to the workmen. To these four tools a file must bo added, for tho

purpose of restoring the edge of tho chisel from time to time.

After selecting a good mass of flint, the workman executes the four following opera-

tions on it :

—
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1. He breaks the block. Being seated upon the ground, he places the nodule of flint

on his left thigh, and applies slight strokes with the square hammer to divide it into

smaller pieces of about a pound and a half each, with broad surfaces and almost even

fractures. The blows should bo moderate, lest the lump crack and split in the wrong
direction.

2. He cleaves or chips the flint. The principal point is to split the flint well, or to

chip off scales of the length, thickness, and shape adapted for the subsequent formation

of gun-flints. Here the greatest dexterity and steadiness of manipulation are necessary

;

but the fracture of the flint is not restricted to any particular direction, for it may be

chipped in all parts with equal facility.

The workman holds the lump of flint in his left hand, and strikes with the pointed

hammer upon the edges of the great planes produced by the first breaking, whereby
tho white coating of the flint is removed in small scales, and the interior body of the

flint is laid bare ; after which he continues to detach similar scaly portions from the

clean mass.

These scaly portions are nearly 1^ in. broad, 2J in. long, and ;Jth of an inch thick

in the middle. They are slightly convex below, and consequently leave in the part

of the lump from which they were separated a space slightly concave, longitudinally

bordered by two somewhat projecting straight lines or ridges. The ridges produced
by the separation of the first scales must naturally constitute nearly the middle of the

subsequent pieces ; and such scales alone as have their ridges thus placed in the middle
are fit to be made into gun-flints. In this manner the workman continues to split or

chip the mass of flint in various directions, until the defects usually found in the

interior render it impossible to make the requisite fractures, or until the piece is too

much reduced to sustain the smart blows by which the flint is divided.

3. He fashions the gun-flints. Five different parts may be distinguished in a gun-
flint : 1. The sloping facet or bevel part, which is impelled against the hammer of

the lock. Its thickness should be from two to three twelfths of an inch ; for if it

were thicker it would be too liable to break ; and if more obtuse, the scintillations

would be less vivid. 2. The sides or lateral edges, wJiich are always somewhat
irregular. 3. The back or thick part opposite the tapering edge. 4. The under
surface, which is smooth and rather concave. And, 5. The upper face which has a
small square plane between the tapering edge and the back for entering into the upper
claw of the lock.

In order to fashion the flint, those scales are selected which have at least one of the
above-mentioned longitudinal ridges ; the workman flxes on one of the two tapering
borders to form the striking edge, after which the two sides of the stone that are to

form the lateral edges, as well as the part that is to form the back, are successively

placed on the edge of the chisel in such a manner that the convex surface of the
flint, which rests on the foreflnger of the left hand, is turned towards that tool.

Then with the disc hammer he applies some slight strokes to the flint just opposite

the edge of the chisel underneath, and thereby breaks it exactly along the edge of the

chisel.

4. The finishing operation is the trimming, or the process of giving the flint a smooth
and equal edge ; this is done by turning up the stone and placing the edge of its

tapering end upon the chisel, in which position it is completed by five or six slight

strokes of the disc hammer. The whole operation of making a gun-flint, to describe

which so many words are here used, is performed in less than one minute. A good work-
man is able to manufacture 1,000 good chips or scales in a day (if the flint balls be
of good quality) ; or fiOO gun-flints. Hence, in the space of three days, he can easily

cleave and finish 1,000 gun-flints without any assistance.

The manufacture of gun-flints is still carried on to a limited extent at Brandon, in

Suffolk, where the trade has been established for several centuries. In 1870 there
were three masters and thirty workmen engaged in flint-working at Brandon.
An excellent paper on flint-knapping by Mr. J. Wyatt of Bedford, is published in

Stevens's 'Flint Chips' (1870). A description of the processes still in use is also
given in Evans's 'Ancient Stone Implements, Weapons, and Ornaments of Great
Britain '(1872).
The facility with which flint, in spite of its hardness, may, with sufficient practice,

be fractured in almost any given direction, yielding fragments with sharp-cutting
edges, has led to its employment as one of the commonest materials of those rude stone
implements which have in all ages been fashioned by savage tribes ignorant of the use
of metal. The antiquary has long been familiar with the occurrence of such imple-
ments, in tumuli or ancient burial-mounds ; and of late years they have also been
found in the Pfahlbauten or pile-dwellings in the Swiss lakes ; in the Kjokkenmod-
dings or Danish shell-mounds; in bone-caverns, &c. The worked flints fcrund in
these situations are referred, in most cases, to an early pre-historic period known to
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archaeologists as the * stono-age ;
' a period apparently anterior to tho knowledge of

any metal, excepting gold. Tho so-called stouc-age, which indicates a phase of civili-

sation rather than an epoch of definite date, has been divided by Sir John Lubbock
into a newer and an older period, termed respectively the neolithic and the paleolithic

ago. The neolithic implements, although commonly of flint, are by no means exclu-

sively so ; blood-stone, jade, porphyry, and indeed any stone sufficiently hard, having
been also employed. In form they present considerable variety, comprising axes or
celts, knives, scrapers, sling-stones, spear-heads, arrow-heads, and tho like ; many of

them, especially the celts, being wrought into highly-finished forms, and even ground
and polished to a cutting-edge.

Of a far higher antiquity and of a much ruder type than any of these polished

relics of the newer stone-period are those primitive flint implements of paleolithic age
wliich within the last few years have been found in deposits of drift-gravels, frequently

at considerable depths and, in many cases, associated with the remains of extinct

mammalia—discoveries whicli have excited an intense interest from their bearing upon
the much-vexed question of tlio antiquity of the human race. To these early flint

implements attention was first directed by the late M. Boucher de Perthes, a French
antiquary, who had from time to time discovered them in tho gravel-pits in the valley

of the Somme, chiefly in the neighbourhood of Amiens and of Abbeville. Although
the first discovery was made as early as 1841, the subject attracted but little notice

until the year 1859, when tlio locality was visited, and tho instruments and their mode
of occurrence described, by Messrs. Prestwich and Evans. The deposits in which these

worked flints are found consist of stratified sands and gravels, often of considerable

thickness, resting upon an eroded surface of chalk, and referred by geologists to the

pleistocene or post-pliocene period; a time when the climate of Northern Europe
was considerably colder than at present, and when these latitudes were inhabited by
the mammoth, the woolly rhinoceros, the cave-bear, and other mammalia now
extinct. The flint implements have been found chiefly in the lower beds of these

drift deposits, immediately overlying the chalk, and frequently beneath a thickness

of more than 20 feet of undisturbed sand, brick-earth, &c., containing shells in

some places marine, in others land and freshwater, together with tho bones and teeth

of certain extinct mammalia, but never with the remains of man. It should be
remarked that these drift-implements, unlike those of the more recent stone-age, are

formed exclusively of flint, and that they never exhibit the slightest trace of having
been either ground or polished. The form of these implements is, moreover, quite

characteristic. But, although of an extremely rude type, they bear quite sufficient

evidence of design to verify them as the results of human workmanship ; whilst, on
the other hand, their extreme antiquity is attested not only by the position in which
they occur, but also by the glossy varnish-like character of their surface, totally unlike

that of recently-fractured flint. The possibility of their having been modern forgeries

is further precluded by the fact that many of them are coated with a calcareous in-

crustation, and that they occasionally exhibit on the surface dendritic markings pro-

duced by the slow action of the oxides of manganese and iron.

Since these discoveries have been made in the valley of the Somme, flint-hatchets of

the drift-type have been recognised in several localities in this country and elsewhere.

Among the more productive English localities may be mentioned tho valley of the

Little Ouse, Thetford, Fareham, Bournemouth, the Eeculvers, and the valley of the

Thames.
FXiZXTT GIbILSS. See Glass.

FIiISTTT Sl^ATS. A very siliceous black schist, often containing 75 per cent,

of silica. It is used as a * touchstone ' for testing gold, by a comparison of the coloiu?

of the streak made by the metal. See Assay.

FZiZTTERSr BARX. The bark of young oak trees, which is distinguished from
coppice bark by its superior quality, and also from the bark of old oak trees, known as

timber bark. Flittern bark is much used by the tanner.

FILOAT-STOXTE. {Quartz nectiqv£, Fr. ; Schwimmstein, Ger.) A light con-

cretionary or cellular form of silica, sufficiently open in texture to float on water.

FliOCK and FIiOCKS. The first is finely-powdered wool, used when dyed of

various colours to prepare paper hangings.

The second is a name given to the refuse or waste of cotton and wool, and is used

for stuffing mattresses.

FI^OCH; paper. Paper prepared for walls by being sized in the first instance,

either over the whole surface or over special parts, constituting tho pattern only, and
then powdering over it flock or powdered wool which had been previously dyed.

riMOOXJLK or FILTJaLflLKT. The name given by the Cornish miners to veins

filled wholly with clay. This is -usually applied to such veins or lodes as are at

fight angles, or nearly so, to the true metalliferous lodee*
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FXiOOR-C]LOTH MANUFACTirKS has become of late years a very large

branch of trade. The cloth is a strong somewhat open canvas, woven of flax with a

little hemp, and from 6 to 8 yards wide, being manufactured in appropriate looms,

chiefly at Dundee. A piece of this canvas, from 60 to 100 feet in length, is secured

tight in an upright open frame of oaken bars, in which position it is brushed over

with glue size, and rubbed smooth with pumice-stones ; it next receives the founda-

tion-coats of paint, two or three in number, first on the back side, and then on the

front. The foundation-paint, made with linseed oil and ochre, or any cheap colouring

matter, is too thick to be applied by the brush, and is therefore spread evenly by a long

narrow trowel, held in the right hand, from a patch of it laid on just before with a

brush in the left hand of the workman. Each foundation-coat of the front surface is

smoothed by pumice-stone whenever it is hard enough to bear the operation. "When

both sides are dry, the painted cloth is detached from the frame, coiled round a roller,

and in this state transferred to the printing room, where it is spread flat on a table,

and variously figured and coloured devices are given to it by wooden blocks, exactly

as in the block printing of calicoes or papers. The blocks of the floor-cloth manufac-

ture are formed of two layers of white deal and one of pear-tree timber, placed ^nth

their grain crossing one another alternately. There is a block for each colour in the

pattern, and in each block those parts are cut away that correspond to the impressions

given by the others ; a practice now well understood in the printing of two or more
colours by the press. The faces of the blocks are so indented with flne lines, that they

do not take up the paint in a heavy daub from the flat cushion on which it is spread

with a brusli, but in minute dots, so as to lay on the paint (somewhat thicker than that

of the house painter) in a congeries of little dots or teeth, with minute interstices be-

tween. Applied in this way, the various pigments lie more evenly, are more sightly,

and dry much sooner than if the prominent part of the block which takes up the colour

were a smooth surface. The best kinds of floor-cloth require from two to three months
for their production.

From the use of the sulphate of baryta with the white lead, sometimes to the

extent of 75 per cent, of the former, not merely in the foundation-paint, but in the

subsequent colours with which the canvas is painted, there is a very general com-
plaint that the floor-cloths for halls, &c., where they are necessarily exposed to

washing, very soon lose their colours and become bare, the barytes washing out, and,

of course, removing at the same time the lead and other colours.

The same principle in colouring floor-cloth is now applied to paper, and is carried

on to a very large extent at Egham under the patent of Mr. Walton. The oil is

there first dried or oxidised, then dissolved in naphtha with the colouring ; as the

naphtha dries, the paper is ready for use. See Oxidised Oil ; White Lead.
FAORAir. A mining term ; tin ore scarcely perceptible in the stone ; tin ore

stamped very small.

—

Prt/ce.

FXiOS FERZIZ. Coral-like forms of aragonite, or carbonate of lime, occurring

.especially in the iron mines of the Eisenerz in Styria.

FIiOSS, of the puddling furnace, is the fluid glass floating upon the iron produced
by the vitrification of the oxides and earths which are present. See Iron.
FlbOSS-SZlbX (Filoselle, Bourre de sole, Fleuret, Fr.) is the name given to the

portions of ravelled silk broken off in the filature of the cocoons, which is carded
like cotton or wool, and spun into a soft coarse yarn or thread, for making bands,
shawls, socks, and other common silk fabrics. The floss or fleuret, as first obtained,

must bo steeped in water, and then subjected to pressure, in order to extract the
gummy matter which renders it too harsh and short for the spinning wheel. After
being dried it is made still more pliant by working a little oil into it with the hands.
It is now ready to be submitted to the carding engine, and it is spun upon the flax

wheel.

. The female peasants of Lombardy generally wear clothes of homespun floss silk.

Of late years, by improved processes, fine fabrics of this material have been produced,
both in England and France. M. Ajac, of Lyons, manufactures a variety of scarfs

and square shawls of bourre de sole, closely resembling those of cachemire,
FX.OTSAM. See Jetsam.
FXiOl^R. The finely-ground meal of wheat, and of any other corns or cerealia.

See Bread.
Since the analysis of grain represents the total chemical constituents of the flour,

and the cell in which it is contained, a few analyses from the researches of Way and
Ogston are given :

—
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Whkat Bauley

Hopeton Red Straw
Old Red
Lammas Chevalier Unknown Moldavia

Potassa .

Soda .

Lime
Magnesia
Sosquioxide of iron

Sulphuric acid

Silica .

Phosphoric acid

30-32

0-07

2-61

12-38

0-08

0-18

3-60

49-22

29-75

0-64

3-27

13-75

0-23

0-60

2-14

49-58

32-46

4-63

3-21

9-66

2-06

0-32

5-49

40-57

27-43

0-06

2-79

8-67

0-09

2-72

23-60

26-01

21-14

1-66

7-26

2-13

1-91

30-68

28-53

31-65

1-06

1-21

10-17

1-02

0-27

24-26

28-64

The produce of one quarter of wheat -weighing 504 lbs. is, according to Mr. Hard of

Dartford

—

Flour 392 lbs.

Biscuit or fine middlings .... 10

Toppings or specks 8

Best pollard 16
Fine pollard 18

Bran and coarse pollard .... 60
Loss 11

604 lbs.

Vauquelin has given the following as the results of his examination of wheat
flour :

—

French
Odessa
hard

Odessa
soft

Paris Flour
Inferior

Flour

• starch

Gluten
Sugar
Gum
Bran
Water

71-49

10-96

4-72

3-82

10-00

56-5

14-55

8-48

4-90

2-30

12-00

62-00

12-00

7-56

6-80

1-20

10-00

72-8

10-2

4-2

2-8

10-0

67-78

9-02

4-80

4-60

12-00

Adulterations of, to detect.—The first method is by specific gravity. If potato flour

be added, which is frequently done in France, since a vessel which contains one pound
of wheat flour will contain one pound and a half of the fecula, the proportion of this

adulteration may be easily estimated. If gypsum or ground bones bo mixed with

the flour, they will not only increase its density still more, but they will remain after

burning away the meal as ashes.

The second method is by ascertaining the quantity of gluten which the suspected

sample will aflbrd, as described in tho article Bread. The two following chemical

criteria may also bo employed :

—

1st. Nitric acid has the property of colouring wheat flour of a fine orange yellow,

whereas it affects the colour neither of fecula nor starch.

2nd. Muriatic acid colours good wheat flour of a deep violet, but dissolves fecula

or starch, and forms "with it a light and colourless viscous fluid, decomposable by
alkalis.

Sulphate of iron renders an infusion pf pure flour somewhat yellow, and imparts a
bottle-green to that which is adulterated with bean meal.— {Lassaigne.) Nitric acid

and ammonia poured successively on good flour shows nothing remarkable ; but bean

meal strikes a deep red colour.— {Danny.)

Tho amount of ash left by the flour has been proposed by Louyot as a test of its

purity. Ho says, ' Wheat flour yields on tho average 0-8 percent.; rye flour, 1-0;

bean and pea meal, 3 ; linseed meal, 10 per cent, of ash.'

FXiO-WERS. The name formerly given to those substances which were obtained

by sublimation ; as the flowers of sulphur, tho flowers of Benjamin, &c.
FXiO'WERS, ARTXFZCZAlb, Manufacture of. Tho art of representing by

flowers, leaves, plants, &c., vegetable nature in iier ornamental productions, constitutes

the business of the artificial florist. Tho Italians appear to have been tho first
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people in Europe who excelled in the art of making artificial flowers ; but of late

years the French have been most ingenious in this branch of industry.

Kibbons folded in different forms and of different colours were originally employed

for imitating flowers, by being attached to wire stems. This imitation soon gave way
to that by feathers, which are more delicate in texture, and more capable of assuming

a variety of flower-like figures. But a great difficulty was encountered in dyeing them
with due vivacity. The savages of South America manufacture perfect feather flowers,

derived from the brilliant plumage of their birds, which closely resemble the products

of vegetation. The blossoms and leaves are admirable, while the colours never fade.

The Italians employ frequently the cocoons of the silkworm for this purpose ; these

take a brilliant dye, preserve their colour, and possess a transparent velvety appear-

ance, suitable for petals. Of late years, the French have adopted the flnest cambric

for making petals, and the taffeta of Florence for the leaves. M. de Bernardi^re

employs whalebone in very thin leaves for artificial flowers ; and, by bleaching and
dyeing them of various hues, he has succeeded in making his imitations of nature

very remarkable.

Gutta-percha dissolved in benzole, and freed from all impurities, will, when spread

out on a sheet of glass, dry into a beautifully white and delicate film, of great strength,

and capable of receiving any colour. This has been employed in Paris in the manu-
fecture of flowers. Vegetable parchment (paper prepared by the action of sulphuric

acid) has been employed for the same pm^ose in this country. See Vegetable
Pabchment.
The colouring matters used in flower-dyeing are the following :—
For red ; carmine dissolved in a solution of carbonate of potash.

For blue ; indigo dissolved in sulphuric acid, diluted and neutralised in part by
Spanish whitening.

For bright yellow ; a solution of turmeric in spirit of wine. Cream of tartar

brightens all these colours.

For violet ; archil, and a blue bath. For lilac ; archil.

The aniline colours are now largely used.

Some petals are made of velvet, and are coloured merely by the application of the
finger dipped in the dye.

Artificial fiowers imported were of the values given in each year :

—

Value Value Value
1868 . . 341,176^. 1869 . . 365,407^. 1870 . . 266,502^.

In 1872 we imported from

—

Value
Germany ....... 4,657^.

. Belgium 18,966
France 387,768
Other countries 149

Total .... 411,510^.

FILTTATES. A term formerly applied to the compounds now called fluorides, on
the supposition that they contained fluoric acid. When, however, the true constitu-
tion of this acid, as a hydrogen-compound, was determined, it became evident that
the substances called fluates must belong to the class of so-called haloid salts, and
consist therefore of the element fluorine united directly with a metal or radical

;

whence they are properly termed fluorides. Thus, fluor-spar, formerly known as fluate

of lime, is, according to the new nomenclature, a fluoride of calcium ; containing

—

fluorine, 48-7; calcium, 51-3.

It may be remarked that fluorine has a strong tendency to form double salts, many
of which occur native. Thus, the minerals called cryolite and chiolite are double
fluorides of sodium and aluminium.
FXiXrs CZXTDER. The cinder from the reheating furnace. See Ibon Mantj-

FACTUBE.

FI1UEZ.I.ZTS. A rare mineral, containing fluorine and aluminium, found at
Stennagwyne in Cornwall.
FXiVBLES. See Anchor.
FZiTTOR. See Fltjoe-Spab.
FXiUORESCElO'CE, the name given to a peculiar phenomenon rendered evident

by many crystals of fluor-spar. If we look through a crystal of fluor-spar it will
appear yellow or green as the case may be ; now, if we look at it, the light falling
upon the surface upon which we look, it will appear beautifully blue or purple.
Prof. Stokes, to whom we are indebted for a very exact examination of the whole of
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the phenomena of this class, refers this effect to an alteration of the refraction of the
ray by the first surface upon which it falls. Sir John Horschol first drew attention
to this peculiar condition as exhibited in a solution of sulphate of quinine in water
slightly acidulated with sulpliuric acid. Here we hare a perfectly colourless solution
when we look through it, which sends back to the eye fine blue rays when we look
at the surface on which the solar rays fall. Sir John Ilerschel referred this to
epipolic dispersion, or dispersion from the first surface of the fluid on which the light

fell. There are many substances which appear to possess this property of altering
the refraction of rays, or are fluorescent. Beyond this brief explanation, we cannot
afford space in this dictionary to deal with the subject. We must refer those
interested to the Philosophical Transactions, in which Prof. Stokes's communications
appeared.

. FXiTrORZXrs. {Symbol, F. ; Atomic weight, 19.) The elementary base of hydro-
fluoric acid, which has never yet been isolated.

The power of liberating a principle from fluor-spar which would etch glass was
known as far back as 1670; Scheole, in 1771, examined hydrofluoric acid, and
regarded it as an oxygen compound with an unknown element. Amp6re, in 1810,
determined that hydrofluoric acid was a compound of hydrogen and fluorine.

Fluorine combines with most of the metals, and with hydrogen, boron, silicon,

sulphur, and phosphorus ; with chlorine, bromine, iodine, and oxygen, it exhibits no
tendency to unite. It has been suggested to employ hydrofluoric acid in the purifi-

cation of beet-root sugar; the alkalis present in the juice being effectually removed
by the acid, while the organic matter remains unaffected.

FIiTTOR-SPAR. {Chaux fluaiee, Fr. ; Fluss-Spath, Ger.) This mineral often

exhibits a variety of vivid colours. It crystallises in the cubic (monometric) system,
with regular octahedral cleavages ; spec. grav. 3-14 to 3-19

; hardness= 4-0
; scratches

calc spar, but is scratched by a steel point ; usually phosphorescent with heat ; at the
blowpipe decrepitates and fuses into an opaque bead ; acted on by the acids with dis-

engagement of a vapour which corrodes glass ; its solution affords precipitates with
the oxalates, but not with ammonia. Its constituents are, fluorine, 48*7 ; calcium,
61-13 in 100.

Fluor-spar occurs subordinate to metallic veins ; as to those of lead, in Derbyshire
and Cumberland ; of lead and copper, in Cornwall, and in Saxony and Bohemia

;

but it is found also in masses or veins, either in crystalline rocks, associated with
quartz, barytcs, &c., as in Auvergne, Forez, Vosges, Norberg in Sweden ; Norway

;

Petersburg ; Gourock, in Scotland, &c. ; or among limestones, slates, and sandstones,

in Derbyshire, Cumberland, Cornwall, and New Jersey. It exists also in the

amygdaloids of Scotland, and in the volcanic products of Monte Somma at Vesuvius,

The variously-coloured specimens, called Derbyshire spar, are worked upon the

turning lathe into vases and other ornamental objects.

A very beautiful variety, which has been much used for ornamental purposes,

known from its colour as ' Blue John,' has been obtained from Tray Cliff, near Castle-

ton, Derbyshire. The beautiful colour of the natural fluor has been successfully

imitated by exposing some of the common varieties to heat.

Fluor-spar is employed to a considerable extent in the production of hydrofluoric

acid and for etching on glass. It is also used by lead smelters as a flux. The beautiful

phenomenon of fluorescence is so named from the fact that many of the fluor-spars

have the power in a high degree of thus affecting the rays of light. See Fluo-
BESCEKCB.
FZiUVZATZl^S {fltcvitcs, a river), belonging to a rirer.

TlaUX. (Eng. and Fr. ; Fluss, Ger.) signifies any substance capable of promoting
the fusion of earths or metallic ores by heat. White fiux is the residuum of the defla-

gration, in a red-hot crucible, of a mixture of two parts of nitre and one of cream of

tartar. It is in fact merely a carbonate of potash. Black flux is obtained when equal

parts of nitre and tartar are deflagrated. It owes its colour to the Ciirbonaceous matter

of the tartaric acid, which remains unconsumed ; the quantity of nitre being too small

for that purpose. The presence of the charcoal renders this preparation a convenient

flux for reducing calcined or oxidised ores to the metallic state. Limestone, fluor-spar,

borax, and several earthy or metallic oxides, are employed as fluxes in metallurgy.

See Metalluegt.
FXi'S' POWBER. Under this name there is sold on the Continent the black

coloured powder obtained by the spontaneous oxidation of metvllic arsenic in the air.

Various preparations of white arsenic arc used for the Kimo purpose in this country.

King's yellow is much used ; it should bo made by boiling together sulphur, lime,

and white arsenic, but much that is sold is merely arsenic and sulphur mixed.

Objecting on principle to the familiar use of arsenic and dangerous substances,

a preference may be given to a substitute for the aboYe^ made by boiling quassia chips
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into a strong decoction and sweetening with loaf sugar. This seems to have deadly

power over the flies, who can scarcely quit the liquid without imbibing a deadly

potion, and they are seen to fall from the ceilings and walls of the rooms' soon after-

wards. Many of these compounds for killing flies are supposed by their odour to

attract flies into the rooms.

The inconvenience to manufacturers and others from flies, may be obviated in many
cases where apartments are required to be kept as free as possible from them, by re-

ference to facts recorded by Herodotus, of fishermen surrounding themselves with

their nets to keep off the gnats. We are indebted to William Spence, Esq. F.E.S., for

some very curious particulars respecting the common house fly communicated in a
paper to the Entomological Society. The common house fly will not in general

pass through the meshes of a net. The inhabitants of Florence and other parts of

Italy are aware of this fact, and protect their apartments by hanging network up at

the windows ; thus at all times the doors and windows may be kept wide open by hang-

ing a light network over the aperture. The meshes may be of considerable width,

say enough for several flies on the wing to pass through, and no fly will attempt to pass,

unless there be a strong light (another window opposite, or reflection from a looking-

glass). A knowledge of this simple means of protection from flies on the wing may
prevent inconvenience from these intruders, and obviate the necessity for poisons to

destroy them.

FODBSZft, is the name of a weight by which lead and some other metals were sold

in this country ; but it is now rarely used. It varied in its amount in different

parts of the kingdom, being IQ^ cwts. at Hidl ; 21 cwts. at Newcastle; 22 cwts. at

Stockton ; 24 cwts. in Derbyshire.

FOIIiS. Thin sheet copper silvered and burnished, and afterwards coated with

transparent colours mixed with isinglass, employed by jewellers to improve the

brilliancy of pastes and inferior stones. The foil is inclosed in the setting, and entirely

covers the back of the stone, to which it imparts much of its own brilliancy.

FOZ.Zil.TED TEXiIiURZUXW. See Nagyagite.
POTTDITS. The name given by the French to a particular style of calico-printing

resembling the rainbow, in which the colours are graduated or melted (fondzcs) into

one another, as in the prismatic spectrum. See Calico Pbinting for a description of

the process.

FOXTAZlTEBIiEAU SANDSTOITE. This stone consists of grains of

siliceous sand, agglutinated by carbonate of lime : the carbonate, in spite of its

association with the sand, crystallises in bold rhombohedral forms. In specimens
from the forest of Fontainebleau, in France, the proportion of silica may reach 50 or

GO per cent.

FOOD. See Nutrition.
FOOIi'S-PARSZiEV. The JEihiisa cyna'pium, a very poisonous umbelliferous

plant, common in Britain, and occasionally mistaken for parsley.

FOOT-'WAXiZi, a mining term. The ' wall ' or side of the rock under the mineral
vein : it is as commonly called the under-laying wall.

roOT-"WAY, a mining term. The ladders by which the miners descend and
ascend.

FORBESITE. A hydrous arsenate of nickel and cobalt, from the Desert of
Atacama, in South America. It has been named after Mr. David Forbes, by whom it

was described.

FOBBZDDEZO' FRUIT. The large orange-like fruit of the Citrus Taradisi
is often sold under this name.
FOIIEST-&ED. The name given by some English geologists to the stratum

underlying the glacial drift at Cromer, in Norfolk.

FOREST-XyZARBIiE. An argillaceous laminated shelly limestone, alternating
with clays and calcareous sandstones, forming one of the upper portions of the Lower
Oolite. In Whichwood Forest, in Oxfordshire, the finer bands are quarried as marble,
hence its name.
FORGE (Eng. and Fr. ; Feuer, Ger.) is the name either of the furnace, where

wrought iron is hammered and fashioned with the aid of heat, or the great workshop
where iron is made malleable. The former is called a smith's forge, the latter a
shingling mill. See Iron.

Fig. 989 represents a portable truck-forge of a very commodious construction, a
is the cylindric leather bellows, pressed down by a helical spring, and worked by
means of the handle at b, which moves the horizontal shaft c, with its two attached
semicircular levers and chains, d is the pipe which conducts the blast to the nozzle
at E. The hearth may be covered with a thin flre-tile or with cinders, f is a vice,

fixed to the strong rectangular frame. This apparatus answers all the ordinary
purposes of a smith's forge ; and is peculiarly adapted to ships, and to the execution

Vol. n. H H
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of engineering jobs upon railways, or in the country. The height is 2 feet 6 inches

;

the length is 2 feet 9 inches ; the width 2 feet ; weight about 2 cwts.

Holtzapflfol describes another

portable forge of his own con-

struction, possessing many ad-

vantages.

With the manipulations of

the forge, it is not the province

of this work to deal.

FORK, a mining term. A
mine is said to be 'in fork,' or

an engine to have the • water in

fork,' when all the water is

drawn out.

FORIVXATES. Compounds
with formic acid. See Watts'

s

Dictionary of Chemistry.'

rORMATZOir. When em-
ployed in a geological sense it

signifies a group of rocks, referred

to a common origin, or belonging

to the same period.

FORMIC ACID. {Adde
formique, Fr. ; Ameisensdure,

Ger.) The acid which exists in

the bodies of ants, associated

with malic acid.

Formic acid was obtained artificially, originally by Fisher of Leeds in 1670, and
subsequently by Dr. Hulse, by distilling red ants.

It may be prepared by boiling 1 part of starch with 4 of sulphuric acid, and 4 of
water, allowing the liquor to cool, and adding gradually 4 parts of the black oxide
of manganese, and distilling. For the reactions which take place, see Watts's ' Dictionary
of Chemistry.' Its formula is C'HO^HO (CH^O^). It is a clear colourless fluid, which
crystallises below 32° Fahr., into brilliant plates.

FORIMCCrXi^:, CHEIMCICAXi. The tQxra formula, in ordinary chemical language,
is always understood to mean the collection of symbols indicating a compound
substance. Thus, if we allude to the letter or letters indicating an element, we say its

symbol ; but if we are speaking of a compound, we say its formula. It appears that

some short notice of the principles upon which the construction of chemical formula
depends is necessary to enable those who are not familiar with chemical language to

understand the few formulae employed in these volumes. For a complete account
of the philosophy involved in the construction, consult ' Watts's Dictionary of Che-
mistry.' The symbols of all the elements will bo found under the head ' Atomic
Weights.* In constructing formulae there are several rules to be observed, the

neglect of which will lead to misapprehension of the meaning intended to be con-

veyed. Substances in the most intimate union are expressed by placing the symbols
in juxtaposition. Thus oxide of lead is represented by PbO, dry sulphuric acid

(sulphuric anhydride) by SO', acetic acid by C*H*0*. But where a compound is to

be expressed which is itself formed by the union of two compounds of the class first

mentioned, such as an acid and a base, a comma is placed between them ; thus,

sulphate of lead is PbO,SO^ nitrate of copper CuO,NO*. The number of atoms,

when more than one enters into a compound, is expressed by writing the numl)er on

the upper part of the right hand of the element. But if only one atom is to be ox-

pressed, the mere symbol is written. Thus oxide of copper is CuO, but the sub-

oxide is Cu'O. If preferred, the number multiplying the atom may be written at the

lower right-hand corner of the symbol ; Cu.^O, and Cu-0 are identical in meaning.

If it be intended to multiply a formula not containing a comma or any other sign,

such as SO^ ; C*H*0\ &c., the number is to be written on the left hand of the

formula, and is to be made larger than would be the case if it merely multiplied the

atoms of an element. Thus two atoms of oxide of lead are written 2PbO ; tlireo

atoms of acetic acid, 3C*H*0*. But it is \jo be remembered that a number placed

on the loft hand of a symbol or formula only multiplies as far as the first comma or

sign, so that if we wish to multiply a formula containing a comma or other sign, the

formula must be placed between parentheses. Thus two atoms of sulphate of lead

are written 2(PbO,S03). If it be intended to express the fact that one substance is

to be added to another, with a view to the production of a given compound or rejiction,

the substances to bo added together are connected by a plus sign. For example,
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suppose it bo necessary to express the fact that one equivalent of oxide of lead added

to one eqtiivalent of sulphuric acid produces sulphate of lead, we write, PbO + SO'

forms sulphate of lead. But it is more usual and brief to put down the terms con-

nected by the plus sign followed by the sign of equality, and then the formula of the

resulting compound, thus:—PbO + SO' = PbO,SO'. A collection of symbols ex-

pressing the nature of a reaction or decomposition, the two terms being united by the

symbol of equality, is called an equation. Equations are of the highest value to the

chemist, as enabling him to e^xpress in the simplest possible manner the most com-

plicated reactions. Moreover, these equations enable us to see at a glance the trua

nature of a decomposition. To take a simple case, namely, that of the decomposition

of terchloride of antimony by carbonate of ammonia, we have

SbCP + 3(NH<0,C0*) = SbO» + 3NH^C1 + SCO^.

Or, in words, terchloride of antimony plus three equivalents of carbonate of ammonia,
yields one equivalent of teroxide of antimony, three of chloride of ammonium, and
three of carbonic acid (carbonic anhydride).

The above illustrations will suffice to show the principles upon which formulae and
equations expressive of chemical decompositions are constructed. In writing equa-

tions showing the metamorphoses of substances with which it may be supposed the

reader of them may not be very fully acquainted, it is proper to place beneath them
the names of the substances in full ; thus : in writing the change supposed to be ex-

perienced by amygdaline under the influence of a ferment which does not itself con-

tribute any substance to the reaction, we might say :

—

C"H"NO« + 4H0 = C»*H«02 + C^NH + 2C'2H>20»2

Amygdaline Bitter almond Prussia Grape sugar,

oil. oil. acid.

In writing the formulae of substitution-compounds, it is convenient to place the

replaced and replacing substances in a vertical line, so as to indicate at a glance the

substitution which has taken place. As an illustration, we shall place side by side

the chemical tjrpe ammonia and some bodies derived from it by substitution.

Ammonia. Methylamine. Bimethy- Trimethy- Aniline. Platina- Triphosphme-
lamine. lamine. mine. thylamine.

In the first of the above formulse we have the type or starting point, ammonia itself.

In the next we find one atom of hydrogen (two volumes) replaced by one atom (tv,'o

volumes) of the radical methyle. In the third we find two atoms of hydrogen
replaced

; and in the fourth illustration all three have been replaced by methyle. The
fifth formula

_
is that of ammonia, in which one atom of hydrogen is replaced by

phenyle, forming phenylamine, or, as it is more usually termed, aniline. The sixth
illustrates a very peculiar substitution. In it we find two atoms of hydrogen replaced
by the platinicum of the late illustrious chemist, M. Gerhardt, who regarded platinum
as entering into substitutions with two atomic weights, as if it were two metals. The
one being the platinum of chemists generally, its atomic weight being 99 (and its

symbol Pt) ; this he calls 'platmosum. The other being platinicum (pt), with an atomic
weight half that of platinosum, namely, 49*5. The last formula is that of the singular
base, triphosphmethylamine. In it we see the nitrogen of the original type replaced
by phosphorus, and each atom of hydrogen by methyle.

It will greatly assist the student in his endeavours to recollect chemical formulse, if

he commits to memory the principal types, and the substances which are regarded as
formed on their model. The following are those which are best established :

—

Ti/pe, two atoms of water.—This type is written in such a manner that the replace-
ment of the hydrogen can be distinctly seen. By its side are placed a few of the
substances formed on the same model.

Two atoms Hydrate of Anhydrous
of water. Acetic acid. Alcohol, Ether. potash. potash.

In the above simple illustrations of the type water we have, in tlie case of acetic

hh2
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acid, one atom of hydrogen replaced by the oxidised radical acetyls, C*H'0', and
the other by one atom of basic hydrogen. By ' basic * hydrogen is meant, that it acts

the part of, and can be replaced by, a metal. The opinions of chemists with regard

to the nature of the radical existing in acetic acid are divided. Some consider the

acid as the hydrated teroxide of the non-oxidised radical acctyle (C*I1'), and therefore

\^Tite its formula C*H'0' + IIO. But as the chloride of the oxidised radical can be
isolated, we cannot doubt its existence. Moreover, there is no doubt of the existence

of the other radical, C'H', because we find it replacing hydrogen in the base acety-

lamine. See Acetyi.amine. But the conclusion must be drawn from these facts

that there are two radicals, one existing in acetic acid C*H'0', which Williamson
calls othyle, and another, sometimes called vinyle C*W, which exists in aldehyde, in

defiant gas. and several other bodies. The radical in acetic acid is, consequently, not
C^H', but C*H»02.
The next illustration is that of alcohol, which consists of two atoms of water, in

which one atom of hydrogen is replaced by ethyle, and the other by hydrogen. Ether,

on the other hand, is derived from the same type, both atoms of basic hydrogen being

replaced by ethyle. Hydrate of potash and anhydrous potash will, after what has been
said, explain themselves. It will be seen that in all these illustrations, the same
vapour-volume is preserved, and by this means the apparent anomaly of ether and
alcohol being of different vapour-volumes is removed. While the type two atoms of

water ( = 4 volumes) has an actual existence, it remains for chemists to discover

whether we are justified in receiving as types bodies which have no real existence,

such as three atoms of water.

Type, two atoms of hydrogen.—The tjrpe ammonia has already been sufficiently

illustrated ; it remains, then, only to show what substances are to be regarded as

formed on the type hydrogen. M. Gerhardt, in addition to these, adopts hydrochloric

acid as a type ; but when we consider that that acid is itself formed on the hydrogen
model, it appears unnecessary to raise it to the dignity of a separate typo.

Two atoms of defiant Marsh Hydrochloric Prussic Chloride of

hydrogen. gas. gas. acid. Benzole. acid. ethyle.

n C*H» C«H» CI C»=H* C'N C*H»
H H H H H H CI

The nbove will be sufficiently plain after what has been said, it being remembered
that C-H3 is methyle, C*H* ethyle, C'=ff phenyle, and C*N cyanogen.

It is a fruitful source of annoyance to students and others to find, on looking through
chemical -svorks, the same substance represented by diffi^rent authors with totally dif-

ferent formulfe. We .shall endeavour to give a few instances and such explanations as

will assist in enabling the student to overcome the difficulty. It is often the case that

tiic differences in the formulae arise from the works consulted having been written at

dilferent dates ; the older one is then, in most cases, to be rejected, because it is pro-

bable that the formula in it have been corrected by subsequent and more accurate

researches. It not unfrequently happens that an author writes nitrous acid NO*, and
the true nitrous acid (NO') is called hyponitrous acid. It may serve to assist the

student in correcting any errors on this point, to consult a list of the oxides of

nitrogen according to the nomenclature at present employed: such a list will be found
in the article Nitrogen.
A still more common cause of difficulty is to be found in the diffijrent theoretical

views of certain chemists regarding the constitution of certain chemical substances.

It is explained under the article Atomic Weights that many of the elements have
within the last few years had their atomic weights doubled ; and this alteration

has of course greatly affected chemical formulae. But oven with the same atomic

weights, the formula of a given substance may admit of considerable variety of ex-

pression, which becomes a source of perplexity to those who are not accustomed to

such changes. It may be instructive to show in how many ways the formula of a
simple compound like sulphuric acid may be written, according to the different views

which may be taken of its constitution. Thus, it may be supposed that this acid is a

compound of water (H'O)' and sulphuric anhydride (SO') ; hence the formula of sul-

phuric acid may be written IPO.SO'. Another chemist may regard this acid as a

compound of a radical (SO*) with hydrogen ; for example, when sulphuric acid is acted

upon by zinc, the zinc replaces the hydrogen, which is set free, and zinc sulphate is

formed ; hence we may formulate sulphuric acid as IPSO*. But by the reaction of

peroxide of barium and sulphuric acid, peroxide of hydrogen (U'O') is set free ; hence

there is a reason for writing its formula, H-O'.SO'. Yet another mode of expressing

' It will be convenient for the purposes of this illostration to employ the modern atomic wcighte,

= 1C, S= 32,
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the constitution of this acid is suggested by the system introduced by Dr. Frankland.

According to his method, sulphuric acid should be thus formulated : S^OjHoj. In

this expression, sulphur being the element of highest atomicity is placed at the head

of the formula, and written in thick black type, whilst its hexatomic character is in-

dicated by the Boman numerals at the upper right-hand side. These six bonds, or

units of equivalence, are satisfied partly by the two atoms of diatomic oxygen, and
partly by the two atoms of the monatomic radical hydroxyl (HO), which is written by
Dr. Frankland Ho. This hydroxyl may be replaced by other radicals ; for example,

in zinc sulphate the two atoms of monatomic hydroxyl are replaced by one atom of

diatomic zincoxyl, and this salt will be represented by the formxUa : S'^OjZno".

The modern doctrine of atomicity has also introduced other forms of constitutional

formulae. Thus, many chemists would now express the composition of sulphuric acid

in this form :

—

O

H-0-S-O-H

Such a fonnula is not intended to indicate the relative positions of the several atoms

in the compound, but the lines connecting these atoms are supposed to represent the

number of units of equivalency enjoyed by each atom, and the manner in which
these bonds of afiSnity are engaged with those of other atoms. Looking, for example,

at the centre of this formula we see that the atom of sulphur has six combining bonds,

and how these are engaged with the four atoms of oxygen, each of which has only two
such bonds.

Instead of indicating the atomicity in this way, other chemists prefer to enclose

each symbol in a circle from which lines diverge to represent the units of equivalence.

Professor Kekule, Dr. C5rum Brown, and Dr. Frankland have been foremost among
modem chemists in devising these graphic formulae.

For the purposes of lecture-illustration material expressions may be constructed by
means of solid balls representing atoms, and rods representing bonds of union. These
concrete systems, called glyptic formulae, were introduced by Dr. Hofmann.
For reasons given under the article Atomic Weights, it has been considered de-

sirable to employ generally throughout this Dictionary the old atomic weights, and a
system of dualistic formulae ; but for the convenience of those who are familiar with
modem formulae, most of the expressions are also constructed with the modem atomic

weights, and these formulae are printed, for the sake of distinction, in thick black type.

On the modes of determining the empirical and rational formula of substances from
the results of their analysis.—It now remains to show how the formidae of bodies are

determined. There are two kinds of formulae—the empirical and rational. An
empirical formula merely indicates the simplest ratio existing between the elements

present ; a rational formula shows the absolute constitution of an atom or equivalent

of any substance. Sometimes the expression rational formula is used in a more
extended sense, and then signifies the actual manner in which the elements are

arranged in a compound molecule, but this happens so seldom, that we shall in this

work understand the term in the sense first given.

An empirical formula can always be deduced from the mere result of an accurate

analysis. A rational formula, on the other hand, demands a knowledge of the atomic
weight of the substance. The latter datum can be best determined—1st, by the

analysis of a compound with a substance the atomic weight of which is well estab-

lished ; 2nd, by determining the density of its vapour.
Empirical formulce.—The percentage composition of a compound having been

acciirately found, the empirical formula may be deduced from the following rule :

—

Divide the percentage of each constituent by its atomic weight, and reduce the num-
ber so obtained to its lowest terms. Suppose, for example, the empirical formula of

nitric acid to be required, the percentage being :—Nitrogen, 25*9 ; oxygen, 74*1.

These numbers, divided by their respective atomic weights, give

—

Iii=>:9-26.
8

To reduce these numbers to their lowest terms, it is merely necessary to divide
0'26 by 1"85. The simplest terms being:—Nitrogen, I'OO; oxygen, 5'00. Nitric

a^id contioquentl^ oqpsistg pf one fvton^ of nitrogen, and five of oxygen.
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Rational formiUa.—In the above illustration we found the simplest ratio existing

between the elements of nitric acid. But it will be seen that, for aught that appears

there, it may consist of n times NO'. It becomes necessary, therefore, to find the

atomic weight of the acid, and then to find the number of atoms of the elements

(combined in the above ratio), which will make that atomic weight In order to do
this, it will be proper to determine the atomic weight of the acid from the data pro-

cured by the first method, given above. In order tx) accomplish tliis, a salt was
analysed for the percentages of soda and nitric acid, with the annexed rosiilt :—Soda,

36-47 ; nitric acid, 63-53.

The required datum, namely, the atomic weight of the acid can easily be obtained

by saying,

—

As the percentage of base is to the percentage of acid, so is the atomic weight

of the base to the atomic weight of the acid. In the instance given we have, there-

fore:

—

36-47 : 63-53 :: 31 : 53-999

Percentage of Percentage of Atomic weight of Atomic weight of

base. acid. base. acid.

It is evident that 53*999 may be written 54'0 without any inaccuracy. If, there-

fore we add together the equivalents of nitrogen and oxygen in the ratio found in the

empirical formula, we shall have

—

1 equivalent of nitrogen = 14

6 equivalents of oxygen = 40

64 ss the atomic weight of the acid'.

We will now consider the mode of determining the rational formula of a substance

from the results of the analysis and the density of the vapour. Suppose a hydro-

carbon to have yielded on analysis :—Carbon, 85*714 ; Hydrogen, 14-286 ( = 100)

:

And- ?£Zli = 14.286 l±^= U-2S6
6 1

The quotient being the same, the empirical formula becomes C"H". It remains,

therefore, to determine the value of ". The density of the vapour was found to be

2-9064. Now the hydrocarbons always possess a condensation to four volumes. In

the article Equivalents, Chemical, rules are given for ascertaining the equivalents

of substances from the densities of their vapours. For four-volume formulae the rule

is :—Divide the density of the gas by half the density of hydrogen. Applying this

rule, we have

—

^^2^^ = 84-00
•0346

It is therefore necessary to find what multiple of the atomic weight of CH will

make 84-00. Now C +H = 6 + l = 7, and 7x12= 84. Consequently, the formula is

12(CH), or as it is always written, C'^H^^.

The above rules will suffice to enable any person to determine the empirical and
rational formulae of substances from the results of analysis.

For further information on the subject of Chemical Formulae, the reader may consult

Watts's ' Dictionary of Chemistry.*

TOJUMTTTmS, The hypothetical base of formic acid.

FOSSZIL. (Fossilis, anything dug from the earth.) Formerly all minerals were
called fossils, but the word is now restricted to express the remains of animals and
plants found buried in the earth.

FOSSZl^ ZVORT. The bones and tusks of elephants and mammoths are found

in eastern Siberia, and along the shores of the Arctic sea in great abundance. The
tusks-are collected for sale, but are much less valuable than the recent ivory.

TOSSXJm paper, or Wood, or Flax, or Cork. Terms used to distinguish familiar

varieties of Amianthus, according as they resemble one or other of the substances

named.
TOJTKHTirG i POITia"DaY. In foundries attached to blast-furnaces where from

20 to 30 tons of iron are made per diem the moulds are generally mere troughs cut

in the sand, into which the melted metal flows and cools in contact with the air. The
surfaces of the castings made in this manner present appearances which vary according
to the quality of the iron.

The kinds of iron adapted for founding purposes are those which are most fluid when
melted, and which contain most carbon, and are called Nos, I and 2, They are dis-



FOUNDING; FOUNDRY 471

tinguished by the surface of the pig of iron, which was exposed to the air during

cooling, being smooth, and presenting a slightly convex figure. The surfaces of Nos.

3 and 4 pig-iron, and of the white crystalline pig-iron (most suitable for making into

wrought iron) present a concave figure, and the surfaces are very irregular and pitted

with holes. The colour of the fracture, and the closeness of the grain, also indicate

the proportion of carbon in pig-iron.

The mixtures of metal, melting temperatures of metal, &c., require the closest

observation on the part of the workmen and foremen who practise iron-founding, and
these mechanics are in the practice of observing differences so minute that they cannot

be appreciated by the chemist, or expressed in words.

Machinery has enabled the modern founder, by means of railways, turn-tables,

travelling-cranes, and steam-power to move at will the heaviest masses without con-

fusion and with great expedition ; but nothing but the traditions of the factory, and
the constant habit of observation will enable him to conduct properly the melting and
casting of metal so as to arrive at certain results.

This is proved by tlie constant failures of those who undertake to make descriptions

of castings, of which they have had no previous knowledge.

Each branch of foinidry work must be studied in detail, and we can only pretend to

indicate those directions in which progress has been and is being made.

FoTJNDBY.—The process of iron smelting and the construction of furnaces having
been described under other heads, the remaining part of the business of a foundry, viz.,

that which relates to the preparation of the moulds and moulding, will now be described.

Moulding.—The art of moulding is one of the most important processes carried on
in a founc&y, and the success of the founder is directly proportioned to the skill

and ingenuity brought to bear upon the production of the patterns and the system
of moulding.
Before metals can be cast into the variety of shapes in which they are wanted,

patterns must bo prepared of wood or metal, and then moulds constructed of some
sufiiciently inftisible material capable of receiving the fluid metal, and retaining it

without uniting with it until it has solidified.

A mixture of sand and loam (packed tightly into metal boxes, called flasks) is

generally chosen as the material for making moiilds, and is employed advantageously
for several important reasons.

Flasks.—In modern foundries a system has been invented, by which flasks of any
dimensions may be constructed by means of bolting together a number of rectangular

frames of cast iron, so arranged as to admit of being easily connected together.

When the particular castings for which the flask has been constructed, or rather
compounded, are completed, the separate pieces are unbolted, and are ready to be
combined in some now form appropriate to the dimensions of the pattern next to be
moulded in them.
The loss of capital, &c., invested in flasks, only occasionally used, is thus saved, as

well as loss of time in searching for the size required. The space devoted, on the old
system, to the reception of flasks belonging to a foundry was very large, and this may
now be appropriated to other purposes.

Sand and loam.—Founders formerly used, on account of price, the description of
sand most accessible to them, but at the present time, the convenience and cheapness
of railway carriage has enabled special qualities of sand to be delivered to all parts of
England.
For founding purposes sand is much improved by the admixture of coke, crushed

and reduced to a fine powder, and a mill for this purpose is as necessary in every
large foundry as those for grinding and mixing loam.

Moulding-sand must be a mixture of a large quantity of silex and a small quantity
of alumina—the property of the latter material being to cement the grains of silex
together. Loam consists of the same materials mingled in opposite proportions.
The preparation of loam for those purposes for which sand is not adapted, is an

important duty in a foundry, for a great quantity of loam cores have to be made and
dried in proper ovens, which is a tedious operation.
Many castings, such as the screws for steamers, are more conveniently cast in moulds

constructed of wet loam. These are shaped to the required form when the clay is

moist, and then carefully dried afterwards.
Other castings are of such peculiar shapes that they can only be produced in moulds

that take in a vast number of pieces. These moulds are then formed of a number of
pieces of hardened sand, held together by strips ofiron or of plaster, if the sand used is
not coherent enough in itself.

Compounds of silex and alumina are very infusible, and when moistened with water
and faced with carbonaceous matter, they are capable of receiving the most delicate
impressions pxm the patterns which the founder employs,
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Grains of sand are so irregular in shapo thomsolvos that they leave innuraorablo

irregular spaces between them, and those intervals form a network of channels which

permit the rapid escape of the gases, which are so violently generated by the contact

of hot metal falling upon wet sand.

Machine Castings.—Every year, engineers order castings to be prepared of more
difficult and complicated forms, and with greater perfection of surface than they have
required before.

The reason of this is, that with the progress of the mechanicsxl arts larger and
stronger machines are continually being introduced. In these machines greater steadi'

noss of cast-iron framework is necessary than can conveniently be obtained when the

frame is made out of a number of pieces of iron cast separately and then bolted

together. It would be impossible to mould large frames with pieces projecting on all

sides (prepared to receive the moving parts of the machines), and jutting out in contrary

directions, in any flasks filled with wet sand, for the pattern never could be removed
without destroying the impression. To meet these difficulties, the modern ironfounder

has had to follow those plans which were first proved practicable to those who have
devoted themselves to casting bronze statues. In founding, as in so many other

branches of manufacture, the discoveries made in prosecuting the fine arts have been
advantageously adopted by those engaged in works of utility.

False Cores.—The introduction of the drawbacks, or false cores, made of sand
pressed hard (and admitting of taking to pieces by joints, at each of which a layer of

parting sand is prepared), using for figure casting, enables the moulder to work at his

leisure, without fearing that his mould may tumble to pieces, and also enables him to

fashion these drawbacks or cores into the most complicated forms, with the power to

remove them while the pattern is removed, and build them up again round the empty
space (formerly occupied by the pattern) with the greatest facility and accuracy.

The workmen, whose occupation is to knead the sand into the forms required by the

founder, are termed moulders, and they form a very numerous body of mechanics, de-

manding and receiving high wages.
The moulder has often only his sand, his flasks, cranes, and a few simple tools (for

smoothing rough places, and for repairing the places in the sand where the mould has
broken away during the lifting of the pattern) ; he has to make proper arrangements
for the exit of the atmospheric air which leaves the mould as the fluid metal takes its

place ; and he is expected to produce an exact copy in metal from any pattern, simple
or complicated which may be brought before him.

It will be evident that to produce a good result with such imperfect appliances as
the ordinary moulder uses, a skilful workman must be employed, and time expended
in proportion the difficulty of the operations to be performed.
Where only a few impressions from a model are required, it is not worth while to

spend money in making expensive patterns, or providing those appliances which may
enable patterns to be moulded with facility and little skill ; but where thousands of
castings are wanted of one shape, it is expedient to spend money and skill on patterns
and tools, and reduce the work of the moulder to its minimum.

Management.—The best managed foundry is not that in which good castings are
obtained by the employment of skilled workmen at a great expense, and without
trouble or thought on the part of the principal, but rather that in which the patterns
have been constructed with a special reference to their being cast with the minimum
of skill and the maximum of accuracy. It is only by tlie forethought and calculation
of the manager that subsequent operations can be reduced to their smallest cost ; and
in the foundry, as in all other manufactories, the true principles of economy are only
practised where the head-work of one person saves the manual labour of a large
number.

Improvejnents.—The attention of founders has been turned— 1st, to the methods
by which the labour of making moulds in sand might be reduced ; 2nd, to the intro-

duction of improvements in the mode of constructing patterns and moulds ; and 3rd,
to the manufacture of metallic moulds for those purposes for which they could be
applied. A great progress has been made during the last twenty years in these
different directions.

Machine Moulding.—In the large industry carried on for the production of
cast-iron pipes for the conveyance of water and gas, machinery has been applied so
that the operation of pipe-moulding is performed almost without manual labour, with
groat rapidity and precision. The cost of pipes at the present time is only about 21.

per ton above the value of pig-iron, out of which they are made ; a sum very small
when it is considered that the iron has to bo re-melted, an operation involving both a
cost of fuel and a loss of 5 to 20 per cent, of the iron in tlie cupola. An ingenious
machine for moulding in sand, spur and bevel wlieels of any pitch or diameter has
been employed in Lancashire ; the advantage bcjng thftt the machine moulding tool
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acts directly upon the sand without the intervention of any pattern or mould. In any
large foundry there is an enormous accumulation of costly -whoel-pattorns, taking up
a groat deal of space, and these can now be dispensed with by substituting the wheel
moulding-machine. Kailway chairs are moulded in a machine ; and ploughshares,

which although only weighing a few pounds each, are sold at the low rate of 8^. a ton,

are moulded in a machine.

Plate Casting.—Under the next class of improvements the introduction of plate-

casting has been the most fruitful of good results.

One great source of expense and trouble in a foundry is the injury done to patterns

and to their impressions in the sand by the necessity, under the ordinary system of
moulding, of striking the pattern, or pushing it first in one direction and then in

another in order to loosen it. Now, the object of the machinist is to construct all

his spindles, bearings, bolts, and wheels, of specified sizes, and then to cast the framing
of his machine so accurately that the working parts may fit into the frame without
any manual labour. In order to effect this, every projection and every aperture in

the casting must be at an exact distance, and this can only be attained by employing
such a system as that of plate-casting, where the pattern is attached firmly to a plate,

and it is impossible for the moulder to distort or injure the impression. Plate-casting

has been long known, but was practically confined for many years to the production

of small articles, such as cast nails and rivets.

In a plate-mould for rivet-casting, the shafts of the rivets are attached to one side of

the plate, which is |-in. thick, and planed on both sides. The heads of the rivets are

on the opposite side of the plate. The guides on the upper and lower flask admit

990

A, sand. B B, flask. R R, rivet pattern. P, plate.

the plate to fit between them, and when the plate is withdrawn the upper and
lower fiasks close perfectly, and are in all respects like ordinary moulders' flasks.

The principle of moulding is very simple, and can be performed without skilled

laboiur ten times as fast as ordinary moulding, and with far greater accuracy.

The plate is inserted between the upper and lower flasks, and sand is filled in;

the plate is then withdrawn by simply lifting it ; the guides prevent any shaking
in this operation ; when the flasks are closed, the impression of the head of each
rivet is exactly perpendicular to its shaft. The first expense of patterns and
plates of this description is large, but the accuracy and rapidity of the process of
moulding is so advantageous as to cause us to look to the applications of plate-castings

becoming very extensive, since the requirements of the machine-maker demand every
year better castings at lower prices.

When both sides of a pattern are symmetrical one-half only need be attached to

the smooth plate, the other face of the plate being left blank. An impression of the
pattern must be taken off both in the upper and lower flask, and when these are united
the result will be the same as if both sides of the plate had been moulded from. For
unsymmetrical patterns both sides of the plate must be employed. The system of
using plates with apertures in them, through which patterns could be pushed and
withdrawn by means of a lever, was first employed in casting brass nails. A modifi-
cation of this system has been extensively employed at Woolwich for moulding shot
and shells, in the following manner:

—

Shell Casting.—A circular apertxire is made in a horizontal planed plate of iron>

two inches thick. Through this a sphere of iron, of the same diameter as the aper-
ture, is pushed until exactly a hemisphere appears above the plate. The lower flask

is put on to the plate, and sand filled in ; the lever being relieved, the sphere falls by
it» own weight ; the lower flasfe is removed, and the upper flask put on the plate ; the
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sphere is pushed through the plate as before, and sand filled in, with groat rapidity
and accuracy.

The sand cores for filling up that part of the shell which is to bo hollow are also
carefully and quickly made at Woolwich. TJie halves of the core-mould, open and
shut with a lever, so that the bad plan of striking the core-mould is avoided as com-
pletely as the bad plan of striking the pattern is in the process of moulding shot and
shell.

Theory of Casting.—Before leaving the subject of the use of sand-moulds, we may
remark that iron and brass castings with a perfect surface can only be produced when
the mould is well dried and heated, so as to drive out any moisture from the apertures
between the grains of sand. By this means channels are opened for the rapid escape
of the heated air and gas expelled by the entrance of the fluid metal into the mould,
and the surface of the met^il is not cooled by its contact with damp or cold sand.
It is also well to mix charcoal-dust, or coke-dust, with the sand ; and for fine castings
to cover the surface of the sand with a coating of charcoal-dust. The object of this

proceeding is to reduce the oxide which may be present in the metal. This operation
of reducing the oxide of a metal instantaneously is performed with the greatest cer-

tainty by this simple means, invented, probably, by the earliest metallurgists. By
incorporating a quantity of charcoal- or coke-dust with the sand, or facing the sand
with carbonaceous matter, any oxide of the metal which may be floating amongst
the pure metal is at once reduced. Sand (being a non-conductor) does not abstract
the lieat from tlie fluid metal rapidly, and, therefore, solidification of the metal takes
place comparatively regularly and equally throughout the mass ; when one part of the
casting solidifies before the adjoining part, flaws often occur, and to avoid these the
skill of the practical founder is necessary in arranging for the entrance of the metal
at the proper point, and for the exit of the air.

"We next proceed to the third class of improvements in moulding, that of the exten-

sion of the application of metallic moulds.
Metal Moulds.—The practice of casting bronze weapons in moulds made of bronze

(blackened over on their surface to prevent the fluid metal uniting with the mould)
appears to have been a very general one among the ancients.

Some moulds of this description have been discovered amongst the prehistoric

remains disinterred in different parts of Europe.
The facility for the escape of the heated air and gases from the sand-moulds into

which liquid metal is poured, is so much greater than that from moulds of metal, that
at the present time neither brass nor iron is poured into metallic moulds, except when
a particular purpose is to be attained, viz., that of chilling the surface of the iron and
making it as hard as steel. Iron cannot be chilled or hardened in a sand-mould.

Chilled Iron.—This process of casting in metal moulds was once supposed to be a
modern invention ; but it now appears, from the metal moulds discovered among the

remains of the Celtic race throughout Europe, that the bronze weapons of the people

who preceded the Romans were generally cast in metallic moulds, and not in sand.

Chilled castings have been brought to great perfection by Messrs. Ransome, of Ipswich.

Their chilled ploughshares and chilled railway chairs are cast in moulds of such a con-

struction that the melted iron comes in contact with iron in those parts of the moulds
where it is wanted to be chilled. A section of the casting shows the effect of chilling.

Zinc.—In casting zinc (a cheap and abundant metal), which fuses at a low tempera-

ture, metallic moulds may be most advantageously used. It is, however, necessai-y to

heat the iron or brass mould nearly to the temperature of melting zinc, in order that

the rapid abstraction of heat from the fluid metal may be prevented. The prepa-

ration of metal moulds, and the casting soft metal in them is now an extensive and
important industry on the Continent, for ornamental zinc castings have suddenly

come into extensive use in consequence of the discovery of the electrotyping process.

When covered with a thin coating of brass or copper by a galvanic battery, zinc may
be bronzed so as to present almost the exact external appearances of real bronze at a

tenth of the cost.

When metal moulds are used their first cost is very great, as they must be made in

numerous separate pieces so as to liberate the castings. The joints and ornaments

have to be chased and accurately fitted at a great expense. Their use, however, re-

quires no skill in the workman, and the rapidity with which the zinc is cast, the mould
taken to pieces, and the casting removed, renders the operation a very rapid and
economical one.

Such is a general view of the practice of founding. The details, however, which

are contained in the original article in the earlier editions of this Dictionary appear

so valuable that that article is retained in addition to the above.

The essential parts of a well-mounted iron foundry, are,

J. Magazines for pig irons of different qualities, which are to bo mixed in certaiij
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proportions, for producing castings of peculiar qualities ; as also for coal, coke, sands,

clay, powdered charcoal, and cow-hair for giving tenacity to the loam mouldings.

2. One or more coke ovens.

3. A workshop for preparing the patterns and materials of the moulds. It shoiild

contain small edge millstones for grinding and mixing the loam, and another mill

for grinding coal and charcoal.

4. A vast area, called properly the foundry, in which the moulds are made and filled

with the melted metal. These moulds are in general very heavy, consisting of two
parts at least, which must be separated, turned upside down several times, and replaced

very exactly upon one another. The casting is generally effected by means of largo

ladles or pots, in which the melted iron is transported from the cupola where it is

fused. Hence the foundry ought to be provided with cranes, having jibs moveable in

every directiou. •

6. A stove in which such moulds may be readily introduced, as require ta be
entirely deprived of humidity, and where a strong heat may be uniformly maintained.

6. Both blast and air furnaces, capable of melting speedily the quantity of cast-iron

to be employed each day.

7. A blowing machine to urge the fusion in the fiirnaces.

Fig. 991, represents the general plan of a well-mounted foundry.

a, is a cupola furnace ; it is capable of containing 5 tons of cast iron.

«', is a similar furnace, but of smaller dimensions, for bringing down If ton.

a", is a furnace like the first, in reserve for great castings.

h b b b, a vast foundry apartment, whose floor to a yard in depth, is formed of

sand and charcoal powder, which have abeady been used for castings, and are ready
for heaping up into a substratum, or to be scooped out when depth is wanted for the

moulds. There are besides several cylindrical pits, from 5 to 7 yards in depth,

placed near the furnaces. They are lined with brick-work, and are usually left full

of moulding sand. They are emptied in order to receive large moulds, care being
had that their top is always below the orifice from which the melted metal is tapped.

These moulds, and the ladles full of melted metal are lifted and transported by
the arms of one or more men, when their weight is moderate ; but if it be considerable,

they are moved about by cranes, whose vertical

shafts are placed at c, d, e, in correspondence, so

that they may upon occasion transfer the load

from one to another. Each crane is composed
principally of an upright shaft, embraced at top

by a collet, and turning below upon a pivot in a
step ; next of a horizontal beam, stretched out

from nearly the top of the former, with an
oblique stay running downwards, like that of a
gallows. The horizontal beam supports a move-
able carriage, to which the tackle is suspended
for raising the weights. This carriage is made
to glide backwards or forwards along the beam
by means of a simple rack-and-pinion mechanism,
whose long handle descends within reach of the
•workman's hand.
By these arrangements in the play of the

three cranes, masses weighing 5 tons may be transported and laid down with the
greatest precision upon any point whatever in the interior of the three circles traced
upon^. 991, with the points c, d, e, as centres.

c, d, e, are the steps, upon -which the upright shafts of the three cranes rest and
turn. Each shaft is 16 feet high.

//, is the drying stove, having its floor upon a level with that of the foundry.

ff,is a supplementary stove for small articles.

g g g", are the coking ovens.

k is the blowing machine or fan.

i, is the steam-engine, for driving the fan, the loam-edge stones,

Jc, and the charcoal mill.

i\ are the boiler and the furnace of the engine.

^, workshop for preparing the loam and other materials of moulding.
I, is the apartment for the patterns.

The pig-iron, coals, &c., are placed either under sheds or in the open air, round the
above buildings ; where are also a smith's forge, a carpenter's shop, and an apartment
mounted with vices for chipping and rough cleaning the castings by chisels and files.

Such a foundrymay be erected upon a square surface of about 80 yards on each side,

^nd will be capable, by casting in the afternoon and evening of each daj^, partlv iq
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large and oartly in Bmall pieces, of turning out from 700 to 800 tons per annum, "vnth

aa establisnmont of 100 operatives, including some moulding boys.

Of making the Moulds,— 1. Each mould ought to present the exact form of its

object.

2. It should have such solidity that the melted metal may be poured into it, and fill

it entirely without altering its shape in any point.

3. The air which occupies the vacant spaces in it, as well as the carburetted gases

generated by the heat, must have a ready vent ; for if they are but partially confined,

they expand by the heat, and may crack, even blow up the moulds, or at any rate

become dispersed through the metal, making it vesicular and unsound.
There are three distinct methods of making the moulds :

—

1. In green sand ; 2. In baked sand ; 3. In loam.

To enumerate the different means em|)loyed to make every sort of mould exceeds

the limits prescribed to this work. "We shall merely indicate for each species of
moulding, what is common to all the operations ; and then describe the fabrication

of a few such moulds as appear most proper to give general views of this peculiar art.

Moulding in green sand,—The name green is given to a mixture of the sand as it

comes from its native bed, with about one twelfth its bulk of coal reduced to powder,
and damped in such a manner as to form a porous compound, capable of preserving

the forms of the objects impressed upon it. This sand ought to be slightly argillaceous,

with particles not exceeding a pin's head in size. When this mixture has once served

for a mould, and been filled with metal, it cannot be employed again except for the

coarsest castings, and is generally used for filling up the bottoms of fresh moulds.
For moulding any piece in green sand, an exact pattern of the object must be pre-

pared in wood or metal ; the latter being preferable, as not liable to warping, swell-

ing, or shrinkage.

A couple of iron frames form a case or box, which serves as an envelope to the

mould. Such boxes constitute an essential and very expensive part of the furniture

of a foundry. It is a rectangular frame, without bottom or lid, whose two largest

sides are united by a series of cross bars, parallel to each other, and placed from 6 to

8 inches apart.

The two halves of the box carry ears corresponding exactly with one another ; of

which one set is pierced with holes, but the other has points which enter truly into

these holes, and may be made fast in them by cross pins or wedges, so that the pair

becomes one solid body. Within this frame there is abundance of room for containing

the pattern of the piece to be moulded with its encasing sand, which being rammed into

the frame, is retained by friction against the lateral faces and cross bars of the mould.

When a mould is to be formed, a box of suitable dimensions is taken asunder, and
each half, No. 1 and No. 2, is laid upon the floor of the foundry. Green sand is

thrown with a shovel into No. 1 so as to fill it ; when it is gently pressed in with a

rammer. The object of this operation is to form a plane surface upon which to lay in

the pattern with a slight degree of pressure, varying with its shape. No. 1 being

covered with sand, the frame No. 2 is laid upon it, so as to form the box. No. 2

being now filled carefully with the green sand, the box is inverted, so as to place

No. 1 uppermost, which is then detached and lifted off in a truly vertical position ;

carrying with it the body of sand formed at the commencement of the operation. Tlio

pattern remains imbedded in the sand of No. 2, which has been exactly moulded ui)on

a great portion of its surface. The moulder condenses the sand in the parts nearest

to the pattern, by sprinkling a little water upon it, and trimming the ill-shaped pirts

with small iron trowels of different kinds. He then dusts a little well-dried finely-

sifted sand over all the visible surface of the pattern, and of the sand surrounding it

;

this is done to prevent adhesion when he replaces the frame No. 1.

He next destroys the preparjitory smooth bed or area formed in this frame, covers

the pattern with green sand, replaces the frame 1 upon 2 to reproduce the box, and
proceeds to fill and ram No. 1, as he had previously done No. 2. The object of this

operation is to obtain very exactly a concavity in the frame No. 1, having the sliapo

of the part of the model impressed coarsely upon tlie surface formed at the beginning,

and which was meant merely to support the pattern and the sand sprinkled over it,

till it got imbedded in No. 2.

The two frames in their last position, along with their sand, may be compared to

a box of which No. 1 is the lid, and whose interior is adjusted exactly upon the en-

closed pattern.

If we open this box, and after taking out the pattern, close its two halves again,

then pour in melted metal till it fill every void spice, and become solid, wo shall

obviously attain the wished-for end, and produce a piece of cast iron similar to the

pattern. But many precautions must still be taken before wc can hit this point. We
muflt fir3t leftd tJirough tUo mass of sand in tlie frivmo J?p, 1, ope or more cbdanels foj



the introduction of the melted metal ; and though one may sufl&ce for this purpose,

another must be made for letting the air escape. The metal is run in by several

orifices at once, when the piece has considerable surface, but little thickness, so that

it may reach the remotest points sufficiently hot and liquid.

The parts of the mould near the pattern must likewise be pierced with small holes,

by means of wires traversing the whole body of the sand, in order to render the mould

more porous, and to facilitate the escape of the air and the gases. Then, before liftinp'

oflf the frame No. 1, we must tap the pattern slightly, otherwise the sand enclosing it

would stick to it in several points, and the operation would not succeed. These gentle

jolts are given by means of one or more pieces of iron wire which have been screwed

vertically into the pattern before finally ramming the sand into the frame No. 1, or

which enter merely into holes in the pattern. These pieces are sufficiently long to

pass out through the sand when the box is filled ; and it is upon their upper ends that

the horizontal blows of the hammer are given ; their force being regulated by the

weight and magnitude of the pattern. These rods are then removed by drawing them
straight out ; after which the frame No. 1 may be lifted off smoothly from the pattern.

The pattern itself is taken out, by lifting it in all its parts at once, by means of

screw pins adjusted at the moment. This manoeuvre is executed, for large pieces,

almost always by several men, who while they lift the pattern with one hand, strike

it with the other with small repeated blows to detach the sand entirely, in which it is

generally more engaged than it was in that of the frame No. 1. But in spite of all

these precautions, there are always some degradations in one or other of the two parts

of the mould : which are immediately repaired by the workman with damp sand,

which he applies and presses gently with his trowel, so as to restore the injured

forms.

Hitherto it has been supposed that all the sand rammed into the box is of one

kind, but from economy, the green sand is used only to form the portion of the mould
next the pattern, in a stratum of about an inch thick ; the rest of the surrounding

ipace is filled with the sand of the floor which has been used in former castings. The
interior layer round the pattern is called in this case, new sand.

It may happen that the pattern is too complex to be taken out without damaging
the mould, by two frames alone ; then three or more are mutually adjusted to form the

box.

When the mould, taken asunder into two or more parts, has been properly repaired,

its interior surface must be dusted over with wood charcoal reduced to a very fine

powder, and tied up in a small linen bag, which is shaken by hand. The charcoal is

thus sifted at the moment of application, and sticks to the whole surface which has
been previously damped a little. It is afterwards polished with a fine trowel. Some-
times, in order to avoid using too much charcoal, the surfaces are finally dusted over
with sand, very finely pulverised, from a bag like the charcoal. The two frames are

now replaced with great exactness, made fast together by the ears, with wedged bolts

laid truly level, or at the requisite slope, and loaded with considerable weights. When
the casting is large, the charcoal dusting, as well as that of fine sand, is suppressed.

Everything is now ready for the introduction of the fused metal.

MovMing in baked or tisedsand.—The mechanical part of this process is the same as

that of the preceding. But when the castings are large, and especially if they are tall,

hydrostatic pressure of the melted metal upon the sides of the mould cannot be counter-

acted by the force of cohesion which the sand acquires by ramming. We must in

that case adapt to each of these frames a solid side, pierced with numerous small holes

to give issue to the gases. This does not form one body with the rest of the frame,
but is attached extemporaneously to it by bars and wedged bolts. In general no
ground coal is mixed with this sand. Whenever the mould is finished, it is trans-

ferred to the drying stove, where it may remain from twelve to twenty-four hours, at

most, till it be deprived of all its humidity. The sand is then said to be baked, or
annealed. The experienced moulder knows how to mix the different sands placed at
his disposal, so that the mass of the mould as it comes out of the stove, may presen-e
its form, and be sufficiently porous. Such moulds allow the gases to pass through
them much more readily than those made of green sand ; and in general the cattings

they turn out are less vesicular, and smoother upon the surface. &>metimes in a large
piece, the three kinds of moulding, that in green sand, in baked sand, and in loam,
are combined to produce the best result.

Moulding in loam.—This kind of work is executed from drawings of the pieces to
be moulded, without being at the expense of making patterns. The mould is formed
of a pasty mixture of clay, water, sand, and cows'-hair, or other cheap filamentous
matter, kneaded together in what is called the loam mill. The proportions of the
ingredients are varied to suit the nature of the casting. When the paste requires to
be made very light, horse-dung or chopped straw is added to it.
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We shall illustrate the mode of fabricating loam moulds, by a simplo case, such a^

that of a sugar-pan. My. 992 is the pan. There is laid upon the floor of the foundry
an annular platform of cast iron, a, b, fig. 993 ; and upon its centre c, rests the lower

992 998 994

extremity of a vertical shaft, adjusted so as to turn freely upon itself, -vrhile it makes
a wooden pattern ef, fig. 994, describe a surface of revolution identical with the inter-

nal surface reversed of the boiler intended to be made. The outline e g, of the pattern

is fashioned so as to describe the surface of the edge of the vessel. Upon the part

a, d, b, d,fig. 993, of the flat cast-iron ring, there must next be constructed, with bricks

laid either flat or on their edge, and clay, a kind of dome, h i k, fig. 994, from two to

four inches thick, according to the size and weight of the piece to be moulded. The
external surface of the brick dome ought to be everywhere two inches distant at least,

from the surface described by the arc ef. Before building up the dome to the point

i, coals are to be placed in its inside upon the floor, which may be afterwards kindled

for drying the mould. The top is then formed, leaving at i, round the upright shaft

of revolution, only a very small outlet. This aperture, as also some others left under
the edges of the iron ring, enable the moulder to light the fire M'hen it becomes neces-

sary, and to graduate it so as to make it last long enough without needing more fuel,

till the mould be quite finished and dry. The combustion should be always extremely

slow.

Over the brick dome a pasty layer of loam is applied, and rounded with the mould

g, e,f; this surface is then coated with a much smoother loam, by means of the con-

cave edge of the same mould. Upon the latter surface, the inside of the sugar-pan is

cast ; the line e g having traced, in its revolution, a ledge, m. The fire is now kindled,

and as the surface of the mould becomes dry, it is painted over by a brush with a mix-
ture ofwater, charcoal -powder, and a little clay in order to prevent adhesion between the

surface already dried and the coats of clay about to be applied to it. The board g ef
is now removed, and replaced by another, g' e" f',fig. 995, whose edge e'f describes

the outer surface of the pan. Over the surface ef, a layer of loam is applied, which
is turned and polished so as to produce the surface of revolution e'f, as was done for

the surface ef; only in the latter case, the line e' g' of the board does not form a new
shoulder, but rubs lightly against m.
The layer of loam included between the two surfaces ef, df is an exact represen-

tation of the sugar-pan. When this layer is well dried by the heat of the interior fire,

995 996

it must be painted like the former. The upright shaft is now removed, leaving the

small vent-hole through which it passed to promote the complete combustion of the

coal. There must be now laid horizontally upon the ears of the platform d d, fig. 993,
another annular platform p q, like the former, Imt a little larger, and without any
cross-bar. The relative position of those two platforms is shown in %. 997. Upon
the surface e'f fig. 996, a new layer of loam is laid, two inches thick, of which the

surface is smoothed by hand. Then upon the platform p q,fig. 997, a brick vault is

constructed, whose inner surface is applied to the layer of loam. This contracts a
strong adherence with the bricks which absorb a part of its moisture, while the coat of

paint spread over the surface c' f, prevents it from sticking to the preceding layers of

loam. The brick dome ought to bo built solidly.
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The whole mass is now to be thoroughly dried by the continuance of the fire, the

draught of which is supported by a small vent left in the upper part of the new dome
;

and when all is properly dry, the two iron platforms are adjusted to each other by pin

points, andp q is lifted oif, taking care to keep it in a horizontal position. Upon this

platform are removed the last brick dome, and the layer of loam which had been

applied next to it; the latter of which represents exactly by its inside the mould of

the surface e' f, that is, of the outside of the pan. The crust contained between ef
and e!f \s broken away, an operation easily done without injury to the surface e f,

which represents exactly the inner surface of the pan ; or only to the shoulder m,

corresponding to the edge of the vessel. The top aperture through which the upright

shaft passed must be now closed ; only the one is kept open in the portion of the

mould lifted off upon p q ; because through this opening the melted metal is to bo

poured in the process of casting. The two platforms being replaced above each other

exactly, by means of the adjusting pin-points, the mould is completely formed, and

ready for the reception of the metal.

When the object to be moulded presents more complicated forms than the one now
chosen for the sake of illustration, it is always by analogous processes that the work-

man constructs his loam moulds, but his sagacity must hit upon modes of executing

many things which at first sight appear to be scarcely possible. Thus, when the

forms of the interior and exterior do not permit the mould to be separated in two
pieces, it is divided into several, which are nicely fitted with adjusting pins. More
than two cast-iron rings or platforms are sometimes necessary. When ovals or

angular surfaces must be traced instead of those of revolution, no upright shaft is used,

but wooden or cast-iron guides made on purpose, along which the pattern cut-out

999

board is slid according to the drawing of the piece. Iron wires and claws are often

interspersed through the brick-work to give it cohesion. The core, kernel, or inner

mould of a hollow casting is frequently fitted in when the outer shell is moulded.

The case of a gas-light retort, fig. 998, will illustrate this matter. The core of the

retort ought to have the form e e e e, and be very solid, since it cannot be fixed in the

outer mould for the casting, except in the part standing out of the retort towards on m.
It must be modelled in loam, upon a piece of cast iron called a lantern, made expressly

for this purpose. The lantern is a cylinder or a truncated hollow cone of cast iron,

about half an inch thick; and differently shaped for every different core. The
surface is perforated with holes of about half an inch in diameter. It is mounted by
means of iron cross-bars, upon an iron axis, which traverses it in the direction of its

length. Fig. 999, represents a horizontal section through the axis of the core ', g h\s
the axis of the lantern, figured itself at iJcki) o ii o\bq. kind of disc or dish, per-

pendicular to the axis, open at i i, forming one piece %vith the lantern, whose circum-

ference o o presents a curve similar to the section of the core, made at right angles to

its axis. We shall see presently the two uses for which this dish is intended. The
axis g h\s laid upon two gudgeons, and handles are placed at each of its extremities,

to facilitate the operation in making the core. Upon the whole surface of the lantern,

from the point h to the collet formed by the dish, a hay cord as thick as the finger is

wound. Even two or more coils may be applied, as occasion requires, over which
loam is spread to the exact form of the core, by applying with a hand a board, against

the dish o o, with its edge cut out to the desired shape ; as also against another dish,

adjusted at the time towards h ; while by means of the handles a rotatory movement
is given to the whole apparatus.

The hay interposed between the lantern and the loam, which represents the crust of

the core, aids the adhesion of the clay with the cast iron of the lantern, and gives passage
to the holes in its surface, for the air to escape through in the casting.

When the core is finished, and has been put into the drying stove, the axis g h is

taken out, then the small opening wiiich it leaves at the point A, is plugged witli clay.

This is done by supporting the core by the edges of the dish, in a vertical position. It

is now ready to be introduced into the hoUow mould of the piece.
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1000 1001

This mould, executed in baked sand, consists of three pieces; twoof -which, absolutely
similar, are represented, jig. 1000, atp q, the third is shown at r s. The two similar
parts p q, present each the longitudinal half of the nearly cylindrical portion of the

outer surface of the gas retort ; so that when they are

brought together, the cylinder is formed ; r s contains

,
in its cavity the kind of hemisphere which forms the

bottom of the retort. Hence, by adding this part of

the mould to the end of the two others, the resulting

apparatus presents, in its interior, the exact mould of

the outside of the retort ; an empty cylindrical portion

t t, whose axis is the same as that of the cylinder u w,

and whose surface, if prolonged, woidd be everywhere

distant from the sxirface w w, by a qxiantity equal to

the desired thickness of the retort. The diameter of

the cylinder t t\s precisely equal to that of the core,

which is slightly conical, in order that it may enter

easily into this aperture t t, and close it very exactly

when it is introduced to the collet or nock.

The three parts of the mould and the core being

prepared, the two pieces p q, must first be united, and supported in an upright position,

then the core must be let down into the opening < t, fig. 1001. When the plate or disc

o o of the core is supported upon the mould, we must see that the end of the core is

everywhere equally distant from the edge of the external surface tt, u, and that it does

not go too far beyond the line q q. Should there be an inaccuracy, we must correct it

by slender iron slips placed under the edge of the disc o o ; then by means of a cast-

iron cross, and screw bolts v v, we fix the core immovably. The whole apparatus is

now set down upon r s, and we fix with screw bolts the plane surface q q upon r r
;

then introduce the melted metal by an aperture c, which has been left at the upper
part of the mould.
When, instead af the example now selected, the core of the piece to be cast must go

beyond the mould of the external surface, as is the case with a pipe open at each end,

the thing is more simple, because we may easily adjust and fix the core by its two ends.

In casting a retort, the metal is poured into the mould set upright. It is important

to maintain this position in the last two examples of casting ; for all the foreign

matters which may soil the metal during its flow, as the sand, the charcoal, gases,

Bcorige, being less dense than it, rise constantly to the surface. The hydrostatic

pressure produced by a high gate, or fi 11 Ing-in aperture, contributes much to secure

the soundness and solidity of the easting. This gate piece being superfluous, is

knocked off almost immediately after, or even before the casting cools. Very long, and
somewhat slender pieces, are usually cast in moulds set up obliquely to the horizon.

As the metal shrinks in cooling, the mould should always be somewhat larger than the

object intended to be cast. The iron founder reckons in general upon a linear shrink-

age of a ninety-sixth part ; that is one-eighth of an inch per foot.

Melting of the cast iron.—The metal is usually melted in a cupola furnace, of which
the dimensions are very various. Fig. 1002 represents in plan, section, and elevation,

one of these furnaces of the largest size ; being capable of founding 5 tons of cast iron

at a time. It is kindled by laying a few chips of wood upon its bottom, leaving the

orifice c open, and it is then filled up to the throat with coke. The fire is lit at c, and
in a quarter or half an hour, when the body of fuel is sufficiently kindled, the tuyere

blast is set in action. The flame issues then by the mouth as well as the orifice c,

which has been left open on purpose to consolidate it by the heat. Without this pre-

caution the sides, which are made up in argillaceous sand after each day's work, would
not present the necessary resistance. A quarter of an hour afterwards, the orifice c is

closed with a lump of moist clay, and sometimes, when the surface is to contain a
great body of melted metal, the clay is supported by means of a small plase of cast

iron fixed against the furnace. Before the blowing-machine is set a-going, the open-

ings, g g g had been kept shut. Those of them wanted for the tuyferes are opened in

succession, beginning at the lowest, the tuyferes being raised according as the level of

the fused iron stands higher in the fiurnace. The same cupola may receive at a time

from one to six tuyeres, through which the wind is propelled by the centrifugal action

of an excentric fan or ventilator. It does not appear to be ascertained whether there

be any advantage in placing more than two tuyeres facing each other upon opposite

sides of the furnace. Their diameter at the nozzle varies from 3 to 6 inches. They
are either cylindrical or slightly conical. A few minutes after the tuyeres have begun
to blow, when the coke sinks in the furnace, alternate charges of coke and pi^-iron

must be thrown in. The metal begins to melt in about 20 minutes after its intro-

duction ; and successive charges are then made every 10 minutes nearly ; each charge
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containing from 3 cwts. to 5 cwts. of iron, and a quantity proportional to the estimate

given below. The amount of the charges varies of course with the size of the furnace,

and the speed required for the operation. The pigs must bo previously broken into

pieces weighing at most 14 or 16 lbs. The vanes of the blowing fan make from

625 to 650 turns per minute. The two cupolas represented in fig. 1003, and another

alongside in the plan, may easily melt 6^ tons of metal in 2% hours ; that is 2^ tons

per hour. This result is three or four times greater than what was formerly obtained

1002

k

in similar cupolas, when the blast was thrown in from small nozzles with cylinder

bellows, moved by a steam-engine of 10 horse-power.

In the course of a year, a considerable foundry like that represented in the plan,

fig. 991, will consume about 300 tons of coke in melting 1,240 tons of cast iron; con-

sisting of 940 tons of pigs, of different qualities, and 300 tons of broken castings, gate-

pieces, &c. Thus it appears that 48 lbs. of coke are consumed for melting every

2 cwts. of metal.

Somewhat less coke is consumed when the fusion is pushed more rapidly, to collect

a great body of melted metal for casting heavy articles ; and more is consumed when,
as in making many small castings, the progress of the founding has to be slackened

from time to time ; otherwise, the metal would remain too long in a state of fusion,

and probably become too cold to afford sharp impressions of the moulds.
It sometimes happens that in the same day, with the same fiirnace, pieces are to be

cast containing several proportions of different kinds of iron ; in which case, to prevent

an intermixture with the preceding or following charges, a considerable bed of coke

is interposed. Though there be thus a little waste of fuel, it is compensated by the

improved adaptation of tho' castings to their specific objects. The founding generally

begins at about 3 o'clock p.m., and goes on till 6 or 8 o'clock. One founder aided by
four labourers for charging, &c., can manage two furnaces.

The following is the work of a well-managed foundry in Derby.
200 lbs. of coke are requisite to melt, or bring down (in the language of the founder),

1 ton of cast iron, after the cupola has been brought to its proper heat, by the com-
bustion in it of 9 baskets of coke, weighing, by my trials, 40 lbs. each = 360 lbs.

The chief talent of the founder consists in discovering the most economical mix-
tures and so compounding them as to produce the desired properties in the castings.

One piece, for example, may be required to have great strength and tenacity to bear
heavy weights or strains : another must yield readily to the chisel or the file : a
voL.n. n
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third must resist sudden alternations of temperature ; and a fourth must bo pretty

hard.

The filling-in of the melted metal is managed in two ways. For strong pieces, whose
moulds can be buried in the ground at 7 or 8 yards' distance from the furnace, the

metal may be run in gutters, formed in the sand of the floor, eust^iined by plates or
stones. TIio clay plug is pierced with an iron rod, when all is ready.

When from the smaller size, or greater distance of tlio moulds, the melted metal
cannot be run along the floor from the furnace, it is received in cast-iron pots or ladles,

lined with a coat of loam. These are either carried by the hands of two or more men,
or transported by the crane. Between the successive castings, the discharge hole of

the furnace is closed with a lump of clay, applied by means of a stick, having a small

disc of iron fixed at its end.
1003 ^ After the metal is some-

what cooled, the moulds aro

taken asunder, and the ex-

crescences upon the edges of

the castings are broken off

with a hammer. They are

afterwards more carefully

trimmed or chipped by a

chisel when quite cold. The
loss of weight in founding is

about 6^ per cent, upon the

pig iron employed. Each
casting always requires the

melting of considerably more
tlian its own weight of iron.

This excess forms the gates,

false seams, &c. ; the whole

of which being deducted,

shows that 1 cwt. of coke is

consumed for every 3 cwts.

of iron put into the furnace

;

for every 138 cwts. of crude

metal, there will be 100 cwts.

of castings, 32 of refuse

pieces, and G of waste.

Fiff. 1002, Cupola furnace,

requires a little further de-

scription. It is 3 feet wide

within, and 13^ feet high.

m m, solid body of masonry,

as a basis to the furnace.

b b, octagonal platform of

cast iron, with a Icdgo in

which the plates a a a a aro

engaged.

a a, eight plates of cast

iron, 1 inch thick, absolutely

similar ; only one of them is

notched at its lower part in

c, to allow the melted metal

to run out, and two of the

others have six apertures,

ff g g, &c. to admit the tu-

yeres.

c, orifice for letting the

metal flow out. A kind of

cast-iron gutter, e, lined with

loam, is fitted to the orifice.

d, hoops of hammered iron,

4J inches broad ; h inch thick for the bottom ones ; and \ inch for the upper ones.

The intcnuediate hoops decrease in tliickness from below upwards between theso

limits.

c, cast-iron gutter or spout, lined with loam, for running off the mctai.

/ /, cylindrical piece of cast iron, for increasing the height and draught of the

^nace.
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g, side openings for receiving the tuyeres, of which there are six upon each side of

the furnace. Each of them may be shut at pleasure, by means of a small cast-iron

plate, h, made to slide horizontally in grooves sunk in the main plate, pierced with

the holes g g.

k k, interior lining of the surface, made of sand, somewhat argillaceous, in the fol-

lowing way :—After having laid at the bottom of the furnace a bed of sand a few inches

thick, slightly sloped towards the orifice of discharge, there is set upright, in the axis

of the cupola, a wooden cylinder of its whole height, and of a diameter a little less

than that of the vacant space belonging to the top of the furnace. Sand is to be then

rammed in so as to fill the whole of the furnace ; after which the wooden cylinder is

withdrawn, and the lining of the sand is cut or shaved away, till it has received the

proper form.

This lining lasts generally five or six weeks, when there are six meltings weekly.

t i, cast-iron circular plate, through which the mouth of the furnace passes for

protecting the lining in k during the introduction of the charges.

N N, level of the floor of the foundry. The portion of it below the running-out

orifice consists of sand, so that it may be readily sunk when it is wished to receive the

melted metal in ladles or pots of large dimensions.

The fan distributes the blast from the main pipe to three principal points, by three

branch tubes of distribution. A register, consisting of a cast-iron plate sliding with

friction in a frame, serves to intercept the blast at any moment, when it is not desirablo

to stop the moving power. A large main pipe of zinc or sheet iron is fitted to tho

orifice of the slide valve. It is square at the beginning, or only rounded at the

angles ; but at a little distance it becomes cylindrical, and conducts the blast to the

divaricating points. There, each of the branches turns up vertically, and terminates

at h b, fig. 1003, where it presents a circular orifice of 7h inches. Upon each of the

upright pipes /), the one end of an elbow-tube of zinc c c c, fig. 1003, is adjusted

rather loosely, and the other end receives a tuyere of wrought iron d d, through the

intervention of a shifting hose or collar of leather c c d, hooped with iron wire to

both the tube and the tuyere. The portion c c c may be raised or lowered, by sliding

upon the pipe b, in order to bring the nozzle of the tuyfere d d, to the requisite

point of the furnace. The portion c c c may be made also of wrought iron. A
power of 4 horses is adequate to drive this fan, for suppljdng blast to 3 fiirhaces.

The founders have observed that the efflux of air was not the same when blown into

the atmosphere as it was when blown into the furnaces ; the velocity of the fan,

with the same impulsive power, being considerably increased in the latter case.

They imagine that this circumstance arises from the blast being sucked in, so to

speak, by the draught of the furnace, and that the fan then supplied a greater quantity

of air.

The following experimental researches show the fallacy of this opinion. Two water
siphons, e e e,fff, made of glass tubes, one-fifth of an inch in the bore, were in-

serted into the tuyere, containing water in the portions g, h. The one of these

manometers for measuring the pressure of the air was inserted at k, the other in the

centre of the nozzle. The size of this glass tube was too small to obstruct in any
sensible degree the outlet of the air. It was found that when the tuy6res of the fan

discharged into the open air, the expenditure by a nozzle of a constant diameter was
proportional to the number of the revolutions of the vanes. It was further found,

that when the speed of the vanes was constant, the expenditure by one or two nozzles

was proportional to the total area of these nozzles. The following formulae give the

volume of air furnished by the fan, when the number of turns and the area of the

nozzles are known :

—

Volume= 2£:^2^ (1)
1-000,000 ^

^

Volume = ^:^6;^ll5 (2)
1,000,000 ^

^

The volume Is measured at 32° Fahr., under a pressure of 29*6 inches barom.
<S=the total area of the orifices of the tuyeres m square inches.
« = the number of turns of the vanes in a minute.
After measuring the speed of the vanes blowing into the atmosphere, if we intro-

duce the nozzle of discharge into the orifice of the furnace, we shall find that their
speed immediately augments in a notable degree. We might, therefore, naturally
suppose that the fan furnishes more air in the second case than in the first; but a
little reflection will show that it is not so. In fact, the air which issues in a cold
state from the tuyere encounters instantly in the furnace a very high temperature,
which expands it, and contributes, along with the solid matters with which the

ii2
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furnace is filled, to diminish the facility of the discharge, and consequently to

retard the efflux by the nozzles. The oxygen gas consumed is replaced by a like

volume of carbonic acid gas, equally expansible by heat. Reason leads us to conclude
that less air flows from the nozzles into the furnace than into the open atmosphere.
The increase in the velocity of the vanes takes place precisely in the same manner,

when after having made the nozzles blow into the atmosphere, we substitute for these

nozzles others of a smaller diameter, instead of directing the larger ones into the fur-

nace. Hence we may conceive that the proximity of the charged furnace acta upon
the blast like the contraction of the nozzles. When the monng power is uniform,
and the velocity of the vanes remains the same, the quantity of air discharged must
also be the same in the two cases.

Two tuyeres, one 5 inches in diameter, the other 4.J, and which, consequently, pre-

sented a total area of 353 square inches, discharged air into one of the furnaces, from a
fan whose vanes performed 654 turns in the minute. These two nozzles being briskly

withdrawn from the furnace, and turned round to the free air, while a truncated paste-

board cone of 3^ inches diameter was substituted for the nozzle of A^ inches, wherein
the area of efflux was reduced to 29*3 square inches, the velocity of the vanes continued

exactly the same. The inverse operation having been performed, that is to say, the

two original nozzles having been smartly replaced in the furnace, to discover whether
or not the moving power had changed in the interval of the experiment, they betrayed

no perceptible alteration of speed. From the measures taken to count the speed, the

error could not exceed three revolutions per minute, which is altogether unimportant
upon the number 654.

It follows, therefore, that when the vanes of the fan have the velocity of 654 turns

per minute, the expenditure by two nozzles, whose joint area is 35^ square inches,

both blowing into a furnace, is to the expenditure which takes place, when the same
nozzles blow into the air, as 35'5 is to 29"3

; that is, a little more than ^ths.

If this be, as is probable, a general rule for areas and speeds considerably different

from the above, to find the quantity of air blown into one or more furnaces by the fan,

we should calculate the volume by one of the above formulae (1) or (2), and take

^ths of the result as the true quantity.

The fan a c, represented (Jiff. 1003), is of the best excentric form, as constructed by
Messrs. Braithwaito and Ericsson, d is the circular orifice round the axis by which
the air is admitted ; and c c b is the excentric channel through which the air is

wafted towards the main discharge pipe e. See Vkntilation.
FOTTXTTAZXr. A stream of water rising through the superficial strata.

FCWIiER'S SOIilTTZOir. A solution of arsenite of potash used in pharmacy.
FOXGXiOVE. The Digitalis purpurea, a common British plant, belonging to the

natural order Scrophulariaccce. The leaves and other parts contain a poisonous prin-

ciple called digitaline. In small doses foxglove is used as a diuretic and for lessening

the action of the heart, but in larger doses it altogether stops the circulation.

The vulgar name foxglove is said to be a corruption of foWs-glove (fairy's glove), in

allusion to the shape of the flower,

FOXZITG, is a term employed by brewers to characterise the souring of beer, in

the process of its fermentation or ripening,

FRACTZOXTAIL BZSTZlbZiATZOir. A process of distillation, in which, by
regulating the heat, fluids possessing different degrees of volatility are separated from
each otlier. Sec Naphtha, Boghead.
FRACTURE OF MZIVZIRAILS. The fracture of minerals has been grouped

under the following heads, there being very few variations from them :

—

1. Conchoidal; from concha, like a shell, when a mineral breaks with curved con-

cavities ; example, flint.

2. Even ; when the surface of fracture is not rough, and has no small elevations

and depressions.

3. Splintery ; when the broken surface oxhibits protruding points.

4. HacUy ; when the elevations are sharp or jagged, as iron.

FRAME, a mining term. See Dressing of Ores.
FRAXrcoZiZTE. A variety of apatite. See Apatite.
FRASTGUZiZir. A yellow crystalline substance obtained, from the bark of the

Hham n us frangida.

FRAZrXFORT BZiACK is a black used in copper-plate printing. It is said

to be a charcoal obtained from grape and vine lees, peach kernels, and bone shavings.
It is doubtful whether the finest black is not a soot produced from the combustion of

some of these bodies. The preparation is, however, made much of a mystery.

FRASrSZHrCESrSE. The spontaneous exudations of the Abies cxcelsa, the Norway
spruce fir. East Indian frankincense is said to be derived from certain species of

Boswellia,
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FRAXrSXiZXrZTE. A mineral related to magnetic iron-ore, crystallising in

regular octahodra of an iron-black colour and metallic lustre. When scratched, it

affords a dark reddish-brown streak. Its spec. gray, is 5*05 to 5' 16. Franklinite is

a combination of the sesquioxides of iron and manganese, with protoxide of zinc. The
following figures give the mean of several recent analyses by Mr. F. C. Van Dyck
(' Geology of New Jersey, 1868 ') ; the excess in these analyses is probably due to the

oxidation of the iron, which appears to exist partly in the state of protoxide ; the
magnetic properties of this species have also been attributed to the presence of pro-
toxide of iron :

—

I n
Sesquioxide of iron 68'3 74*8

Oxide of zinc 24-8 217
Red oxide of manganese , . , . .10-5 7"8

»

103-6 104-3

I. Prom Stirling HiU Mine, N. J. II. From Mine HiU, N. J.

These are the two principal localities of franklinite. It occurs associated with red

oxide of zinc (spartalite) and silicate of zinc (willemite) in metamorphic limestones of

Silurian age. At Stirling Hill it forms the main constituent of the irregular deposit

known as the ' Franklinite Vein.'

Franklinite was at first employed for the production of zinc ; but for that purpose

it did not answer commercially. It was then employed in combination with iron, and
Major Farrington of New Jersey thus speaks of it:—'Many experiments have been
made under my superintendence upon the ores of franklinite, and I have also wit-

nessed several others of an interesting character made by other parties in mixing
franklinite with pig iron in the puddling furnace, and also a mixture of franklinite-

pig with other irons in tlieir conversion to wrought iron. The result in all cases has

been a great improvement in the quality of iron as manufactured. The most marked
and, as I consider, the most valuable result is obtained by using from 10 to 15 per

cent, of the weight of pig iron to be puddled with pulverised franklinite ore in the

furnace at each heat. Iron of the most inferior quality when thus treated is converted

into an article of No. 1 grade. The volatile nature of zinc at a liigh temperature,

combining with the sulphur, phosphorus, and other volatile constituents of the coal,

or that may be in the iron, being carried off mechanically, I consider is one of the

causes of the improvement ; the manganese also of the ore combines with silica at a

high temperature, and pig iron that contains silica is thus freed from it. The great

advantage to be obtained by using the pulverised ore in the puddling furnace is, that

a high grade of iron may be made ; and where re-heating has been hitherto deemed
indispensable, one heating is found sufficient for such uses as wire billets, nuts, bolts,

horseshoe iron, and nails, A particular selection of fuel is not required, coke and
charcoal can be dispensed with, and bituminous or anthracite coal used.'

Franklinite is now employed by the New Jersey Zinc Company for the production

of zinc, which is converted into oxide, whilst the cindery residues are smelted for

Spiegeleisen. See Iron.

FREXiSTOIfZi. A term used to denote any stone which is capable of being worked
freely in every direction, and, which has no tendency to break in one direction more
than another. In the counties of Wicklow and Dublin, and also in Cornwall, the

terra is applied to granite which works freely.—H.W.B.
FREEZZITG. {Congelation, Fr. ; Gefrierung, Ger.) The three general forms,

solid, liquid, and gaseous, under one or other of which all kinds of matter exist, are

referrible to the influence of heat, modifying, balancing, or subduing the attraction of

cohesion. Nearly every solid may be liquefied, and every liquid may be vaporised,

by a certain infusion of heat, whether this be regarded as a moving power, or an
elastic essence. The converse of this proposition is equally true ; for many gases, till

lately styled permanent, may be liquefied, nay, even solidified, by diminution of their

temperature, either alone, or aided by a sufficient mechanical condensation, to bring

their particles witliin the sphere of aggregative attraction. When a solid is trans-

formed into a liquid, and a liquid into a gas or vapour, a quantity more or less con-

siderable of heat is absorbed, or becomes latent, to use the term of Dr. Black. When
the opposite transformation takes place, the heat absorbed is again emitted, or what
was latent becomes sensible. See Heat for the more recent hypotheses.

The production of cold is a curious and interesting branch of physical inquiry. A
few general laws may be distinctly named.

If a solid body suddenly liquefies, without the application of external heat, it ab-

stracts from the surrounding bodies the heat necessary for its liquefaction.
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When a salt is di'ssolrod in orator cold is produced.

If a liquid viiporises, tho vapour is produced at tlio expense of the heat of some
neicrhbouring body.

When spirits of wine, or ether, is thrown on the body, a sensation of coldness is

produced from tho vaporising liquids robbing tho body of heat.

By placing water in a porous vessel, and exposing it to the sun, it becomes very
cold. Tho solar heat-rays occasion a rapid evaporation of tho water which has filtered

through tho pores of the vessel, and some heat is taken by tho process from the fluid

in tho interior.

If air is allowed suddenly to expand, it takes heat from tho surrounding bodies, or

produces cold.

Sir John Herschel some years since recommended the following method for obtain-

ing at moderate cost largo quantities of ice :

—

A steam-engine boiler was to bo sunk into tho earth and tho quantity of water
which it was desired to freeze placed in it. By means of a oondensiug pump, several

atmospheres of air were forced into the boiler, and then everything was allowed to

remain for a night, or until the whole had acquired tho temperature of the surround-

ing earth. Then, by opening a stop-cock, the air expanding escaped with much violence,

and tho water being robbed of its heat to supply tho expanding air, the temperature

of the whole was so reduced, that a mass of ice was the result.

The most familiar method of producing intense cold is by means of freezing mixtures.

A great number of those were invented by Mr. Walker ; tho principal results are con-

tained in the following tables :

—

I.—Table, consisting of Frigorific Mixtures, having tho power of generating or

creating cold without the aid of ico sufficient for all useful and philosophical purposes,

in any part of the world at any season.

Frigorific Mixtures without Ice.

MIXTUEES j Thermometer sinks
Deg. of cold

I)roduced

Nitrate of ammonia
Water .

1 part

1
From + 60° to + 4° 46°

Chloride of ammonium
Nitrate of potash

.

Water .

5 parts

5

16
From + 50°to+10° 40

Chloride of ammonium
Nitrate of potash .

Sulphate of soda .

Water .

5 parts

5
. 8

16

From + 50° to + 4° 46

Sulphate of soda .

Diluted nitric acid

3 parts

2
From + 60° to -S** 63

Nitrate of ammonia
Carbonate of soda

Water .

1 part

1

From + 60° to-7° 67

Phosphate of soda

Dilute nitric acid

.

9 parts

4
From + 60° to- 12° 62

Sulphate of soda .

Hydrochloric acid

8 parts

6
From + 60Oto-0° 60

Sulphate of soda .

Dilute sulphuric acid

6 parts

4
From + 60° to +3° 47

Sulphate of soda .

Chloride of ammonium
Nitrate of potash

.

Dilute nitric acid

.

6 parts

4

2

4

From + 60° to-10° 60

Sulphate of soda .

Nitrate of ammonia
Dilute nitric acid

6 parts

6

4
From + 60° to -40° 64
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n.—Table consisting of Frigoriflo Mixtures, composed of ice, \ntli chemical salts

and acids.

Frigorific Mixtures with Ice.

MIXTURES

Snow, or pounded ico

Chloride of sodium

Snow, or pounded ice

Chloride of sodiiim

Chloride of ammonium

Snow, or pounded ice

Chloride of sodium

Chloride of ammonium
Nitrate of potash

.

Snow, or pounded ice

Chloride of sodium

Nitrate of ammonium

Snow .

Dilute sulphuric acid

Snow ,

Hydrochloric acid

2 parts

1

5 parts

2
1

24 parts

10

5

6

12 parts

5

5

3 parts

2

8 parts

6

Thermometer sinks

I
a
2^

to-6°

to-12o

to-18*'

to -25°

From + 32°to-23°

From+32°to-27°

\)j<^.i. of cold
produced

55

59

Snow ,

Dilute nitric acid

,

7 parts

4
From+32°to-30° 62

Snow .

Chloride of calcium
4 parts

5
From+32°to-40° 72

Snow .

Cryst. chloride of calcium

2 parts

3
From +32° to-50° 82

Snow .

Potash
3 parts

4
From + 32° to-Sr 83

N. B.—The reason for

the thermometer sinking

column, and never lower.

To produce these results

the omissions in the last column of the preceding table is,

n these mixtures to the degree mentioned in the preceding
whatever may be the temperature of the materials at mixing.
'n a satisfactory manner, it is necessary to cool, previous^ to

the experiments, the vessels in which the mixtures are made.
A very intense cold may be obtained from the evaporation of a mixture of solid

carbonic acid and sulphuric ether, by which a temperature of 166° Fahr. below
the freezing point of water is produced. By means of this intense cold, assisted by
mechanical pressure several of the gaseous bodies have been condensed into liqmds,

and in some instances solidified.

Natterer has obtained a temperatxire as low as — 220° Fahr. by evaporation in vacuo
of a mixture of liquid nitrous oxide and bisulphide of carbon.

The following process for producing cold has been patented in this country '.-^

In a reservoir, or what may witli, propriety be called a boiler, was placed a quantity
of sulphuric ether. This reservoir was placed in a long vessel of saline water, this

fluid by the arrangement being made to flow from one end of the trough to the other,

that is to and from the reservoir. In this water was placed a number of vessels, the
depth and breadth of the trough, but of only two inches in width, and these were filled

with the water to be frozen.

A steam-engine was employed to pump the air from the reservoir ; this being done,
of course the ether boiled, and the vapour of the ether was removed by the engine as
fast as it was formed. The heat required to vaporise the ether was derived from the
saline water in the trough, and this again took the heat from the water in the cells

;

thus eventually every cell of water was converted into ico. The ether was, after it

had passed through the engine, condensed by a refrigeratory of the ordinary kind.
The statement made by the patentee was very satisfactory, as it regarded the cost of
production. An apparatus of this kind is of course intended for hot countries only,
where ice becomes actually one of the necessaries of life.

A peculiar physical fact connected with the freezing of water has been made avail-
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able to somo important usos. Water in freezing really rejects everything it may
contain—even air, and hence solid ice is actually ^jwrc water. This maybe easily

proved. Make a good freezing mixture, and place some water in a lla.sk, and while
it is undergoing consolidation by being placed in the frigorific compound, gently agi-

tate it -ndth a feather. Now, if the water contains spirit, acid, salt, or colouring
matter, either of thomare alike rejected, and the solid obtained, when washed from the
matter adhering to its surface, is absolutely pure solid water.

This philosophic fact, although it has only been subjected to examination within
the last few years, has long been known.

Byron, in his 13th canto of * Don Juan,' has the following allusion to it :

—

" I'll have another figure in a trice :—
What say you to a bottle of champagne ?

Frozen into a very vinous ice,

Which leaves few drops of that immortal rain,

Yet in the very centre, past all price,

About a liquid glassful will remain

;

And this is stronger than the strongest grape
Could e'er express in its expanded shape."

The old nobles of Eussia, when they desired a more intoxicating drink than usual,

placed their wines or spirit in the ice of their frozen rivers, until all the aqueous
portion was frozen ; when tJiey drank the ardent fluid accumulated in the centre.

This plan has been employed also for concentrating lemon-juice and the like.

The manufacture of ice by machinery is one of the many interesting applications

of science, and this has now become a practical trade. In 1851 M. Rezet, of Rouen,
volatilized ether in a close vessel by exhausting the air from its surface. After the

air, the ether-vapour itself was exhausted by a pump, then condensed by the aid of

cold water, and forced back into the same vessel, by which a continual absorption of

caloric from the surrounding bodies was effected, and a continual refrigeration obtained

as long as the circulation of ether was kept up by working the pump.
Harrison's ice-making machine, and its improved form by Mr. Siebe, is a particular

application of the exhausting air-pump. The working of the process is as follows :

—

A quantity of sulphuric ether, contained in a close vessel surrounded by a current of

salt water, is made to pass rapidly into a state of vapour by the action of a large air-

pump driven by steam-power ; the necessary amount of heat requisite to effect this

change in the ether is abstracted from the surrounding salt water casing, which is thus

cooled to a temperature below the freezing point of water, and is then made to circu-

late through a box, containing the water to be frozen, in tin moulds arranged on a
travelling frame, which moves in a direction contrary to the refrigerating current.

The ether-vapour removed at every stroke of the pump is passed over to a condenser,

where it reassumes the liquid form, and is returned to the evaporating vessel.

It will be seen that the principle in the machines of Harrison, Rezet, and Siebe is

the same. The machine invented by M. Carre appears to be much more effective.

Messrs. Carre and Co.'s ice-making machines are of two kinds, one being con-

tinuous, and the other intermittent in action ; but the principle involved is the same
in both cases, viz., the production of cold by the volatilisation of a gas which is easily

liquefiable, and at the same time in a high degree soluble in water. The smaller,

or intermittent apparatus consists essentially of a pair of distilling and condensing
vessels, united together by an air-tight joint, and capable of resisting an internal

pressure of 150 lbs, to the square inch. The distilling vessel is filled with a watery
solution of ammonia, at the maximum point of saturation. By the application of
heat, the ammoniacal gas is driven off, and passes over into the receiver or con-

densing vessel, where it is soon liquefied by the constantly increasing pressure of the

gas given off by the watery solution, a pressure of 97 lbs. to the square inch being

sufficient to effect the liquefaction of the gas, wlien the temperature of the vapour
does not exceed 60° Fahr. When the condenser is filled with pure fluid ammonia,
the distilling vessel is removed from the fire, and is immersed in a vessel of water
at the ordinary temperature of the air. By this means the water remaining in the

distilling vessel is slightly cooled, and it immediately redissolves the column of

ammoniacal gas standing above it, a vacuum is formed, and the liquefied gas imme-
diately begins to distil back and redissolve. The heat necessary to effect this

redistillation is abstracted from the water to bo frozen, which is contained in a
cylindrical mould, placed in the internal tube of the annular condensing vessel. The
time required for producing 1 lb. of ice in the smallest size of the portiible apparatus
is 55 minutes ; 25 minutes being required for the preliminary, and 30 minutes for the

reverse distillation ; it is during the latter period that the ice is produced. About four

pounds of ice are produced for every pound of fuel consumed in the preliminary

distillation.
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Tho continuous apparatus is more complicated in construction ; it consists of a

boiler or distilling vessel, with the addition of a rectifier, formed of a series of

horizontal tubes in which the gas is freed from the last trace of water by a current

of weak ammonia water circulating in the opposite direction. From the rectifier the

gas passes to a serpentine tube, forming part of the boiler, and thence into the con-

denser, a series of tubes cooled by a current of water to 60° Fahr. Here the gas is

liquefied, and is driven over by the pressure in the boiler into a regulator, from which

it passes into the freezing vessel, also formed of a series of spiral tubes, which are

surrounded by a solution of chloride of calcium ; the moulds containing the water to

be frozen are placed in a vibrating frame, in order to cause the ice to form more
rapidly. The return current of ammoniacal gas from tho freezing vessel is passed

over by an exhausting pump into a receiver, where it is redissolved in tho spent water

drawn from the boiler. Tho ice produced in the continuous apparatus varies between

eight and fifteen times tho weight of tho fuel consumed : about a gallon of condensing

water is required for every pound of ice produced. For some further matters connected

with this peculiar condition, see Watejr.

FKXilBXiRGZTE. An argentiferous fahlerz. See Fahleez.
FRSIESXiEBSirZTE. A sulphide of silver, lead, and antimony. See Silveh.

FREN'CB BERRIES. The berries of the Rhamnus catharticiis, and other species

of the Buckthorn. The true French berries, which should be four-seeded, belong to

the first named ; all the two-seeded berries are obtained from other and inferior kinds.

See BucKTHOKN.
FREXCH CHAZiS. A steatite ; a soft magnesian mineral.

FREirCB PO&ZSH. There are num^-ous methods given for the preparation of

this polish ; one of the best is probably the following: 1^ lb. of shell lac dissolved in

a gallon of spirits of wine without heat. Another recipe is 12 ounces of shell lac,

2 ounces of gum elemi, and 3 ounces of copal to 1 gallon of spirits of wine.

FREirCB PVRPKE. Amongst the most important of the modern improvements in

the preparation of colouring matter from the lichens may bo mentioned the preliminary

extraction of the colouring acids of the lichens by digestion with an alkali (potash or

lime) and the subsequent precipitation of these acids, whereby they are completely

separated from the woody matters and other impurities. Dr. Stenhouse, to whom
this valuable suggestion is due, recommends manufacturers to macerate the lichens

on the spot with milk of lime, and then to precipitate the clear solution by means of

an acid such as hydrochloric, or acetic acid, whereby the colour-jielding acids are

separated. By subjecting these acids, more or less pure, to the action of air and
ammonia, products are obtained not only free from woody fibre, but exhibiting

brighter and deeper colours, not to speak of the economy and facility of manipu-
lating a much smaller bulk of material during the most important stage of the manu-
facture.

Archil prepared by the usual methods, notwithstanding its fine colour, has the

defect of being extremely liable to change by the action of acids and alkalis, and of

easily deteriorating in colour when applied to silk, wool, or animalized cotton.

Recently, however, a new kind of archil has been prepared, under the name of

French Purple, distinguished in the first place by its very pure mauve or dahlia

coloiu", and, secondly, by being much faster than common archil, and less sensitive to

the action of acids.

This beautiful colour has been introduced and is chiefly manufactured by MM.
Guinon, Mamas, and Bonnet, of Lyons. It is prepared as follows :—The lecanoric,

erythie, evernic acids, &c., of the lichens are extracted by digestion with ammonia

;

the mass is pressed, the solution precipitated by a mineral acid, and the precipitate

collected, washed, and re-dissolved in ammonia by the aid of heat, whereby a solution

is obtained which, on exposure to the air at a temperattire of 19° or 20° C,
gradually assimies a very bright red colour. As soon as the tint has acquired

sufficient intensity the liquid is introduced into shallow basins, and very slowly
evaporated at a temperature between 40° and 60° C, care being taken not to exceed
the latter limit. By this evaporation in contact with the air the liquid after a few
days acquires a very deep violet colour, which undergoes no further change even
by the action of acids. The violet solution, super-saturated with a strong acid,

yields a copious flocculent precipitate of a very fine and rich garnet colour, which
when collected on a filter, and washed to remove the saline mother liquid, constitutes

French purple.

The dye thus prepared has not, however, attained the highest degree of beauty and
purity of which it is susceptible. When used directly for dyeing wool or silk (for

which purpose it does not require the aid of mordants, the colouring matter being
simply dissolved in ammonia, and the solution diluted with the proper quantity of
water), it imparts to them a violet colour having a reddish cast.
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To obtain the dye in a state of greater purity it is converted into a lime or
alumina lake. For this purpose tlio ammoniacal solution is precipitated with
chloride of calcium or ^vith alum; the red colouring matter then remains almost
wholly in solution, and the lakes are collected, carefully washed with cold water,

and dried at a gentle heat. They then present a violet or bluish aspect, and acquire

a coppery lustre by friction.

French purple is generally sent into the market in the form Of lime lake. To
render it available for dyeing, the lake is decomposed and the colouring matter set

free. For this purpose the lake is reduced to an impalpable powder, which is

boiled with oxalic acid to separate the lime, and the colouring matter then dissolved

out by ammonia. The lake may also be directly decomposed by boiling it with
carbonate of ammonia. For printing, the lake is dissolved in acetic acid, and tho
solution mixed with alcohol and thickened.

In this manner, very fine and piiro mauve and dahlia tints arc obtained, especially

on silk, without tho use of mordants, properly so called. French purple, moreover,
mixes easily with other colouring matters, such as ultramarine, indigo, carmine,

eocliineal, aniline red, &c., producing the most varied and delicate tints.

Eecently, however, the manufacture of French purple has diminished in im-
portance by the competition of the coal-tar purple. The upshot of this struggle

will depend on the relative beauty and purity of the tints obtained, and on their

comparative cost: for, so far as regards fastness and resistance to the influence

of light, French purple is superior to aniline purple. See Watts's * Dictionary of

Chemistry.*

FREXrCB TUB. A dyer's term for a mixture of protochloride of tin and logwood,
called also ' plum tub.'

FRICTION. The resistance to motion whicli depends on the structure of the
surfaces in contact. Friction is usually divided into two kinds : sliding friction and
rolling friction. The questions involved in the consideration of friction are purely
engineering, and cannot therefore be treated here. One very importiint element may,
however, be named, as showing the importance of exact science in connection with
the improvements in mechanics. By friction heat is evolved. It is found by accurate

exj)eriment, that the quantity of Jieat evolved is exactly sufficient to reproduce the effort

caused in overcoming the friction.—Joule and Thomson.
FRIBZE. (Frise, Fr. ; Frisa, Sp.) The nap on woollen cloth ; hence it is applied

to a coarse kind of woollen cloth or stuff with a nap on one side. See Baize.

FRIT. See Enaiiel and Glass.

FRITTIirc It was formerly the practice in glass-making to heat the glass-

mixture to such an extent that an incipient fusion, or caking-together, commenced,
during which the silica began to act upon the bases, the carbonic acid was partially

expelled, and a frit was produced. The Schmelz of the Austrian and Bohemian
glass-houses is a true frit, or an imperfectly-melted mixture, composed of lixiuated

ashes and sand. See Glass.
FRUIT. The fruit of a plant consists essentially of the matured ovary enclosing

the seeds, or ripened ovules. But in many cases other parts of the flower enter into

the composition of the fruit ; in the apple, for example, the calyx adheres to tlie ovary,

and, becoming succulent, forms the greater portion of the fruit. Few vegetable

structures are more liable to be misunderstood than the fruit ; many parts of a plant

being popularly called fruit which have no scientific claim to the name, whilst many
structures which are truly fruit in botanical language would not be generally recog-

nised as such. The common idea of a soft succulent structure, like the berry and the

drupe, is by no means necessary to the constitution of a fruit, many kinds of fruit,

such as the nut and the capsule being dry and more or less hard. Among umbelli-

ferous plants, the structures commonly called ' seeds,' such as aniseed, caraway seeds,

coriander seed, &c., are true fruits ; the external envelope, or seed-vessel, being firmly

adherent to the enclosed seed. So too the grains of cereals are fruits, the albuminous
seed being closely invested in a thin membranous coat, or pericarp.

F'ruits not only furnish articles of diet—in some cases of great importance, as tho

date and the bread-fruit—but some of them yield oil—olive-oil and palm-oil, for

example—whilst others possess a strong integument from which useful vessels are pre-

pared, such as the gourds and calabashes.

FirCHSISTB. See Aniline Red.
FXrCHSITB. A green micaceous mineral, containing chromium, found in tho

Tyrol.

Fircus. A genus of sea-weeds. In tho Fttcus serratus and F. ccramoides silver has
been detected : Malaguto has stated to the extent of joo^ooo' ^" ^^^ ashes of these plants.

It has also been stated that these and some other plants contain lead and copper.
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FVCirSZXrB and WUCUBOlt, Two substances obtained by Dr. Stenhouse,

by acting with sulphuric acid on certain species of Fucns.

FUB, or Woollen }Vaste, is the refuse of the new wool taken out in the scribbiing

process, and is mixed with the mungo for use. See Mungo.
FUE:L. {Combustible, Fr. ; Brennstoff, Ger.) Such matters as are used for the

economical production of fire. Wood, Turf, Coal, are familiar examples. Fuels

differ in their nature, and in their power of giving heat, and consequently in their

properties of developing heat when undergoing combustion. It is therefore important

to understand the principle upon which depends the value of a particular fuel.

"With the philosophy of the question we are scarcely called upon to deal in the

present volume. A few remarks may not, however, be entirely out of place, and they

may serve to guide the reader in his consideration of the production of heat by com-

bustion—which is the only means of production with which we have to deal.

In his * Novum Organum ' Bacon writes :
• Heat is an expansive motion whereby

a body strives to dilate and stretch itself to a larger sphere or dimension than it had
previously occupied. This difference is most observable in flame—when the smoke
or thick vapour manifestly dilates and expands into flame. . . . Heat is a motion,

expansive, restrained, and acting in its strife upon the smaller particles of bodies.

But the expansion is thus modified—while it expands in all ways, it has at the same
time an inclination upwards—but the struggle in the particles is modified also, it is

not sluggish, but hurried and with violence.'

—

Bacon's Works, Spedding's Trans-

lation, vol. iv.

Count Rumford's paper read before the Royal Society, January 25, 1798, entitled,

* An Enquiry concerning the Source of the Heat which is excited by Friction,' contains

the results of his experiments made at Munich on the boring of brass cannon. He
shows that by friction so much * heat was generated ' that the water in which the

cannon dmring the operation of boring was placed, gained heat so rapidly that ' at

two hours and twenty minutes it was 200°, and at two hours and thirty minutes it

actually boiled.' He finds by careful estimates that the total heat produced was
sufficient to raise 26-58 lbs. of ice-cold water to its boiling point, or through 180° F.

;

and that this heat is equal to that given out by the combustion of 2303-8 grains (or

4^ oz. troy) of wax. Considering this interesting subject Count Rumford asks,

' What is heat ? Is there any such thing as an igneous fluid ? Is there anything

that can with propriety be called caloric ?
' He then continues, ' We have seen that a

very considerable quantity of heat may be excited by the friction of two metallic

substances, and given oif in a constant stream or flux in all directions, without inter-

ruption or intermission, and without any signs of diminution or exhaustion. . . .

It is hardly necessary to add, that anything which any insulated body or system of

bodies can continue to furnish without limitation cannot possibly be a material sub-

stance ; and it appears to me to be extremely difficult, if not quite impossible, to form
any distinct idea of anything capable of being excited and communicated in those

experiments, except it be motion'

Locke says, * Heat is a very brisk agitation of the insensible parts of the object

which produces in us that sensation from whence we denominate the object heat ; so

what in our sensation is heat, in the object is nothing but motion'

Sir H. Davj-- wrote in 1812: 'The immediate cause of the phenomena of heat,

then, is motion, and the laws of its communication are precisely the same as the laws
of the communication of Tnotion'

These are the views entertained by those who do not believe heat to be matter.
The dynamical, or as it is often called, the mechanical theory^ of heat, assumes all heat
to be a motion of the ultimate particles of matter.

The material hypothesis of heat, which held possession of the minds of most experi-
mental philosophers—especially of Lavoisier and of Black—embraced the view which
is well expressed by Gmelin in his • Hand-book of Chemistry.' He says :

' Heat is

the substance whose entrance into our bodies causes the sensation of warmth, and its

egress the sensation of cold.' That is, heat was regarded as an infinitely subtile

agent—a positive entity—which interpenetrated matter, in which it lay hidden, or
latent, until it was by some exciting powers disturbed. This differs little, if anything,
from the hypothesis of an all-pervading ether, which, being disturbed, produces one
or the other of the so-called physical forces.

Heat can be produced by the effect of gravitation—a falling body, for example

—

but for all practical purposes water is really the only body we can employ to produce
the motion necessary for the production or development of heat. A cataract or a
river may be regarded as a constant means of obtaining the required motion. But
this water has been lifted from the sea-level by the action of the solar heat, which
has been produced in the sun, by, it would appear, the actual combustion of some
material substances. Therefore, the heat which we obtain by the influence of the
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motion produced by the gravitating power of water, is really due to the emission of
heat from the sun. By the influonco oi Life—vital force—we may produco motion
and heat; but here again, as life is dependent upon solar heat, we have to look to

the sun as its source. Electricity is another agent by means of which heat can be
developed, but this power has a similar origin, in all probability, to heat itself.

Chemical action in a vast number of cases produces the disturbance which is manifested

as heat ; and the combustion of all kinds of fuel may be considered to be but examples
of chemical change. It is the operation especially of this source of heat, which wo
have to consider.

All the substances used by man for the production of Fire are chiefly of vege-
table origin, as wood, peat, turf, and coal. Some few may possibly be derived from the
animal kingdom, as some of the native bitumens. But either vegetable or animal fuel

has originally gathered its heat from the sun—in the process of growth—and it has
held that heat stored until a peculiar disturbance has liberated it for the use of man.
Numerous excellent experiments have been made for the purpose of determining with

exactness the heating values of fuels of different kinds. Lavoisier and Laplace, in

an extensive examination carried out by them, used their well-known Calorimeter^ by
which they determined the value of the heat by the quantity of ice melted in a given

time. Count Eumford subsequently measured the quantity of heat by the increase of

temperatiire in a given quantity of water. The quantity of heat which will melt 1 lb.

of ice at 0° Cent, being just sufficient, according to Laplace, to raise the temperature

of a pound of water to 75° Cent, or, according to the experiments of Regnault to 79°

Cent. Clement and Desormes have also shown, that an equal weight of aqueous

vapour, whatever may be its temperature and tension, is always produced by one and
the same amount of heat.

As far as we can within the limits of the present work, we shall endeavour to present

a full practical view of the subject, giving each class of fuels under their several heads.

1. Wood, which is divided into hard and soft. To the former belong the oak, the

beech, the alder, the birch, and the elm ; to the latter, the fir, the pine of different

sorts, the larch, the linden, the willow, and the poplar.

Under like dryness and weight, different woods are found to afford very different

degrees of heat and combustion. Moisture diminishes the heating power in three

ways : by diminishing the relative weight of the ligneous matter, by wasting heat in

its evaporation, and by causing slow and imperfect combustion. If a piece of wood
contain, for example, 25 per cent, of water, then it contains only 75 per cent, of fuel,

and the evaporation of that water will require ~\h part of the weight of the wood.

Hence the damp wood is of less value in combustion by ^ or | than the dry. The
quantity of moisture in newly-felled wood amounts to from 20 to 60 per cent. ; birch

contains 30, oak 35, beech and pine 39, alder, 41, fir 45. According to their different

natures, woods which have been felled and cleft for 12 months contain still from 20 to

25 per cent, of water. There is never less than 10 per cent, present, even when it

has been kept long in a dry place, and though it be dried in a strong heat, it will after-

wards absorb 10 or 12 percent, of water. If it be too strongly kiln-dried, its heating

powers are impaired by the commencement of carbonisation, as if some of its hydrogen

were destroyed.

The following Table, compiled from the researches of Count Bumford, will place

these points clearly before iis :

—

Pounds of water from 0° to 100° C. 1

One pound of the following woods
when burnt will heat

:

Ordinary condition SUghtly dried Strongly dried

Lime tree 34-708 38-833 40-131

Beech 33-798 ... 36-746

Elm .
30-205 ... 34-083

Oak .
25-590 29-210 29-838

Ash .
30-666 33-720 35*449

Sycamore ... ... 36-117

Fir .
30-322 34-000 37-379

Poplar 34-601 ... 37-161

From every combustible the heat is diffused either by radiation or by direct com-

munication to bodies in contact with the flame. In a wood fire the quantity of

radiating heat is, to that diffused by the air, as 1 to 3 ; or it is one-fourth of the whole

heating power.

II. Charcoal.—Th.Q different charcoals afford, under equal weights, equal quantities

of heat. Wo may reckon, upon an average, that a pound of dry charcoal is capable of
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heating 75 pounds of water from the freezing to the boiling point ; but when it has

been for some time exposed to the air, it contains at least 10 per cent, of water, which
is partially decomposed in the combustion into carburetted hydrogen, which causes

flame, whereas pure dry charcoal emits none.

Winkler gives the following as the results obtained by him with charcoal from
various sources :

—

'

Charcoal from : 1

Poundsof water heated
=rora 0° to 100° Cent,

ay 1 pound of charcoal

Air required by per-

fect combustion
Pounds of lead reduced
by 1 pound of charcoal

Poplar

.

Sycamore
Fir .

Ash .

Birch .

Oak .

Elm .

Willow
Pine .

On an average

76-7.

r 33-66

33-23

33-51

On an average 33-23

293-5 cubic feet ^ 3371
at 19° Cent. 33-74

33-26

33-49

^ 33-53

A cubic foot of charcoal from soft wood weighs upon an average from 8 to 9 pounds,

and from hard wood 12 to 13 pounds; and hence the latter is best adapted to main-
tain a high heat in a small compass. The radiating heat from charcoal fires consti-

tutes one-third of the whole emitted. See Chaecoai,.
The following Table gives the approximate values of given weights of wood.
According to Landet, 'Polyt. Centr. 1854,' the value of fuel bought by volume cor-

responds to the product of the absolute heating power of fuel into tbe weight of a cer-

tain volume.

These two factors have the following value with various kinds of fuel :

—

Kind of Fuel-

Holm oak (wood in large pieces or logs)

Red beech (logs)

Oak, both varieties in mixture (logs) .

White beech (logs)

Oak (logs)

White beech (pieces and stumps in mixture)
Birch (logs)

Birch (pieces and stumps, &c., in mixture) .

Birch (stumps)
Pine (stumps)
Oak (both varieties in mixture) .

Red beech (stumps)
Alder (log-wood)
Alder (pieces and stunips in mixture) .

White beech (stumps)
Red beech (branches)
Pine (branches)

Alder (stxmips) ......
Pine (stumps)

,

Pine (branches)

White beech (branches) . . . .

Pine (logs)

Willow (pieces and stumps in mixture)
Birch (branches)

Willow (branches)

Aspen (pieces and stumps) . . . .

Oak (both varieties in mixture) .

Pine (logs)

Charcoal

Turf dried at 100° C
Turf containing 20 per cent, of water .

Turf charcoal

Mineral coal of a medium quality
Do., containing 15 per cent, of ash .

Wood dried at 100° C

Absolute heating Weight of 1 cubic
power mfetre in Mlos.

10,000 380
9,941 380
9,763 371

9,490 370
9,448 359

9,392 338
9,260 381

9,224 332
8,836 318
8,587 312
8,342 317
8,214 314
8,127 293
8,070 291

8,030 313
7,953 304
7,898 287
7,849 283

7,808 283
7,752 281

7,644 298
7.624 377
7,584 285

7,473 269

7,344 276

7,290 273
7,288 277
7,064 256
7,000 ...

4,800 ...

3,600 ...

5,800 ...

7,500 ...

6,000 ••>

3,600 ...
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III. Turf or peat.—One pound of this fuel will hccat, according to its quality, from
18 to 42 pounds of water from freezing to boiling. Its value depends upon its com-
pactness and freedom from earthy particles ; and its radiating power is to tho whole
heat it emits in burning as 1 to 3.

According to Berthier, the following results were obtained from peat :

—

Source of the Peat.

From Troyes

„ department de la Somme
„ „ de la Marno

„ „ do la Vosges

,, ,, des Iiandes

ronnils of water heated by 1 pound
of peat from 0° to 100° Cent.

. 18-1

. 27-9

. 29-2

. 34-9

. 34-6

"Winkler gives 26' 9 as tho evaporative power of tho worst Hanoverian peat, and
42-6 as that of the best.

Peat obtained from the Bog of Allen gave, according to Griffith (the discrepancies

between the results we do not understand) :

—

Pounds of water heated from
0" to 100° Cent.

Upper peat » 627
Lower peat ......*. 566
Pressed peat • . • . . . ,28-0

See Peat.

IV. Coal.—Tho varieties of coal are almost indefinite, and give out very various

quantities of heat in their combustion. The carbon is the heat-giving constituent,

and it amounts, in different coals, to from 75 to 95 per cent. One pound of good coal

will, upon an average, heat 60 pounds of water from the freezing to the boiling point.

Small coal gives out three-fourths of the heat of the larger lumps. The radiating heat

emitted by burning pitcoal is greater than that by charcoal.

V. The Coke of Coal.—Tho heating power of good coke is to that of pitcoal as 75
to 69. One pound of the former will heat 65 pounds of water from 32° to 212°

; so

that its power is equal to nine-tenths of that of wood charcoal.

Berthier gives as the results of his trials :

—

Pounds of w.itcr heated by 1 pound
of coal from 0° to 100° C.

coal

(cannel)

72-0

70-7

700
61-6

63-2

71-6

65-6

Dowlais
Glamorgan
Newcastle
Derbyshire
Lancashire

Durham
Coke (St. Etienne)

Do. gas from Paris 503

VI. Carhurettcd Hydrogen or Coal Gas.—One pound of this gas, equal to about 24

cubic feet, disengages in burning as much heat as will raise 76 pounds of water from

the freezing to the boiling temperature.

In the following table tho fourth column contains the weight of atmospheric air,

whose oxygen is required for the complete combustion of a pound of each particular

substance :

—

' Pounds of water Pounds of boiling Weight of atmospheric
Species of combustible which a pound can water evaporated by air at o2°, to bum

heat from 0° to 212° 1 pound 1 pound

Perfectly dry wood . 3500 6'86 6-06

Wood in its ordinary state 26-00 4-72 4-47

"Wood charcoal 73-00 13'27 11-46

Pitcoal .... 60-00 10-90 9-26

Coke .... 65-00 11-81 11-46

Turf ... .
30-00 5-45 4-60

Turf charcoal .
64-00 11-63 9-86

Carburetted hydrogen gas 7500 13-81 14-58

Oil n
Wax I . . .

Tallow J

78-00 14-18 15-00

Alcohol of tho shops 62-60 9-56 11-60

The quantity of air stated in tlio fourth column, is tho smallest possible required to

burn the combustible, and is greatly less than would bo ncccasary iu practice, whcr«
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much of the air never comes into contact -with the burning body, and where it con-

sequently never has the whole of its oxygen consumed. The heating power stated in

the second colimin is also the maximum effect, and can seldom be realised with ordinary

boilers. The draught of air usually carries off at least one-seventh of the heat, and
more if its temperature bo very high when it leaves the vessel. In this case it may
amount to one half of the whole heat, or more ; without reckoning the loss by radiation

and conduction, which however may be rendered very small by enclosing the fire and
flues within proper non-conducting and non-radiating materials.

It appears that, in practice, the quantity of heat which may be obtained from any
combustible in a properly-mounted apparatus, must vary with the nature of the object

to be heated. In heating chambers by stoves, and water boilers by furnaces, the

effluent heat in the chimney, which constitutes the principal waste, may be reduced to

a very moderate quantity, in comparison with that which escapes from the best con-

structed reverberatory hearth. In heating the boilers of steam-engines, one pound of

coal is reckoned adequate to convert 7i lbs. of boiling water into vapour ; or to heat

4X5- lbs. of water from the freezing to the boiling point. One pound of fir of the usual

dryness will evaporate 4 pounds of water, or heat 22 lbs. to the boiling temperature •,

which is about two-thirds of the maximum effect of this combustible. According to

Watt's experiments upon the great scale, one pound of coal can boil off with the best

built boiler, lbs. of water ; the deficiency from the maximum effect being here

if, or nearly one-sixth. See the Tables at the end of this article.

In many cases the hot air which passes into the flues or chimneys may be bene-

ficially applied to the heating, drying, or roasting of objects ; but care ought to be
taken that the draught of the fire be not thereby impaired, and an imperfect combustion
of the fuel produced. For, at a low smothering temperature, both carbonic oxide and
carburetted hydrogen may be generated from coal, without the production of much
heat in the fireplace.

Calorimeters.—To determine exactly the quantity of heat disengaged by any fuel in

the act of burning, three different systems of apparatus have been employed : 1, the

calorimeter of Lavoisier and Laplace, in which the substance is burned in the centra

of a vessel whose walls are lined with ice, and the amount of ice melted measures the

heat evolved ; 2, the calorimeter of Watt and Eumford, in which the degree of heat
communicated to a given body of water affords the measure of temperature ; and 3,

by the quantity of water evaporated by different kinds of fuel in similar circumstances.

Lavoisier's.—The first and most celebrated, though probably not the most accurate

apparatus for measuring the quantity of heat transferable from a hotter to a colder

body, consisted of three concentric cylinders of tin plate, placed at certain distances

asunder ; the two outer interstitial spaces being filled with ice, while the innermost
cylinder received the hot body, the subject of experiment. The quantity of water dis-

charged from the middle space by the melting of the ice in it, served to measure the
quantity of heat given out by the body in the central cylinder. A simpler and better

instrument on this principle would be a hollow cylinder of ice of proper thickness, into

whose interior the hot body would be introduced, and which would indicate by the
quantity of water found melted within it the quantity of heat absorbed by the ice. In
this case the errors occasioned by the retention of water among the fragments of ice

packed into the cylindric cell of the tin calorimeter, would be avoided. One pound of
water at 172° F., introduced into the hollow cylinder described, will melt exactly one
pound of ice ; and one poxmd of oil heated to 172° will melt half a pound. One con-
stant source of error in this instrument is the regclation of the water from the liquified

ice in passing through the ice, which still maintains a temperature below 32° F.
Meyer's Method o/" Refrigeration, contrived at first by Meyer, was brought to great

perfection by Dulong and Petit. It rests on the principle, that two surfaces of like

size, and of equal radiating force, lose in like times the same quantity of heat when
tliey are at the same temperature. Suppose, for example, that a vessel of polished
silver, of small size, and very thin in the metal, is successively filled with different

pulverised substances, and that it is allowed to cool from the same elevation of tem-
perature ; the quantities of heat lost in the first instant of cooling will be always equal
to each other ; and if for one of the substances, the velocity of cooling is double of
that for another, we may conclude that its capacity for heat is one half, when its

weight is the same ; since by losing the same quantity of heat, it sinks in temperature
doiible the number of degrees.

The Method of Mixtures.—In this method two bodies are always employed : a hot
body, which becomes cool, and a cold body, which becomes hot, in such manner
that all the heat disengaged by the former is expended in heating the latter. Sup-
pose, for example, that we pour a pound of quicksilver at 212° F., into a poimd of
water at 32°

; the quicksilver will cool and the water will heat, till the mixture by
Stirring acquires a common temperature, If this temperature was 122°, the water an4
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1004

mercury would have equal capacities, since the same quantity of heat would produce
in an equal mass of these two substances equal changes of temperature, viz., an eleva-
tion of 90° in the water and a depression of 90° in the mercury. ]Jut in reality, the
mixture is found to have a temperature of only 37i°, showing that while the mercury
loses 174i°, the water gains only 5^°; two numbers in the ratio of about 32 to 1

;

whence it is concluded, that the capacity of mercury is ^ of that of water. Correc-
tions must be made for the influence of the vessel and for the heat dissipated during
the time of the experiment.

If our object be to ascertain the relative heating powers of different kinds of fuel, we
need not care so much about the total waste of heat in the experiments, provided it be
the same in all ; and therefore they should be burned in the same furnace, and in the
same way. But the more economically the heat is applied, the greater certainty will

there bo in the results. The apparatus, fg,
1004, is simple and well adapted to make such
comparative trials of fuel. The little furnace

is covered at top, and transmits its burned air

by c, through a spiral tube immersed in a cis-

tern of water, having a thermometer inserted

near its top, and another near its bottom, into

little side orifices, a a, while the effluent air

escapes from the upright end of the tube b.

Here also a thermometer-bulb may bo placed.

The average indication of the two thermo-
meters gives the mean temperature of the
water. As the water evaporates from the cis-

tern, it is supplied from a vessel placed along-

side of it. The experiment should be begun
when the furnace has acquired an equability

of temperature. A throttle valve at c serves

to regulate the draught, and to equalise it in the different experiments by means of
the temperature of the efiluent air. When the water has been heated the given
number of degrees, which should be the same in the different experiments, the fire may
be extinguished, the remaining fuel weighed, and compared with the original quan-
tity. Care should be taken to make the combustion as vivid and free from smoke as
possible.

The following calorimeter, founded upon the same principle as that of Count Eum-
ford, but with certain improvements, may be considered as an equally correct instru-

ment for measuring heat with any of the preceding, but one of much more general

1005

Scale about | inch to the square foot.

application, since it can determine the quantity of heat disengaged in combustion, as

well as the latent heat of steam and other vapours.

It consists of a large copper bath, c,f {fig. 1005), capable of holding 100 gallons of
water. It is traversed four times, backwards and forwards, in four different levels,
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by a zig-zag horizontal flue or flat pipe d, c, nine inches broad and one deep, ending

below in a round pipe at c, which passes through the bottom of the copper bath c,/^

and receives there into it the top of a small black-lead furnace h. The innennost
crucible contains the fuel. It is surrounded at the distance of one inch by a second

crucible, whicli is enclosed at the same time by the sides of the outermost furnace

;

the strata of stagnant air between the crucibles sernng to prevent the heat from being
dissipated into the atmosphere round the body of the furnace. A pipe a, from a pair

of cylinder double bellows, enters the ash-pit of the furnace at one side, and supplies

a steady but gentle blast, to carry on the combustion, kindled at first by half an ounce
of red-hot charcoal. So completely is the heat which is disengaged by the burning
fuel nbsorbed by the water in the bath, that the air discharged at the top orifice g has
usually tiie same temperature as the atmosphere.

TJio vessel is made of copper, weighing 2 lbs. per square foot ; it is 5^ ffeet long, 1|
wide, 2 deep, with a bottom b\ feet long, and 1| broad, up6n an average. Including
the zig-zag tin plate flue, and a rim of wrought iron, it weighs altogether, 85 lbs.

Since the specific heat of copper is to that of water as 94 to 1,000, the specific

heat of the vessel is equal to that of 8 lbs. of water, for which, therefore, the exact

correction is made by leaving 8 lbs. of water out of the 600 or 1,000 lbs. used in each
experiment.

In the experiments made with former calorimeters of this kind, the combustion was
maintained by the current or draft of a chimney open at bottom, which carried ofl" at

the top orifice of the flue a variable quantity of heat, very difficult to estimate.

When the object is to determine the latent heat of steam and other vapours, they
may be introduced through a tube into the top orifice g, the latent heat being deduced
from the elevation of temperature in the water of the bath, and the volume of vapour
expended from the quantity of liquid discharged into a measure glass from the bottom
outlet c. In this case, the furnace is of course removed.
The heating power of the fuel is measured by the number of degrees of temperature

which the combustion of one lb. of it raises 600 or 1,000 lbs. of water in the bath,

—

the copper substance of the vessel being taken into account.

It must be borne in mind that a coal which gives off much unburnt carburetted hy-
drogen gas does not afford so much heat, since in the production of the gas a great deal
of heat is carried off in the latent state.

The economy of fuel, as exhibited in the celebrated pumping engines of Cornwall,
will be dealt vtdth under the proper head. See Steam Engine. And in reference to

the ordinary uses of fuel for domestic and other purposes,* see Stoves.
Prof. T. S. Hunt, in the ' Canadian Naturalist,' July 1861, gives the results of the

analyses by various chemists, taken chiefly from Bischofs ' Chemical Geology,' show-
ing the relative proportions of the elements in wood, peat, coal, asphalte, and
petroleum.

He states that ' the nitrogen, which in most cases was included with the oxygen in
the analysis, has been disregarded, and the oxygen and hydrogen, for the sake of com-
parison, have been calculated for twenty-four equivalents of carbon.'

I

1. Vegetable fibre or cellulose . C2* H20 020

2. Wood, mean composition C24 H18-4 0«8-4

3. Peat (Vaux) ...... C-* HU.4 OiO

4. „ (Eegnault) QU H»4.4 09.6

5. Brown Coal (Schrotter) . Cu gu.s 010.6

6. „ „ (Woskresensky) . C'* H13 O'/.s

7. Lignite (Vaux) C" H"-3 QO.A

8. „ passingintomineral resin (Eegnault' C24 His 03.3

9. Bituminous coal (Eegnault) . C" W> 03.S

10- « » . . C" Hio 01.7

11- u „ . . C24 H«-« 01.2

12. „ „ . . C24 H8 00.9

13. „ (Kuhner and Grager) C24 w* 01.5

l-*' M mean comp. (Johnston) C2* . ,H» 02-—0*-
15. Albert coal (Wetherell) . C?* . H15-9 0'-«

16. Asphalt, Auvergne. C2I H"-' 02.2

17. „
^

Naples .... C-* H14<5 . 02
18. Elastic bitumen, Derbyshire (Johnston)

1 C^* H"
, o«»

19. Bitumen of Idria .... C24 H«
20. Petroleum and naphtha . C-' H24 ...

T1l^c.« .,v.oU-„-.„ O- 1.--11. 1 • j^i- _ :_ 1.1 i.:-i- i.1-- J-iJP iThese analyses are very valuable as showing the variations which the different
kinds of fuels exhibit in their passage from vegetable matter to bituminous coal.

Vol. IL K K
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The following Table, which has been constructed from the Reports made to the
Admiralty by Sir Henry de la Beche and Dr. Lyon Playfair, gives

The Mean Composition of average Samples of Coals.

Name of Coal

1
o
o
<a

1

fl

c

W
-a

1 o 1
1

South Wales :—
EbbwVale . 1-275 89-78 5-15 2-16 1-02 0-39 1-50 77-5

Merthyr 1-30 90-12 4-33 1-00 0-85 202 1-68 86-53

Bedwas. 1-32 80-61 6-01 1-44 3-50 1-50 6-94 71-7

Plymouth Work .
1-35 88-49 4-00 0-46 0-84 3-82 2-39 82-25

Resolven 1-32 79-33 4-75 1-38 5-07 included

in ash

9-41 83-9

Neath Abbey

.

1-31 89-04 5-05 1-07 1
1-60 ... 3-55 61-42

Llynvi .... 1-28 87-18 5-06 0-86 1-33 2-53 3-04 72-94

Llangennech .
1-312 85-46 4-20 1-07 0-29 2-44 6-54 83-69

Pontypool 1-32 80-70 5-66 1-35 2-39 4-38 5-52 64-8

Kewcastle :—
Willington . ... 86-81 4-96 1-05 0-88 5-22 1-08 72-19

Haswell Wallsend . 1-286 83-47 6-68 1-42 0-06 8-17 0-20 62-70

Hedley's Hartley .
1-31 80-26 5-28 M6 1-78 2-40 9-12 72-31

Carr's Hartley 1-25 79-83 5-11 1-17 0-82 7-86 5-21 60-63

N. Percy Hartley . 1-25 8003 5-08 0-98 0-78 9-91 3-22 57-18

Broomhill 1-25 81-70 617 1-84 2-85 4-37 3-07 69-20

DERBYSHraE :—
Elsecar.... 1-296 81-93 4-85 1-27 0-91 8-58 2-46 61-6

Park Gate . 1-311 80-07 4-92 2-15 Ml 9-95 1-80 61-7

Butterley Portland 1-301 80-41 4-65 1-59 0-86 11-26 1-23 60-9

Staveley 1-27 79-85 4-84 1-23 0-72 10-96 2-40 57-86

Lancashire :

—

Ince Hall Arley . 1-272 82-61 5-86 1-76 0-80 7-44 1-53 64-0

Balcarres Arley 1-26 83-54 5-24 0-98 l-Oo 5-87 3-32 62-89

Pemberton Yard . 1-348 80-78 6-23 1-30 1-82 7-63 2-34 60-6

Bushy Park Mine . 1-28 77-76 5-23 1-32 1-01 8-99 5-69 56-66

Cannel Wigan 1-23 79-23 6-08 1-18 1-43 7-24 4-84 60-33

Balcarres, 5-feet . 1-26 74-21 5-03 0-77 2-09 8-69 9-21 55-90

Moss Hall New Mine 1-278 77-50 5-84 0-98 1-36 12-16 3-16 57-7

Scotch :

—

Wallsend Elgin . 1-20 76-09 5-22 1-41 151 5-05 10-70 58-45

Dalkeith Coronation 1-316 76-94 5-20 trace 0-38 14-37 310 53-5

Eglinton 1-25 80-08 6-50 1-55 1-38 8-05 2-44 54-94

Dalkeith Jewel Steam . 1-277 74-55 5-14 0-10 0-33 15-51 4-37 49-8
1

Grangemouth 1-29 79-85 5-28 1-35 1-42 8-58 3-52 56-6

Sundry :

—

Bagillt.... 1-269 88-48 5-62 202 1-36 0-86 1-62 65-8

Ewlowe.... 1-275 80-97 4-96 1-10 1-40 8-20 3-37 54-5

Ibstock. . . . 1-291 74-97 4-83 0-88 1-45 11-88 5-99 50-8

Borneo :—
Labuan.... 1-28 64-52 4-74 0-80 1-45 20-75 7-74 ...

Three-feet Scam . 1-37 54-31 5-03 0-98 1-14 24-22 14-32 ...

Eleven-feet Seam . 1-21 70-30 6-41 0-67 M7 19-19 3-23 ...

Van Diemen's Land :
—

Tingal .... ... 57-21 3-58 1-20 1-32 7-80 29-09 ...

Tasman's Peninsula ... 65-54 3-36 1-91 1-03 1-75 26-41 ...

Whale's Head ... 65-86 3-18 1-12 1-14 7-20 21-50 ...

Adventure Bay ... 80-22 3-05 1-36 1-90 4-80 8-67

Sydney .... ... 82-39 5-32 1-23 0-70 8-32 2-04 ...

Formosa. 1-24 78-26 5-70 0-64 0-49 10-95 3-90 ...

Vancouver's Island ... 66-93 5-32 1-02 2-20 8-70 15-83 ...

CoNCBprioN Bat 1*29 70-55 5-76 0-95 1-98' 13-24 7-52 ...

Trinidad ... 65-20 4-25 1-33 0-69'
1

21-09 0-84 ...
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Most persons interested in the uses of coal for manufacturing purposes •will be
able to calculate readily the value of any of those coals as fuel.

The following Table will show in a yet more satisfactory manner the value of varie-

ties of coal as fViel.

Bcport of THals of Coals at Woolwich Bochyard, between February 9, 1848, and
March 31, 18o8.

11. eva-
Coal

lated litant

the

Hill 1 1

Description of the Fuel tried

ii|§ii
Feet

of

V

rated

per

I

lated

from

uit

Teni]

of

the

r

B
5

1

•s

: Smoke

in
llllll

|lll£S 1 i il

i^« Jssss^
<£ I l^

"Wet.sh Coai,s:—
Atjercarn Black Vein 1 9-01 46-49 1-25 4-46 5-71 No record
Aberdare Steam Coal 1 8-98 48-81 1-72 5-93 7-65 Light smoke

FothergiU's 1 9-44 47-6 1-79 4-37 6-16 Lightbrownsmoke
! „ Bwllfa 2 9-4 50-28 1-43 5-75 7-19 Light smoke
;

Bodwas 1 8-35 45-3 2-08 6-16 8-25 Black smoke
Birchgrove Graigola

.

3 8-53 48-37 1-43 9-13 10-55 Nearly smokeless
Blaendare Big Seam

.

1 8-28 43-76 3-34 5-1 8-44 Black smoke
Merthyr . . . ' 1 9-06 47-68 3-12 6-14 9-26 Light smoke

Blaengwaur Merthyr 7 9-38 49-44 1-53 5-84 7-37 Light brown
Brymbo Main .... 2 8-52 44-24 •95 6-4 7-35 No record

„ 2-yard Vein 1 8-45 45-02 1-13 6-49 7-62

„ 4-feet Vein 1 8-34 43-03 1-08 5-7 6-78 '1

„ Steam Coal . 2 7-95 50-47 1-57 4-81 6-4 Black smoke
Bute Merthyr .... 5 9-2 48-39 3-07 5-19 8-26 Light brown
Camnethan . . . . 2 8-21 51-91 •55 3-99 4-54 Brown, moderate

quantity
Black smokeCarr's Merthyr

.

3 9-14 49-21 1-99 5-23 7-21

Charcoal Vein . . . . 1 8-98 46-79 1-95 5-06 7-01 No record
Coed Talon . . . . 5 7-68 52-11 •96 5-4 6-36 Light smoke
ColeshiUCoal . . . . 1 7-68 62-06 •25 3-11 3-36 No record

Bagillt 2 7-92 49-33 •62 3-57 4-19

CwmAmmon . . . . 4 8-6 45-02 1-75 3-61 5-36 Light smoke
^ 6 8-93 45-93 2-01 5-27 7-28

Cwmfrood Rock Vein ! 1 8-72 46-88 2-11 4-18 6-29 Black smoke
EbbwVale . . . . 3 9-26 38-79 1-78 6-78 8-56 Lightbrownsmoke

., . . . 1 9-09 43-82 2-51 6-41 8-92 No smoke
Elled'sVein . . ! . 3 9-1 51-21 1-55 5-29 6-84 Brown, large

Elsecar Hard Steam Coal . 3 8-27 45-99 •73 5-33 6-06
quantity
No record

EuloeColUery . . . . 2 8-28 48-36 1-31 3-71 5-02 Little smoke
Garden Edge Collierj^ Coal

!
3 8-41 50-87 -98 5-14 6-12 Black, moderate

quantity
j

Very light smokeGellia Cadaxton Steam Coal . 2 8-91 49-97 -68 5-7 7-38

„ Steam Coal . ! 2 8-54 43-83 -87 6-21 9-09 No record
Golynos

;
1 9-02 42-62 -69 3-91 5-6 Black smoke

Graigola Steam Coal 3 8-89 35-59 •42 6-69 8-11 No smoke
(handpicked) 1 8-84 41-02 -71 6-52 6-23 No record

Gwythen Charcoal Vein . 1 8-21 47-55 •95 4-4 6-35 Light smoke
>» 5» • • 4 8-95 48-16 2-7 3-8 6-51 No smoke

Little Raith Lochgelly . 2 7-27 46-68 •92 7-43 8-35 Much Ught smoke
|Llanelly 1 8-43 46-43 1-96 6-8 8-76 No record |

Llangennech .... 2 8-81 46-52 2-36 6-41 8-77 No smoke
„ (handpicked) 2 8-44 44-92 2-03 5-73 7-76

LochgeUy Coal . . . . 2 7-66 46-06 •1 4-12 4-22 Light smoke
Machen Black Vein . 1 8-81 60-44 2-1 5-39 7-49 Black smoke I

Machen Rock Vein . 1 8-32 47-27 1^37 4-78 6-16 Muchblack smoke!
Merthyr 28 8-78 45-42 1-02 5-54 6-56 Light smoke

j> «... 4 9-06 48-17 1-66 4-56 6-23
''

„ Aberamon . 1 8-63 47-72 1-49 3-97 5-46

„ Aberdare . 3 8-75 46-78 1-61 4-06 6-67 No record
„ „ Fothergill's

.

43 8-51 44-79 1-47 4-63 6- Light smoke
„ Crosfield . 2 9-37 45-14 1-25 6-38 7-63 No record

and Gadlpy's 1 8-66 46-12 •91 7-53 8-44

„ (handpicked) 8 8-92 45-85 1-13 4-82 6-95 Light smoke
„ Nixon's 6 8-78 45-54 -98 4-34 5-32

„ Wensleydale 1 8-91 45-84 •61 6-49 7-1 No record
„ Wood's. 1 8-87 43-7 -67 5-68 6-35

Morfa Steam Coal . 1 8-53 44-63 1-12 4-63 5-75 Black smoke
,,-' " Vivian's . 2 8-6 44-94 1-3 5-23 6-54 Much black smoke
NeviU's Llanelly . 2 8-56 47-59 1 2-03 5-8 7-83 Light smoke
New Black Vein Steam Coal . 2 9-56 60-67 •79 5-75 6-54 Large quantity of

brown smoke
Newelline 1 8-97 48-25 2-21 6-25 8-46 No record
Powell's Duffryn 1 9-08 48-26 1-35 6-81 8-16 Light smoke j

Resolveu » 9-06
i

48-1 1-77 5-48 7-25 Light brown
„ (handpicked) . 1 8-64 45-32 •54 4-35 4-89 No recoixl

» . .
i

1 1 9-15
1

49-79
[•75J

4-4 6-15 „
1

KK 2
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Description of the Fuel tried
il

III Pounds

of

Water

era-

porated

to

1
lb.

Coal

conpumed,

calculated

from

lOOO

constant

Temperature
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Feed

Water

Cubic

F#et

of

Water

evaporated

per

Hour,
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from

100°

consunt

Tempera,

ture

of

tha

Feed

Water

g

&
S

t

1
o

1

si

as

U

1

Smoke

Welsh Coals :—
Eisca Rock Vein 1 8'26 46-67 1-87 6-22 7-09 No record
Rock Vein 2 8-6 48-11 2-39 6-89 8-28

Squborwen Merthyr 12 8-93 46-61 1-85 6- 7-85 Light smoke I

Thomas' Merthyr 2 9-28 49-99 1-84 4-61 6-45 No record
TiUery Big Vein 2 8-89 51-99 1-07 4-57 6-64 "
Wagnus' Merthyr 2 8-79 47-25 1-76 6-48 8-24

"Waynes' Merthyr . 1 8-98 48-43 1-79 6-23 7-02 Very light smoke
Welsh Coal 2 9-33 48-62 1-75 6-lC 7-92 No record

North Couxthy Coals :—
Alloa ColUery . . . . 2 8-89 65-07 1-01 5-02 6-04 Little black smok(
Atherton Steam Coal 4 8-22 48-76 •74 4-93 6-67 Black smoke
BarUeth and Dollar'sSteam Coal 1 7-96 49-45 •46 4-17 4-63 Black, moderate

„ Steam Coal

.

4 8-32 49-39 1-29 4-17 6-46
quantity
Light brown

Bates' Hartley . . . . 1 6-71 45-66 2-12 4-12 6-24 No record
„ West Hartley. 3 7-7 46-41 1-34 6-23 6-56 Black smoke

Bebside Colliery Coal 4 8-14 49-82 •95 4-6 6-65

Bell's Primrose.... 3 9-46 45-67 2-4 6-68 9-08 No record
BoiuiireehiU Coal . 1 7-56 40-96 1-27 4-67 6-94 Much smoko
Buddie's Hartley 23 7-79 47-98 1-49 4-08 6-68 Dark smoko

„ West Hartley . 38 8-05 48-34 1-41 4-47 5-87 Black smoke
Carr's Hartley . . . . 9 8-05 48-63 1-71 3-76 6-47 Black, large quan-

tity

Black smokeClackmannan .... 3 8-09 45-39 •67 4-76 6-43

Cuttlehill 1 7-72 42-57 .. 5-74 .. No record
Derwentwater, Eadcliflfe Colly. 1 8-27 60-22 1-1 3-8 4-93 Black smoke

„ West Hartley . 1 7-69 48-23 1-67 4-72 6-39 No record
Earsdon's Hartley . 3 8-25 50-12 •71 4-88 6-59 Great quantity of

black smoke
Garfortb's Hartley . 2 8-06 60-11 •61 6-75 6-36 Heavy smoke
Garforth Steam Coal 2 7-12 40-33 1-26 5-6 6-86 Light smoke
Garswood Park

.

1 7-99 61-61 1-19 6-29 6-48 No record
GawberHaU . . . . 2 8-14 42-49 1-05 4-11 6-16

„ Steam Coal . 6 7-84 43-01 1-25 5-8 7-05 Light smoko
Gower Coal .... 2 7-83 44-58 •92 5-28 6-21 Black smoke
Grey's Broomhill ... 5 8-04 48-87 1-14 5-66 6-79 Heavyblacksmoke
Grimsby Coal, SheffieldRaUway 1 7'46 45-84 1-69 4-24 5-93 No record
HalsneadCoal . . . » 3 7-48 47-23 1-24 3-69 4-93 Dark smoke
Hartley Coal . . . . 2 7-74 45-78 1-06 6-77 6-83 No record

„ Bates' West 1 7-39 48-27 •66 7-07 7-73 Heavyblacksmoke
„ Behnont 2 8-4 46-3 1^43 3-97 5-41 No record

„ Buddie's 4 7-8 45-61 My 4-11 6-27 Much smoke
West . . 17 7-82 46-33 1^28 4-09 5-38 Black smoke

„ Carr's .... 15 8-19 45-45 P22 3-93 5-14 Dark smoke
West . . 1 8-36 48-43 1- 6-88 6-88 Heav5- black

Hartley, Clifton's West . 3 7-91 45-02 1^48 4-57 6-05

„ CowT)en 2 7-63 44-87 •73 5-94 6-68 No record

„ Fenlmm's . 21 8-53 43-47 2-07 6-1 7-17 Heavy black
„ „ West . 1 8-87 42-41 2-89 6-25 9-14

„ Hedley's . . . 1 8-4 47-02 1-29 2-91 4-2 No record

„ HettonWest 3 8-45 47-39 1-18 6-98 8-16

Howard's W.Nctherton 2 7-67 46-22 1^35 6-8 8-15 '1

„ Jonasaohn's 4 8*09 49-12 •88 6-34 6-23 Little black smoke
„ Longridge West . 1 7-82 47-57 1-46 8-75 6-21 No record

t

„ „ Best . 2 7-86 46-1 1-18 3-39 4-57 Light smoke
1 „ Morpeth . 6 7-87 47-58 1-62 4-7 6-22 Little black smoke
» „ Newcastle . 2 8-49 45-41 2-07 5-73 7-81 No record

„ Wellington West 1 8-89 42-48 1-37 6-09 6-46 Black smoke
„ Whitworth

.

2 8-4 42-88 1-79 8-81 •6-61

Willington West

.

1 8-93 43-11 1-35 8-66 5- No record
Hastings Hartley 1 7-73 47-45 1-16 3-94 5-1 Heavyblacksmoke
Heaton Colliery 3 8-79 46-2 2-38 6-29 6-67 Much smoke
Howard's West Hartley . 17 8-08 49-58 1-24 4-69 6-93 Dark smoko

Netherton 6 9-68 68-36 2-22 6-14 7-36

Hoyland Colliery 2 8-7 48-08 -55 3-95 4-5 Black smoko
„ and Elsecar 3 8-16 45-78 -67 4-12 4-79 No smoke

InceHaUCoal . . . .
2 7-72 45-22 1-44 6-4 6-85 Very smoky
1 8-04 46-62 1-08 3-76 4-84 No record

Kilnhurst Hard'
'. 1 7-74 45-77 1-21 3-24 4-45 Much black smoke

Land Engine Coal .
1 7-86 48-09 1-61 4-68 6-19 No record

Lindsay Mine .... 2 7-9 42-86 2-04 2-83 4-88

Lord Rosslyn's Coal

.

1 611 42-66 1-67 6-08 7-76 Black smoke
Lord Ward's Steam Coal . 2 7-6 61-3 1-30 4-37 5-74 Brown.inmodcratc

quantity
Luniley's Steam Coal 2 8-54 87-4 1-01 6-63 7-64 No record

LundhiU Hard Coal . . 2 8-81 49-lD 1-22 3-92 5-14 Black, in great
quantity
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NoKTu Country Coals :—
Lundbill Soft Coal . 3 8-55 60-42 1-6 3-87 5-47 Black, in great

quantity
Black smokeLyon's West Hartley 4 8-71 52-73 1-17 4-95 6-12

Midgeholme .... 2 9-25 44-26 •69 6-16 6-76 No record
Noith Country Coal

.

1 8-16 50-14 1-47 6-03 6-5 Heavyblacksmoke
North Gawber Steam Coal 1 7-71 45-04 -85 4-59 6-44 No record
Oaks Colliery .... 4 7-75 44-91 -42 6-03 6-46 Heavy smoke
Orrell Steam Coal . 2 8-78 42-61 1-54 6-82 8-37 No record
Ramsay's Adair's Main . 3 8-65 43-1 1-01 6-35 6-36 Light brown
Ravensworth's Hartley . 3 7-77 48-44 1-63 4-79 6-42 Heavyblacksmoke
Rochsole's Colliery . 3 7'7C 46-54 1-67 2-82 4-49 Light smoke 1

Skerrington Coal 3 7-81 47-6 1-03 3-63 4-66 Much smoke i

CoUiery. . . 2 8-69 62-45 1-67 5-73 7-41 Light smoke ;

;

Splint Coal .... 3 7-25 42-29 •67 4-2 4-87
>»

''

St. Helen's Tees 3 9-19 54-15 •33 4-78 5-11 Black, in large
quantity
Light smokeStaveley Main Coal . 8 7'69 41-27 •71 4-26 4-96

Strangeways' Colliery, 3 ft. Seam 1 7-91 48-17 •87 5-28 6-15 Black, ill small:
quantity

Walthen House, or New House 1 8-62 49-11 2-85 5-07 7-92 No record
Washington's West Hartley . 2 8-63 48-26

•

2-91 5-98 8-89 Black smoke
Wather House Steam Coal 4 7-84 47-75 2-46 3-64 6-11 No record !

Welling^ton Hartlev . 1 7-84 49-92 1-51 4-09 5-6 Black smoke
Wellwood Colliery . . . 2 7-97 50-25 1-05 7-05 8-1 Heavyblacksmoke
West Hartley .... 2 8-08 47-97 1-79 4-46 6-25 Heavy smoke
Whitefield Colhery . 2 9-49 52-17 •05 4-42 4-47 Littlebrownsmoke
Whitworth Park 2 8-79 46-49 -92 5-14 6-07 No record
Wigan, 4 ft. Seam . 1 7-97 45-38 1-64 5-75 7-39

WombweU Main 3 8-26 44-89 -81 4-5 5-31 „
Yate Deep Vein

.

3 8-26 61-11 3-1 4-47 7-57 Much black smoke
Anthbacite CoAii :

—

2 9-58 35-43 1-48 10-32 11-81 No record

j> » • . . 4 6-87 26-64 •18 2-42 2-6 Nearly smokeless

„ „ Bonville's Court 3 8-35 31-19 1^02 5-57 6-59 No record

„ „ Killgetty . 6 9-02 42-68 •64 11-3 11-94
,j

„ „ Watney's . 4 8-87 41-44 1-48 6-58 8-06 Smokeless
Cambrian Steam Fuel . 3 8-32 45-45 M7 5-81 6-98

Chillln Coal .... 1 7-29 38-83 2-8 3-33 6-13 Light smoke
Coke, Consolidated . 2 8-76 19-47 •14 19-11 19-25 No record
Patent Fuel . . . . 1 8-59 48-85 1-97 4-21 6-18 „

»» .... 3 9-11 48-2 2-4 3-86 6-26 Black smoke
„ Captain Cochrane's 1 4-01 22-09 7-76 32-5 40-26 No record

„ Holland's 6 7-94 39-51 1-7 6-3 8- Light brown
„ Lyon's . 2 8-98 47-4 2-86 4-37 7-24 No record

Temperly-s . . 3 8-5 42-45 -99 7-19 8-19 „
Warlich'3 . . 8 8-7 44-12 2-4 7-64 10-04 Littlebrown smoke

t> i) • • 4 9-16 46-47 3-03 5-62 8-65 No record
Port Adelaide .... 1 6-44 32-3 7-42 23-35 30-77 No smoko
Singapore Coal 1 C'97 48-67 9-99 No record
Bt. Domingo (Samana) 1 1-29 10-69 18- 18- Little smoke

The calorific values of a selected variety of coals, as tried under circumstances con-

sidered the most favourable for the development of heat, will bQ found in the Table
at top of next page ; the result beiijg given in a somewhat different form from the
result in the preceding Tables. See Coal ; Coke.
On Liquid Fuel.—The proposal to substitute for the coal now used,as fuel in steam-

vessels some kind of liquid combustible, arose from the discovery of vast quantities of
petroleum in America; and it was that material which was in the first instance

recommended as the substitute for coal. A commission appointed in America to

investigate the subject reported that petroleum was beyond doubt more than twice as

efiective as anthracite coal in the production of steam, and that steam could, by the
use of this material, be produced in less than half the usual time.

It was an inference by no means unnatural that, if this were the case, and if coal
could be superseded by this material as the fuel of steam-vessels, a very great portion
of the space required in merchant steamers for the stowage of coal would be rendered
available for more profitable cargo ; that steam-packets might become independent of
coal depots at various points of their passage ; and that ships of war would be en-
abled to keep the sea for a very much longer time than they now do with coal. Any
prospect of such advantages as these being attainable might reasonably have been
expected to justify a more thorough and searching investigation of this subject than it

has yet received in this country, —
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Actual Numbor Number of Iht. Total Number Amount of
Amount of
Sulphate of

or Ibi. of Water of Water of lbs. of Water Ammonia
Namo or Locality of Coal conTerted

Into Steam
conTcrted Into

Steam by tlio

Coko left by

convertible
Into Steam

corrc(iM>nding
to the Nitrogen
contained In

corretiMindIng
to the Nitrogen
contained lubjr I lb. of by 1 lb. of

Coal Uio Coal the Coal tho Coal tlie Coal

Practical Theoretical Theoretical

Graigola .... 9-36 11-301 13-563 0-497 1-932

Anthracite, Jones and Co. 9-46 12-554 14-593 0-225 0-990

Old Castle Fiery Vein 8-94 10-601 14-936 1-590 6-175

Ward's Fieiy Vein . 9-40 14-614 1-238 4-808

Binea 9-94 11-560 15-093 1-586 6-741

Llangcnnech
!

8-86 10-599 14-260 1-299 5-044

rontrepoth 1 8-72 10-873 14-838 0-218 0-848

rontrofolliu C-36 10-841 13-787 a trace ..

Powell's Duffrj-n 1 10-14 11-134 15-092 1-76 6-835

Alynyckl Newydil i 9-52 9-831 14-904 1-808 7-340

1 Tlirec-Qnarter Bock Vein . 8-84 7-081 13-106 1-299 6-044

1 Cwm Frood Rock Vein . 8-70 8-628 14-788 1-347 5-232

Cwm Nanty Gros 8-42 8-243 13-932 1-919 7-448

Resolven .... 9-53 10-234 13-971 1-675 6-805

Pontypool .... 7-47 8-144 14-295 1-689 6-364

Bcdwas . . . . 9-79 8-897 14-841 1-748 6-788

EbbwValc. . . . 10-21 10-441 15-635 2-622 10-185

Perth MawT Rock Vein . 7-53 6-647 12-811 1-554 6-033

ColeshiU .... 8-0 6-468 12-799 1-785 6-930

Dalkeith Jewel Seam 7-08 6-239 12-313 1-214 0-471

Dalkeith Coronation

.

7-71 6-9-24 1-2-772 a trace .,

Wallsend Elgin . 8-46 6-560 13-422 1-712 6-'647

Fordel Splint . 7'56 6-560 13-817 1-372 6-327

Grangemouth . 7:40 7-292 13-692 1-639 6-364

Broomhill .... 7-30 7-711 14-863 2-234 8-674

PM-k End Lydney . 8-52 6-567 13-257 1-477 9-617

SUevardagh
1

9-85 10-895 12-482 0-279 1-084

Besides petroleum, several other analogous materials have been proposed as sub-

stitutes for coal ; for instance, tho oil obtained by distilling j)articular kinds of coal,

or the shale which occurs in coal formations, and more recently the oil known as
' dead oil,' which is one of tho products obtained in rectifying the coal-tar of gas

works. All these materials resemble each other closely in being composed chiefly of

carbon and hydrogen, which are, in various proportions, the combustible and heat-

producing constituents of all kinds of fuel. Yov the application of these materials

and of liquid fuel generally, various methods have been proposed. It is desirable to

consider in the first place, what is the evaporative power of these materials respec-

tively, since that is a very important point todetcrmino in regard to the question as to

the relative merits of these different kinds of fuel.

Tho following table gives several examples of the total evaporative powers

of some kinds of fuel, as calculated from their chemical composition :

—

Evap. due to

C. H 0. A. E
C. H.-S

Charcoal -93 11-5 14-0 140
Coke .... •88 10-6 13-2 13-2

Rock.oiiB{g:H:: •

•84 •16 15-75 22-7 12-7 100
•85 •15 15-65 22-5 12-66 9-84

Coal ... .
-87 •05 •04 121 15-9 13-05 2-85
•85 •05 •06 11-7 15-6 12-75 2-75

:; .... •76 •05 •05 10-6 14^1 11-25 2-85

Peat, dry . . .
-56 •06 •31 7-7 10-0 8-5 1-5

Wood •50 •05 -40 60 7-5 7-5

The first line refers to charcoal ; tho second to coke of average quality ; the third

and fourth lines give two examples of hydrocarbons, wliich comprise between them the

chief ingredients of rock-oil. Lines 5, 6, and 7 give a few examples of coal. They
differ from the kinds of fuel previously mentioned, in having some oxygen in them,

which somewhat lessens the evaporative power. Here, too, the units of evaporation

due to carbon and to hydrogen are distinguished ; for example, line 6 shows 12^ units

of evaporation due to carbon, and 2^ duo to hydrogen. Then follow some results for

peat and for wood, on which we need not enlarge. In the third, fourth, ami fifth

columns are stated the proportions of the chemical constituents, ranging for the rock-

oils, between 84 per cent, of carbon to 16 of hydrogen, and 86 per cent, of carbon to
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lo of liydrogen. The fifth column giA-es tlic net weights of air required for the

oxidation of the fuel. In the sixth column the theoretical evaporative powers are set

down : for rock-oils they are from 227 to 22o, or, in round numbers, we may say

22^. In two additional columns are some figures to show how much evaporation is

due to carbon and how much to hydrogen. In rock-oils those quantities are 12^ due
to the carbon, and 10 to the hydrogen, out of the 22|- units of evaporation.

It is to be observed that the examples given in this table, which are only a few
selections out of much more voluminous data, are all taken from good specimens. But
it may be taken as the result of practical experience that the evaporative power of

bad specimens of fuel from a particular district is about two-thirds that of good.

This applies particularly to coal. The difference is chiefly due to refuse or ash. But
it does not apply to mineral oils, because they can hardly contain anything else but

combustible matter. They do not contain ash ; they do not contain earthy matter.

The statement, then, about qualities of fuel which have only two-thirds of the total

evaporative power of those set down in the table, applies to coal and peat ; but it does

not apply to mineral oils.

We have gone at some length into the. principles of the total evaporative power of

different sorts of fuel, because it is of great practical importance to understand them.

They show the theoretical limit towards which practico approaches in the course of

improvement, but which practice cannot surpass nor even attain : the knowledge of

tliose principles prevents people, on the one hand, from forming too small an estimate

of the results which may be got from the economical use of fuel ; and on the other

hand from indulging in exaggerated estimates of those results. It shows us, indeed

what is the actual waste, when we know the result attained in practice : it enables us

to judge how far that result falls short of theoretical perfection, and what room there

is for further economy by means of improvements.

The late Dr. W. J. Macquorn-Eankine, from whose work on ' The Economy of Fuel
*

we are about to quote, writes thus with regard to mineral oil :

—

' I may make the following observations on what we may look forward to as the

probable result of the introduction of such classes of fuel as mineral oil as substitutes

for coal. Coal is a very complex kind of fuel. To ensure the best possible economy
in the use of it requires the fulfilment of many different conditions, some of which
conflict with each other. "We have to burn fixed carbon, and we have to burn the gas

that is disengaged from the coal. We may burn one very efficiently, and not btirn the

other. It is extremely difficult to manage the introduction of air, so that there shall

at once be no risk of a deficiency of air, which causes imperfect combustion, and gives

bad economy in one way ; or a surplus of air, which carries heat to waste up the

chimney, and causes bad economy in another way. On the one hand, we are exposed

to the risk, from any little fault of construction or management of the furnaces, of the

hydrogen going offunburned, and of its carrying off a large portion of the carbon un-

burned also. On the other hand, we are exposed to the risk of solid carbon being im-

perfectly burned, and going off as carbonic oxide. The contrivances for diminishing

the causes of waste are somewhat difficult and complex to apply in practice ; and above
all, too much depends upon the skill of the fireman or stoker. We may say almost

everything depends upon the way the furnace is managed. The very best furnaces,

the very best boilers that were ever contrived, may be made extremely wasteful by a
careless stoker. On the other hand, in using mineral oils, we are somewhat in the

position of the chemist who has got a good burner for burning coal-gas. We have to

contrive a suitable apparatus for introducing that oil into the furnace in such a way
that it shall be thoroughly mixed with air—whether in the state of vapour, or in the

state of fine spray, with or without the assistance of some porous substance to act as a
wick. A steam-jet seems to be the most efficient apparatus for that purpose. Then
if our apparatus is properly contrived and properly constructed, and works in the right

manner and produces complete combustion at first, there is no reason to suppose that

it will ever act badly if treated with ordinary care.
' It would seem to be no difficult matter with fuel of that sort to diminish the waste

of heat through imperfect combustion to nothing, and the waste of heat through hot

gases going up the chimney to something very small indeed. In fact, such an efficiency

as 90 per cent, of the total evaporative power being realised, instead of being a very-

extraordinary thing, may be looked for as a very ordinary thing ; so that, taking the
theoretical evaporative power of some hydrocarbon compounds at 22^, we ought not

to be surprised that, even with rude apparatus, in a merely experimental state, we get

an evaporation of 19 or 20 times the weight of the fuel—say 19, at all events. I
believe that has been realised in experiments that have been made, and that are now
being continued.

* There is another phenomenon as to which I may say something—the mode of
operation of steam-jets in cases of this kind. There can be no doubt that one use of
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the stoam-jet is the mechanical action to which I have frequently referred—the
thorough mixing of the gaseous fuel with the oxygen required for the purpose of com-
])ustion—the churning of the particles all together, so that they shall be brought
thoroughly into contact. There may bo another mode of operation of steam—

a

chemical action whoso effect is to prevent the deposition of unconsumed carbon from
gaseous fuel. All hydrocarbons ha^-e a tendency when raised to a high temperature

to deposit tho carbon, unless it be instantly burned. "We see that in the smoke that

a flame tends to give out, if there is anything to prevent immediate and free access of

oxygen to the carbon. Now it is possible that besides its mechanical action, the steam-

jet may also have a chemical action of tho following kind:—The oxygen of the steam

combines with the carbon of the hydrocarbon fuel, and the hydrogen of both is set

free ; there is a mixture thus produced of carbonic oxide and of hydrogen, which is

sure to be completely burnt as soon as a sufficient quantity of air gets access to it, and
thus the deposit of unconsumed carbon is entirely prevented.'

Dr. Paul, in a paper communicated to the Society of Arts, has the following valuable

remarks upon tlie combustion of mineral oils :

—

' The volumes of the air-supply and combustion-products for the extreme cases of

carbon and hydrogen are as follow :

—

Air-Supply at 60<» F.
1 Combustion-Products
i

at G60° F.

Carbon .

Hydrogen

lb.

1

1

lbs.

24
69

Cubic feet

320
960

1 lbs.

! 25

1
'^

Cubic feet

630
2044

In the combustion of carbon there is no expansion of volume in tho combustion-pro-

duct, except that due to the heat generated, which would render the volume at the

temperature of combustion (2,522° F.) rather more than six times that of the air sup-

plied. By the transfer of heat to the boiler, to such an extent as^to reduce the tem-
perature to 660'^ F., the volume would be reduced again to about 630 cubic feet per
pound of carbon burnt.

' In the combustion of hydrogen the supply of air required is about three times as

largo as that required in tho combustion of an equal weight of carbon. There is also

an expansion of the combustion-x^roducts, independent of the heat generated, and
amounting to one-half tho normal volume of the hydrogen burnt. The expansion duo
to lieat is also greater than in the combustion of carbon, on account of the greater

amount of heat generated, so that the volume of the furnace-gas at the temperature of

combustion (2,791° F.) would bo about 6.} times that of the air supplied, and tho

volume of gas discharged into the chimney would be about 3^ times as great as in the

combustion of an equal weight of carbon. This larger quantity of gas will, however,
contain nearly 4 times as much effective heat as that resulting from the combustion of

an equal weight of carbon, and its temperature will be about 270° higher, so that in

this respect the use of fuel containing a large amount of hydrogen, provided it can be
perfectly and readily burnt, presents an advantage as compared with fuel consisting

almost entirely of carbon. Eather more than one-fourth of a pound of hydrogen would
give as much effective heat as one pound of carbon with a somewhat smaller volume
of combustion-products. The extent to which this advantage affects tho value or

efficiency of fuel will, of course, depend on tlie amount of hydrogen it contains. Since

no hydrocarbon available as fuel contains more than 15 per cent, of hydrogen, the

actual evaporative efficacy of such a material, when used under the ordinary condi-

tions, cannot, at the utmost, be more than about 40 per cent, greater than that of an
equal weight of carbon. This, assuming it to be perfectly ])urnt, and the arrangement
of boiler flues or tubes, &c., to be favourable for the transfer of heat^ is the maximum
effect to be looked for according to the data, already given.

' The amount of hydrogen in petroleum is probably larger than in any of the other

hydrocarbons proposed to bo used as fuel, and that contains, on the average, about 13

per cent. In coal and slialo oil tho amount of hydrogen is less. Consequently, the

evaporative efficacy of these materials, as compared with carbon, would not reach the

above limit of 40 per cent, in excess. The ratio between thcso materials and ordi-

narily good roal is much about the same in regard to evaporative efficacy, since the
hydrogen contained in coal compensates for the oxygon and ash it contains, unless tho

amount of these is very considerable.
' The following tables show the relation between the total heat of combustion and

the available heat of hydrocarbons, Cont^iining respectively 14 and 2.') percent, of
hydrogen, also the amounts of heat consumed in tlie furnace-gas, and the mode in

which it is disposed of;

—
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' One pound of hydrocarbon, containing 14 per cent, of hydrogen, yields about 31 lbs.

of furnace-gas, consisting of :

—

Furnace-Gas
Quantities of

Heat in

Fumacc-Gaa

Equivalent
Evaporation
of Water

at 212» at60«

Carbonic acid gas .

Water vapour .

Nitrogen gas .

Surplus air ,

lbs.

3-16

1'26

11-45

14-37

heat units

411
359

1,683

2,124

lbs.

2-2

lbs.

13.6

30-74 4,577 4-8

Total heat of combustion

Latent heat of water vapou]

Available heat

Waste heat of furnace-gas

Effective heat

Theoretical evaporative pow

....
. • • .

er . . .

21,154

1,217 1-3

4-8

15-8

19,937

4,577

15,630

21-9

Kelative evaporative effic

compared with carbon or

acy as\,.„Q
coal=:l/^^^

•One pound of hydrocarbon, containing 25 percent, of hydrogen, yields about 36 lbs,

of furnace-gas, containing :

—

Quantities
Quantities of

Heat in

Fuinace-Gaa

Equivalent
Evaporation
of Water

at 212° at 60°

Carbonic acid gas .

Water vapour .

Nitrogen gas .

Surplus ....

lbs.

2-75

2-25

13-39

17-39

heat units

358
641

1.968

2,483

lbs.

2-6

lbs.

16-6

35-78 5,450 5-6

Total heat of combustion
Latent heat of vapour .

Available heat
Waste heat of furnace-gas

Effective heat

Theoretical evaporative power

26,283

2,174 2-2

5-6

19-3

24,109

5,450

18,659

... 271

Kelative evaporative effic

compared with carbon or S=i}'-«»

* I am not aware of any liquid hydrocarbon applicable as fuel, which contains so much
as 25 per cent, of hydrogen, so that an evaporative effect of about 16 lbs. of steam per
pound of hydrocarbon burnt must be regarded as the maximum result to be attained
with such material used as fuel. By burning these hydrocarbons with onlj^just enough
air for combustion, or half the quantities assumed to be supplied in tlie above estima-
tions, the effect capable of being realised would be from 13 to 14 per cent, greater than
in the case stated above, or about 18 lbs. of steam per pound of hydrocarbon contain-
ing 14 to 15 per cent, of hydrogen.
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'The plan of using liquid fuel, which so far as I am awan; has proved the most ad-.

vantageous, is one whicli docs, to some extent at any rate, secure the advaiit-ige to be
gained by forcing air into the furnace. According to this plan the oil is supplied to

the furnace through a small pipe, together witli a jot of high-pressure steam, by which
it is converted into spray, much in the same manner as, in the toy known as the per-
fume-vaporiser, a liquid is blown out of a bottle by a current of air. The steam-jot
at tho same time induces a current of air whicli mixes with the oil spray and supports
its combustion. This is the arrangement used by Messrs. Field and Aydon, and it

appears to work exceedingly well, effecting a very perfect combustion of the oil. The
oil I have seen used in this way was tho dead oil, or creosote oil, which is a refuse
product in tho refining of gas-tar. It possesses characters which render it much pre-

ferable to petroleum, or to the oil obfciined by distilling coal at a low heat, for use as
liquid fuel. In the first phice, its density being greater than that of water—the gallon
weighing about 12 lbs.—it takes less space for stowage than petroleum or coal-oil, the
gallon of which weighs only from 8 to 8^ lbs. For the same reason it would not bo
so dangerous as the lighter oils in case of accident ; for instead of floating on the sur-

face of water and burning, it would sink harmlessly. Again, its very high boiling

point, approaching to a red heat, and the great density of its vapour as compared with
that of petroleum or coal-oil, aro great advantages as regards risk of explosion in

consequence of the oil-vapour becoming mixed with air and then catching fire. This
could hardly take place with the dead oil, except at a very high temperature, while
petroleum readily gives off vapour to the air at a moderate degree of heat.

'The use of this oil as fuel presents great advantages for gas-tar distillers, with wJiom
it is a troublesome waste product. If it should come into demand as steam-fuel its

value would of course rise above that of coal, to an extent proportionate to its greater

efficacy and any other advantages resulting from its application as steam fuel. Sucli

an application might therefore be a great advantage to gas companies.
' Unfortunately the quantity of this oil which is available is very small as compared

with the requirements of steam navigation, probably not amounting to 100,000 tons a
year in the whole country, and therefore its application must be very limited.

' In order now to arrive at some estimate of the advantage to be gained in a steani

vessel, either in point of weight to be carried, or space occupied by liquid fuel as com-
pared with coal, it is evident that 100 tons of petroleum, or coal-oil, would do the

work of about 140 tons of good coal. But as coal is rarely burnt in such a way as to

be rendered useful to its full capability, and as there is always a considerable waste in

the shape of dust and cinders, which would not be the case with liquid fuel, a further

allowance must bo made for this. Assuming that one-fifth of the coal is wasted in

this way, then the equivalent of 100 tons of oil would be 175 tons of coal, for taking

the density of the oil as '850, it would occupy about the same space as an equal weight
of coals, or at the rate of about 53 lbs. per cubic foot. This difference would enable

a vessel capable of carrying coal for 12 days' steaming, to carry oil for 21 days. In
burning this oil there would be a saving of labour in stoking, and as it would not give

any ashes, a great deal of trouble would be saved in that way.
• These results differ widely from the statements which liavo been made in reference

to the relative efficiency of oil and coal, according to which it has been represented

that one ton of oil was equal to from 4 to 5 tons of coal, and that in regard to stowage-

room the saving was more than nine-tenths in bulk. I am not aware of any evidence

having yet been brought forward, such as would call for, or justify, tho abandonment
of those well-established principles by which the heating power and efficacy of fuel is

determined, as above stated.

• Mr. Trickett, the engineer-in-chief of the dockyard, gives, as the highest evapo-

rative effect obtiiined with petroleum, ir63 lbs. of water converted into steam per

pound of oil burnt. In this case, however, the combustion was imperfect. But in the

most successful trials with cojil-oil and shale-oil, when very little smoke was given off,

the evaporative effect was about 18 lbs. of steam produced per pound of oil burnt.

In this case some deduction is required to bo made for the steam applied as a blast to

the fire, but the amount was not ascertained. This result was also obtained under

peculiarly favourable circumstances as regards tho proportion of heating surface of

the boiler to the rate of evaporation.
• In regard to the supply of material capable of being used as liquid fuel, it is

necessary to make a few remarks. First, as regards petroleum, I imagine it is now
generally acknowledged that this material in its natural state is not well adapted for

the purpose. In that state it contains a large amount of very volatile hydrocarbon,

which, even at the ordinary temperature, vaporises by contact with air, and the mix-
ture of this vapour with air is explosive. At the temperature of a steam vessel's stoke-

hole this vaporisation would take place more readily, and if there were any leakage

in the supply pipes or tanks, disastrous consequences might ensue. In order to re-
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move this olyection to tlie use of petroleum as liquid fuel, the more volatile portion of

it must 1)0 separated by distillation, and that operation, when carried far enough to

render the oil fit for use with safety, would reduce the quantity to about one-third.

'Another objection to petroleum in its natural state is its bulkiness, the gallon

weighing only about 8 lbs. This is to some extent removed by the distillation ; and
by the reduction of the quantity to one-third, an oil is obtained which weighs about

8-^ lbs. per gallon.

According to the latest returns, the total production of petroleum in America

—

which is out of all proportion the most abundant source of this material—amounts to

about 360,000 tons a year. It would be mere speculation to offer any opinion as to

whether this rate of production is the maximum which is attainable, or as to the time

it may continue ; but the prevailing impression is that the sources from which this

supply originates are subterranean accumulations, and, therefore, not to be depended
on beyond a certain limit. The experience of oil-winning in America has confirmed

this view, for it has been found that the wells which were at first what are termed
"flowing wells," i.e., yielding their oil spontaneously, have gradually ceased to flow;

and that after pumping has been resorted to for bringing the oil to the surface, even

that means gradually declined in its effect. It would, therefore, be unwise to rely

upon the supply of petroleum as affording material for fuel.* See the articles Na.phtha
;

Petroleum; Shale Oils.

Patent Fuel. Under this name a great many attempts have been made to utilise

waste material. In countries where charcoal is abundant, charcoal-dust mixed with
pitch has been employed, and attempts have been made to utilise the immense
quantities of saw-dust produced in the north of Europe, by mixing it with clay and tar.

Passing over the several kinds of artificial fuel which have been made on the Continent,

the productions of this character made in this country must be described.

Wylam's patent fuel is small coal and pitch, moulded together into bricks by pressure.

The pitch is obtained, by the distillation of coal-tar from which naphtha and a peculiar

oil are separated, leaving the pitch. This pitch is ground fine and mixed with small
coal, and in this state is passed, by a very ingenious application of the Archimedean
screw, through a retort maintained at a dull red heat, by which it is softened for being
moulded, which is effected by a kind of brick-making machine under enormous pressure.

Warlich's patent fuel is similar in character, but he adds a little common salt or

alum to prevent the evolution of too much smoke, and the fuel bricks are subjected to

a temperature of 400'^ F. for eight hours, by which the more volatile constituents are

driven off.

Wood's fuel is prepared by mixing small coke or coal in a heated state with tar or

pitch in a common pug-mill, after which it is moulded in the ordinary manner.
Bessemer's process consists merely in exposing coal-dust to a temperature of 600°

F. By this the bituminous matter of the coal becomes softened, and the whole can be
pressed into a firm block.

Grant's patent. This fuel is composed of coal-dust and coal-tar pitch : these mate-
rials are mixed together, under the influence of heat, in the following proportions :

—

20 lbs. of pitch to 1 cwt. of coal-dust, by appropriate machinery, consisting of crush-
ing-rollers for breaking the coal in the first instance suflB.ciently small that it may
pass through a screen, the meshes of which do not exceed a quarter of an inch asunder

;

2ndly, of mixing-pans or cylinders, heated to the temperature of 220°, either by steam
or heated air ; and 3rdly, of moulding machines, by which the fuel is compressed,
under a pressure equal to five tons, into the size of a common brick ; the fuel bricks

are then whitewashed, which prevents their sticking together, either in the coal

bunkers or in hot climates. The advantages of this artificial fuel over coal may be
stated to consist, first in its efficacy in generating steam ; secondly, it occupies less

space, that is to say, 500 tons of it may be stowed in an area which will contain only
400 tons of coal ; thirdly, it is used with much greater ease by the stokers or firemen
than coal, and it creates little or no dirt or dust, considerations of some importance
when the delicate machinery of a steam-engine is considered ; fourthly, it produces a
very small proportion of clinkers, and thus it is far less liable to choke and destroy
the furnace bars and boilers than coal ; fifthly, the ignition is so complete that com-
paratively little smoke, and only a small quantity of ashes, are produced by it ; sixthly,

from the mixture of the patent fuel, and the manner of its manufacture, it is not liable

to enter into spontaneous ignition.

A great many other persons have either patented processes for the preparation of
artificial fuel, or published suggestions. These are so nearly alike that a few of them
only require any notice.

Cobbold agitates peat in water to separate the earthy matter, and then allows the
peat to subside, and consolidates it.

Godwin makes brick of mud or clay with pitch or coal.
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Oram employs tar, coals, and mud.
Hill takes the residuary matter after the distillation of peat, and mixes it \sith pitch.

Holland mixes lime or cement with tar and small coals.

Ransomo cements small coal together by a solution of silicate of soda.

From the Admiralty Coal Inquiry's Report wo obtain the following analyses of

several of the more important artificial fuels :

—

Specific

Name of Fuel Gravity of

Fuel
Carbon Hydrogen Sulphiu: Oxygen Ash

Warlich'8 . M5 90-02 6-66 1-62 ... 2-91

Livingstone's M8 86-07 4-13 1-45 2-03 4-62

Lyon's .... 113 86-36 4-56 1-29 2-07 4-66

Bell's .... 1-14 87-88 6-22 0-71 0-42 4-90

Holland and Green's 1-30 70-14 4-65 ... ... 13-73

Wylam's 1-10 79-91 6-69 1-25 6-63 4-64

Monthly Beturn of the Quantities of Pate^it Fuel Ea^orted to Foreign Countries

during the Year 1872.

Months Swansea Cardiff Newcastle Liverpool

tons tons tons tons

January .... 14,305 3,649 ... ...

February 9,257 7,989 ... 61

March 12,989 6,909 ... ...

April . 12,369 4,657 ... ...

May 12,113 7,115 435
June 7,747 4,201 ... 10

July 9,322 4,338 10

August . 12,546 3,665 58 ...

September 11,659 6,446 25
October . 15,049 4,784 43 38

November 8,465 3,264 ... ...

December 11,965 7,708 184 806

Patent Fuel sent Coastwise to other Forts of the United Kingdom,

Ports from which shipped 1870 1871 1872

Cardiff

Swansea ....
Liverpool ....
Glasgow ....
Sunderland ....

Total .

tons

4,396

18,673

4

tons

12,323

19,398

*250

tons

3,802

8,628

6*631

23,073 31,971 19,061

Patent Ficd sent to Foreign Countries.

Poi-ts from which shipped 1870 1871 1872

tons tons tons

London .... 3,551 4,876 3,569
Newhaven 8 ...

Bristol . ... 3

Cardiff. 62,762 67,127 58.200
Swansea 141,984 136,761 142,938
Newcastle ... ,,, 101
Sunderland ... ... 2,019
Liverpool 72 368 354

Total • 198,377 198,116 207,241 ]
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In connection with the consideration of the values of Fuel, as producers of mechani-
cal power, the Economiste Frangais has published an article in which it examines the

improvements that may be introduced into motive machines by the application of the

science of the mechanical theory of heat. The writer thinks that the science itself is

suffidently advanced to aflford importJint practical results, and, in support of that

view, names the recent work of M. Leon Pochet, LaNouvdle Mkanique Industrielle.

Every thermal machine, which has for its object the conversion of heat into

mechanical power, approaches perfection exactly in relation to the amount of heat
which it transforms ; this transformation has a maximum limit which cannot possibly

bo passed, but the machines at present in use are far from attaining the degree of

perfection indicated by the theoretical limit. By calculating the heat necessary for

converting water into steam at the proper temperature, in a supposed perfect machine,
the consxmiption of fuel amounts to 0*17 kilogramme (of 2"204: avoirdupois lbs. of

7,000 grains) per horse-power per hour (see Hoesk Poweb); while the consumption of
engines in industrial use is as follows :—The most perfect engines of lai^e power, one
kilogramme ; those of moderate power, two ; and small machines, foiir to six kilo-

grammes. This statement shows that many improvements are still to be looked for in

our motive engines : and we may enquire in what direction and with what results the

endeavour towards such amelioration has been pursued of late, with a special view to

the economy of combustion.
The power of a boiler is measured by the weight of steam produced per hour for a

given amount of heating surface, and its working power by the weight of steam pro-
duced by a given weight of fuel, for a boiler may give a large quantity of steam per
unit of surface and by time, and yet utilise but a small portion of the heat emitted by
the fuel. Thus, engineers are occupied at the present time with the question of the
disposition of steam generators ; the types employed in industry vary infinitely in their

details, but they may all be referred to one or other of the seven heads following :

—

1. Waggon-head boilers ; 2. Cylindrical boilers with exterior furnaces; 3. Cylindrical
boilers with interior furnaces ; 4. Boilers with hot-water tubes ; 5. Tubular boilers ;

6. Boilers with circulating arrangement ; 7. Marine boilers.

According to the results of a considerable number of experiments made with various
forms of apparatus, the weight of steam produced by a kilogramme of fuel oscillates

between 4'30 (boiler with two lateral hot-water tubes, experimented on by M. Chaves
on the Northern Eailway of Prance) and 10-84: to 11 -30 (cylindrical boiler, with a Wye-
Williams' superheater), the exceptional limit yet arrived at. These figures, which
indicate the economic value of each system, depend upon a great number of conditions,

amongst which it must be remembered that the experience and care of the stokers are
not the least important. From the economical point of view, little or no progress has
taken place in boilers since the time of Watt. The old Cornish and London boilers
gave about eight kilogrammes of steam for one kilogramme of fuel : modem apparatus
only attain this result exceptionally. This arose in great part from the care with
which the first boilers were constructed

;
precautions were taken in them to avoid loss

of heat, which have unfortunately been neglected of late. The necessity for econo-
mising space aggravated the effects of this negligence. Li diminishing the length of
the boilers that of the flues was ^also lessened, and consequently the gases were
allowed to escape at a higher temperature than before. What was gained in space
was thus lost in economy.

In the present state of the art of construction, the maximum result to be looked
for, under ordinary circumstances, from a good boiler, is that of seven kilogrammes
of steam per kilogramme of coal of average quality, producing ten per cent, of
cinders. In fixing at 8,000 units the heat disengaged by the combustion of a kilo-
gramme of pure coal, we recognise the fact that the utilisation of boilers corre-
sponds with a fraction equal to about fifty-seven per cent. More than a third of
the heat is lost in our best steam generators. The care of a good stoker may easily
augment the result by ten per cent.

^
Although this portion of our steam apparatus seems susceptible of notable

improvements, still if we consider the stationary conditions of caloric effect since
Watt's time, it would seem that these improvements are exceedingly difficult to bring
about.

_
The Siemens' furnaces appear to be the only apparatus introduced with

the object of economising fuel, which deserve special notice ; but their application is
necessarily restricted to fixed engines.

Steam once produced, the next thing is to turn it to account, and in this case we
can scarcely look for improvement in future but from amelioration in the details of
the apparatus—and industry has almost arrived at perfection in this respect—steam-
engines which consume a kilogramme of coal per horse-power effective and per hour,
are not far removed from it.

It has been sought to replace steam in thermal engines by other vapours or by gas.
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Trembley's engine, tried in 1840, and adopted for a boat which ran regularly between
Marseilles and Algiers, was worked with steam and the vapour of ether. Sulphuric
ether boils at a temperature of 37° Cent. ; condensed steam preserves sufficient heat

to convert ether into vapour which, by its expansion, adds a certain amount of

power to that already produced. This experiment, however, was not successful, and
the engines constructed upon this system were considered extremely dangerous. The
substitution of chloroform for ether, proposed by M. Lafond, of the French Navy, was
not more satisfactory.

Capt. Ericson, in his engine, which was remarkable from a theoretic;vl point of view,

constructed about 1852, appears to have been the first inventor who succeeded in

utilising atmospheric air in thermic engines. But although his apparatus has been
employed in America, under various circumstances, and especially for vessels, the hot-

air engine, whether on the system of Ericson, Franchot, Lemoine (of Rouen), Belou or
others, has not yielded really practical results or rendered any real service. It is well

known that the effects of hot-air engines should far exceed those of good steam-
engines. Our best motors actually consume, as already stated, a kilogramme of coal

per horse per hour; if we admit that the heating apparatus of a hot-air engine

transmits two-thirds of the heat developed in the furnace, that the mechanism utilises

60 per cent, of the possible mechanical power, and that the coal produces only 7,500
units of heat ; lastly, if we estimate the absolute theoretical effect at 050, the con-

sumption of a hot-air engine will, under these circumstances, be equal to 0'42-i per

horse per hour—a very reduced amount. It would be to despair of human ingenuity

not to believe that such a result will some day be obtained. See Air Exginjb.

FUXiGTrHATIOir designates the sudden brightening of the melted gold and silver

in the cupel of the assayer, when the last film of vitreous lead and copper leaves their

surface.

FirikliSR'S EARTH.
( Terre a foulon, Argile smectiquc, Fr. ; Walkcrerdc, Ger.)

In geology this term is applied to the clayey deposit which intervenes between the

calcareous strata commonly known as the Bath or Great Oolite, and the Inferior

Oolite. A sandy argillaceous earth is met with in the upper part of the clay in

question, to which the name Fuller's earth was given from its adaptability for fulling

or cleansing cloth, when first woven, from grease or other impurities. The term
thus limited originally to a particular stratum was subsequently applied to the entire

formation by Dr. "William Smith in his classification of tlie British strata, and
has ever since retained its place in geological nomenclature. The fuller's earth

above mentioned was formerly procured in considerable quantities from the Downs,
to the south of Bath, whence it was sent to the cloth factories of Gloucestershire.

Of late years, however, an artificial substitute has been found in a chemical prepa-

ration, and the demand for the natural production has decreased so far, that little or

none of it is now procured in the West of England. The fuller's earth of Reigate is

found in .strata of a much more recent date than those alluded to above, and forms a
part of the Lower Greensand. See Greensand.
From Reigato 12,000 tons of dried fuller's earth are raised annually. There are

two varieties, called the blue and yellow ; their analyses are respectively

—

•

Alumina .....
Silica

Lime
Magnesia
Oxide of Iron ....
Soda

Blue Yello

18 11

42 44
4 5
2 2
6 10

6 5

The other places from which fuller's earth has been obtained, are— Penenden
Heath, Maidstone, Fromc, Lonsdale, Coombe Hay, English Coombe, and Duncom Hill

in Gloucestershire, and at one locality in Bedfordshire.—H. W, B.

FXTIilLERS' TEAZEXi. Dipsacus {Sl^a, thirst), so called because the bases of

the leaves aro, in many species, connate, so tliat they enclose a cavity which con-

tains water ready to allay thirst. The fullers' teazel is the Dipsacus fullonum;
the bracts of the head are very spiny, and are much used for carding cloth; con-

sequently the teazel is cultivated in many part.t. Many carding machines have been

introduced, but the best cloth weavers still pn^fur the teazel for finishing tlieir cloth.

FT7]LIiZirG. The art of cleansing, scouring, and pressing woollen manufactures.

The object is to render them stronger and firmer. It is called also milling, because

the cloths are scoured by a water mill.

The principal parts of a fulling mill are the wheel with its tinindle, which gives

motion to the tree or .spindle whose teeth communicate that motion to the stampers

or beaters, which fall into troughs, wherein the cloth is put, with the fuller's earth.
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I

William and Ogle introduced in 1825 some new fulling machinery, designed to act

in a similar way to the ordinary stocks, in which cloths are beaten, for the purpose x>f

washing and thickening them ; but the standard and the bed of the stocks are made

of iron instead of wood, as heretofore ; and a steam vessel is placed under the bed, for

heating the cloths during the operation of fulling, whereby their appearance is said to

be greatly improved.

Fig. 1006 is a section of the fulling machine or stocks: a, is a cast-iron pillar,

made hollow for the sake of lightness ; b, is the bed of the stocks, made also of iron,

and polished smooth, the side of the jQQg
stock being removed to show the in-

terior ; c, is the lever that carries the

beater d. The cloths are to be placed

on the bed h, at bottom, and water

allowed to pass through the stock,

when by the repeated blows of the

beater d, which is raised and let fall

in the usual way, the cloths are

beaten, and become cleansed and
fulled.

A part of the bed at e is made
hollow, lor the purpose of forming a

steam box, into which steam from a

boiler is introduced by a pipe with a

stopcock. This steam heats the bed
of the stock, and greatly facilitates,

as well as improves, the process of

cleansing and fulling the cloths.

The smoothness of the surface of the polished metal, of which the bed of the stock

is constituted, is said to be very much preferable to the roughness of the surface of

wood of which ordinary fulling stocks are made, as by these iron stocks less of the nap

or felt of the cloth is removed, audits appearance when finished is verymuch superior

to cloths fulled in ordinary stocks.

In the operation of fulling, the cloths are turned over on the bed by the falling of

the beaters, but this turning over of the cloths will depend in a great measure upon

the form of the front or breast of the stock. In these improved stocks, therefore,

tliere is a contrivance by which the form of the front may be varied at pleasure, in

order to suit cloths of different qualities
; /, is a moveable curved plate, constituting

the front of the stock ; its lower part is a cylindrical rod, extending along the entire

width of the bed, and being fitted into a recess, forms a hinge joint upon which the

curved plate moves
; g, is a rod attached to the back of the curved plate /, with a

screw thread upon it ; this rod passes through a nut h, and by turning this nut, the

rod is moved backward or forward, and, consequently, the position of the curved plate

altered.

The nut h, is a wheel with teeth, taking into two other similar toothed wheels, one

on each side of it, which are likewise the nuts of similar rods jointed to the back of

tlie curved plat*/; by turning the central wheel, therefore, which may be done by a

winch, the other two wheels are turned also, and the curved plate moved backward or

forward. At the upper part of the plate there are pins passing through curved slots,

which act as guides when the plate is moved.
FUXiMZXrATnTG- MERCTm-S-, C*N-Hg-0< {C-nr-JLeO-). The well-known

compound used for priming percussion caps. It was analysed many years ago by
Liebig, and subsequently, by Gay-Lussac. Although chemists have long been ac-

quainted with the true composition of fulminic acid, and the formula of fulminating
mercury has also been rendered almost certain, no accurate analysis of the latter com-
pound was made public until 1855, when M.Schischkoff published his celebrated paper
on the fulminates. It is singular that Liebig and Schischkoff were independently
engaged at the same time in investigating the products of decomposition of the fulmi-

nates. The formula of fulminic acid, and also that of fulminating mercury, had been
deduced from the very accurate analyses of fulminating sih'er made by Gay-Lussac
and Liebig. A great number of processes for the preparation of fulminating mercury
have been published. The following are the best as regards economy and certainty :

1. One part of mercury is to be dissolved in 10 parts of nitric acid, sp. gr. 1-4 ; and
the solution at a temperature of 1^0^ F. is to be poured into 8-3 parts of alcohol,

sp. gr. 0-830.— t/rc.

2. One part of mercury is to be dissolved in 12 parts of nitric acid, of sp. gr. 1-3.

To the solution (as soon as it has cooled to 55" F.). 8 parts of alcohol, sp. gr. 0-837,

aye to be added ; the vessel containing the ir.ixture is to be heated in boiling water
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until thick white fumos begin to form. The whole is then set in a cool place to
deposit the crystals of fulminate.

—

Cremascoli.

3. One part of mercury is to be dissolved in 12 parts of nitric acid, sp. gr. 1*340 to
1*345, in a flask capable of holding 18 times the quantity of fluid used. When the
metiil is dissolved, the solution is decanted into a second vessel containing 5*7 parts of
alcohol, of 90° to 92° (Trallcs), then immediately poured back into the first vessel, and
agitated to promote absorption of the nitrous acid. In five to ten minutes gas-bubbles
begin to rise, and there is formed at the bottom of the vessel a strongly refracting,

specifically heavier liquid, which must be mixed with the rest by gentle agitation. A
moment then arrives when the liquid becomes black from separation of metallic
mercury, and an extremely violent action is set up, with evolution of a thick white
vapour, and traces of nitrous acid ; this action must be moderated by gradually pour-
ing in 67 parts more of the same alcohol. The blackening then immediately dis-

appears, and crystals of fulminating mertury begin to separate. When the fluid has
become cold, all the fulminating mercury is found at the bottom. By this method not
a trace of mercury remains in solution.

—

lAehig.

The fulminate in all these processes is to bo collected on filters, washed with dis-

tilled water, and dried. The violent reaction which takes place when the solution of
mercury reacts on the alcohol is essential to the success of the operation.
With regard to the economy of the above methods, it has been found that I part of

mercury yields the following proportions of fulminate :

—

1st process 1-30

2nd , 1-26

3rd „ 1-53

C.G.W.
FVXiMmATZirG SZIiVSR, C*N2Ag=0* (C=W2Ag'02). This salt corresponds

in constitution to the fulminate of mercury ; it may also be prepared by analogous
processes, merely substituting silver for mercury. Preparation.— \. 1 part of silver

is to be dissolved in 24 parts of nitric acid, sp. gr. 1*5, previously mixed with an equal
weight of water. To the solution is to be added alcohol equal in weight to nitric acid.

Produce, lb part of fulminating silver. 2. 1 part of silver is to be dissolved in 20
parts of nitric acid, sp. gr. 1-38. To the solution is to be added 27 parts of alcohol,

sp. gr. 0-832. The mixture is to be heated to boiling, and, as soon as it shows signs
of becoming turbid, it is to be removed from the fire, and a quantity of alcohol, equal
in weight to the first, is to be poured in. The liquid is now to bo allowed to become
perfectly cold, when the fulminate will be found at the bottom of the vessel. Pro-
duce, equal to the silver employed. 3. 1 part of silver is to be dissolved in ten times
its weight of nitric acid, sp. gr. 1-36. To the solution is to be added 20 parts of al-

cohol, sp. gr. 0*83. The mixture is to be treated as in the second mode of preparation,
except that no more alcohol is to be added. The produce should be in fine crystals.

Whichever mode of preparation be selected, it is absolutely necessary, in order to

avoid fearful accidents, that the following precautions be attended to. The beakers
or flasks employed must be two or three times larger than is required to hold the in-

gredients, for if, owing to frothing or boiling over, any of the fluid happened to find

its way to the outside, and dry there, an explosion might ensue. Care must also bo
taken that the highly inflammable vapours given oflf during tlie preparation do not
come near any flame. The salt, when formed, must be received on a filter, and well
washed with cold water. It is safer to dry it spontaneously, or over oil of vitriol, for

although it will endure a heat above that of boiling water before exploding, yet when
warm, the slightest touch with a hard substance is often sufficient to cause a terrible

detonation. A spatula of pasteboard or Very thin wood sliould be employed to transfer

it into its receptacle. Fulminating silver should not be kept in glass vessels, for fear

of the salt finding its way between the cork or stopper, the slightest movement with
a view of opening the vessel, being then sufficient to cause an accident. Small paper
boxes are the safest to keep it in.

Fulminating silver gives a more violent detonation than the corresponding mercurial
compound. The presence of roughness or granular particles on the substances with
which it may be in contact assists greatly iu causing it to explode.

Although giving so violent an explosion when alone, it may be burnt without
danger when mixed with a large cxcoss of oxide of copper, as in the ordinary process
of organic analysis. It then gives oflf a mixture of two volumes of carbonic acid, and
one volume of nitrogen. Gay-Lussac and Liebig made an analysis of the salt iu this

manner, with the annexed results :

—
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Bxperinaent Calcnlation

Carbon . . 7'9 C* . . 24 . . 8-0

Nitrogen . , . 9-2 N» . . 28 . . 9-3

Silver . 72-2 Ag« . . 216 . . 72-0

Oxygen . . . 10-7 0^ . , 32 .

300

. 10-7

100-0 100-0

C. G. W.

FUXiMZXarzc acid, C^N^H^O* (C^ir^U^O^). The acid contained in fulminating

mercury ; it does not appear to exist in a free state.

TVH/aOATXOir is the employment of fumes or vapours to purify articles of

apparel, and goods or apartments supposed to be imbued with some infectious or con-

tagious poison or fumes. The vapours of vinegar, the fumes of burning sulphur,

or explosion of gunpowder, have been long prescribed and practised, but they have in

all probability little or no efficacy. The diffusion of such powerful agents as chlorine

gas, muriatic acid gas, or nitric acid vapour, should alone be trusted to for the

destruction of morbific effluvia. See Disinfectants.

WMITORY'. A bitter herb, Fumaria officinalis. It grows abundantly in this

country, and was at one time used in medicine. The name is derived from the Latin

wovd fumus, smoke, on account of its smoke-like smell. The French call it fu7neterre,

whence our name fumitori/.

FUSTGI. One of the orders into which the ThallogencB are divided, comprehending
the mushrooms. The fungi are cellular plants, which generally appear in the form
of a more or less rounded thallus supported upon a stalk, and with spores or seeds on
the under surface or gills, or, as it is called, the hynienium. Upwards of 4,000 species

of fungi have been enumerated by botanists. All matter, and especially organic

matter, may become productive soil for many species. The parasitic fungi are very
serious agents of destruction, and the cereals and other useful plants are often entirely

destroyed or rendered poisonous by their appearance. The mildew of wheat, Puccinia

graminis ; the smut, Uredo segetum ; the bunt, Uredo fo&tida ; the ergot or cock's

spur, Spermcedia clarus, which, without destroying the crops, renders the grain

poisonous for food : the potato disease, which is intimately connected with the attack

of a species of Botrytis (Peronospora) infestans, as are also diseases of many of

the ordinary vegetables, are some of the minute and destructive kinds of fungi. Some
of these parasitic fungi grow on living animals ; the non-secretion of the silkworm is

due to the fungus Botrytis Bassiana. A certain species of caterpillar is attacked by the

fungus SpluBria Sinensis, and the animal becomes perfectly absorbed in the vegetable,

and this substance is collected and used as a highly-prized drug among the Chinese.

A very large class of fungi bears the name of mushroom ; many of these species are

edible, while others are more or less poisonous. The Agaricus muscaria is used by the

natives of Kamtschatka and Korea to produce intoxication : of the edible kinds the

Agaricus campestris is most used in this country as an article of food, and from it is

obtained the sauce called Ketchup, or Catsup ; this species is considered poisonous in

Italy, while many others eaten in foreign countries are considered here unfit for food.

The fairy-ring mushroom, Agaricus pratensis, is also an edible plant, and is used for

mixing with rich sauces. The truffle. Tuber cibarium, is also a mushroom. The com-
mercial value of this fungus is very great. Beyond these there are none of the fungi
which have any practical uses in this country. In Kome it is stated that the yearly
average of taxed mushrooms, from 1837 to 1847, was between 60,000 and 80,000 lbs.

weight. The Cyttaria Danuinii, growing on the bark of the beech in Tierra del Fuego
and in Australia ; and species of the Bolettis, especially one called native bread, Mytittus
Australis, are much used by the respective natives as food. Some species of fungi are

phosphorescent ; the Rhizomorpka, one of these, is said to give to caves and mines
where it abounds an indescribable splendour. Many of the smaller fungi are

most destructive in their nature, as remarked previously. Fungous formations have
been detected in our cotton goods sent to India, and the result has been most
serious to our trade in these goods.
As many deaths have occurred by mistaking poisonous for edible fungi, it may be

useful to point out the chief marks of distinction between the two classes. The cha-
racters have been thus contrasted by Prof. Bentley :

—

Edible Mushrooms.

1. Grow solitary, in dry, airy places.

2. Generally white or brownish.

3. Have a compact, brittle flesh,

Vol. II. L

Poisonous Mushrooms.

Grow in clusters, in woods, and dark
damp places.

Usually with bright colours.

Flesh tough, soft, and watery.

Ii
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Edible Mtcskrooms.

4. Do not change colour when cut, by
«iction of air.

5. Juice watery.

6. Odour agreeable.

7. Taste not bitter, acrid, salt,

gent.

or puu"

Poisonous Mushrooms.

Acquire a brown, green, or blue tint, when
cut and exposed to the air.

Juice often milky.

Odour commonly powerful, and dis-

agreeable.

Have an acrid, astringent, acid, salt, or

bitter taste.

Purther, all fungi should be avoided if insects will not touch them ; if the fungi

have scales or spots on their surfaces ; or if they exhibit any signs of decomposition.

It is said that some poisonous fungi are rendered innocuous by being cut in slices,

macerated in vinegar and water for an hour, and then washed in boiling water before

being dressed.

FVXt. (Fourrure, Fr. ; Peh, Gor.) Fur may be strictly defined as the short

fine soft hair of certain animals, growing thick on the skin, and distinguished from the

hair, which is longer and coarser. The term is, however, used sometimes very loosely,

and includes those skins which arc covered with hair. Fur is one of the most perfect

non-conductors of heat, and consequently we find the animals of the colder regions of

the earth clothed with this substance, and hence man has adopted it as the warmest
of clothing.

To the admirable report made by Messrs. J. A. Nicholay and James B. Bevington,
on the Furs of the Great Exhibition, we are mainly indebted for the following par-

ticulars.

The Etjssian Sable (Mustela zihcllina). In the reign of Henry VIII., by a law
to regulate the expenses of different classes, and to distinguish them by peculiarity of

costume, the use of sable was confined to the nobility above the rank of viscount. It

is stated that 25,000 skins are annually collected in the Russian territories. The
fur is brown, with some grey spots on the head ; the darker varieties are the most
valuable, a single skin of a fine dark colour being sold for as much as nine pounds,

though the average value does not exceed two or three. The Russian sable is some-
times confounded with the Hudson's Bay sable, but to the furrier the former is

easily distinguishable from the length and fullness, as well as the darker colour, of

the fur.

Hudson's Bay Sable {Mustela Canadensis). As the natural colour of this skin is

much lighter than the prevailing taste, it is the practice to dye many of them a
darker colour, and the furs thus treated are scarcely inferior to the Russian or true

sable. Not less than 120,000 skins are annually imported into this country.

PixB Maetex or Batjm {Mustela ahieium). The animals producing this skin are

found in extensive forests in the north of Europe. The skins are distinguished from
the stone marten by the yellow colour of the throne. These skins are dyed to imitate

real sable.

Stone Martek {Mustela saxorum). This is frequently called French sjiblo, from
the fact that the French furriers excel in dyeing this skin. The stone marten is dis-

tributed through most European countries. The under fur is a bluish white, with the

top hairs a dark brown, the throat being generally a pure white, by which it is

distinguished.

Fisher. These skins are larger than the sables, and the fur is longer and fuller;

about 11,000 of these skins are annually brought from America. The tail, which is

long, round, and gradually tapering to a point, was formerly iised as the common
ornament to a national cap worn by the Jew merchants of Poland.

Mink {Mustela vison).. There were 245,000 skins of this little animal brought to

this country in 1850. The fur resembles sable in colour, but is considerably shorter

and more glossy.

Ermine {Mustela crminea). This animal is similar in form and habit to tho

common weasel of this country ; but in Siberia, Russia, and Norway, from whence tho

skins are imported, the little animal during winter becomes as wliite as the snowy
regions it inhabits, and is esteemed the whitest fur known, thongh in summer its

dress is a dingy brown. The tail of the skin, of which the lower half is jet black, is

usually introduced as an ornament to the purely white fiu*. In Edward Ill.'s reign,

the use of ermine was restricted to tho royal family.

Fitch or Polecat {Mustela putorius), produced throughout Europe and in our

own country. This animal has a soft black fur, with a rich yellow ground. Tho
natural smell of this fur is unpleasant and difficult to overcome.

North American Skunk {Slephitis Americana). These skins are imported by the

Eudflon's Bay Company. Tho animal from which it is obtained is allied to the
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polecat of Eiiropo. The fur is a soft black, with two white stripes running firom the

iicad to the tail. This fur is not much used in this country.

Kolinsky {Mustda Siherica). The Tartar sable, which is of a bright yellow

colour. It is sometimes used in its natural state, but is more frequently dyed brown

to imitate other sable, to which it bears a strong resemblance. It is remarkable for

the uniformity of its colour, having no spot or difference of shade in any part of the

body. The tail, which is of the same colour, is exclusively used for the best artist's

pencils.

Musk Rat or Musquash {Fiber zibethicics), an inhabitant of the swamps and rivers

of America. About a million skins are brought to this country annually. The fur

resembles that of the beaver, and was used by hat manufacturers. The skins are also

dyed by the furrier, and manufactured into many cheap and useful articles.

Nutria or Coypon {Myopotamus corpus). This animal is larger than, but some-

what similar to, the musquash ; it inhabits the banks of rivers in Buenos Ayres and

Chili. But few of these skins are now imported.

Hamster (Cricetus vulgaris), a native of Germany, where not less than 100,000

skins are annually collected. It has a poor, short, and coarse fur, which is almost

exclusively used for cloak linings by the Greeks. The colour of the back is a reddish

brown, the belly black, with a few light spots.

Pebwitzky. The skin of this animal is marked like tortoise-shell ; it is brought

from the southern extremities of Asiatic Eussia. It is chiefly used by the Russians

for cloak lining.

Beaver (Castor Americanus). This beautiful fur is sometimes used for articles of

dress. In order to prepare the skin for this appropriation, the coarse hairs are re-

moved, and the surface cut by a very ingenious machine, somewhat similar to that

used in dressing cloth. The skin thus prepared has a beautiful appearance, not

unlike the costly South Sea otter, and has the advantage of durability and lightness.

Otter (Lutra vulgaris, Lutra Canadensis). Of the British otter about 500 skins

are collected annually. The large quantity used by the Russians and Chinese is

derived principally from North America.
Sea Otter {Enhydra marina). The sea otter has a very thick, soft, woolly fur,

and is most highly prized by the Russians and Chinese, to whom most of the skins

are exported. The animal is found in the North Pacific from Kamtschatka to the

Yellow Sea, on the Asiatic coasts, and from Alaska to California on the American coasts.

Seal (Pkoca), There are numerous varieties of these animals, which are found on
the western coasts of these islands, and in immense numbers on the shores of Labrador,
Greenland, and Newfoundland. The greater portions of the skins imported are

tanned and enamelled with black varnish for ladies' shoes ; other descriptions are well

adapted for fur. Before they can be used as a fur, it is necessary to remove the

very coarse hairs, which cover a beautifully fine and silky fur. By shaving the felt

to half its natural substance, the roots of the coarse hairs are cut through, and they
easily fall out, but the same effect is produced by the natural process of fermentation,

which ensues when the skins are properly prepared and allowed to remain together.

This fur is rarely used in its natural state, but is dyed a deep vandyke brown, when it

has the appearance of the richest velvet.

Fox. Of foxes' skins brought to this country there are many varieties ; the black
and silver foxes

( Vulpesfulmcs, var. argentatus) from the Arctic regions are the most
valuable. They are purchased for the Russian market, being highly prized in that
country. The cross and red foxes are used by the Russians, Turks, and Greeks for

cloak linings and collars. The blue and white foxes are used in this and other
countries for ladies' dresses ; the white foxes {Vulpes lagopus)arQ represented by arctic

travellers as exceedingly numerous, and emigrating in troops over the frozen seas at the
approach of the rigorous season.

Wolveeixe
( Giclo luscus). The glutton of old writers. The fur is generally a

dark brown, passing into a black in winter.
Bear

( Ursus). The skin of the black bear is used for military purposes, for ruga
and carriage hammercloths. The fur of the brown or Isabella bear ( Ursus Isabellinus)

has frequently been very fashionable in this country.
The skins of the hare and the rabbit scarcely require notice.

The Squibrel, especially the Siberian squirrel, is much sought for. It is said that
16,000,000 of these skins are annually collected in Russia, and of these, 3,000,000 are
sent to this country. '

Chinchilla (Chinchilla lanigera). There are two varieties of Chinchilla, the pro-
duce of South America. Our chief supply is from Buenos' Ayres and Arica. The
skins from the former locality are of a silvery grey. Those from Arica are the darkest
and best coloured skins.

Racoon (Procyon totor), this fur is used for lining coats.

LL 2



516 FUB

Cat {Fdis domesiictts). Iq Holland tho cat is brod for its fur ; it \b fod on fish and

carefully tended until the fur arrives at perfection.

Canada Lynx (Fells Canadensis). This fur is not much used in this country, but it

is prepared and exported for tho American market,

Furs, Skins, and Pelts Imported,

Bear ....
Beaver
Chinchilla .

Coney....
Deer, dressed and undressed
Ermine
Fisher
Fitch ....
Fox, silver .

„ other sorts .

Goat, undressed

.

„ tanned or dressed

Kid, undressed .

„ tanned or dressed
Kolinski
Lamb, undressed

„ tanned or dressed
Lynx ....
Marten
Musquash .

Nutria
Otter, common .

„ sea .

Eacoon
Sable ....
Sheep, undressed

„ tanned or dressed
Squirrel or Calabar ,

Wolf ....
Unennmerated, being furs

„ not being furs

Number

6,716

150,640
377,092
885,659
64,160

808,909

8,501

17,213

2,443

92,081

866,117

2,298,983
8,022

280,358
63,249

660,423

112,666
68,206

119,626
2,329,378

13,396
14,651

1,060
297,504

3,845

780,477

3,913,392

2,154,387

244,674
12,728

1,164,764

Value

£
8,090

69,023
101,232

4,669
8,385

18,330
15,069

2,241

8,256

69,169
88,843

248,685
402

23,761

6,657

32,422

7,844
24,109

89,315
99,194

616

14,341

11,765

27,857

5,755

243,679
303,702
116,284

4,077
4,234

85,420
17,976

Number

12,482

153,853
763,364
692,604
60,940

268,491

13,699
21,341

5,904

95,766
783,408

2,620,390
14.195

431,605

47,480
806,736
134,236
44,055
91,684

1,828,111

24,112

18,225
1,600

385,721
6,918

736,336
3,595,914

2,687,859
275,282

7,090

633,177
405,208

Value

£
13,887

68,727

104,941

5,094

6,509

26,849
21,682
3,226

26,939
62,974
99,891

284,900
710

42,211
5,936

40,157
9,163

11,413

78,367

69,395

1,240

21,050
12,212

31,868
12,948

314,653
263,555
141,186

4,587

1,891

57,712

45,369

1870

Number

11,777

206,695
337,458
620,915

40,987

296,255
8,614

6,280

1,117

85,684
713,679

2,774,180

134,952
314,161

39,100

825,138
162,720

24,982

79,674
1,991,642

167,140
22,802

4,484

324,438
62,063

731,913

5,179,806

2,800,888
150,668

8,069

1,045,111

353,886

Value

£
15,278

94,548

69,895

4,378
4,704

29,479
13,377

942

8,021

61,707

92,953

311,994

6,748

29,126

4,889
40,986
9,493

7,088
91,642

62,859
6,254

24,949
31,029

24,358
67,183

270,024
413,931
171,870

2,512

3,701

69,783

69,759

The importance of tho trade in furs and skins will bo rendered evident from the

preceding accounts. It would have boon desirable to have separated tlio furs,

strictly so called, from the skins, but this has not been found practicable with any-

thing like accuracy: tho returns are therefore given under the heads adopted by the

Customs, which have no been continued even in this form.

Furs are subject to injury by several species of moths, whose instinct leads them to

deposit their eggs at the roots of the fine hair of animals.

Linnaeus mentions five species that prey upon cloth and furs, of which Tinea pelli-

onella, T. vcstionella, and T. tapelzella are the most destructive. No sooner is the

worm hatched than it eats its path through the fur, and continues increasingly des-

tructive until it arrives at its full growth, and forms itself a silken covering, from
which, in a short time, it again emerges a perfect moth.

Another cause of the decay of fur is, tho moisture to which they are frequently

exposed ; the delicate structure of the fine under-fur ciinnot bo preserved when any
dampness is allowed to remain in the skin. This fact is well known to the leather

manufacturer, who, having wetted his skins, allows them to remain in a damp cellar

for a few days, for the purpose of removing the hair, which is pulled out with the

greatest facility, after remaining only one week in a moist condition. It follows from
these observations, that to preserve the furs it is necossjiry to keep them dry, and to

protect them from moths ; if exposed to rain or damp, they must be dried .at a mode-
rate distance from the fire : and when put by for the summer, should be combed and
beaten with a small cane, and very carefully secured in a dry brown paper or box,

into which moths cannot enter. During tho summer they should be examined once

a month, to be again beaten and aired, if the situation in which they have been pl.aced

be at all damp. With these precautions, tho most valuable furs may be preserved

uninjured for many years.

Fva, A deposit incrusting the interior of boilers, kettles, and other vessels in

which water has been boiled. The fur generally consists of carbonate of lime. Its

formation may bo prevented by adding either soda-ash (carbonate of aoda) or sal-
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ammoniac (chloride of ammonium) to the -water. The addition of a small proportion

of glycerine has also been recommended.
FUBlflTACS. The construction of furnaces for the more important metallurgical

operations will be found under the heads of the different metals, for the separation

of which from their ores they have been employed. All the arrangements of the

Blast Furnace, Puddlino Fitbnace, and Reheating Furnace, will be found under

Iron. Under the heads of Copper, Tin, Lead, Silver, Zinc, &c., will bo described

the furnaces used in the production of those metals.

In like manner, the several kinds of furnaces employed in Glass and other manu-
factm'es requiring the application of heat, are described in their respective places.

There remains, therefore, only one or two very ingenious forms of furnace, by which
great heat can be obtained, for any purpose, to be mentioned in this place.

Furnace of Assay.—Under Assay a furnace constructed by Messrs. Anfrye and
D'Arcet is mentioned, which gives some
peculiar facilities and economy to the 1007

process by fire.

It had originally a small pair of bellows

attached to it, for raising the heat rapidly

to the proper vitrifying pitch. This is

not shown in the previous figure.

The furnace is 17s inches high and 7|
inches wide, made of pottery or fine clay,

as represented mfig. 1007, supported on
a table having a pair of bellows beneath

it. The laboratory is at b, the blow-pipe

of the bellows at d, with a stopcock, and
the dome is surmounted by a chimney a c,

in whose lower part there is an opening
with a sliding door for the introduction

of charcoal fuel. The furnace is formed
in three pieces : a dome, a body, and an
ash pit. A pair of tongs, a stoking hook,

a cupel, are seen on the right hand ; and
the plan of the stoneware grate pierced

with conical holes and a poker are seen

to the left.

Gas Furnaces.—G-as has been em-
ployed, of late, with much advantage for

heating crucibles, and many forms of

burners have been introduced for the pur-

pose of producing such jets as will yield

the proper quantity of gas, and unite it

with the right proportion of air, for pro-

ducing the most intense heat ; which can
be applied in a convenient manner. The
power of the burner, of whatever kind it

may be, must be increased by surrounding
the flame with a jacket of fire clay or

some non-conducting substance, which
will prevent the dissipation of heat by
radiation. By attending to this a very
high temperature maybe produced with
but a small expenditure of gas.

Griffin's Blast Gas-Furnace.—This is a more powerful apparatus, adapted for

metallurgic operations, such as fusing considerable masses of metal, assaying, roasting,

&c. It consists of two parts : first, of a particular form of gas-burner, which is

supplied with gas at the usual pressure, and with a blast of common air, supplied by
bellows or a blowing machine at about ten times the pressure at which the gas is

supplied ; and secondly, of -e^.furnace, which is built up in a particular manner, round
the flame produced by the gas-burner and the crucible exposed to ignition. The
object of this particular construction is to accumulate and concentrate in a focus the
heat produced by the gas flame, and to make it expend its entire power upon any
object placed in that focus.

This apparatus can be made of various ftizes, according to the amount of \?rork

required from it.

The gas-burner is a cylindrical iron reservoir shown in section in /y. 1008, which is

drawn on a scale of one-third the full size. It contains two chambers, not in com-
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munication 'with ouo another. Into tho upper chamber, gas is allowed to pass by the
tube marked Oas. Into the lower cliambcr, air is forced by the tube marked Aiii.

jQQj.
Tho upper part of this burner is an inch thick in

the metal. Through tliis solid roof holes from 6 to

26 in number are bored for the escape of tho gas.

The number of holes depends, of course, upon the

heating power required from llio burners. The
air passes from the lower chamber, through a
series of metal tubes, placed in tho centre of tlie

gas-holes, and continued to the surface of tho

Inirnor, so that the gas and air do not mix until

both have left the gas-burner, and then a current

of air is blown through tho middle of eacli jet of

gas. The bottom of the gas-burner is made to

xmscrow, and the division between the two
chambers, which carries tho air-tubes, is easily

removable for the purpose of being cleaned. Tlio

gas and air pipes generally used in tho inventor's experiments wore each half an
inch in the bore and ton inches long ; the gas had usually a pressure of half an inch
of water, and tho blast of air about ton times that pressure. Tho quantity of gas
used in an hour was about 100 cubic feet. Tho stopcock which supplied it had a
bore of half an inch. The round rod represented at the bottom of the burner, Jig. 1008,
is intended to fit it to the support.

When tho gas is lighted and the blast of air is put on, the flame produced by the
gas-burner is quite blue, and free from smoke. It is two inches in diameter and
three inches high, and tho point of greatest heat is about two inches above the flat

face of the gas-burner. Above this steady blue flame there rises a flickering ragged
flame, several inches in height, varying with tho pressure of the gas. In the blue
flame, thin platinum wires fuse readily.

When the gas is burning in this manner, and the apparatus is attached to flexible

tubes, tho burner may bo inverted or held sideways, without disturbing the force or
regularity of the flame, so that the flame maybe directed into a furnace at tho bottom,
the top, or tlio side, as circumstances may require.

The following articles are used in building-up the gas-furnace for different experi-

ments. They vary in size according to the volume of tho crucible, or the weight of
the metal to bo heated :

—

1. A circular plato of fire-clay, two inches thick, with a hole in tho centre,

exactly fitting the uppor part of the gas-burner, which is made to enter into the
hole three-quarters of an inch. In external diameter, this clay plato agrees with each
size of the furnace.

2. A cylinder of fire-clay, of which two pieces arc required to constitute the body
of each furnace. In the middle of each cylinder a trial hole is made, one inch in

diameter, to which a fire-clay stopper is adapted.

3. A fire-clay cylinder, closed at one end, and pierced near tlio open end with six

holes of half an inch in diameter. The thickness of the clay is immaterial. This
cylinder is three inches in diameter.

4. A circular plate of fire-clay, two and a half inches or three inches in diameter
and one inch thick. Similar pieces half an inch thick are useful.

5. A cylinder of plumbago, to be used as a crucible support. It is three inches in

inside diameter, one inch in height, and pierced with twelve holes of three-eighths

of an inch bore.

6. A similar cylinder of plumbago, two or three inches high, pierced with twenty-
four holes of three-eighths of an inch bore.

7. A thin plato of plumbago, three inches in diameter, viz. of the same diameter as

the cylinder of 5 and 6. It has a small hole in the middle, and being of soft material,

the hole can be easily cut or filed to suit crucibles of any desired size.

To suit the larger kind of crucibles and furnaces, cylinders are made resembling
tho above in form, but of greater diameter.

As in all cases the heating power of the gas-furnace spreads laterally and does

not rise vertically, the most advisable form of the crucibles required for use in it, is

short and broad, not tall and narrow, and the supporting cylinders must 1)0 shaped
accordingly. No fire-bars or grates must bo used to support the crucibles in this gas-

furnace, because no material formed into narrow bars can sufficiently withstand its

power of fusion and combustion.

8. A plumbago cylinder, or crucible jacket, two and a half inches high, two and a
half inches in diameter, and a quarter of an inch thick in the walls. It has six holes

of three-eighths of an inch diameter near one end.
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9. A circular cover or domo {fig. 1009) flanged at the bottom, and having a knob or

handle at the top. It is pierced with twenty-four holes of a quarter of an inch in

diameter, arranged in two rows near the bottom. This dome,
jqqq

when of small size, is made of plumbago; when large, of

fire-clay.

10. rlumbago crucibles made with a solid overhanging rim,

the use of which is to suspend the crucibles over the gas-

burner, by means of the cylinders Nos. 5 and 6. When the

crucibles are too small to fit the cylinders, the flat-plate No. 7,

is filed to fit the crucible, and is then placed on the cylinder,

to whose diameter it is adapted.

Besides these pieces of fire-clay and plumbago, it is necessary to be provided with
a strong iron tripod, to sustain the furnace ; an iron pan, in which to place the

furnace ; and a quantity of gravel, or rounded flints, not less than halfan inch, nor more
than one inch in diameter. These pebbles form an essential part of the gas-furnace.

Other forms of Grifl&n's gas-furnace will be found fully described in Watts's
* Dictionary of Chemistry.' See also Mr. Griffin's description of a gas-furnace for

attaining a white heat without the aid of a blowing-machine, in Journ. of Chemical
Soc, 1870, p. 280.

Mr. George Gore has patented a gas-furnace of great power, which ho thus

describes (Jig, 1010):

—

a is a cylinder of fire-clay about nine inches high and
six inches diameter, open at both ends, with a

hole in its side near the bottom to lead into the

chimney ; it is covered by a moveable plate of fire-

clay, B, with a hole in its centre for introduction

or removal of the crucible, &c. ; this hole is closed

by a perforated plug of clay, c, for access to the

contents of the crucible, and that again is closed by
another clay stopper d. e is a chimney of sheet

iron about five or six feet high, kept upright by a

ring of iron, f, attached to the top of the furnace.

The fire-clay cylinder is enclosed in a sheet-iron

casing with a bottom of iron, to which are fixed

three iron legs, g. An iron tube h, with a prolon-

gation I, supports by means of the screw, j, the

burner k, and its tube l, which is open at both ends.

Gas is supplied to the burner bymeans of the tag, m,

which has a small index, n, attached to it for

assistance in adjusting the gas. Inside the larger

cylinder is another fire-clay cylinder or cupola, o,

with open ends, and with tJiree projections of fire-

clay, p, for supporting the crucible, q; it is kept

steady by means of three fire-clay marbles, k. The
gas-burner is a thin metal cylinder, deeply corru-

gated at its upper end, with the corrugations dimi-

nishing to nothing at its lower end.

The action of this furnace is as follows :—Gas is

admitted to the open tube, l, by the tap, m ; it there

mixes with air to form a nearly explosive mixture,

which ascends through the burner, and burns in the

,

clay cylinder, o, being supplied with the remainder
of air necessary to complete combustion through the tube h, to the outer surface of

the flame, by means of the spaces between the corrugations. The flame and products

of combustion pass up through the cylinder o, and then downwards outside it to the

chimney, the focus of greatest heat being at o.

It is important in using this furnace that the burner is placed quite in the centr^

of the bottom of the tube o ; also that a crucible of not too large or not too small
dimensions be selected. The most suitable way of supporting a smaller crucible is

by placing it in a larger one that has had its upper parts broken off. If desirable, a
little clay luting may be placed round the top edge of the iron casing to exclude air

entering between it and the cylinder ; also a little thin clay luting upon the part of
the bottom of the furnace where the inner cylinder, o, rests.

In lighting the furnace, the plugs c and d are removed, a light held inside the
opening, and the gas turned on full. Should the flame blow down to the bottom of
the tube, l, on lighting (which, however, rarely occurs unless the furnace is already
hot), the gas must be turned of^ and the bottom of l momentarily closed whilst
lighting the gas as before. Should the flame not bum down to the burner, but only
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burn at the orifice in the clay plate, b, it must at once bo extinguished and roliffhted,

otherwise some of the gaseous mixture will pass into the chimney unburned, and
subsequently ignite and cause an explosion. A largo flame now issues from the top
orifice, and is white if too much gas is on, and chiefly violet or red ^nth tho proper
quantity ; it should now be coarsely adjusted until these appearances are presented.
The annular plug, c, should now be inserted, which will compel it to pass down-
wards to the chimney, and as soon ns the small remaining flame, now issuing, dis-

appears or nearly disappears, as it will in a few seconds, the small stopper, d, sliould

also be inserted. In lieu of this, the large flame may be deflected against the
chimney by means of a piece of sheet-iron until it withdraws inwards as before men-
tioned ; two plugs may then be reinserted. The gas-tap may now bo partly adjusted.
The crucible should be placed in the furnace after the act of lighting the gas,

but not immediately after if the furnace is cold, or explosions may occur by unburned
gaseous mixture passing the crucible into the chimney and igniting afterwards.
After about flve minutes the gas shoxdd be slowly adjusted, until a sound is heard
inside like a series of small explosions. This sound is sometimes not very distinct,

especially at high temperatures, and therefore requires a little experience in the
use of the furnace in order to bo detected. It is, however, a chief guide in de-

termining the proper amount of gas, and should therefore be carefully studied.

To assist in adjusting the gas, it will be found very useful to place a small piece of

looking-glass beneath the tube, l, and to adjust the gas-tap until the flame between
the burner and crucible appears wholly violet or slightly white ; but this test is

liable to fallacy if employed when the gas is just lighted, because the coldness of the
part makes tho flame much whiter than it otherwise should be. It is also fallacious,

tho flame appearing whiter than it really is when the crucible is very hot. It is,

however, of great assistance, especially at intermediate temperatures. A rough
deposit upon the outer edge of the crucible indicates an excess of gas : the deposit is

carbon. Less gas is required with a crucible in the furnace than without one ; also

less is required when the small hole at the top of the furnace is open than when it is

closed ; and less is also required when the furnace is cold than after it has been
lighted some time, because the draught gradually increases and draws in more air.

After having accurately adjusted the gas, no further attention to the furnace is

requisite.

Having once found the proper adjustment of gas under certain known conditions,

it is well to notice the position of the index-pointer, n, in order to be able at once to

adjust it to about the right point on other occasions.

Under ordinary circumstances, during daylight, I have found it best to set the gas
nearly full on at first, and fully on at about five minutes afterwards, when the
draught has become more powerful ; but during twilight, when the supply of gas
from the gas-works is more free, I have set the index-pointer at the numbers 2}^ or 3.

The gas should be supplied by a pipe of not less than three-eighths of an inch bore,

with a main pipe of half an inch ; but all depends upon the pressure of gas at tho
particular locality, which is very variable. The consumption of gas varies from
thirty to forty cubic feet per hour, tho value of which is about twopence.
The top of the chimney should be placed in a position where the products of com-

bustion can pass freely away. If it is jjlaced in an opening or pipe leading to

another chimney, care must be taken not to have the draught too powerful, otherwise
the heat will be drawn more into tho chimney, and the supply of gas in tho daytime
may be found rather deficient. The furnace will act satisfactorily, though less

powerfully, with the chimney standing in an open room without any special outlet

for tho products of combustion, provided the full height (6 feet) of chimney is em-
ployed. Under other circumstances I have generally used a chimney 4^ or 5 feet

high.

This furnace will produce what is generally called * a white heat; ' it will readily

melt half a pound of copper, or six ounces of cast iron. I have melted these quan-
tities in it : it will melt as large a quantity of those substances as the largest sized

crucible that can be introducecl into it will contain, sufficient space being reserved

around tho crucible for draught. It requires from twenty to thirty minutes to

acquire its highest temperature, and then the entrance pari of the chimney exhiUts a

faint red heat in daylight. If it exhibits much more than this, the draught is too

powerful, and if less, there is not sufficient gas.

When the small hole, d, is open, some air is drawn in that way, and less air passes

up with the gas through the tube o, but the cold air does not much diminish the

temperature of the crucible, because it combines with the excess of gas now passing
over the edge of the inner cylinder ; it, however, renders the flame round the

crucible white by deficiency of air, and this should be partly corrected Ijy lessening

the gas. An excess of cither gas or air renders the surface of melted copper

dull.
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When it is desirable to perfectly avoid contact of air witli the fused substance

during manipulation, a narrow crucible should be employed, and a thin and narrow

ring of fire-clay should bo placed upon the top of the tube o, to contract its opening

;

the flame then closes completely over the top of the crucible, and prevents access of

air. A proper adjustment of gas, together with exclusion of air in this manner,

enables a perfectly bright surface of melted copper, or even tin, to be continuously

maintained, from which the images of parts above are clearly reflected. The clay

ring may be withdrawn by lifting the plate b. A less perfect exclusion of air may
bo obtained by employing a narrow crucible placed rather low down in its support.

A small iron dish should be placed beneath the tube l to receive any melted substance

that may fall. The chief conditions of success in the use of this furnace are sufficient

gas, a suitable degree of draught, and proper regulation ofgas to air.

Several very ingenious furnaces for use in the laboratory or assay office are fully

described in Watts's ' Dictionary of Chemistry.' See Gas-Fubnace.
FVR-SBLZliT DRESSZiarCr. Fur-skins are usually dressed by placing them in

their dried state in closed tubs with a little salt butter, where they uiidergo a treading

operation with men's feet until they are sufficiently soft, and bend easily. The skins

if large are sewn up, the fur being turned inwards ; but if small skins, such as ermine,

are being dressed, they require no sewing. This sewing is preparatory to the greasing

with butter or lard, and is intended to protect the fur from the grease, and to promote

the softening in the succeeding treading operation. The skins are next wetted, and
their flesh is removed ; or they are fleshed. See Cubrying. They are again sub-

jected to treading in tubs containing sawdust, that from mahogany being preferred

;

and afterwards in tubs containing plaster of Paris, or whitening, sprinkled between

the skins. The main object of this is to remove the grease which has been used in

the previous processes. They are then beaten with a stick and combed ; when the

dressing is completed. M. Pierre Thirion proposed to soften the skins, not by tread-

ing, but by beating stocks, of a construction like the fulling mill. They are next

sewn up, and again filled in a strong vessel, where they are forced upwards by the

beaters, turned over and over, and thus speedily softened. They are now fleshed, and
then returned to the beating stocks, and mahogany or other sawdust is sprinkled upon
the fur, before the beating is renewed. They are next placed in a heated barrel,

furnished within with radial pins for turning the goods over and over, in order that

they may be acted upon by various dry substances, which are thrown into the barrel,

and absorb the fat from the skins. Through the hollow shaft of the barrel, steam is

introduced, which heats the skins, softening the fat, which is then absorbed by sand,

flour, or any other desiccative powder. It is proper to take the skins out of the

barrel, from time to time, to comb them. Such as have been sufficiently acted upon
may then be set aside. They are lastly freed from the dust by being subjected to a
grated cylinder in a state of rotation, and then combed by hand.

FUSE. See Fuze.
FUSEES. A name given to a kind of lucifer-match which does not flame ; this

match is used exclusively by the smokers of tobacco. Bode of Vienna introduced

them. A granule of powder, made of the same composition as the ordinary lucifer

match, is placed at the end of a match, and a mixture of charcoal and nitrate of

potash surrounds it. The granule is ignited by friction, and this fires the other mix-
ture, which burns like quick-match.

FUSEZt OZIi. During the rectification of corn or grape spirits there is always
separated a fiery foetid oil of nauseous odour and taste. It is this substance which
is the cause of the unpleasant eflfects which are produced upon most persons by even a
small quantity of insufficiently-rectified whiskey or brandy. Any spirit which pro-

duces milkiness on the addition of four or five times its volume of water may be sus-

pected to contain it. By repeated rectification every trace may be removed.
Fusel oil invariably consists of one or more homologues of the vinic alcohol, C*H^O-

(C-H®0), mixed with variable quantities of the latter substance and water. The
nature of fusel oil varies much with the source from whence it is obtained. That
which is ordinarily sold in this country for the purpose of yielding pear essence

consists mainly of the amylic alcohol, C^'H^O^ (C*H'*0), mixed with from one-fourth

to one-fifth of spirit of wine.

The progress of organic chemistry has been greatly assisted by the researches which
have been made upon fusel oil, almost all the amylic compounds hitherto obtained
having been directly or indirectly obtained from it.

To obtain fusel oil in a state of purity it is necessary, in the first place, to rectify

it fractionally. By this means it will be found that much alcohol can be removed at
once. If a great quantity of water and very little vinic alcohol be present, the simplest

mode of purification is to shake it with water, by which means common alcohol is

removed in solution, while the amylic alcohol, owing to its comparative insolubility,
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may be easily separated by the tap-funnel. After drying over chloride of calcium, it

is to be again rectified once or twice, only that portion distilling at about 269°'6 Fahr.
(132° Cent.) being received. The product of this operation is pure amylic alcohol,

from which an immense number of derivations of the amylic eorios can bo obtained.

By treatment with sulphuric acid and bichromate of potash it is converted into vale-

rianic acid. In this manner all the valerianic acid, now so much employed in

medicine, is prepared. By distilling amylic alcohol with sidphuric acid and acetate

of potash, we obtain the acetate of amylo, commercially known as jargonelle-pear

essence.

The foreign fusel oils obtained from the grape-marc contain several homologues higher

and lower in the series than the amylic alcohol. In fact, it would appear that during
the fermentation of grapes there are formed, not only alcohols, but ethers and acids.

M. Chancel, by repeatedly rectifying the dehydrated and more volatile portions of

the residues of the distillation of grape-marc alcohol, succeeded in isolating a fluid

boiling at 205° Fahr. This proved to be true propionic alcohol. M. Wurtz has also

been able to obtain the butylic alcohol by rectifying certain specimens of potato oil.

All fusel oils are not so complex. The author of this article has repeatedly examined
specimens of English and Scotch fusel oil, which did not contain anything save the

ethylic and amylic alcohols, accompanied by small portions of the acids, which are

procured by their oxidation. M. Chancel has given the following equations, which
explain the manner in which saccharine matters break up into homologous alcohols

under the influence of ferments. I have reduced the unitary notation employed by
him into the ordinary formulae used in this country, in order to render the relations

as clear as possible to the reader.

20i2H'2O«= 8C02 + 4C*H«0*.

Glucose. Alcohol.

2C«H»20'2=8C02 + C*H«02 + 2C«H«02+ 2H0.

Propionic alcohol.

2C>2H»20«= 8C02 + 2C8H>''02 + 4H0,

Butylic alcohol.

2Ci2H'20i2 = 8C02 + C6H802 + C'"H'202 + 4H0.

Amylic alcohol.

M, Chancel appears to consider the last equation as indicating the necessity of pro-

pionic alcohol being always formed wherever amylic alcohol is generated ; but this is

not in accordance with the results of those chemists who have examined crude amylic

alcohol repeatedly for propionic alcohol, but without finding any. The formation of

these interesting homologues appears therefore to depend upon special circumstances

connected with the fermentation.

The caproic alcohol is also contained in certain varieties of fusel oil.

In order to assist those who may wish to examine the fluid alluded to, the following

table of the physical properties of the alcohols, up as high as the caproic, has been
inserted :

—

Table of the Physical Properties ofsome Homologous Alcohols found in Fusel Oils,

Name ObMrrm FormuU BolUng
point SiHJclflc Gravity

Vapour Dcntitjr

Ei|>eri-
monti

Caleu.
laUon

MethyUc .

EthyUc
Propionic .

Batylic
AmyUc
Caproic

Dumas and Peligot

Gay-Lussac .

Chancel .

Wnrtz .

Balard and Dumas
Faget .

C'H«0'
C*H'0»
c«n«o'
C"H'»0'
C'on^o'
C"H'*0»

CH*0
C'H'O
C'H'O

C'H"0
C«fl»*0

152*'

172°
205»
234*
270»
804«

0-7980 at 68°

0-71)38 at 60°

0-8184 at 59°

0-8330 at 82°

M20
1-618

2-020

3-i47
8-530

1-1072

i-.-jgiG

2-o7<;o

•2-r,H0t

3-5292

Fusel oil, in addition to these homologous alcohols, contains fatty acids. The
following list contains the acids found in fusel oil, with the name of the observer :

—
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Name of Acid Formula Observer

Pormic . C^H'O* CK20' Wetherill

Acetic . C^H^O* C^H^O^ Kent
Valerianic CIOJJIOQ* C5H'002 Kent
Caproic . C"H'20* C6H>202 Wetherill

CEuanthylic . CUH»0^ C^H"02 Mulder, Wetherill

Caprylic C'«H"'0< C«H'«02 Wetherill

Capric . CaoHsoQ* C>"H2°0- Eowney
Margaric CMH"0* C"H^^02 Kolbo

When 15 percent, of fusel oil is found in alcohol it is admitted dutyfree; the

determination of this is, therefore, a question of considerable importance. The
method in use in the London Custom House for the determination of alcohol in

fusel oil consists in shaking the liquid to be tested ^vdth an equal volume of water,

and allowing it to stand twelve hours ; at the expiration of which time it is found

separated into two layers, the fusel oil being at the top. The specific gravity of

the lower layer is taken, and from this the amount of proof spirit is calculated.

This, Dr. Ulex says, leads to very false results, since crude fusel oil contains also

ethylic, propylic, butylic, and amylic alcohol, which are variously soluble in water.

He recommends the separation .by fractional distillation, and the use of saturated

solutions of sodic chloride, (chloride of sodiimi). He places 100 c. c. of the fusel oil

to be tested in a retort, and distils ojQf 5 c. c, and shakes this with an equal quantity

of a saturated salt solution. If, on standing, one half or more of the liquid is fusel

oil we may be sure it contains less than 15 per cent, of proof spirit, which renders it

free of duty in England. If less separates, shake some of the liquor with an equal

quantity of brine, and allow it to stand ; after separating, distil the spirit from the
salt solution and determine.

Fusel oil has been patented as a solvent for quinine, but its odour, and more espe-

cially that produced by its oxidation, so persistently adheres to anything with which
it has been in contact, that great care is requisite in the purification. It is remark-
able, that at the first instant of smelling most specimens of fusel oil, the odour is not
unpleasant, but in a very few seconds it becomes exceedingly repulsive, and provokes
coughing.—C. Gr. W.
FVSIBZIilTx. That property by which solids assume the fluid state under the

influence of heat. With a few exceptions, such as carbon and some organic bodies,
all substances appear capable of assuming the fluid state. Although we do not
appear to have actually fused charcoal by means of the voltaic battery, the diamond
has been fused and converted from a crystalline gem into a mass of opaque coke.
Thenard has thus grouped the metals :

—

1. Fusible below a red heat : Mercury^ potassium, sodium, tin, bismuth, lead,
tellurium, arsenic, sine, antimony, cadmium.

2. Infusible below a red heat : Silver, copper, gold, cobalt, iron, manganese, nicJcel,

palladium, Tmlybdenum, uranium, tungsten, chromium, titanium, cerium, osmium,
iridium, rhodium, platimim, columbium.

Pouillet has, in his admirable treatise on Heat, given the following table of the
fusing points of various substances :

—

Centigrade

Mercury 39
Oil of Turpentine -_ 10
Ice

Tallow 33 to 38
Acetic acid..,.,.,.. 45
Spermaceti 49
Stearine 49 to 43
Margaric acid 55 to 60
Unbleached wax 61
White wax...,.,... 68
Stearic acid 70
Phosphorus ........ 43
Potassium 58
Sodium 9Q
Iodine ......... 107
Sulphur .*.*.'.*

114
Tin

! 230
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Karnes

Bismuth ....
Lead
Zinc .....
Antimony ....
Bronze ....
Silver, very pure
Standard gold
Very fine gold

White cast iron, very fusible

White cast iron, second fusion

Grey cast iron, very fusible .

Grey cast iron, second fusion

Manganosed cast iron

The more fusible steels

The less fusible steels .

Soft iron (French)
English hammered iron

Centigrade.

202
320
360
432
900
1000
1180
1250
1050
1200
1100
1200
1250
1300
1400
1600
1600

FUSIBXiE METAL This alloy owes its peculiar property of melting at a com-
paratively low temperature to the presence of bismuth.

8 parts of bismuth, 6 of lead, 3 of tin . . melt at 212° F.

2 do. 1 do. 1 do. . . do. 201° F.

5 do. 3 do. 2 do. . . do. 199? F.

8 do. 6 do. 4 of tin, and one of type metal is an alloy

much used on the Continent for producing casts of metals by the clicMe process. A
mixture of bismuth, lead, tin, and antimony is used in this country for obtaining

copies from wood-blocks. Mr. Cowper used 1 of bismuth and 2 of tin to make the

alloy most suitable for rose engine and excentric turned pattern, to be printed from
after the manner of letter-press. A good fusible alloy consists of—cadmium 2 parts,

bismuth 8 parts, tin 2 parts, lead 4 parts ; melts at 160° F.

The soft solders used by pewterers consist of tin, lead, and bismuth in various

proportions ; indeed, bismuth enters to a greater or a less extent into all the soft

solders.

Fusible metal has also been employed as a sort of safety valve for steam-boilers.

By adjusting the proportions of the above-named metals, an alloy can be made which
will melt at any required temperature ; therefore, when the boiler rose to this tem-
perature, the metal plug gave way and the steam escaped. See Alloy.
FUSTZAXr is a species of coarse thick tweeled cotton, and is generally dyed of an

olive, leaden, or other dark colour. Besides the common fustian, which is known by
the name of pillow (probably pilaw), the cotton stuffs called corduroy, velveret, vel-

veteen, and thickset, used for men's wearing apparel, belong to the same fabric. The
commonest kind is merely a tweel of four, or sometimes five leaves, of a very close

stout texture,, and very narrow, seldom exceeding 17 or 18 inches in breadth. It is

cut from the loom in half pieces, or ends as they are usually termed, about 35 yards

long, and after undergoing the subsequent operations of dyeing, dressing, and folding,

is ready for the market.

The draught and cording of common fustian is very simple, being generally a
regular or unbroken tweel of four or five leaves. Below are examples of a few
different kinds, selected from those most general in Lancashire.

The number of leaves of heddles are represented by the lines across the paper, and
the cording by the cyphers in the little squares, those which raise every leaf being
distinguished by these marks, and those which sink them left blank, as more particu-

larly explained in the article Textile Fabric.
When the material is silk, it is ttillod velvet ; when cotton, velveteen. A common

tweeled cloth, when composed of silk is called satin ; when of cotton, fustian or jean
;

of woollen, plaiding, serge, or kerseymere.

No. 1.—Pillow Fustian. No. 2.—Plain Velveret.

|0| 1 1
4 6 1 § 1 |0| 1 1 1

3 1

1 |0 1 1
8 6 § |0 1 1 1 1

5

1 0| |6 2 8,5 10 ! |0|0| 2

1 |0| 5 1 4 $
1 1 1

|o|
1

6 4

2 4 3 1 4 6 2 8 1

6

Of the above, each contains four leaves of heddlcs or hoalds: that represented by
No. 1 is wrought by four treddlcs, and that which is distinguished by No. 2, by five

;
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the succession of inserting the threads of warp into the heddlos will be discovered by
the figiires between the lines, and the order in which the treddles are to be successively

pressed down by the figures below.

No, 3.—^Double Jean. No. 4.—Plain Thickset.

|0| I
|o|

I |0| I I I

|o| |0| I I |0|0|0| I

I |0|0| I I I I |0| I

I |0| |o| |0| I |0|0|
4 2 3 1 4 6 2 3

These, like the former, are wrought with leaves. No. 3 requires four, and No. 4
five treddles. The succession of inserting the threads of warp, and of working the

treddles, are marked by the respective numbers between and under the lines, as in the
former example. Both are fabrics of cloth in very general use and estimation as low-

priced articles.

No. 5.—Best 1'hickset. No. 6.—Velvet Tuft.

|0| 1 |0|0| 3 1 5 |0 1 1
5 3 1

1 1 11 |o 5 § |0 0|
1

4 2

1 |0| 1 i
2 § |0| 1 |0|0 4 2

1 |0|0| 1 1
6 4 § ! 1 1 |0| 1

5 3 1

4 2
5

3 1 6 4 2 3 1

These are further specimens of what may be, and is, executed with four leaves, and
in both examples five treddles are used. With two otlier specimens we shall conclude
our examples of this description of work, and shall then add a very few specimens of

the more extensive kinds.

No. 7.--Cord and Velveret. No. 8.—Thickset Cord.

1 |0| 1 1
3 1 3 1§ |0| 1 |0 0| 5 3 1

1 |0|0| 5 7 5 § |0| 1 4 2

|0| 1 |0 6 8 2 § 1 1 1 1 9 7

1 1 1 |0 1 4 2 6 4 § 1 |0|0| 1 1
10 8 6

4 2 8 1 6 4 3 2 1

6 5

In these the succession of drawing and working are marked like the former. The
next are examples of patterns wrought with six leaves. No. 9 has eight, and No. 10

five heddles.

No. 9.—Double Corduroy. No. 10.—Genoa Thickset.

II |o 10 |0| 1 § 1 |0|0| 1

1
|o 1 |0 1 2 § 1 |0| 2

|0|0|0 OjO 1 3 § 0| |0 0| 1 3

1 1 1
0| 0|

1
4 § jOj 0|0| 4

1 |0 |o 1 5 § 0| 6

1
|o oil 1

6 § |0 6

2 4 6 8 10 12 3 1 4 2 5 3 1

7 5
11 9

8 6 11 9 7
1 2 10

In both these the warp is inserted into the heddles the same way. The difference

is entirely in the application of the cords, and in the succession of pressing down the
treddles. We now give four specimens of the flushed and cut work, known by the name
of velveteen. They are also upon six leaves, and the difference is solely in the cording
and in the treading.

No. 11. Queen's Velveteens. No. 12.

I
|o

ojoj

|0| |0|
lojo

0|0|
|0|

|0|0|

|0| |0|
0|0|

|0|0| I

|0|
0|0|

0|0| I

1 2 12 8 4 2
5 7 6
9 11 10

2 4 3
6 8 7 6
10 12 11 9
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No. 13.—Plain Velveteen. No. 14.—Genoa Vclvctoon.

I I I
|o|

I I loioTToi
0| 1011 I |0|0| I I I

I I I |0| 0|0| |0| I

I |0|0| I I I |0|0| I

I I I |0| I
|o|oi |0|~T

|0| |0| I ioi ioi i~r
13 2 4
6 7 6

2 4 8 12 3 1

6 7 6
10 11 9

The additional varieties of figure -which might be given are almost endless, but the

limits of this article will not admit a further detail. Those already given are the

articles in most general iiso. The varieties of fancy may bo indulged to great extent,

but it is universally found, that the most simple patterns in every department of orna-

mental weaving, are those which attract attention and command purchasers. We shall

therefore only add an example of king's cord or corduroy, and of Dutch cord, with one

of Genoa and one of common velvet, to show the peculiarities.

No. 15.—King\3 Cord. No. 16.—Dutch Cord.

\ \ \ \ |0|0| 1 § 1 1 |0| 1 1 4 1

1 1 |0| 1 |0| 2 § 1 |01 1 |0| 6 2

1 1
|o|o|

1 1
7 3 § |0| 1 |0| 1

6 3

1 1 1 I0|0| 1
8 4 § 1 |0|0| 1

7

1 |0 01 5 § |0| |0| 0| 8

10 1
1

G § |0|0| |0|0| 9

4 2

No. 17.—Genoa Velvet.

4 2

No. 18.—Plain Velvet.

1 1 |0| 1 |0| 1 § 1 1 1 1 1 1 1

1 |0|0|0| II 2 $ 1 1 1 1 1 1
2

i0|0| 1 1
3 § 1 1 1 3

1 !
|o|o

1 4 § 1 1 1 4

|0| |0 1 1 6 § 1 1 1 1 1 1 6

0|0| jOj
1 1 6 § 1 1 1 1 1 1

6

2 4 8 1-2 n 1 13 4 2 8

10
7 5

11 9
7 6

After the fustian cloth is taken from the loom-beam, it is carried to the cutter, who,

rips up the surface-threads of weft, and produces thereby a hairy-looking stuflf.

Preparatory to its being cut, the cloth is spread evenly upon a table about six feet

long, upon each end of which a roller mounted with a ratchet-wheel is fixed : the one

to give off, and the other to wind up the piece, in the above six-feet lengths.

The knife is a steel rod about two feet long, and three-eighths of an inch square,

having a square handle at the one end ; the other end is tapered away to a blade, as

thin as paper. To prevent this point from turning downwards and injuring the cloth,

its under side is covered by a guide which serves to stiffen it, as well as to prevent its

lower edge from cutting the fustian.

The operative (male or female) grasps the handle in the right hand, and insinuating

the projecting point of the guide under the weft, pushes the knife smartly forward

though the whole length of six feet, with a certain dexterous movement of the shoulder

and right side, balancing the body meanwhile, like a fencer, upon the left foot. This

process is repeated upon every adliesive line of the weft.

The next process to which fustians are exposed is steeping in hot water, to take out

the dressing paste. They are then dried, reeled, and brushed by a machine, &c.

From twenty to thirty pieces, each eighty yards long, may bo brushed in an hour.

The breadth of the cloth is twenty inches. The maceration is performed by immers-

ing the bundled pieces in tanks of water, heated by waste steam ; and the washing by

means of a seel or ^-inch, kept revolving rapidly under the action of a stream of cold

water, for an hour or longer.

After being thus ripped up, it is taken to the brushing or teazling machine, to make
it shaggy.

This consists of a series of wooden rollers, turning freely upon iron axles, and

covered with tin-plate, rough with the burs of punched holes ; and blocks of wood,

whose concave under surfaces are covered with card-cloth or card-brushes, and which
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I

are made to traverse backwards and forwards in the direction of the axes of the re-

volvingr rollers, during the passage of the cloth over them.

After they are brushed in the machine, the goods are singed by passing their cut

surface over a cylinder of iron, laid in a horizontal direction, and kept red hot by a

flue. They are now brushed again by the machine, and once more passed over the

singeing surface. The brushing and singeing are repeated a third or even occasionally

a fourth time, till the cord acquires a smooth polished appearance.

The goods are next steeped, washed, and bleached by immersion in solution of

chloride of lime. They are then dyed by appropriate chemical means. After which
they are padded (imbued by the padding machine of the calico-printers) with a eolu-

sition of glue, and passed over steam cylinders to stiffen them.

Smooth fustians, when cropped or shorn before dyeing, are called moleskins ; but
when shorn after being dyed, are called beverteen ; they are both tweeled fabrics.

Cantoon is a fustian with a fine cord visible upon the one side, and a satiny surface of

yarns running at right angles to the cords upon the other side. The satiny side is

sometimes smoothed by singeing. The stuff is strong, and has a very fine aspect.

FTTSTZC, or Yellow Wood. {Bois jaunc, Fr. ; Gelbholz, Ger.) The old fustic

of the English dyer. It is the wood of the Morus tinctoria. It is light, not hard,

and pale yellow with orange veins ; it contains two colouring matters, one resinous,

and another soluble in water. Chevreul has given the name of morin to the colour-

ing matter obtained from fustic. It is procured by boiling ground fustic in distilled

water, passing the decoction rapidly through a filter, and allowing the liqtiid to stand

for several days, when the colouring matter (morin) is precipitated.

The decoctions of fustic in water are brightened by the addition of a little glue, and
still more so by curdled milk. This wood is rich in colour, and imparts permanent
dyes to woollen stuffs, when aided by proper mordants. It unites well with the blue

of the indigo vat, and Saxon blue, in producing green of various shades. Alum,
tartar, and solution of tin, render its colour more vivid ; sea-salt and sulphate of iron

deepen its hue. From 5 to 6 parts of old fustic are suflficient to give a lemon colour

to 16 parts of cloth. This wood is often employed with sulphate of iron in producing
olive and brownish tints, which agree well with its dull yellow. For the same reason
it is much used for dark greens.

The bichromates of potash and of lead have nearly superseded the use of fustic,

but still it is employed for producing some green in cotton yam, and in light cotton
fabrics, as gauzes and muslins.

PXTSTIC, YoTTNG. {Fmtef, Fr.) The wood of the Rhus cotinus, a shrub which
grows principally in the south of France and in Italy, called also Venetian sumach.
This wood contains a large quantity of yellow colouring matter, named fristeric.

This colouring matter has a strong attraction for oxygen, which affects its use as a
dye, rendering it very fugitive. It is rarely used alone, but as an assistant to strike

some particular tint.

FirSTZXr. A name given to the colouring matter of the Bhus cotinus or young
fustic.

FT7ZSi Gunpowder, or some other explosive agent placed in a case or tube, to fire

the powder placed in the cannon, or in the hole bored in rocks for blasting. See
Electricity, Blasting by, for a description of Abel's fuzes. See also Fuze,
Safety.

FUZE, SAFSTTt The safety fuze is an instrument manufactured for the pur-
pose of conveying fire to the charge in blasting. It is made of fiax with a column of
fine gunpowder in its centre, and appears like a hard, varnished cord. To use it

—

one end of the required length is placed in the charge, and the hole is tamped with
any soft substance which will not cut the fuze. Fire must be applied to the fuze
itself, which slowly and surely burns to the charge, if care has been taken to select
that kind of fuze which the operation requires. It then affords the very best means
of blasting ever devised, combining certainty, economy, and safety. The safety fuze
was the invention of Mr. Bickford, who thus describes it in the specification of his
process :

—

' I embrace in the centre of my fuze, in a continuous line throughout its whole
length, a small portion, or compressed cylinder, or rod of gunpowder, or other proper
combustible matter prepared in the usual pyrotechnical manner of firework for the
discharging of ordnance ; and which fuze so prepared, I afterwards more effectually

secure and defend by a covering of strong twine made of similar material, and
wound thereon, at nearly right angles to the former twist, by the operation which
I call countering, hereinafter described; and I then immerse them in a bath
of heated varnish, and add to them afterwards a coat of whiting, bran, or other
suitable powdery substance, to prevent them from sticking together, or to the fingers
of those who handle them ; and I thereby also defend them from wet or moisture,
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or other deterioration, and I cut oflF the same fuzo in such lengths as occasion may
require for use ; each of these lengths constituting, when so cut off, a fujse for blast-

ing of rocks and mining, and I use them either under water or on land, in quarries

of stone and mines for detaching portions of rocks, or stono, or mine, as occasions

require, in the manner long practised by, and well known to, miners and blasters of

rocks.

At the left-hand end of an apartment which is 65 ft. long, is made an enclosed

recess or closet of about 2 ft. square, and 6 ft. high, with a door or doors in front

;

in which closet, at about the height of 4 ft. 10 in., is placed a wooden shelf, about
1 in. thick at least, extending the whole length and breadth of such closet. In the
centre of this shelf is made a hole, into which hole is inserted a collar. This collar

is of metal, in form the frustum of a cone inverted. It is 3 in. long, 2 in. diameter
at the upper end, and 1^ in. at the bottom ; through the centre of this is a hole of 4
an inch diameter at the top, and ^ths of an inch diameter at the bottom. Around
this in a circle are twelve holes of about ^th of an inch diameter, which converge
towards a centre hole at the bottom, so as to bo separated from it only by a fine edge
of metal. Fig. 1011, d is a vertical section of the collar ; this collar when placed in

the hole in the shelf a a, projects both above and below the wooden shelf. In the

•upper projecting part of the cone or collar is then to be placed a common funnel, a,

12 in. high, and 10 in. in diameter at the top ; around this funnel, at about 10 in.

high from the before-mentioned shelf, is placed a ring made of cane, marked cc, and
supported by a small frame of two or more pillars, resting on the before-mentioned

shefr. At about 2 ft. 6 in, high from the floor of this room, and passing through the

said closet, and extending the whole
length of the said room, 65 ft. long,

is a stage or shelf, or bench ; the

outside of this stage, or shelf, or

bench, has a ledge or raised edge

rising 1 in. above its surface, and
on a similar raised edge on the in-

side, rising \\ in., is a line rack

with teeth or cogs, twenty teeth to

a foot. This stage, or shelf, or

bench, is intended to support

thereon a machine, being part of

the apparatus thus used by me in

my invention, called the monkey;
which monkey consists, first, of a
plane piece of board 20 in. long

and 6 in. wide, supported by, and
running on, three wheels of 1^- in.

diameter : on this board, supported

by, and turning in, two centres,

is a transverse axle placed quite

across the plane bed of the monkey,
supported by brackets, and turn-

ing round in holes made in the

brackets, on the inside end ofwhich
is fixed a wheel of 10 in. diameter.

Close to this wheel, and directly

over the line rack, is placed on the

said axle a pinion, which works
on the cogs of the line-rack, on

the side of which wheel at its outer edge are twenty-four teeth or cogs ; these teeth

or cogs work into corresponding teeth on the inner circle of another wheel, which has

two circles of teeth or cogs, the inner and smaller circle working as already described,

in those of the former wheel, and the outer circle of cogs working into a second

pinion: connected with this pinion is a crook, and to the crook the threads of twine

or other material are attached for twisting. A string or cord is fastened to the board

of the monkey, and stretching along the st^ige, or shelf, or bench, passes over a pulley,

and returning through holes made in the supports of the stage, or shelf, or bench, is

attached to a winding roller ; in this situation of the appiratus twelve balls of twine

or other material intended to form the fuze are placed in the recess or closet on a floor

raised there for that purpose 6 in. higher than the floor of the room, and the running

threads from these balls are each led perpendicularly up through holes of 1 in.

diameter, made for that purpose in a circle of 12 in. diameter in the shelf in which the

before-mentioned collar is placed, and also perpendicular to and passed from the out-
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side to the inside over the said cane ring next to the funnel hereinbefore mentioned,

and from thence the said threads are again led down by the side of the funnel to and
through the holes in the upper and under sides of the aforesaid collar, -which threads

will then converge towards the lower point of the inner cone or collar, and there hang
parallel and near to each other, and from thence they are to be led together to the

pulley. Thence passing under the said puUey at a right angle they go to the monkey
on the stage, or shelf, or bench, and are there made fast to the crook. The winding
roller being now put in motion, communicates that motion to the monkey, which
travels on the stage, or shelf, or bench, and at the same time by the pinion working
on the line-rack ; the cog-wheels before mentioned work the second pinion, and turning

thereby the crook, completely twist the twelve threads {Fig. 1011) so made fast to-

gether, and continue that very twist up to the very point of the cone projecting down-
wards from under the funnel; at the very same time of putting the monkey in

motion the funnel is charged with the gunpowder or other combustible matter for

making the fuze, and then it is important to carefully watch the progress of the

tlireads, and prevent or rectify any entanglement thereof ; and also regulate the exit

of the powder and prevent the dispersion of any surplus that falls to waste through

the point of the cone or collar under the funnel during the operation of twisting. In
this operation of twisting the powder passing the funnel lodges in the centre of the

twelve threads, and is simultaneously embraced by all the threads, and the twisted

part thus containing the powder is by the monkey drawn down and passes under the

pulley, and continues its course with the monkey twisting the fuze along the stage,

or shelf, or bench, to the end of the room. Here the monkey stops, and this part of

the fuze so charged and twisted is then cut ofT, over a box placed on the said

stage, or shelf, or bench, to receive any gunpowder or other combustible matter used
therein that may fall from the ends when so cut asunder, the two ends thus separated

are secured by a knot or tie made on each ; the part so twisted and separated is put
aside for the subsequent operation of "countering." By the monkey just described only

one fuze could be spun at the same time, whereas it is desirable that several fuzes

should be spun at once.
' Our second improvement in manufacturing fuzes relates to the mode of introducing

the gunpowder. According to the method described in the said specification the

gimpowder is not supplied from the funnel with the rapidity, regularity, and certainty

which may be attained by our improvement. We introduce into the centre of the fuze

a small strong thread or yarn, smaller and less fibrous than the yarns employed for

the fuze. The thread or yarn which we employ is that known as No. 135 white-

brown thread. This we supply from a reel or other source conveniently placed above
the funnel containing the gunpowder. This thread or yarn is passed down through
the gunpowder, and spun into the centre of the fuze by being attached to the monkey
and drawn on with it as the fuze is spun. By means of this thread, so drawn on as

the fuze is spun, the gunpowder in the lower part of the funnel is constantly kept
in motion, and travels on with the threads so as to flow regularly down into the

fuze. By this means the continuity and regularity of the cylinder of gunpowder is

ensured.
' Our third improvement relates to the coating or varnishing applied to those fuzes

which are to be used for blasting in dry ground, and in close or confined situations, or

which are subject to considerable variation in temperature. The coating or varnishincf

heretofore applied, consisting of tar or resin, burns with a great deal of smoke and
heat, and is afiected by changes of temperature. Instead of a coating or varnish of

either of those materials, we take 4 lbs. of best glue, and 2 lbs. of yellow soap, and
having dissolved them in 12 gallons of water by a gentle heat, we add 56 lbs. of
whiting, to give it a body. The varnish so made is applied to the fuzes byany
suitable arrangement. The new varnish not being waterproof must not be employed
for fuzes which are to be immersed in water ; but, being less affected by temperature
than the old varnish, and being non-inflammable, or burning with little smoke, is much
preferable for general purposes. After the fuze has been coated or varnished with
tar or resin varnish, and before the coating is hard or quite set, the fuze is fastened to

crooks and made to revolve as if for countering, and a strip of brown paper is wound
around the fuze in a spiral form, so as to completely envelope and cover the whole
surface of the fuze. A thread is then wound round over the paper, which fixes the

paper and prevents it shifting ; another coat of tar or resin varnish is then applied to

the paper, and by this means the fuze may be completely waterproofed, and protected

against the action of the water.*

The following are the principal varieties of the safety fuzes in general use for

special purposes :

—

Common Safety Fuse,—This is the smallest kind of fuze which is made, and is only
adapted for immediate use in dry ground, where the utmost care is taken in itn

Vol. II. M M
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application, and where the tamping is of a soft and homogonooiis character, and is

cautiously packed into the hole. In such circumstances it may bo usefully employed.
Patent Safety Fuze.—This fuze is adapted for all blasting in dry ground, being

made with an ample quantity of the best materials. When kept at a moderate
temperature and carefully used, its operation is certain.

Ditto (2).—This is the same fuze as the preceding, and is only adapted to the

same kind of blasting, but is specially varnished for any given climate. That
varnish which is suitable for a cold country becomes soft and sticky if exposed to

much heat ; while that which is suitable for a hot country becomes hard and brittle if

exposed to great cold. This inconvenience is remedied, as far as possible, by the

special preparation of the varnish to suit any given temperature.

Patent Taped Sump Fuze.—This fuze is adapted for use in wet ground, and is

specially protected so as to operate eiFectively even when the tamping is saturated

with water. In such cases the charge of gunpowder should be placed in a cartridge,

the end of the fuze should be inserted into the centre of the charge, and the junction

of the fuze with the cartridge should be properly protected with a waterproof varnish.

If employed in this manner, its certain operation is warranted.

Patent Double-Taped Sump Fuze.—This fuze is covered with a second coating of

tape and varnish, and is intended for blasting in very wet ground.

Patent Gutta-Percha Fuze.—This fuze is adapted to sub-aqueous blasting.

Patent Taped Gutta-Percha Fuze.—This is the same fuze as the last, and is adapted

to the same use and duty ; but, having an exterior coating of tape and varnish which
delays the oxidation of the gutta-percha, it retains its efficiency for a much longer

time. It is therefore well adapted for service in distant countries.

In all sub-aqueous operations great care must be taken that the union of the fuze

and cartridge be by a perfectly water-tight joint, and the fuze must be strengthened

as much as possible both at and near the place of junction, else its swa3ring to and
fro is very likely to break the joint, which would allow the water to soak into the

charge.

G
GABBXtO. An Italian name originally applied to a serpentine containing

diallage, but now extended to a class of rocks consisting essentially of a triclinic

felspar and an augit©. The felspathic mineral is generally either labradorite or

anorthite, but is in some cases represented by Saussurite ; whilst the augitic con-

stituent is cither diallage or smaragdite. Hypersthene-rocks are also included by
some writers under the term of gabbro.

GABXiiir OZ]L. A mineral naphtha exuding from a bituminous shale at Gabian

in Languedoc.
GABROirZTE, is a yellowish stony substance of a greasy lustre. This mineral

is distinguished by the large quantity of soda which it contains ; its constituents

being, silica, 54; alumina, 24; soda, 17'25 ; magnesia, 1"5; oxide of iron, 1"26;

water, 2. It is most probably a variety of Scapolite.

GAB. A miner's tool ; a pointed wedge having its sides of a parabolic figure.

GABZB2. The cod-fish family. This family of fishes is one of great importance

to man. The value of the fisheries established in various parts of the northern seas

is very great. The common cod, Morrhua vulgaris, is one of the most important

species of this family. The catxihing and curing of this fish give employment to

thousands. The haddock {Morrhua (Bglefinus) is nearly allied to, although sraalloi

than, the cod. The coal-fish {Mcrlan^us carbonarius) is much less valuable than either

the cod or haddock. It is a coarse fish, and derives its name from the dusky pigment

which tinges the skin, and soils the fingers like moist coal. The whiting {Mcrlangus

vulgaris) is a well-known fish, forming a delicate article of food. The hake or stock

fish {Merlucius vulgaris) is caught very abundantly on our southern coasts, and forms

a valuable article of food
;
prejudice alone keeps it from taking its place at the tables

of the wealthier classes. The ling (Lota molva) is caught in abundance around the

Scilly Isles and the coast of Scotland, forming a considerable article of commerce.

The torsk {Brosmius brosme) is found in great quantity around the Shetland Isles,

where it is much prized. The best cod -liver oil is obtained from the livers of this

fish. See Cod.

GABO]LZirZT£i called also Yttritc and Yttcrbgiie, is a mineral of a black,

brownish, or yellowish colour, granular, or compact, with vitreous and conchoidal

fracture ; of sp. gr. 40 to 4*6, readily scratching glass ; at the blowpipe it forms an
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opaque glass, sometimes with intumescence, but does not fuse into a bead. It is

remarkable for containing from 45 to 55 per cent, of the earth yttria ; its remaining

constituents being silica, 25-8; oxide of cerium, 17"92 ; oxide of iron, 11*43. This

mineral, which is xery rare, is found in Sweden ; also at Disko in Grreenland ; in

the south of Norway ; and near Galway. Its peculiar constituent was discovered by
Professor Gadolin, after whom it is named.
OAGATES. The name by which jet was known to the ancients, derived pro-

bably from Gagis, a town in Lycia, where it was said to have been found. See Jet.

GAXkACTITE, so called from its giving the colour of milk to water, when
triturated with that fluid ; analyses have shown it to be a variety of natrolite. See

Natrolite.
GAlbACTOMETSR, or l^ACTOMETER, is an instrument to ascertain the

quality of milk ; an article often sophisticated in various ways. Fresh milk, rich in

cream, has a less specific gravity than the same milk after it has been skimmed;
and milk diluted with water becomes proportionally lighter. Hence, when our

purpose is to determine the quantity of cream, the galactometer may consist merely

of a long graduated glass tube standing upright upon a sole. Having filled 100

measures with the recent milk, we shall see, by the measures of cream thrown up,

its value in this respect. A delicate long-ranged glass hydrometer, graduated from

I'OOO up to 1*060, aflfords the most convenient means of detecting the degree of

watery dilution, provided the absence of thickening materials has been previously

ascertained by filtration. Good fresh milk indicates from 1 "030 to 1-032; when the

cream is removed, 1-035 to r037. When its density is less than 1*028, we may infer

it has been thinned with water.

GAZiACTOSE. A saccharine substance obtained by boiling sugar of milk with
dilute acids.

G>A]ltBAZnTM is a gum-resin, which exudes either spontaneously or from incisions

made in the stem of a plant of the family of Umbellifera, which grows in Africa,

particularly in Ethiopia. The source of this gum-resin is not distinctly known, but
is believed to be the Ferula galbamfltia. Galbanum contains 67 of resin ;

19*3 of

gum ;
6*4 of volatile oil and water ; 7*5 of woody fibres and other impurities ; with

traces of acid malate of lime.

GAItEKTA {Plomh sidfure, Fr. ; Bleiglanz, Ger.) is a sulphide (sulphuret) of

lead. It is of a lead-grey colour, crystallises in the cubical system, and is suscep-

tible of cleavages parallel to the faces of the cube; sp. gr. 7'7592 ; fusible at the
blowpipe with exhalation of sulphureous vapours ; is easily reduced to metallic lead.

Nitric acid first dissolves it, and then throws down sulphate of lead as a white
precipitate ; the solution affording with plates of zinc brilliant laminae of lead {arbor

Saturni). It consists of sulphur, 13; lead, 85; with a little iron, and generally a
small quantity of silver. This is the richest ore of lead, and it occurs in almost
every geological formation, in veins, in masses, or in beds. Galena in powder, called

Alquifoux, is employed as a glaze for coarse earthenware. See Lead.
GAXiXPOT is a name of a white semi-solid viscid resin, found on fir-trees ; or an

inferior sort of turpentine, poor in oil.

GAIiIi or AZarxZVXAIiS. A peculiar fluid, called also bile, secreted by the cells

of the liver ; it is taken up by the biliary ducts, which unite to form the hepatic duct,

by which the secretion is either discharged directly into the duodenum, or is conveyed
through the cystic duct into the gall bladder, wherein it becomes accumulated, and to

some extent inspissated. Gall or bile from different animals finds several uses in the
arts. It is used for cleansing woollen goods, and by artists it is employed to ensure
the uniform spreading of water colours upon paper. For the constitution of the gaU
of different animals, see Watts's ' Dictionary of Chemistry.' See Bile.
GA^Xi OP GIiASS, called also Sandiver, is the neutral salt skimmed off the

surface of melted crown glass ; which, if allowed to remain too long, is apt to be re-

absorbed in part, and to injure the quality of the Tnetal, as the workmen call it. See
Glass.

GAXiXiATES. Salts consisting of gallic acid combined with bases; the most
important being that with oxide of iron, constituting a principal part of the black
dye.

GAXilLEXlT, in mining, an underground horizontal excavation.
GAIiZiZARB, a North of England term for a hard, smooth, flinty grit.

GAIiXiXC ACZB is the peculiar acid extracted from gall-nuts. See Gall-Nuts.
GAXilLZPOXiX OXIi is a coarse olive oil, containing more or less mucilage,

imported from a seaport so named, of the province of Otranto, in the kingdom of
Naples. See Olive Oil.

GAXili-inrTS or GAIiliS {Noix de Galle, Fr.; Gall'dpfel, Ger.) are excres-
cences found upon the leaves and leaf-stalks of a species of oak, called Quercm

M M 2
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infecioria, "which grows in tho Levant. They are produced in consequence of the

puncture of the female of the gall-wasp {Ct/nips folii quercus), made in order to

deposit her eggs ; round which the juice of the tree exudes, and dries in concentric

portions. When the insect gets fully formed, it eats through the nut and flies oflf.

The Levant galls are of two different appearances and qualities ; the first are heavy,

compact, imperforated, tho insect not having been sufficiently advanced to eat its way
through the shell

; prickly on the surface ; of a blackish or bluish green hue ; about

the size of a musket-ball. These are called black, blue, or Aleppo galls. The second

are light, spongy, pierced with one or more holes ; smooth upon the surface, of a pale

greyish or reddish yellow colour, generally larger than the first, and are called white

galls ; but they are inferior to the former, and great care should be taken in tho pur-

chase of the best quality, for these are often dyed by dishonest traders to imitate the

best blue Aleppo galls, but the fraud may be detected by the small hole made by the

insect in the white galls, so that if tho blue galls have holes, we may be sure they are

not genuine.

Besides the galls of the Levant, others come from Dalmatia, Illyria, Calabria, &c.

;

but tliey are of inferior quality, being found upon the Quercus cerris ; they are smaller,

of a brownish colour, and of inferior value. The farther south the galls are grown,

the better they are reckoned.

The galls of the Qiiercus cerris and common oak (
Galles a I'Sphie, Fr. ; Knoppern,

Ger.) are of a dark-brown colour, prickly on the surface, and irregular in shape and
size. They are used chiefly for tanning in Hungary, Dalmatia, and the southern

provinces of the Austrian States, where they abound.
Galls consist principally of tlu'ee substances : tannin, or tannic acid

;
yellow extrac-

tive ; and gallic acid. Their decoction has a very astringent and unpleasant bitter

taste. The following are their habitudes with various reagents :

—

Litmus paper is powerfully reddened. Stannous chloride (protomuriate of tin)

produces an Isabel-yellow precipitate. Alum : a yellowish grey precipitate. Acetate

of lead : a thick yellowish white precipitate. Acetate of copper : a chocolate-brown

precipitate. Ferric sulphate (red sulphate of iron) : a blue precipitate. Sulphuric

acid : a dirty yellowish precipitate. Acetic acid brightens the muddy decoction.

Tannin or tannic acid is prepared as follows : Into a long narrow glass adopter tube,

shut at its lower orifice with a cotton wick, a quantity of pounded galls is put, and
slightly pressed down. The tapering end of the tube being inserted into a matrass or

bottle, the vacant upper half of the tube is filled with sulphuric ether, and then closed

with a ground-glass stopper. Next day there will be found in the bottle a liquid in

two distinct strata ; of which the more limpid occupies tho upper part, and tho other,

of a syrupy consistence and amber colour, the lower. More ether must be filtered,

through the galls, till the thicker liquor ceases to augment. Both are now poured

into a funnel, closed with the finger, and after the dense liquor is settled at the bottom,

it is steadily run off into a capsule. This, after being washed repeatedly with ether,

is to be transferred into a stove chamber, or placed under the receiver of an air-pump

to be evaporated. The residuary matter swells up in a spongy crystalline form of

considerable brilliancy, sometimes colourless, but more frequently of a faintly-yel-

lowish hue.

This is pure tannin, which exists in galls to the amount of from 40 to 45 per cent.

It is indispensable that the ether employed in tho preceding process be previously

agitated with water, or that it contain some water, because by using anhydi-ous other,

not a particle of tannin will be obtained.

Tannic acid is a white or yellowish solid, inodorous, extremely astringent, very

soluble in water and alcohol, much less so in sulphuric ether, and uncrystallisable.

Its watery solution, out of contact of air, undergoes no change ; but if, in a very dilute

state, it be left exposed to the atmosphere, it loses gradually its transparency, and lets

fall a slightly-greyish crysttilline matter, consisting almost entirely of gallic acid. For
procuring this acid in a perfectly pure state, it is merely necessary to treat that

solution thus changed with animal charcoal, and to filter it in a boiling state, through

paper previously washed with dilute muriatic acid. Tho gallic acid will fall down in

crystals as the liqxiid cools.

If the preceding experiment be made in a graduated glass tubo containing oxygon

over mercury, this gas will be absorbed, and a corresponding volume of carbonic acid

gas will be disengaged. In this case the liquor will appear in the course of a few

weeks as if traversed with numerous crystalline colourless needles of gallic acid.

Tannin or tannic acid consists of carbon, 61'f)6 ; hydrogen, 420 ; oxygen, 44*24.

From the above facts it is obvious that gallic acid does not exist ready formed in

gall-nuts, but that it is produced by the reaction of atmospheric oxygen upon the

tannin of these concretions.

Qallic acid is a solid, feebly acidulous and styptic to the taste, inodorous, crystal*
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liging in silky needles of the greatest whiteness ; soluble in about 100 times its weight

of cold, and in a much smaller quantity of boiling water ; more soluble in alcohol

than in water, but little so in sulphuric ether.

Gallic acid does not dissolve the salts of protoxide of iron, but it forms, with the

sulphate of the peroxide, a dark blue precipitate, much loss insoluble than the tannatQ

of iron.

Imports.

Places

1871 1872

Qtiantities Value Quantities Value

From Turkey ....
„ Persia ....
„ China ....
„ British India ,

„ other countries .

Total .

cwts.

2,585

8,'593

3,'754

£
11,302

17,*2*52

11,T63

cwts.

4,349

2,000

8,621

2,126

4,835

£
12,581

6,000

20,098

3,330

12,954

14,032 89,717 21,931 64,963

GA&MEX. German mineralogists usually recognise the silicate of zinc (Smith-

sonite) under this name. See Zinc.

GAKVAirxSED XBOXr. This is the name, improperly given, first in France and
subsequently adopted in this country, to iron coated with zinc by a peculiar patent

process.

In 1837 Mr. H. W. Crawfurd patented a process for zincing iron. In the 'Ee-
pertory of Patent Inventions ' his process is thus described :—Sheet iron, iron castings,

and various other objects in iron are cleaned and scoured by immersion in a bath of

water, acidulated with sulphuric acid, heated in a leaden vessel, or used cold in one

of wood, just to remove the oxide. They are then thrown into cold water, and taken

out one at a time to be scoured with sand and water with a piece of cork, or more
usually with a piece of the husk of the cocoa-nut, the ends of the fibres of which serve

as a brush, and the plates are afterwards thrown into cold water.

Pure zinc covered with a thick layer of sal-ammoniac is then melted in a bath, and
the iron, if in sheets, is dipped several sheets at a time in a cradle or grating. The
sheets are slowly raised to allow the superfluous zinc to drain off, and are thrown
whilst hot into cold water, on removal from which they only require to be wiped dry.

Thick pieces are heated, before immersion, in a reverberatory furnace, to avoid

cooling the zinc. Chains are similarly treated, and on removal from the zinc require

to be shaken until cold to avoid the links being soldered together. Nails and small
articles are dipped in muriatic acid, and dried in a reverberatory furnace, and then
thrown altogether in the zinc, covered with the sal-ammoniac, left for one minute, and
taken out slowly with an iron skimmer ; they come out in a mass soldered together,

and for their separation are afterwards placed in a crucible and surrounded with
charcoal-powder, then heated to redness and shaken about until cold for their separa-

tion. Wire is reeled through the zinc, into which it is compelled to dip by a fork or

other contrivance. It will be understood that the zinc is melted with a thick coat of
sal-ammoniac to prevent the loss of zinc by oxidation.

Mr. Mallet coated iron with zinc by the following process :

—

The plates are immersed in a cleansing bath of equal parts of sulphuric or muriatic
acid and water, used warm ; the works are then hammered and scrubbed with emery
and sand to detach the scales, and to thoroughly clean them ; they are then immersed
in a ' preparing bath ' of equal parts of saturated solutions of muriate of zinc and sal-

ammoniac, from which the works are transferred to a fluid metallic bath, consisting of
202 parts of mercury and 1292 parts of zinc, both by weight, to every ton weight of
which alloy is added above one pound of either potassium or sodium, the latter being
preferred. As soon as the cleaned iron-works have attained the melting heat of the
triple alloy, they are removed, having become thoroughly coated with zinc. At the
proper fusing temperature of this alloy, which is about 680° Fahr., it will dissolve a
plate of wrought iron of an eighth of an inch thick in a few seconds.
Morewood and Eogers's galvanised tinned iron is prepared under several patents.

Their process is as follows :

—

The sheets are pickled, scoured, and cleaned, just the same as for ordinary tinning.
A large wooden bath is then half filled with a dilute solution of muriate of tin, pre-
pared by dissolving metallic tin in concentrated muriatic acid, which requires a period
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of two or three days. Two quarts of the saturated solution are added to 300 or 400
gallons of the water contained in the bath. Over the bottom of tlio bath is first spread
a thin layer of finely-granulated zinc, then a cleaned iron plate, and so on, a layer of
granulated zinc and a cleaned iron plate alternately, until the bath is full ; the zinc

and iron, together with the fluid, constitute a weak galvanic battery, and the tin is

deposited from the solution so as to coat the iron with a dull uniform layer of metallic

tin in about two hours.

The tinned iron is then passed through a bath containing fluid zinc, covered with
sal-ammoniac mixed with earthy matter, to lessen the volatilisation of the sal-ammo-
niac, which becomes as fluid as treacle. Two iron rollers immersed below the sur-

face of the zinc are fixed to the bath and are driven by machinery to ca,rry the plates

through the fluid metal at any velocity previously determined. The plates are received

one by one from the tinning bath, drained for a short time, and passed at once, whilst

still wet, by means of the rollers, tlirough the bath as described. The plates take up
a very regular and smooth layer of zinc, which, ovring to the presence of the tin

beneath, assumes its natural crystalline character, giving the plates an appearance
resembling that known as the moirSe metalliqice.—See Hunfs Handbook to the Grreat

Exhibition.

It is stated that galvanised iron plates cut with shears so as to expose the central

iron become zinced round the edges, and at the holes where the nails were driven.

We are also informed that ungalvaniscd iron will, if moist when near galvanised

plate, become zinced, and that telegraph wires, whore cut through, become coated by
the action of the rain-water on the galvanised portion of the surfaces.

It has been stated that the galvanised iron is not more durable than unprotected

iron ; that, indeed, where the zinc is by any accident removed the destruction is more
rapid than ordinary. We have made especial enquiries, and find that in forges where
there is any escape of sulphur-vapour the galvanised iron does not stand well ; but
that under all ordinary circumstances it has the merit of great durability in addition

to its other good qualities.

GAXiVAXrO-PZiASTZC. The German name of Electro-metallurgy. See Elec-
TfiO-ilETALLURGY.

GAMBZR, or CAMBZSB. The Malayan name of an extract obtained from the

Uncaria Gambier. It is the Terra Japojiica of tanners.

Two methods of obtaining gambir are described : one consists in boiling the leaves

in water, and inspissating the decoction ; the other, which yields the best gambir,
consists in infusing the leaves in warm water, by which a fecula is obtained, which is

inspissated by the heat of the sun, and formed into cakes. The best gambir is made
at Ehio, in the Isle of Brittany, in the Eastern Archipelago ; and the next best is

that of Lingin. It is principally imported from Singapore, and is used principally for

tanning, under the name of Terra Japonica. The Mimosa catechu yields a different

extract &om the gambir, but catechu and gambir are often confounded.

Places Quantities Value Quantities Value

1

Erom Turkey ....
„ Straits Settlements .

„ China ....
„ United Stjites of America .

„ other countries .

Total .

cwts.

2,585

8,'693

3,*764

&
11,302

17,252

11,163

cwts.

20,579

557
19

&

439,344

12,073

320

14,932 39,717 21,155 451,737

GAMBIR CATECBV. See Catechu.
GAMBOGE. ( Gommc gutte, Er. ; Crutti, Ger.) Gamboge appears to have

been first brought from China in 1603, and its oriental name was said to bo

Ghittaiemon.

It is generally supposed to bo produced from the Hebradendron cambogioides of

Graham and the Xantltochymus ovalifolius of Roxburgh ; but different kinds of

gamboge appear to have different botanical sources, several species of Garcinia and
Cambogia yielding this substance. In Ceylon the gamboge is obtained by wounding
the bark of the tree in various places with a sharp stone, when the flowers begin to

appear. Gamboge is imported from Siam, by way of Singapore and Penang. It is

known in three forms : in rolls or solid cylinders ; in pipes or hollow cylinders ; in

cakes or amorphous masses. Gamboge in small quantities is also obtained in Ceylon.

Gamboge consists of resin, 74*2; soluble gum, 21*8 ; moisture, 4*8.
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Gamboge is employed as an artist's colour ; it is used to colour varnishes and

lacquers, and it is administered medicinally.

Our imports of gamboge were in 1863, 388 cwts., value 3,268^. ; in 1864, 42 cwts.,

value 620^. ; they have not been reported of late years.

GAMMAXUC. A dyo-stufF, so called, from Tunis. Examples were sent to this

country in 1851, but it does not appear to have been introduced since that time.

GAXrOTTZi. A word derived from the German Gang, a vein or channel. It

signifies the mineral substance which either encloses or usually accompanies any

metallic ore in the vein. Quartz, carbonate of lime, sulphate of baryta, sulphate of

lime, and fluoride of calcium, generally form the gangues ;
but a groat many other

substances become such when they predominate in a vein. In mineral works the

first thing is to break the mixed ore into small pieces, in order to separate the

valuable from the useless parts, by processes called stamping, picking, sorting.

Literally, Gaiig is a course or passage. See Mining.

GAinrZSTSR. The name of a bed of highly siliceous fire-clay. It is usually

extremely hard, and contains many Stigmaria roots. It is found beneath some of the

seams of coal in Lancashire and other places. The gannister when crushed and, if

necessary, mixed with a little more plastic clay, produces a brick of the most re-

fractory description. It is also used for lining the Bessemer converters, and similar

purposes.

GARAXOrCEUX. See Maddeb.
GARAXCZXr. See Maddeb.
GARXiZC. Allium sativum. This plant is well known, and is much used in

flavouring sauces.

It is found by analysis to contain an acrid volatile oil, gum, woody fibre, albumen,

water, with sulphur, starch, and saccharine matter. The oU of garlic is a sulphide of

allyle, AllS^C^H^S. [(C3H5)2S.]

GARNET. (Grenat, Fr. ; Granat, Ger.) Garnet is a double silicate of cer-

tain bases, such as alumina, lime, magnesia, oxide of iron, &c.

There are six sub-species of garnet, viz. :

—

I. Alumina-lime garnet, consisting of the silicates of alumina and lime.

n. Alumina-magnesva. garnet, consisting of the silicates of alumina and magnesia.

in. Alumina-iron garnet, consisting of the silicates of alumina and iron.

IV. Alumina-manganese garnet, consisting of the silicates of alumina and man-

V. Iron-lime garnet, consisting of the silicates of iron and lime.

VI. Lime-ohroms garnet, consisting of the silicates of lime and oxide of chromium.

I. Lime-garnet, or grossular, is composed of silica, 40-1 ; alumina, 227 ; lime, 37*2

= 100-0. Colour, pale greenish, clear red, and reddish orange, cinnamon colour.

Before the blowpipe, fuses to a slightly greenish glass or enamel ; soluble, when pow-
dered, in concentrated muriatic acid.

This section comprises cinnamon-stone or Essonite, grossular or Wiluite, Eoman-
zovite, topazolite, and succinite.

II. Magnesia-garnet is of a deep coal-black colour, with a resinous lustre. The
variety from Arendal is composed of silica, 42'45 ; alumina, 22*47 ; protoxide of iron,

9*29
; protoxide of manganese, 6*27 ; magnesia, 13*43 ; lime, 6*53 ;= 100*44.

—

{W'dcht-

mdster.) Before the blowpipe, easily fusible, forming with intumescence a dark
greyish-green globule, which is non-magnetic.

in. Iron-garnet comprises the almandine or precious garnet, allochroite, and com-
m-on garnet. It is composed of silica, 36*3 ; alumina, 20*5

;
protoxide of iron, 43*2 =

100*0. Before the blowpipe, fuses rather easily with an iron reaction.

IV. Manganese-garnet, or spessartine, is of a brownish-red colour, and is composed
of silica, 35"83 ; alumina, 18*06; protoxide of iron, 14*93; protoxide of manganese,
30*96 = 99*78. (Analysis of M. garnet from Haddam, U.S., by Seybert.) Before the
blowpipe, gives a manganese reaction.

V. Iron-lime garnet includes aplome, colophonite, melanite, and pyreneite. These
vary in (;olour from dark red, brownish-black, to black, and possess a shining lustre,

which is sometimes resinous, as in colophonite.
Analysis of the aplome of Altenau :—Silica, 35-64 ; lime," 29*22 ;

protoxide of iron,

30-00
;
protoxide of manganese, 3*01

;
potash, 2-35 = 100*22.

—

Wdchtmeister.
VI. Lime-chrome garnet, or ouvarovite, is of an emerald-green colour. Sp. gr.,

3*418. Before the blowpipe it is infusible alone, but with borax affords a chrome-
green glass. It occurs at Bissersk, in Kussia.

Analysis by ^rtfwmww:—Silica, 36-93; alumina, 6-68; peroxide of iron, 1*96; oxide
of chrome, 21*84; magnesia, 1*54

; carbonate of lime, 31*66; oxide of copper, a trace,
= 99*58.

The garnet varies greatly in transparency, fracture, and colour ; but when the
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colours are rich, and the stono is froo fi-ora flaws, it constitutes a valuable gem, which
may bo distinguished by tho following properties :

—

The colour should be blood or cherry-red ; on the one hand often mixed more or
Ics : with blue, so as to present various shades of crimson, purple, and reddish violet,

ana on the other hand, with yellow, so as to form orange-red and hyacinth-brown.
Tho stones vary in size from the smallest pieces that can bo worked to the size of

a nut. When abovo that size they are scarcely ever free from flaws, or sufficiently

transparent for the purposes of the jeweller.

The garnets of commerce are procured from Bohemia, Ceylon, Pegu, and the Brazils.

By jewellers they are classed as Syrian, Bohemian, or Cingalese, rather from their

relative value and fineness, than with any reference to the country from which they
are supposed to have been brought.

Those most esteemed are called Syrian garnets, not because they come from Syria,

but after Syrian, the capital of Pegu, which city was formerly tho chief mart for tho

finest garnets. The colour of the Syrian garnet is violet-purple, which, in some rare

instances, vies with that of the finest oriental amethyst ; but it may be distinguished

from the latter by acquiring an orango tint by candle-light. The Syrian garnet may
be also distinguished from all the other varieties of garnet in preserving its colour

(even when of considerable thickness and unassisted by foil), unmixed with the black

tint which usually obscures this gem. The Bohemian garnet is generally of a dull

poppy-red colour, with a very perceptible hyacinth-orange tint when held between

the eye and the light. When the colour is a fall crimson it is called pyrope, or fire

garnet, a stone of considerable value when perfect and of large size.

The best manner of cutting the pyrope, is en cahochon, with one or two rows of small

facets round the girdle of the stone. The colour appears more or less black when
the stone is cut in steps, but when cut en cabochon, the points on which the light falls

display a brilliant fire-red.

Garnet is easily worked, and when facet-cut is nearly always (on account of the

depth of its colour) formed into thin tables, which are sometimes concave or hollowed

out.on the under side. Cut stones of this latter description, when skilfully set, with a
bright silver foil, have often been sold as rubies.

The garnet may be distinguished from corundimi or spinel by its duller colour.

Coarse garnets reduced to a fine powder are sometimes used as a substitute for emery
in polishing metals.

Bohe?iiian garnet. See Pyrope.—H. W. B.

GAUXTST, SOZiVSIiS
( Grenat soluble). See Carbolic Acid.

GAS. {Gas, Fr. ; Ga2!, Ger.) The generic name of all such elastic fluids as are

aeriform under a considerable pressure, at the zero of Fahrenheit. Oxygen, hydrogen,

and nitrogen, are permanent gases ; many of the other vaporiform bodies have been

condensed by the joint power of cold and mechanical force. See Watts's * Dictionary of

Chemistry.'

GAS, AIR. The idea of carburetting air, or a gas of low illuminating power, is

not by any means new, having been started almost at the same period that lighting by
coal-gas in the ordinary way was introduced ; but it was not until the opening up and
working of the American oil-wells, by which a supply of very light petroleum oil or

spirit was obtainable, that any scheme in this direction had any chance of success. In
1862 a patent was taken out in France by a M. Mongruel, which proposed to pass air

through an exceedingly light and inflammable spirit, the air thus becoming charged

with a certain amount of a highly luminous hydrocarbon-vapom*, in such a quantity

as to render tho mixture inflammable, and to allow of its being burnod as an ordinary

combustible gas. This idea was introduced into England by a company known as the

Photogenic Gas Company, which received some amount of support at the time, but

from some cause or otlier did not prove a success.

The varioiis inventions brought into notice since that time for the purpose of

carburetting air and other gases have been based upon precisely the same principle,

but have differed considerably in tho apparatus employed.

Many erroneous statements have been made on this matter for the want of scientific

knowledge ; for instance, in most cases the patentees themselves have declared that a
union takes place, other than mechanical, between tho gases of tho air and tho vapours

of certain hydrocarbons, which result in the production of such gases as olefiant gas,

or acetylene ; an utter absurdity which would bo evident to anyone wlio would consider

under what circumstances such gaseous mixtures are produced. A vapour of any
hydrocarbon will, whether it exist by itself or whether it bo diffused through another

gas or gases, always be such a vapour, and wll invariably exhibit the properties cha-

racteristic of it ; and, if diffused through a gas, will be found condensiblo to tho

liquid from which it was formed, if proper means bo applied. It is a matter of

simple calculation from known data to ascertain the exact amount of hydrocarbon-
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vapour taken up by a given volume of air at certain temperatures. The following

tables show this :

—

Boiling points of light petroleum spirit of different specific gravity.

Spedflc Gravity Boiling Point
0-600 4 deg. 0.
0-628 30 „

0-669 68 „
0-699 92 „
0-726 118 „
0-741 136 „
0-757 160 „

Table of maximum vapour-tension ofpetroleum spirit of a Sp» Gr. -650 at

different temperatures.
Temperature. Vapour-tension.

-lOdeg. C. (14 deg. F.) 43-5 mm.

+ 10

15

20
40

(32

(50

(60

(68

(104

81-0

1320
167-0

2030
301-8

Table ofpercentags of vapour of petroleum spirit of a Sp. Gr. -650 present in

air or other medium at different temperatures.

Temperature.
10 deg. C. (14 deg. F.)

10

15
20
40

(50

(60

(68

(104

Percentage.

5-7

. 10-7

. 17-5

. 22-0

. 270

. 39-0

Now for an • air-gas ' scheme to be successful, the air must hold in solution a

sufficient quantity of vapour to confer upon it inflammability and luminosity.

The liquid hydrocarbons, which at present are almost exclusively proposed to be

employed for the purposes of carburation, are the light oils which form the first

distillate in the preparation of paraffin oil from the crude American mineral oil.

As this light oil is too volatile and inflammable to be burned in any sort of lamp at

present in use, and no other commercial application has been discovered, very large

quantities of it are disposed of as an entirely waste product, obtainable at a small

cost.

The illuminating power of ' air-gas ' when first obtained is very high, as high

indeed as 30 candles, although this statement requires a slight qualification, as the

illuminating power of the flame is not expressed by it, but only the fact that if it

were possible (which it is not) to biirn the gas at the rate required by the photometric

test—viz. five cubic feet per hour, this illuminating power would be obtained, it being

a fact that a ver}' much smaller amount of air-gas can be burned from the ordinary

argand burner, or from a batswing, to obtain the same rise of flame than in the case

of coal-gas ; this effect is no doubt due to the greater density of ' air-gas.' It may be
mentioned that these air-gases do not burn well under pressure, and hence are only

suited to burners which afford exceedingly free passage to the issuing gas, such as

argands, there being a tendency with burners of the batswing and fishtail class for the

air and vapour to separate, possibly explainable by the more rapid transpiration of the

lighter substance through a narrow opening.

Mr. J. F. G. I{j-omschroder has spent nearly fourteen years in the endeavour to

effect the mixture of common air with the hydrocarbonous vapours, so as to produce
an * air-gas ' suitable for the illumination of small towns or dwelling-houses. He
claims to have succeeded in his design, and he is probably the first man who has
lighted a whole town upon a system of gas illumination which excludes the use of
coal—Great Marlow in Buckinghamshire having been lighted by him with his air-gas.

Mr. Kromschroder first applied his method to lighting the Battersea Water-works,
and for five months he kept 104 burners supplied at a cost below that of ordinary gas.

Farther, a quantity of his hydrocarbonised air was there stored over water for nearly
four months, and at the end of that time it was said to be a far better illuminator
than when first prepared, but this can scarcely be correct.

The experiments made at Great Marlow have been thus described :

—
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The generator is a kind of box, of sheet iron, in bulk not exceeding two cubic yards,

standing upon a shallower box, holding a liquid hydrocarbon. A small dome on the

tipper surface covers an ingenious air- or force-pump, moved by clockwork, and capable

of easy regulation. The liberation of a weight starts the operation, and a steady

current of air is driven over the surface of the liquid in the receiver, which is kept at

a constant level. An absorbent substance is employed to increase the evaporative

surface, and to oppose a slight obstacle to the passage of the current, since it is found
that, within cerUvin limits, the slowest stream of air takes up the largest amount of

combustible vapour. The hydrocarbon employed is a petroleum or shale-oil of specific

gravity '660, somewhat similar, we believe, to the cheap spirit burned in common
sponge lamps. Seventy cubic feet of air, after complete saturation with the vapour,

become a hundred cubic feet of 'gas,' of a density of 1*2, air itself being unity. The
Kromschroder gas is thus about double the density of coal-gas, and contains nearly

one-third its bulk of hydrocarbon-vapour. As to illuminating power, tho trial by
Bunseu.'s photometer proved satisfactory. Burning at the rate of Sh cubic feet per
hour, Sugg's improved argand being employed, a light equal to 18-1 candles was in-

dicated, which, reduced to the standard of 5 feet per hour, is equal to about 26 candles,

or nearly double the value of gas as usually burned.

Granting an equality in lighting power, there are three points in which any proposed
substitute for coal-gas must satisfy consumers before it can come into use. First, its

cost must not be greater ; secondly, it must bear storage ; thirdly, it must ' travel.'

With regard to the first condition, Mr. Kromschroder makes no definite promises, but
is confident that his gas can be generated more cheaply than coal-gas. Certainly the

process is much loss troublesome, and as the machine is self-acting, there can be but
little expense for wages. One gallon of petroleum, worth about eighteenpence, will

make about 700 cubic feet of gas, and this is alleged to burn as long as 1,200 feet of

ordinary gas, giving a better light. As to storage and travelling power, Mr. Hastings,

engineer at the Marlow Gasworks, having had full opportunity for three months of

testing the gas in every possible way, and having, to begin with, a prejudice against

it, reports favourably. In fact, he says that storage for a week or ten days improves
the gas, his theory being that a chemical union takes place between its constituents.

We could not, however, learn that the results of chemical examination confirmed this

supposition. Mr. Hastings, we understood, mixes the new gas with the coal-gas sup-

plied to the town in order to raise its light-giving power. The mains in the streets

are nearly five miles in length, and the gas is said to bear travelling through this

length of pipe very well. A considerable amount of cold is of course produced in tho

generator by the evaporation of spirit, but it does not follow that the farther cooling

of the gas will not condense some of the hydrocarbouous vapour. Farther experience,

therefore, is desirable to fully settle this point, though the home manufacture of gas

in factories and large houses is a part of the inventor's scheme which does not entirely

depend for success upon the power of the gas to travel. The inn, a mile and a quarter

from the works, was lighted up on the occasion of a special trial during dinner, by
coal-gas and Kromschroder gas in turns, and the greater brilliancy of the latter was
thus rendered strikingly evident, even after at least two miles' conveyance, and in

spite of a defect of pressure, arising from tho hotel being at a ' dead end.'

The inventor does not claim to be able to supersede coal-gas in large towns and
cities. He reckons that it may usefully and cheaply be applied to small towns con-

suming about a million cubic feet per annum, a consumption which would hardly

justify the expense of erecting coal-gas works. The Great Marlow experiments have
confirmed the confidence of himself and his co-workers in his system.

—

Report made
to ' Iron.'

Messrs. Harrison are also tho patentees of an ' Air-Gas.' This process is very
simple, and consists merely in dra-wing air through light petroleum spirit, the air

thereby becoming so charged with the inflammable vapour of tho spirit, as to burn
with a brilliant light. It is stated by the inventors tliat the mixture of air and
vaporised spirit is perfectly permanent, and can be stored in holders, or passed through
indefinite lengths of pipe, at varying temperatures, without suffering any condensation

or diminution of lighting power. This statement is somewhat difficult of belief, as

the gas produced by this process is a purely mechanical mixture, not tho least com-
bination (in a chemical sense) taking place, and there is every reason to think that

variations of temperature, such as must necessarily occur in the ordinary distribution

of such a gas, would cause a partial deposition of tho petroleum spirit, and conse-

quently much loss of illuminating power.

The air-gas invented by Mr. Wright, a plumber of Sheffield, must also bo noticed

here. His process is protected and involved by several patents: considerable mystery
is made of the process by which his ' oil ' is obUiincd, but it is, of course, essentially



GAS, AIR 539

one of the liquid hydrocarbons. Mr. Thomas Wills, in hid paper read before the

Society of Arts, thus describes this patent :

—

From the specification which is taken out in the name of Mr. William Wright, of

Sheffield, we gather the following details. A light petroleum, or other spirit, is to be
used, as in other cases ; but the apparatus differs from any that has as yet been in-

troduced. A number of cylinders of iron or other metal are placed side by side, each

being supported in a perpendicular position by means of trunnions, or swivel-joints,

which allow of the cylinder being reversed with ease ; in the interior of these cylinders

there are fitted a number of fixed pistons formed of cotton or other spongy material.

The number of these pistons varies with the size of the apparatus ; a hollow chamber
at the top and bottom of each cylinder acts as a reservoir for the spirit, which, in the

first instance, is poured in excess through the top, and gradually percolates through
the cotton pistons, at the same time saturating them; the excess of spirit accumulates

in the bottom reservoir, air is then driven through the cylinder, and consequently

through the saturated cotton. This air enters through the swivel-joint, and passes to

the bottom of the cylinder, whore it enters just above the bottom chamber, and has
to find its way up through the pistons, out at the top just below the upper chamber,
and thence down to the opposite swivel-joint—much, in fact, in the same way as the

steam passes into and out of the cylinder of an ordinary oscillating condensing engine.

After so much air has passed as to carry away in suspension the greater quantity of

the spirit in the cotton, the cylinder is reversed, when the liquid that had accumidated
in the lower vessel percolates once more through the pistons from the top to the
bottom. In this manner it is found possible to place into the cylinder a known
quantity of spirit that shall be sufficient to charge a certain volume of air, and to

work it completely out by successive reversals of the apparatus. The swivel-joints

are made also to act as stopcocks, cutting off" all communication between the inlet

or outlet during the period occupied in reversing the cylinder. If a number of such
cylinders are used, they are made to communicate with each other, so as to equalise

tlie amount of spirit in each. The air used is supplied from two ordinary gas-holders,

but so coupled together by pulleys that one rises as the other descends, a valve opening
inwards being placed at the top of each for this purpose. Weights being added to

the holder that is full, or, what comes to the same thing, some of the balance-weights

being removed so as to allow the full weight of the holder to compress the air, this

air is driven through the charging cylinders and can afterwards be used as an ordinary
illuminating gas ; at the same time the second holder is rising, and on the exhaustion

of one the second is ready by a transference of the weights to supply a continuous
stream of air. The work required to keep such apparatus in use does not seem to be
great, an occasional reversing of the cylinders, and the removal or addition of weights
to the holder, being all that is necessary. Doubtless even this would be found im-
practicable on the large scale, but it is only intended to use this process for isolated

buildings and small districts.

With regard to the character of the gas produced, it is much the same as other air-

gases, and subject to just the same laws ; and, of course, this process can claim nothing
more than an improvement in the apparatus used for carburetting the air. If air-

gases are to come into use at all, and there seems to be no real obstacle to prevent
their adoption to a limited extent, the direction for improvement must be looked for

in the apparatus employed, and this new patent certainly deserves a fair trial, which
no doubt in good time it will have. Probably some means will have to be taken to
prevent the reduction of temperature which invariably occurs when evaporation goes
on at all rapidly ; but as it is generally accepted that almost the shortest possible
contact of the air and spirit is sufficient to allow of the former taking up as much of
the latter as it is possible for it to do, this cooling may be confined to a very small
extent, and may be neutralised altogether, if proper means be applied. It appears to
be rather a difficult matter for inventors to obtain the best spirit for the purposes of
carburetting air, for we have seen several samples of spirit supposed to be effective

for such purposes, which would have been found, if used, of very little if any good,
consisting, as they did, almost entirely of a light paraffin oil. The truth is, that very
little of the real spirit from the petroleum comes into this country, its exceeding
volatility rendering it a very dangerous freight for a ship ; it might, however, possibly
pay to have the petroleum sent over in its rough state, and to distil the spirit here.

The oil, which is valued as burning material, could be distilled afterwards, and it, and
the pitch remaining, would have little difficulty in finding a ready market. If the pro-
moters of any one of the recent schemes could command a continuous supply of the light
spirit at a reasonable figure, a great advance towards success would be made. That
very great interest is still taken in these new schemes by the public is undoubted, and
this last one is not likely to form an exception. Meanwhile there is nothing that
should be relied upon but a fair trial on such a scale as shall be satisfactory to all.
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OA8, COAXi. Although the employment of gas for illuminating purposes can be
traced tack to remote^ periods 6f antiquity, yet the substantial history of this appli-

cation may be related in few "words. In various places and at different times issues of
inflammable gas from the earth have been observed ; the holy fires at Baku on the
shores of the Caspian Sea, and those of Pietra Mala in Italy are instances ; but such
issues have usually been only regarded with superstitious dread by the ignorjint people
who have observed them. The Chinese alone, if we are to believe the accounts of

that boastful people, have many centuries ago turned these natural sources of in-

flammable gas to useful account, and have rendered them available both for heating
and illuminating purposes. Abundant sources of inflammable gas exist in the coal

districts of this country ; and in some localities, as at Chat Moss in Lancashire for

instance, so easy is this gas procurable, that it is only necessary to plunge an iron rod
a few yards deep into the soft peat, and then on its withdrawal to insert a tin tube,

in order to secure a copious discharge of gas, which is evolved in a continuous stream
at a high pressure, and apparently for an unlimited period of time. But as this gas
consists of nearly pure light carburetted hydrogen, and contains no luminiferous con-

stituent, it yields scarcely any light when burnt in the ordinary manner, and cannot
therefore be rendered available for illuminating purposes. It has, however, been
successfully employed as a source of heat, and a jot of it was long made use of as the

sole fuel to heat a four-horse boiler used for agricultural purposes. As early as the

year 1659 Mr. Thomas Shirley communicated to the Koyal Society a paper describing

some experiments upon an inflammable gas issuing from a well near Wigan in Lanca-
shire, and nearly a century later the Rev. John Clayton, having noticed the same
phenomenon in the same locality, and flnding on digging a few feet into the soil, that

the gas issued from a bed of coal, he was led to try whether a similar gas could not

be obtained artificially, by exposing coal to heat in close vessels. He succeeded in

obtaining an illuminating gas, and amused his friends by collecting it in bladders and
burning it from a hole pricked in the bladder. The particulars of these experiments

Mr. Clayton communicated to the Royal Society in the year 1739. But he does not

appear to have thought of applying his discovery to any practical purpose ; and it was
not until 1792 that the gas thus artificially obtained was used for illumination by
Mr. Murdock, who first lighted his house and office at Redruth in Cornwall, and
afterwards, having made several improvements in the apparatus, ho lighted the factory

of Messrs. Boulton and Watt at Soho about the year 1804, and in 1805 the large

cotton mills of Messrs. Philips and Lee at Manchester ; those of Mr. Lodge at Halifax

having been lighted about the same time by Mr. Clegg, a gentleman to whose energy

and scientific skill gas-lighting, in its earlier stages especially, is much indebted. In
the year 1810 the Act of Parliament incorporating the London and Westminster
Chartered Gas-light and Coke Company was passed, and, on the 31st of December
1813, Westminster Bridge was lighted with gas. This step was soon followed by the

introduction of gas in the place of oil in several of the chief thoroughfares of the

metropolis. From that period the progress of this branch of the chemical arts has

been extremely rapid and satisfactory, so far at least as the extension of the manu-
facture and the improvement of the mechanical part of the processes are concerned.

Nevertheless, although the methods employed for the generation and purification of

gas have been rendered more economical, it can hardly be said that the average of the

gas, supplied to consumers in London and the provincial towns, is cither purer or

better in quality than that furnished in the earlier years of the manufacture.

Before proceeding to describe the actual processes now employed for the generation

of illuminating gas, it will be advisable to consider briefly the general scientific prin-

ciples involved in those processes, and especially the chemicjil relations of the materials

employed for the generation and purification of illuminating gas, together with the

bearings of ,chemistry upon the operations of generating, piirifying, and burning such

gas.

The chemistry of gas manvfacturc.—The chief materials employed in the manufac-

ture of gas for illuminating purposes are—coal, oil, resin, peat, and wood. These

materials, though very dissimilar in appearance, do not essentially differ from each

other in their chemical constituents ; they may all be regarded as consisting chiefly of

the elements, carbon, hydrogen, and oxygon, and their value for the production of

illuminating gas increases with the increase of the proportion of hydrogen, and with

the diminution of the relative amount of oxygen. Accordingly wo find that oil and

resin generally produce gas larger in volume and better in quality than coal, whilst

peat and wood, owing to the large proportion of oxygon which they contain, are

greatly inferior to coal for the purposes of the g;is-manufacturer. The relative pro-

portions of carbon, hydrogen, and oxygen, in the organic part of these substances, is

seen from the following comparisons :

—
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Percentage of Percentage of Percentage of

Cannel (Boghead) . . .

Carbon Hydrogen Oxygen

80-35 11-21 6-71

Cannel (Wigan) . , 8505 6-75 8-14

Coal . , 88-15 6-26 6-41

Oil . , 78-90 10-97 10-13

Resin . , . , 79-47 9-93 10-59

Peat . 1 • • 60-41 6-57 34-02

Wood. 5000 5-55 44-45

In addition to the three essential constituents above mentioned most of these mate-

rials contain small and variable proportions of sulphur, nitrogen, and inorganic

matter, the latter constituting, when the substance is burnt, what we term ash. When
these substances are heated to redness, they undergo decomposition, a considerable

quantity of inflammable gases and vapours being evolved, whilst a residue, consisting

of carbon, or of carbon and ash, remains behind in the solid form. When atmospheric

air has free access during this heating operation, the inflammable gases and vapours

burn with a more or less bright flame, as in a common fire ; whilst the carbonaceous

residue continues afterwards to glow, until nearly the whole of the carbon is consumed.
If, however, the application of heat be made without access of air, by inclosing the

materials for instance in an iron retort provided only with an outlet for the escape

of gases, the decomposition goes on in much the same manner as before, but the

various products formed, being no longer exposed to the simultaneous action of

atmospheric oxygen, do not undergo combustion ; the inflammable gases and vapours
are evolved through the outlet pipe in an unburnt condition, and the carbonaceous
residue also remains unconsumed in the retort. Upon cooling the gases and vapours
thus evolved, the latter condense more or less into liquids which separate into two
layers, the lower one forming a dense black oily fluid, commonly known as tar, and
containing several solid hydrocarbons partly in solution and partly in suspension

;

whilst the other one consists chiefly of an aqueous solution of salts of ammonia, if the

organic matters operated upon contained nitrogen. Thus the volatile products of this

process of destructive distillation consist of solids, liquids, and gases. These consti-

tuents may be thus tabulated :

—

I. Gaseous.

Name Chemical formnlaa

Hydrogen H H
Light carburetted hydrogen .... C^H* CH*

• Acetylene C^H^ C^H^
Carbonic oxide CO CO
Oleflantgas C*H* C^H*
Propylene . CH^ C^H"
Butylene CH* C<H»
Carbonic acid CO* CO*
Sulphuretted hydrogen SH SH*
Nitrogen N WT

II. LlOtllD.

Name Chemical formute
Aqueous layer

:

—Water .... . . HO H^O
Oily lay 3r :

—

Bisulphide of carbon . . CS* CS2
>» Benzol .... . C«-H« C«H«
»» Toluol .... . . C«^H« CH8
» Cumol .... . C'«H>* C«H"
»» Cymol .... . C2»H'* CioHH

*i Aniline . . . Ci^H'N CH'W
n Picoline .... . C'^H'N C«H^
n Leucoline .... . C>«H«N C»H«»
n Carbolic acid (Phenol) . C«H«0» C<B'0
n Other hydrocarbons . . C„Hn*
n » « . . . . Cn Hn+,
n >i »» . . • . C^H^^e

* Hem n means an evQn ntimber, as 2, 4, 6, &<^
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In aqueous layer

:

In oily layer :

—

III. Solid.

Name
-Carbonate of ammonia
Hydrosulpliato of Bulphido of

ammonium....
Sulphite of ammonia
Chloride of ammonium
ParafSne
Naphthaline ....
Paranaphthaline (Anthracene) .

Pyrene . . . . •

Chryseno

Chemical formula;

NH<0C02 2(WH')CO^

NHVS + HS
NH«OSO*
NH*C1

C20H8

C28H10

C30H4
C"H'2

2(lirB^)s + H^s
2(NH«)S03

£•10338

In practice, there is not such a perfect separation of the products as is represented

in the above table : thus a small proportion of the gases dissolves in the liquid pro-

ducts, whilst most of the liquids, and even some of the solids, diffuse themselves in

the form of vapoiir, to a certain extent, into the gases ; and the solids are in most
cases almost completely dissolved in the liquids. The relative proportions also in

which these products occur greatly depend upon the temperature employed in the

destructive distillation, and the length of time during which the volatile products are

exposed to it; a low temperature and short exposure favouring the formation of

solids and liquids, whilst a higher heat and longer exposure determine the production

of a larger proportion of gases at the expense of the solids and liquids.

The usual process of gas-making consists in exposing coal or cannel to a bright-

red heat, in close vessels of convenient size and shape, until all, or the greater part,

of the volatile matter is expelled. Coke is the material left in the retort, and the

matters volatilised consist of coudonsible vapours, and of permanent gases more or less

saturated with these vapours. Ey a simple process of refrigeration nearly the whole
of the vapours may be readily condensed, thus separating the gases more or less per-

fectly from the liquid and solid products of the distillation. But this preliminary

process of purification leaves the gases still in a state totally unfitted for use in the

production of artificial light. They still retain constituents, which are either noxious

in themselves, or generate noxious compounds when they are burnt, such as sulphu-

retted hydrogen, sulphide of ammonium, carbonate of ammonia, and bisulphide of

carbon. They also contain carbonic acid, which greatly diminishes the amount of

light yielded by the illuminating gases with which it is mixed.

Besides these injurious ingredients, which maybe conveniently included in the term
im'purities, there are others which do not contribute anything to the illuminating

power of the mixture, and which may be denominated diluents. We can thus classify

the constituents of gas-coal as follows :

—

Illuminants Diluents Imparities

defiant gas. Hydrogen. Sulphuretted hydrogen.

Acetylene. Light carburetted hydro- Hydrosulphate of sulphide

Propylene. gen. of ammonium.
Butylene. Carbonic oxide. Carbonate of ammonia.
Hydrocarbon vapours of Carbonic acid.

the formulae Cn Hn and Vapour of bisulphide of

CnH(n_6). carbon.

Vapours of hydrocar- Nitrogen.

bons of the formula Oxygen.

Cn H(n-12). Aqueous vapour.

As the intelligent manufacture of gas for illuminating purposes requires a know-
ledge of the leading properties of the compounds included under the three heads just

mentioned, wo will now proceed briefly to describe them.

L Illuminants.

Olefiant gas.—This gas has been proved by Bertholot to exist in coal-gas, and it is

probably always a constituent of the illuminating gases from resin, oil, peat, and wood.
It is occasionally, though rarely, met with in nature, as a product of the action of

volcanic heat upon coal-bearing strata; it never occurs, however, in coal strata under
ordinary circumstances, and no trace of it has ever been met with amongst the gases
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issuing from the coal strata of this country, and -which have been investigated by
Graham, Playfair, and others. Olefiant gas can be prepared nearly pure by heating

in a glass retort a mixture of 1 part by weight of alcohol, and 6 parts oil of vitriol.

The gas must bo passed through solution of caustic soda, to remove sulphurous and
carbonic acids "with which it is generally contaminated.

Olefiant gas is colourless, and possesses a peculiar and slightly unpleasant odour.

Its specific gravity is rather less than that of atmospheric air, being -dlSi : 100
cubic inches, at 60° F. and 30 inches barometrical pressure, weigh 30-3418 grains.

It consists of two volumes of carbon-vapour and four volumes of hydrogen, the six

volumes being condensed to two. It contains, in a given bulk, exactly twice as much
carbon as is contained in light carburetted hydrogen. Olefiant gas is inflammable,

but does not support combustion : when inflamed as it issues from a jet into the atmo-
sphere, it burns with a white flame, emitting a very brilliant light without smoke. In
burning, it consumes three times its volume of oxygen, and produces twice its volume
of carbonic acid. Exposed to a full red heat, as in passing tlirough a red-hot tube, it

is rapidly decomposed, carbon being deposited, whilst hydrogen and light carburetted

hydrogen are produced ; exposure to a full red heat consequently soon entirely destroys

its illuminating power.
Aceti/lene.—^This hydrocarbon may be formed synthetically by the direct union of

its elements. Berthelot has shown that when the electric light is produced between
carbon poles in an atmosphere of hydrogen, the high temperature thus produced
determines the formation of acetylene. Among other modes of generating acetylene

may be mentioned the incomplete combustion of gases and vapours containing carbon
and hydrogen ; the decomposition of olefiant gas, alcohol-vapour, or ether-vapour, by
the action of heat, and the decomposition of marsh-gas by the passage of electric

sparks from an induction-coil.

Acetylene is a colourless transparent gas, of peculiar odour. Its speciflc gravity is

0*92. The gas burns with an intensely himinous flame, much brighter than that of
olefiant gas ; for a given volume of acetylene contains the same bulk of carbon with
only half as much hydrogen as in an equal volume of olefiant gas. Mixed with
chlorine, acetylene explodes, even in dififuswi daylight, with separation of carbon as a
dense black smoke. Acetylene passed through a solution of subchloride of copper
(cuprous chloride) yields a red precipitate, which, when dried, forms an amorphous
solid substance that readily explodes on being struck with a hammer, or on being
suddenly heated to a temperature a little higher than that of boiling water. See
Acetylene.

Propylene and Butylene.—The first of these highly-illuminating constituents of coal-

gas may be obtained by passing the vapour of fusel oil through a red-hot tube, and
the second by the electric decomposition of valerate of potash. Both these gases are
coloiu'less, possess a light ethereal odour, and burn with a brilliant white flame. Like
olefiant gas, they are rapidly decomposed at a bright red heat, depositing much carbon,
and being converted into the non-illuminating gases—hydrogen and light carburetted
hydrogen. Propylene consists of three volumes of carbon-vapour, and six volumes of
hydrogen condensed to two volumes. It therefore contains, in a given volume, one-
half more carbon than olefiant gas. Its specific gravity is 1-4511.

Butylene consists of four volimies of carbon-vapour and eight volumes of hydrogen,
the tvs^elve volumes being condensed to two ; it consequently contains, in a given
volume, twice as much carbon as olefiant gas. Its specific gravity is 1-9348.

Vapoiirs ofhydrocarbons oftheformula On Hd .—A considerable number of compounds
having this formula are known to exist in coal-tar, and, as many of them are very
volatile, they must be diffused as vapours in coal-gas ; but as they have not yet been
successfully disentangled from each other, no account of their individual properties
can be given ; they all, however, contain more carbon, in a given volume, than buty-
lene, and must therefore contribute, proportionally to their volume, a greater illumi-
nating power than any of the gaseous hydrocarbons. They are all readily decomposed
at a bright red heat, chiefly into carbon and non-illuminating gases.

Vapours of hydrocarbons of theformula On H(n_6)-—These consist chiefly of benzol,
toluol, cumol, and cymol ; compounds which, being components of the more volatile
portions of the tar, diffuse themselves into the gaseous products of distillation, con-
tributing in no inconsiderable degree to the total illuminating effect of the gas. The
composition of these substances has been already given in the Table ; and it is there-
fore only necessary here to remark that benzol-vapour contains, in a given volume,
three times as much carbon as olefiant gas, whilst the vapours of toluol, cumol, and
cymol contain respectively 3^, 4^, and 6 times the amount of carbon contained in
olefiant gas. For a further account of tiiese and other hydrocarbons, see Naphtha

;

Coal; Destructive Distillation.
Vapours of hydrocarbons of the formula On H(n-i2».—The only vapour of this
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composition known to bo present in coal-gas is naphtlialino, C^oH" (C'HP), which,
although a solid at ordinary temperatures, yet emits a considerable quantity of vapour

;

in fact, its presence occasions to a great extent the peculiar odour of coal-gas.

Naphthaline is a frequent source of serious annoyance to the gas-manufacturer, by
condensing in tlio street mains and gradually blocking them up, or so narrowing their

bore as to prevent the passage of the needfdl supply of gas. This effect can only be
produced when the gas charged wth naphthaline-vapour is allowed to leave the holder
at a temperature higher than that of the mains through which it subsequently flows

;

but as this cannot always bo avoided, the prevention of such deposits might perhaps
be best effected by passing the gas over a large surface of coal-oil before it is led into

the mains. The oil would absorb so much of the naphthaline as to prevent any sub-
sequent deposition. The vapour of naphthaline contains, in an equal volume, five

times as much carbon as defiant gas. The amount of light yielded by these illumi-

nating constituents is directly proportionate to the amount of carbon contained in an
equal volume of each ; taking, therefore, the illuminating power of olefiant gas as

unity, the following numbers exhibit the relative illuminating values of equal volumes
of the several luniiiiiforoi:s constituents of gas :

—

Propylene . . 1-6 Benzol 30
Butylene . . 2-0 Toluol 3-5

Amylene . . 2-5 Hcptylene 3-5

Hydride of amyl

.

. 2-5 Cumol 4-0

Hydride of ho.xyl. . 3-0 Cymol 6-0

Hexylene . . 3-0 Naphthaline . 6-0

II. Diluents.

Hydrogen.—This element constitutes one ninth of the total weight of the waters of

our globe, and with one or two unimportant exceptions, enters into the composition of

all animal and vegetable substances and of the products derived from them, as peat,

coal, oils, bitumen, &c. It is, howeyer, very rarely met with in nature in a free or

uncombined state ; having hitherto only been thus found in the gases emitted from
volcanoes.

Hydrogen gas may be obtained in abundance and nearly pure by passing steam

over iron, zinc, and several other metals, in a fine state of division, at a full red heat.

Mixed with carbonic oxide and carbonic acid gases, it is also generated in large

quantity when steam is passed over charcoal, coke, or other carbonaceous substances

at a red heat. In all these cases the watery vapour is decomposed, its hydrogen being

liberated, whilst its oxygen unites with the metal or carbon, forming in the first case

a solid non-volatile oxide, which encrusts the pure metal, and soon stops further action ;

in the second case a gaseous oxide of carbon is generated, and passes off along with

the hydrogen, thus leaving the carbon freely exposed to the further action of the

watery vapour. When carbon is used, that portion of the steam which is converted

into hydrogen and carbonic oxide yields its own volume of each of these gases ; and
that portion which forms hydrogen and carbonic acid affords its own volume of hy-

drogen and half its own volume of carbonic acid. The amount of watery vapour
which undergoes the latter decomposition decreases as tlie temperature at which the

operation is conducted increases. At a white heat scarcely a trace of carbonic acid is

produced.

Hydrogen is the lightest of all known bodies, its specific gravity being only '0691 :

100 cubic inches, at 60° Fahr. and 30 inches barometric pressure, weigh only 2*1371

grains. It has a powerful affinity for oxygen, but develops scarcely any light during

combustion ; when, however, solid substances, such as lime, magnesia, or platinum, are

held in the flame of hydrogen, considerable light is emitted. Burnt in air or oxygen

gas, it is entirely converted into watery vapour, which condenses upon cold surfaces

held above the flame.

lAght carhuretted Hydrogen.—This gas consists of carbon and hydrogen in the propor-

tion of 6 parts by weight of the former element combinotl with 2 parts of the latter.

Owing to its being copiously generated in marshy swampy places, it is frequently

termed marsh gas, and from certain considerations relative to its chemical constitution,

it has more recently received the name of hydride of methyl. It enters largely into

the composition of coal-gas, and is also a natural product of the slow decomposition of

coal, and of putrefaction in general. Thus it occurs in enormous quantities in the

coal strata, and bubbles up from stagnant pools and ditches which contain putrefying

organic remains. As thus gencnited, it is mixed with small quantities of carbonic acid

and nitrogen ; it can, however, be artificially prepared perfectly pure, but the processos

need not be described here.
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Light carburotted hydrogen when pure is colourless, tasteless, and inodorous ; it is

neutral to test papers, and nearly insoluble in water; its specific gravity is '6594, and

100 cubic inches, at 60° Fahr. and 30 inches barometric pressure, weigh 17"4166

grains. It does not support combustion or respiration, but is inflammable, burning

with a blue, or slightly yellow flame, yielding scarcely any light. Mixed with a duo

proportion of atmospheric air or oxygen, and ignited, it explodes with great violence :

the products of its combustion are water and carbonic acid.

When light carburotted hydrogen is exposed to a white heat, it is slowly decomposed,

depositing carbon, and yielding twice its volume of hydrogen.

Carbonic Oxide.—This gas consists of 6 parts by weight of carbon, and 8 parts

of oxygen. Ife is formed when carbon is consumed in a limited quantity of air or

oxygen, and is also generated, as stated above, when steam is passed over ignited coke

or charcoal, or when coal-tar and steam meet in a red-hot vessel. It is always a con-

stituent of coal-gas.

Carbonic oxide is a colourless and inodorous gas, rather lighter than atmospheric

air, and having exactly the specific gravity of olefiant gas, '9727 ; it is very sparingly

soluble in water, but is very soluble in ammoniacal solution of chloride of copper.

Carbonic oxide is inflammable, burning with a beautiful blue flame almost devoid
of light ; the product of its combustion is carbonic acid. It is said to be very
poisonous.

III. Impueities,

Sulphuretted Hydrogen,—This gas consists of sixteen parts of sulphur and one part

of hydrogen ; it may be produced by passing hydrogen along with the vapour of

sulphur through a red-hot tube, but it is best prepared pure by decomposing proto-

sulphuret of iron with dilute sulphuric acid, and collecting the evolved gas at the

pneumatic trough or over mercury. It is always an ingredient in crude coal-, peat-, or

wood-gas.

Sulphuretted hydrogen is a colourless gas, of a very nauseous odour, resembling
that of putrid eggs : its specific gravity is 1-174:7. It is highly inflammable, burning
with a blue flame, destitute of light, and generating a large amount of sulphurous acid

;

it is chiefly this latter circumstance which renders its presence in coal-gas objectionable.

It is readily absorbed by metallic solutions, by hydrated oxide of iron, and by lime both
in the wet and dry states, and is easily recognised in coal-gas by exposing a strip of

paper impregnated with acetate of lead to a stream of the gas ; if the paper becomes
discoloured, sulphuretted hydrogen is present.

Hydrosidphate of stdphide of Ammonium.—This compound is formed by the combina-
tion of equal volumes of ammonia and sidphuretted hydrogen. It consists of 14 parts by
weight of nitrogen, 15 ofhydrogen, and 32 of sulphur. It is always largely produced in

the manufacture of coal-gas, but is almost completely condensed and retained in the

aqueous layer of liquid products, contributing principally to the unbearable odour of

ffas liquor ; a mere trace of this body is therefore present in crude coal-gas. When
quite pure it is a colourless crystalline solid, very soluble in water, and volatile at

ordinary temperatures. Its vapour, when present in coal-gas, is absorbed and decom-
posed by hydrate of lime both in the wet and dry states, ammonia being liberated. It

)s also decomposed by acids, but in this case the ammonia is retained by the acid, whilst

sulphuretted hydrogen is evolved.

Carbonic Add.—This gas is met with in nature as a constituent of atmospheric air,

and is produced in large quantities during the earlier stages of the formation of coal

in the earth's strata. Thus, in the lignite districts of Germany, it is copiously evolved,

and meeting with water in its passage to the surface, it is absorbed, and forms those

sparkling mineral springs commonly known as seltzer-water.

Carbonic acid is also formed during fermentation, by the combustion of carbon in

air, and in the decomposition of water by carbon at a red heat.
At ordinary temperatures carbonic acid is a colourless and invisible gas, but it may

be liquefied by very intense cold or pressure. It consists of 6 parts, by weight of
carbon united with 16 parts of oxygen, and thus differs from carbonic oxide by con-

taining twice as much oxygen as the latter gas. By passing carbonic acid over
ignited coke, charcoal, or other carbonaceous matters, it takes up as much carbon as
it already contains, and becomes converted into carbonic oxide; but it is impossible
in this way to convert the whole of the carbonic acid into carbonic oxide unless the
process be very frequently repeated. Carbonic acid is pungent, acidulous, and soluble
in an equal bulk of water, to which it communicates that briskness which we so much
admire in soda-water; it is considerably heavier than atmospheric air, its specific

gravity being 1*524. This gas is uninflammable, and cannot support combustion or
animal life. Its acid properties are not strongly developed, but it unites readily with
alkaline bases, forming carbonates : it is upon this property that the removal of car-

VoL. II. N N
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bonic acid from coal-gas depends. On passing coal-gas containing this acid through
slaked lime in fine powder, or through milk of lime, the whole of the carbonic ai*id

disappears, having united with the lime. Quick-lime, slaked in such a manner as to

be neither dust-dry nor very perceptibly moist, is most effective for the absorption of
high percentages of carbonic acid, a layer three inches in thickness not allowing a
trace of the acid gas to pass through it.

The presence even of a small percentage of carbonic acid in coal-gas is much to bo
deprecated, on account of the great loss of light which it occasions, 1 per cent, of
carbonic acid diminishing the illuminating power of coal-gas to the extent of about
6 per cent. ; the addition which it makes to the carbonic acid produced during combus-
tion is, however, too minute to be of any importance.

Carbonate of ammonia.—During the destructive distillation of coal, a considemblo
proportion of the nitrogen contained in the coal is converted into carbonate of am-
monia, the greater part of which condenses in the aqueous layer of liquid products ;

but as carbonate of ammonia is very volatile, even at ordinary temperatures, crude
coal-gas always contains a small quantity of this compound. It is a volatile, white,

crystalline solid, very soluble in water, and possessing a pungent smell like ammonia.
Its vapour is decomposed by lime, which unites with carbonic acid, liberating am-
monia. The presence of this salt, or of ammonia, in coal-gas is very undesirable, as it

corrodes brass fittings, and is also partially converted into nitrous acid during the
combustion of the gas.

Bisulphide of Carbon.—This compound consists of 6 parts, by weight, of carbon,
and 32 parts of sulphur ; it is form^ whenever sulphur and carbonaceous matter are

brought together at a bright red heat, and therefore, owing to the presence of sulphur
in all varieties of coal, its vapour is generally, and probably always, present in coal-

gas. Bisulphide of carbon is a colourless liquid, of a most insupportable odour re-

sembling garlic ; it is very volatile, boiling at 108°. It does not mix with water,

but dissolves in alcohol and ether ; it is also very soluble in solution of caustic soda
or potash in methylic, ethylic, or amylic alcohol. It is very inflammable, and generates

during combustion much sulphurous acid ; on this account its presence in coal-gas is

very injurious, and as there has hitherto been no known means of removing it on a
large scale by any mode of purification, its non-generation in the process of gas-

making becomes a problem of great importance. Few attempts have yet been made
to solve this difficulty, but Mr. Wright, the eminent engineer of the Western Gas
Company, has observed that its formation is greatly hindered, if not entirely prevented,

by the employment of a somewhat moderate temperature. In corroboration of this

;
observation it has frequently been noticed that the gas furnished by companies who
use a high heat contains a very large quantity of this noxious material, whilst gas

generated at lower temperatures, as for instance, that produced by White's hydro-

carbon process, contains mere traces of this compound. Although no process for the

absorption of bisulphide-of-carbon vapour from coal-gas is sufficiently cheap for em-
ployment on a large scale, yet advantage might be taken of its solubility in a solution

of aiustic potash in fusel oil (a by-product in spirit distilleries), or in methylated
spirit of wine, for its removal from the gas supplied to private houses, where the

damage done by the sulphurous acid is most annoying. By passing the gas over a
considerable surface of this solution, contained in a small private purifier, the bisul-

phide-of-carbon vapour is completely removed.
A method of removing bisulphide of carbon from coal-gas has, however, been

recently suggested by Mr. Vernon Harcourt, F.R.S. This chemist found that when
impure gas was passed through an iron tube, 3 inches in diameter, filled with iron

turnings and heated to low redness for a length of about two feet, the amount of

bisulphide of carbon conld be so far reduced that the gas, after purification from

sulphuretted hydrogen, contained only 6 or 6, instead of about 30 cubic inches, in 100

cubic feet. A yet greater reduction in the amount of sulphur may be effected by
heating the gas after, instead of before, purification, and then purifying the product a
second time. In these experiments the sulphur of the bisulphide of carbon combines

with hydrogen, perhaps with the aid of watery vapour, and forms sulphuretted

hydrogen, which can be readily removed by the ordinary methods. Under certain

circumstances, it appears that the illuminating power of the gas is actually increased

by this process of heating to remove the bisulphide of carbon.

Bisulphide-of-carbon vapour can be readily detected in coal-gas by a very simple

apparatus devised by Mr. Wright
'

; in this instrument the products of the combustion

of a jet of gas are made to pass through a small Liebig's condenser ; if the liquid

dropping from this condenser strongly redden blue litmus paper, it is highly probable

i

>
' This Instrument can be had on application to Mr. Wright, 66 and 66a MUlbank Street, West-

minBter, B.W.
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that bisulphide of carbon is present. As a decisive test, 60 or 60 drops of the con-

densed fluid should be collected in a small test-tube, and a few drops of pure nitric

acid added : on heating this mixture to boiling-point over a spirit lamp, and then

adding a drop or two of a solution of chloride of barium, the liquid will become more

or less milky if bisulphide of carbon has been present in the gas. It is necessary

here to remark, that the absence of sulphuretted hydrogen must be first ascertained

by the non-colouration of paper imbued with acetate of lead, and held for some minutes

in a stream of the gas.

Nitrogen.—This gas is the chief constituent of atmospheric air, 100 cubic feet of

air containing rather more than 79 cubic feet of this gas. It also enters into the

composition of a large number of animal and vegetable substances. All descriptions

of coal contain small quantities of this element. When nitrogen is eliminated from
combination in contact with oxygen, it usually takes the form of nitrous or nitric

acid ; whilst in contact with an excess of hydrogen it generates ammonia. It is in

this latter form that it is eliminated from coal in the process of gas-generation.

Nitrogen is a colourless, inodorous, and tasteless gas, of specific gravity 0*976. It

is incombustible under ordinary circumstances, and instantaneously extinguishes

burning bodies. Under certain conditions, however, nitrogen does undergo combus-

tion, as when it is exposed to a very intense heat in the presence of oxygen. This

occurs, for instance, when a small quantity of nitrogen is added to a mixture of

hydrogen, with a somewhat larger proportion of oxygen than is requisite to form
water, and the mixture then ignited : a loud explosion takes place, and a considerable

quantity of nitric acid is formed, owing to combustion of the nitrogen, or in other

words, its union with oxygen gas. This formation of nitric acid possibly occurs also

to a limited extent ditring the burning of coal-gas ; and as the temperature required to

form nitric acid is very high, the greater the volume of gas consumed from one burner
in a given time, the greater will be the relative quantity of nitric acid produced. The
formation of such a corrosive material as nitric acid under these circumstances shows
the importance of preventing the admixture of the products of the combustion of coal-

gas with the atmosphere of the apartments in which it is consumed. The nitrogen

contained in coal-gas is due entirely to the admission of atmospheric air, and not to

the elimination of the nitrogen contained in the coal ; for this latter nitrogen appears

to be evolved only in combination with hydrogen as ammonia. As nitrogen is incom-

bustible, it is not only a useless ingredient in coal-gas, but, owing to its abstracting

heat from the flame of such gas, it causes a diminution of light, and is thus decidedly

injurious. The admixture of this element ought therefore to be avoided as much as

possible.

Oxygen.—This element is always present in coal-gas, although in very small quan-
tity if the manufacture be properly conducted. It is never evolved from the coal

itself, but it makes its way into the gas through leaky joints, and also to a certain

extent through the water in which the holders are immersed. Its presence is highly

injurious to the illuminating power of the gas ; and since, when once introduced, it

cannot be abstracted by any practicable means, its admixture ought to be carefully

guarded against.

Oxygen is a colourless, invisible, and inodorous gas, very sparingly soluble in water,

and which has hitherto resisted all attempts to liquefy it by cold or pressure. It is

evolved from the leaves of plants under the influence of light, and constitutes about
one fifth of the bulk of our atmosphere. By far the largest amount of oxygen, how-
ever, exists in combination with other elements ; thus eight out of every nine tons of

water are pure oxygen, and it forms at least one third of the total weight of the
mineral crust of our globe. It is therefore the most abundant of all elements.
Oxygen gas is heavier than atmospheric air ; 100 cubic inches, at 63° Fahr. and 30
inches barometric pressure, weighing 34-193 grains, whilst 100 cubic inches of the
latter weigh only 31-0117 grains. The specific gravity of oxygen is 1*1026. It

eminently supports combustion, all combustible bodies when introduced into it

burning much more vividly than in common air ; indeed it is owing to the presence
of this gas in our atmosphere, that common air possesses the property of supporting
combustion.

Aqueous Vapour.—"Water is volatile at all natural temperatures, and therefore its

vapour always exists to a greater or less extent diffused in coal-gas, even as delivered

to the consumer. The percentage amount of aqueous vapour thus present in coal-

gas is always small, even when the gas is saturated; nevertheless the presence of even
this small proportion of aqueous vapour diminishes to a certain extent the light pro-
duced by the combustion of gas. This efiect is no doubt owing to the action of
aqueous vapour upon carbon at a high temperature, by which action hydrogen,
carbonic oxfde, and carbonic acid gases are produced. The presence of aqueous
vapour therefore tends to reduce the number of particles of carbon floating in the gas

nn2
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flame, and consequently the light is diminished. The following table shows the
maximum percentages of aqueous vapour which can bo present in gas at different

temperatures. As a general rule the gas will contain the maximum amount at the
lowest temperature to which it has been exposed in its passage from the retorts to the
burners :

—

1

Percentage Percentage Percentage
Temperature of aqucoua Temperature of aqueous Temperature of aqueous

vapour vapour vapour

32 F. 06 42 F. 0-9 62 F. 1-3

33 0-6 43 0-9 53 1-3

34 0-7 44 1-0 54 1'4

35 0-7 45 1-0 65 1'4

36 07 46 I'O 56 1'5

37 07 47 M 57 1-5

38 0-8 48 1-1 68 1-6

39 0-8 49 11 59 17
40 0-8 50 1-2 60 1-8

41 0-9 51 1-2

Aqueous vapour has a specific gravity of "6201, and one cubic foot of it contains one
cubic foot of hydrogen and half a cubic foot of oxygen. In contact with ignited

carbon, or carbonaceous substances, it is decomposed; producing a mixture of hydrogen,

carbonic oxide, and carbonic acid gases. When passed over ignited iron, it yields its

own volume of nearly pure hydrogen.

Ha^-ing thus described the more important properties of the constituents of coal-

gas, we are now prepared to discuss the conditions involved in the generation,

purification, and combustion of gas.

On the generation of illuminating gas.—The production of gas for illuminating pur-

poses whether derived from coal, peat, wood, or oil, depends, as we have seen, upon
a re-arrangement of the elements composing the material employed. The nature

of this re-arrangement is dependent upon the temperature employed. The lower the

heat at which it can be effected, the less the weight of coke or carboniferous residue left

in the retort, and, consequently, the greater the amount of carbon remaining combined
with the hydrogen ; the hydrocarbons thus formed being chiefiy solids and liquids.

On the other hand, the higher the temperature employed, the greater is the weight of

carbonaceous residue, and, therefore, the smaller is the amount of carbon contained in

the volatilised matters, whilst the proportion of gases in these latter becomes larger as

the temperature increases. By employing a very low temperature for the destructive

distillation, the production of gas may be almost entirely prevented, whilst by the

employment of a very high temperature the three chief constituents of coal might
without doubt be completely converted into coke, carbonic oxide, and hvdrogen. Now
the results produced by both these extremes of temperature are valueless to the gas

manufacturer, and it is therefore necessary to employ a heat suflSciently high to prevent

as much as possible the volatile substances from escaping in the form of condensible

vapours, but not high enough to decompose the luminiferous constituents of the

evolved gas. If coal were a definite and single chemical compound, and could be so

exposed to heat as to suddenly raise the temperature of every particle to a uniform

and definite degree, it is highly probable that the results of the distillation would be

far less complex than they are in the present mode of gas manufacture ; and it might

even be possible to find such a degree of temperature as would convert the whole of the

hydrogen into one or more of the higher gaseous compounds of carbon, thus giving

results of maximum value to the gas manufacturer. In the ordinary processes of

gas-making, where a charge of several cwts. of coal, often in large lumps, is thrown

into an ignited retort, it is impossible to attain any such uniform temperature. The
heat is conducted very gradually to the interior of the mass of coal, and therefore

various portions of the charge are exposed to very unequal temperatures, especially

in the earlier stages of the distillation. The natural consequence of these conditions

is the production, on the one hand, of products resulting from excessive temperature,

viz. hydrogen and light carburetted hydrogen, and, on the other, of tar, which may
be regarded as the consequence of deficient heat. Notwithstanding several attempt*,

these disadvantages have not yet been successfully overcome ; but the importance of a

practical process which would secure a tolerably uniform temperature during the

whole course of distillation, is seen from the remarkable results obtained with Clegg's

revolnng web retort: a form of apparatus undoubtedly the most ingenious yet
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invented for the production of gas, and which, although in its present form too com-
plicated for successful practical use, yet embodies, when we consider the early date of

its invention, in a remarkable manner, the true scientific principles of gas-making.

This retort, of which a description will be found at p. 678, obviated to a great extent

the inequality and uncertainty of temperature in the ordinary gas-retorts, and the

result was an increase of from 30 to 40 per cent, in the quantity of gas produced, tho

quality being also improved, whilst scarcely any tar was formed.

But besides the great influence exercised by the temperature to which coal is

exposed in the process of gas-making, the length of time, during which the volatile

products of decomposition are exposed to that temperature, is a most important cir-

cumstance as regards the successful manufacture of gas. If we take into consideration

the behaviour of the luminiferous constituents of gas when exposed to a bright red
heat, and which has been described above, it will be evident that a second most im-
portant condition in the manufacture of gas is the rapid removal of these luminiferous

constituents from the destructive influence of the red-hot retort as soon as they are

generated : every second during which these gases are allowed to remain in their

birthplace diminishes their value as illuminating agents. The only method hitherto

employed for the rapid removal of the gases from the retorts is White's process, the

mechanical details of which are fully described below. This process consists

essentially in transmitting a current of water-gas through the retorts in which coal

or cannel gas is being generated. The water-gas is produced by transmitting steam
through retorts filled with coke or charcoal, and consists of a mixture of hydrogen,

carbonic oxide, and carbonic acid gases. These gases, which are n^jt in themselves

luminiferous on combustion, necessarily become mixed with the coal or cannel gas,

and thus diminish the illuminating power of the latter whilst they increase its volume.
Nevertheless, if the admission of water-gas be properly managed, the luminiferous

constituents saved from destruction by their rapid removal from the retorts, compen-
sate for the dilution of the gas, so as to render the diluted gas equal in illuminating

power to the gas produced from the same coal or cannel in the ordinary process of

manufacture. When cannels yielding very highly luminiferous gas are employed, it

is desirable to dilute them to a much greater extent, and this can be easily effected

by admitting into the coal-retort a larger proportion of water-gas. In some cases the

total amount of light yielded by the gas from a given weight of coal when treated

according to White's process is more than double that obtained by the ordinary pro-

cess, and in all cases the gain in total amount of light is very large, thus showing the
importance of removing the gases from the red-hot retorts as rapidly as possible.

This remark applies especially to gases very rich in luminiferous hydrocarbons,
because such gases suffer relatively much more deterioration than those containing a
larger proportion of diluents. In addition to these advantages, such a dilution of rich

cannel-gases with any of the non-luminous constituents, hydrogen, carbonic oxide, or

light carburetted hydrogen, increases the illuminating power of the gas in another
way : this is effected by their forming a medium for the solution of the vapours of such
hydrocarbons as exist in the liquid or even solid state at the ordinary temperature of

the atmosphere, and they thus enable us to convert an additional quantity of illumi-

nating materials into the gaseous form, which they retain permanently, unless the
temperature fall below the point of saturation. The gain in illuminating power
which is thus obtained will be perhaps better seen from the following example :

—

Suppose 100 cubic inches of olefiant gas were allowed to saturate itself with the
vapour of a volatile hydrocarbon, containing three times as much carbon in a given
volume of its vapour as that contained in an equal volume of olefiant gas, and that it

took up or dissolved 3 cubic inches of this vapoiir ; then, if we express the value of
1 cubic inch of olefiant gas by unity, the illuminating power of the 103 cubic inches
of the mixture of olefiant gas and hydrocarbon-vapour will be 109. Now if we mix
these 103 cubic inches with 100 cubic inches of hydrogen, the mixture will be able to

take up an additional 3 cubic inches of hydrocarbon-vapour, and the illuminating
power of the 206 cubic inches will then become 118 ; thus the hydrogen produces a
gain in illuminating power equal to 9 cubic inches of olefiant gas, or nearly 4*5 per
cent, upon the volume of mixed gases. When we consider that coal-naphtha contains
hydrocarbons of great volatility, and that these are the surplus remaining after tl^
saturation of the gas from which they are condensed, the importance of this function
of the non-illuminating class of combustible gases will be sufficiently evident. It may
here be remarked that incombustible gases could not be employed for this purpose,
since their cooling influence upon the flame during the subsequent burning of the
gas would diminish the light to a greater extent than the hydrocarbon-vapour could
increase it.

It is evident that all the three non-illuminating gases, forming the class of diluents,

would perfoinji both the officps Ifete ?^?§ignp4 to them perfectly yell, and tjiefefofe w^
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have as yet seen no reason for giving our preference in favour of any one of these

diluents ; if, however, we study their behaviour during combustion, wo shall find that

where the gas is to bo used for illuminating purposes, hydrogen has qualities which
give it a very decided preference over the other two. When gas is used for ligliting

the interior of public buildings and private houses, it is very desirable that it should
deteriorate the air as little as possible, or, in other words, it should consume as small
a quantity of oxygen and generate as little carbonic acid as possible. The oppressive
heat which is so frequently felt in apartments lighted with gas also shows the advan-
tage of the gas generating a minimum amount of heat.

The following is a comparison of the properties of the throe non-illuminating gases
in reference to the points just mentioned :

—

'

One cubic foot of light carburetted hydrogen, at 60° Fahr. and 30 inches baro-

metrical pressure, consumes 2 cubic feet of oxygen during its combustion, and
generates 1 cubic foot of carbonic acid, yielding a quantity of heat capable of heating

5 lbs. 14 oz. of water from 32° to 212°, or causing a rise of temperature from 60° to
80°'8 in a room containing 2,500 cubic feet of air.

One cubic foot of carbonic oxide, at the same temperature and pressure, consumes,

during combustion, ^ a cubic foot of oxygen, generates 1 cubic foot of carbonic acid,

,

and affords heat capable of raising the temperature of 1 lb. 14 oz. of water from 32°

to 212°, or that of 2,500 cubic feet of air from 60° to 66°-6.

One cubic foot of hydrogen, at the same temperature and pressure, consumes ^ a
cubic foot of oxygen, generates no carbonic acid, and yields heat capable of raising

the temperature of 1 lb. 13 oz. of water from 32° to 212°, or that of 2,500 cubic feet

of air from 60° to 66°-4.

This comparison shows that light carburetted hydrogen is very objectionable as a
diluent, not only on account of the carbonic acid which it generates, but also by reason

of the very large quantity of oxygen which it consumes, and the very great amount
of heat which, in relation to its volume, it evolves on combustion ; the consumption of
oxygen being four times, and the absolute thermal effect more than three times as

great as that of either of the other gases.

The quantity of heat evolved by the combustion of equal volumes of carbonic oxide
and hydrogen is nearly, and the amount of oxygen consumed quite, the same ; but
the carbonic acid evolved from the first gives a decided preference to hydrogen as th©
best diluent.

The same comparison also shows that when the gas is to be used for heating pur-

poses, and the products of combustion are carried away, light carburetted hydrogen
is by far the best diluent.

The experiments of Dulong on the absolute thermal effects of hydrogen, light

carburetted hydrogen, and carbonic oxide are taken as the basis of the foregoing cal-

culations. Dulong found that

—

1 lb. of hydrogen raised the temperature of 1 lb, of water through 62,471° F.

1 lb. of carbonic oxide „ „ „ 4,505° F.

1 lb. of light carburetted hydrogen „ „ 24,244° F.

These considerations indicate the objects that should chiefly be regarded in tlio

generating department of the manufacture of gas for illuminating purposes. They
are—

Ist. The extraction of the largest possible amount of illuminating compounds from
a given weight of material.

2nd. The formation of a due proportion of illuminating and non-illuminating con-

stituents, so that on the one hand the combustion of the gas shall be perfect, and
without the production of smoke or unpleasant odour, and on the other, the volume of

gas required to obtain a certain amount of light shall not be too large.

3rd. The presence of the largest possible proportion of hydrogen amongst the non-

illuminating constituents, to the exclusion of light carburetted hydrogen, and carbonic

oxide ; so as to produce the least amount of heat and atmospheric deterioration in the

apartments in which the gas is consumed.

For some time previous to the strike of the gas-stokers, and to the temporarily-

diminished illumination which it produced, a number of ingenious persons were
busy with endeavours to improve and cheapen the manufacture of gas; and the

strike had the good effect of attracting to their labours more attention than these

would othonvise have commanded. About that time two new methods were
brought prominently before the public—one of them being the process of Messrs.

Porter and Lane, the property of the Gas Generator Company, and the other being

the process of Mr. Kuck, which is now vested in the New Gas Company. See Gas,

Water.
The method of Messrs. Porter and Lane consists essentially in an improved arrange-
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raent of the retorts, by which the distillation of coal is greatly facilitated. It has now
been experimentally in use, upon a working scale, in the manufactory of the Chartered

Gas Company in the Horseforry-road, and is established on a larger scale at their

principal works at Beckton. Instead of the usual horizontal retorts, which are

charged and emptied with groat difficulty by severe labour, Messrs. Porter and Lane

use vertical retorts, within which a screw, with an .oblique blade, slowly revolves on

a vertical axis. The coal is placed in a chamber op hopper above, and trickles down
into the retort as room is made for it by the subsidence of th^t which is below. The
apparatus is, therefore, self-feeding, iind only requir.es that the hopper should be sup-

plied at proper intervals by easy labour, such as can be done by anyone who can

handle a spade and a barrow. The revolution of the screw keeps a spiral line of coal

in constant contact with the inner side of the retort ; and the inte.rvals. between the

turns of the blade allow room for the disengagement of the gas. By the time the coal

reaches the bottom of the screw it is exhausted, and it falls as coke into a vertical

chamber below, which is continuous with the retort, but beneath the furnace, and in

which it is instantly quenched. The cokc-ohambcr can be emptied by one man, as

often as necessary, in one minute ; and the v/hole process requires scarcely any inter-

ference from those in charge of it. By est.iblishing a proper relation between the

length of the screw, the speed of its rotation, and the heat of the furnace, the distil-

lation of the coal can be carried exactly to the most desirable point, so as to obtain

from it all the gas it can yield, and to stop short of the evolution of a variety of

noxious products. In the horizontal retorts the outer crust of the mass of enclosed

coal becomes over-burnt long before the inner portion is exhausted, and in this way
many sulphur compounds are produced, even although the charge, as a whole, is with-

drawn flaming and manifestly unexhausted. In Porter and Lane's process, on the

contrary, the charge falls out bit by bit in a glowing condition, and yields a coke

which is said to be much better adapted for household purposes than that ordinarily

made. It is said to be lighter and more spongy in texture, and to kindle readily

when placed on a common fire ; but it burns out with great rapidity.

The results hitherto obtained by this method at the works of the Chartered Gas
Company seem to show a constantly-increased production of gas to the extent of 2,000

cubic feet for each ton of coal, and also an increased production of coke. Moreover,

the division and distribution of coal by the screw exposes it so completely to the action

of heat that the retorts may Lo kept at a lower temperature than in the ordinary

method, and thus the life of each retort will be proportionately prolonged. The
saving of labour, of course, speaks for itself ; and the quality of the gas, especially

with reference to the presence of sulphur-compounds, is very superior to that made
in the usual way. The retorts remain free from carbonaceous deposit, and their

vertical arrangement has admitted of improvement in the furnace, by which a con-

siderable saving in repairs, fuel, and labour is effected.

The following remarks on the manufactiire of gas for illuminating purposes are

mainly derived from a paper read by Mr. Thomas Wills before the Society of Arts.

After a few remarks on the constitution of wood, lignite, and coal, and the products

of their gradual resolution into simpler compounds, their more rapid decomposition by
heat was illustrated by the following table, showing the proportion of hydrogen and
carbon in coal-gas as distilled at different temperatures, the hydrogen being maintained

constant :

—

Temperature Hydrogen Carbon Name of gas 1

Dull red heat .

Eed heat .

Bright red heat

White heat

Continued white heat

100

100
100

100

100

614
580
472

325

7

Principally olefiant gas (C2H4).

defiant gas (CoH^) mixed with marsh
gas (CH,).

Marsh gas (CH^).

Nearly pure hydrogen, carbon deposited.

The number of well-known intermediate products obtained during the destructive
distillation of coal is very large, and coal-gas itself not only contains certain perma-
nent gases, but also a large quantity of the vapours of volatile hydrocarbons, which
contribute in no small degree to its luminosity. Still, the greater bulk of the gas is

composed of hydrogen, the flame of which is without any light-giving properties
whatever, and marsh gas, a gas possessing the least light-giving power of any
hydrocarbon, as it contains the smallest proportion of carbon to tjie largest of
hjrdrogen,
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Average Composition qf Coal- Gas supplied by the following Companies:-^

Illuminating hydrocarbons
Marsh gas . . . .

Hydrogen . . , ,

Carbonic oxide .

Carbonic acid . ,

Nitrogen . , , .

Oxygen . . . ,

100-00

Great Central Imperial Chartered

3-56 3-67 3-58

35-28 40-66 35-26

51-24 4115 51-80

7-40 8-02 805
0-28 0-29

1-80 601 0-88

0-44 1-20 0-08

100-00 100-00

There can be no question that a great advance in the manufiicture of coal-gas would
be made if, by any means, applied either with primary distillation of the coal or to the

gas after its production, whereby the amount of acetylene (C*H'') or of olefiant gas
(C^H*) could be increased ; for olefiant gas contains, in a given bulk, just twice as

much carbon as marsh gas, and acetylene a still larger quantity. The value of this

increase is not to be measured only by the increased quantity of carbon contained in a
given bulk of gas, for a small portion of either of the above compounds, diffused

through a non-illuminating gas, is much more than equivalent to a similar quantity

of carbon combined in some less condensed compound. An illustration of this occurs

in the case of marsh gas. If marsh gas, possessing, it will be remembered, only a
small amount of luminosity, be decomposed, either by its passage through a heated

tube, or by the electric spark, the carbon it contains will be deposited, while the

amount of hydrogen set free will occupy double the volume of the original gas. Yet
the flame of this nearly pure hydrogen will be found to possess a greater luminosity

than the flame of the original marsh gas, although it has lost nearly the whole of

its light-giving material, accounted for by the presence of a very small quantity of

acetylene, produced during the decomposition.

In 1871 a patent was taken out for * Improvements in the manufacture and puri-

fication of gas, and in certain parts of the apparatus employed therein.' This process

is carried out by distilling the coal at a much lower temperature than usual—in the

original scheme from 600° to 1,000° Fah. is mentioned, but in practice from 1,300° to

1 ,400° Fahr. will probably be employed ; at this temperature, from a ton of gas-coal

about 8,500 cubic feet of gas are obtained, together with a greater than ordinary yield

of tar and oil : this tar is condensed, by special means employed for securing a greater

rapidity in the process, and collected as free from water as possible, with a view to its

being re-distilled in a separate and peculiar retort.

The following are some of the more important points brought out by examination

of this process by Messrs. Keates and Odling. The highest yield of gas obtained

directly from the coal was 9,775 cubic feet, the temperature of distillation being

between 1,300° and 1,400° Fahr. The quantity of oil and tar obtained from one ton

of coal varied considerably with the nature of the coal used ; thus, Silkstone coal-gas

16-4 gallons of tar and oil per ton. Clay Cross main 11-9 gallons, and Pelawmain 139
gallons, or a mean of 14 gallons. The highest yield of gas which was obtained by the

continued distillation and redistillation of the oily tar was 29 cubic feet per gallon.

The mean lighting power of the gas produced from coal was 23-0 candles, and of that

obtained from the tar 25-0 candles. The quantity of coke used to maintain the heat

in the various parts of the apparatus was about 33 per cent, of that produced, and
in the event of the distillation being repeated until complete separation into pitch

and vaporisable mattx)rs tikes place, this amount would be much exceeded. It is a

generally-accepted fact that the quicker coal be carbonised in gas-making, provided it

bo done effectually, the more successful will bo the operation. A plan for effecting

this has recently been brought forward, the principle of which is as follows :—The
retort in this case is set in a vertical position, and through its centre revolves a broad

and somewhat deep screw, placed together in sections, the thread of which is placed at

an angle of 45°, and which comes nearly into contact with the sides of the retort.

Through a nipple at the top, coal is supplied, in pieces of small but regular size ; the

inclination of the thread of the screw impels the pieces against the heated sides, whore

comparatively rapid carbonisation takes place, and the rate of revolution of the screw

is so regulated, that by the time the fuel has arrived at the bottom of the retort the

process is complete, and coke of a somewhat inferior quality is discharged into a

suitable receptacle. The yield of gas is greater by this means, and of h'gftor illuraif
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nating power, the amount of tar being correspondingly less ; the difficulties in this case

appear to be chiefly mechanical. That the process is successful, will be seen from the

following results :

—

Ck)oJ carbonised Quantity of Gas obtained Illuminating power of Gas Amount of Tar

ton

1

I

1

11,040

10,160

12,000

candles

16

17
16

gallons

85

The fact of the existence of a large number of hydrocarbons of great volatility, the

vapours of which, when ignited, bum with exceedingly luminous flame, has been a
very great incentive with inventors to produce some scheme whereby these vapours

might be used to confer luminosity upon a combustible non-luminous gas, or

further inflammability, coupled with luminosity, upon a non-combustible and negative

gas-

Another process which has claimed some attention is that of Dr. Eveleigh, which
has been used by the Patent Gas Company, and investigated, and reported on, by
Dr. Odling and Mr. Keates.

The process consists in the distillation of coal in iron retorts of double the ordinary

capacity, at a lower temperature than that usually employed. A smaller yield of gas

is thus procured of comparatively high lighting power, together with a certain quantity

of oily tar, which is subsequently submitted to destructive distillation in a peculiarly-

constructed apparatus, in which the oil suffers a partial conversion into permanent gas.

These two processes are, in practice, carried on simultaneously, the resulting gases

mixing during their passage to the holder. The combined result of the distillation

of the coal and oil by this method gives a larger yield of gas per ton of coal, it is of

considerably higher lighting power, and is comparatively free from sulphur-com-
pounds.

The apparatus used for the distillation of the oil consists of three vessels placed at

increasing distances from the source of heat. The oil flows into that having the

lowest temperature (about 900° F.), where the fixed portion of the oil remains as

pitch, while the more volatile vapour, after becoming further heated by passing through
the second chamber, enters the last or hottest vessel. This is an iron pan filled with
charcoal, and heated to about 1,300° F, The highly-heated vapour of the oil, during
its passage through the incandescent charcoal, is partially converted into permanent
gas. This gas, after leaving the oil-still, enters a tank containing a little water,

through which it passes, in order to condense any undecomposed oil : it is then con-
ducted along a pipe, where it meets with the gas from the coal, the mixture going
through the purifiers to the holder in the usual way.
The highest yield of gas obtained by this method from ordinary Norfolk Silkstone

coal, during the experiments of Mr. Keates and Dr. Odling, was 10,500 cubic feet of
25-candle gas to the ton, the sulphur being as low as 6 grains per 100 cubic feet.

This is certainly a striking result, as compared with the ordinary yield of the same
coal, which is about 9,300 feet of 14-candle gas, frequently containing over 30 grains
of sulphur per 100 feet.

Although it has been proved possible to obtain the above favourable result by Dr.
Eveleigh's process, it is to be feared that the extra amount of plant, labour, and fuel

required, necessitates such increased expenditure as to more tlmn compensate for the
increased yield.

On the 'purification of illuminating gas.—liyffQ except the insignificant quantities of
nitrogen and oxygen, which become mixed with illuminating gas through imperfections
in the joints of the apparatus employed, and by the transferring power of the water
of the gasholder, all impurities arise from the presence of the three elements sulphur,
oxygen, and nitrogen in the generating material used.
The sulphur, uniting with portions of the hydrogen and carbon of the coal, gene-

rates, with the first-named element, sulphuretted hydrogen, and with the second,
bisulphide of carbon. It is also probable that volatile organic compounds of sulphur
are produced by the union of this element with carbon and hydrogen simultaneously,
although we have as yet no positive evidence of their presence in illuminating gas.
The oxygen, uniting with another portion of carbon, forms carbonic acid, whilst the
nitrogen unites with hydrogen to form ammonia, which, by combination with sul-
phuretted hydrogen, produces hydrosulphate of sulphide of ammonium, and, with
carbonic acid and water, carbonate of ammonia. With the exception of bisulphide of
carbon and the organic s]dphujr-compounds just mentiooed, tbe removal of all these
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impurities is not difficult. Slaked limo, oither in the form of moist powder, or sub-

pendod in water as milk of lime, absorbs the whole of thorn ; whilst it has no per-

ceptible eflfoct upon the other constituents of the gas. By this process of purification

the sulphuretted hydrogen and caustic lime are converted into sulphide of calcium
and water ; the former being non-volatile, does not mix with the gas. Hydrosulphate
of sulphide of ammonium is in like manner converted into sulphide of calcium, water,

and ammonia : j)art of the latter js retained by the moisture present in the purifying
material, but the remainder mixes vrith the gas, from which, however, it can be
removed by contact with a large surface of water. Carbonic acid unites with caustic

lime with great energy, forming carbonate of lime, a perfectly non-volatile material

;

and thus the acid gas is eflbctually retained. Carbonate of ammonia is under similar

circumstances decomposed, carbonate of lime being formed and ammonia liberated

;

the last, as before, being only partially retained by the moisture present, and requiring,

when ' dry lime ' is used, a subsequent application of water for its complete removal.
Although in the wet-lime purifying process a given weight of ]imo can remove a
much larger volume of impurities, yet the dry-lime process possesses so many mani-
pulatory advantages that it is now all but universally employed where lime is used as

the purifying agent. The maximum amount of sulphuretted hydrogen or of carbonic

acid which can be absorbed by 1 lb. of quick-lime, in the so-called dry and wet states

respectively, is seen from the following table :

—

Cubic feet of Cubic feot of

Sulphuretted hydrogen Carbonic acid

1 lb. of quick-lime used as dry lime absorbs . 6-78 . . 3-39

1 lb. of quick-lime used as wet lime absorbs . 6*78 . . 678

In practice, however, the absorption actually effected is, even under the most
favourable circumstances, considerably less than here indicated. As a substitute for

lime in the purification of gas a mixture of hydrated peroxide of iron and sulphate of

lime has lately come into extensive use. This material is prepared in the first place

by mixing slaked lime with hydrated peroxide of iron, the composition being rendered
more porous by the addition of a certain proportion of sawdust. This mixture is

now in a condition to remove those impurities from coal-gas which are abstracted by
lime. The peroxide of iron absorbs sulphuretted hydrogen and sulphide of ammonium,
and becomes converted into sulphide of iron. The slaked lime absorbs carbonic acid

and carbonate of ammonia until it is converted into subcarbonate of lime. When the

absorbing powers of the mixture are nearly exhausted, the covers of the purifiers are

removed and the mixture is exposed to the air. The following change is then said to

take place. The sulphide of iron rapidly absorbs oxygen and becomes converted first

into sulphate of protoxide of iron and finally into sulphate of peroxide, which latter is

decomposed by the carbonate of lime, carbonic acid being evolved as gas, whilst sul-

phate of lime and peroxide of iron are produced; the mixture is thus again rendered

available for the process of purification ; the peroxide of iron acts as before, but in

the place of quick-lime we have now sulphate of lime, which is quite eifoctual for the

removal of carbonate of ammonia, with which it forms carbonate of lime and sulphate

of ammonia ; but the mixture is incapable of removing free carbonic acid, and it is

therefore necessary to provide a separate dry-lime purifier for the removal of this gas.

When the purifying material is again saturated with the noxious gases, anotligr

exposure to atmospheric oxygen restores it again to its active condition, the only

permanent effect upon it being the accumulation of sulphate of ammonia witiiin its

pores. If this latter salt be occasionally dissolved out with water, the mixture may
be used over and over again to an almost unlimited extent. It has been found that

this process can be much simplified ; and Mr. Hills, who has brought gas-purification

to great perfection, recommends that hydrated peroxide of iron should bo merely

mixed with a considerable bulk of sawdust and placed in the purifiers. After the gas

has passed through this mixture for 18 hours, it is shut off and replaced by a current

of air forced through by a fanner for 3 hours. The sulphide of iron is thus oxidised,

sulphur being separated and hydrated peroxide of iron regenerated ; and the purifying

material being now revivified, the gas may be passed through it again as before. In

this way it is only found necessary to remove the material once a month in order to

separate the lowest stratum of ajjout an inch in thickness, which has become clogged

up with tar. A proportional quantity of fresh mixture of hydrated peroxide of iron

and sawdust having been added, the whole is again returned to the purifier. It is

difficult to conceive a more simple and inexpensive process of purification than this.

It does not, however, remove carbonic acid. Several other materials have been pro-

posed for the separation of sulphuretted hydrogen from coal-gas, such as sulphate of

lead, and chloride of manganese, but they possess no peculiar advantages, ftnd have

never been ejrtensivel^ adopted.
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It has boon already mentioned that, in addition to sulphuretted hydrogen and car-

bonic acid, which are readily removed by the processes just described, there also

exist in coal-gas, as impurities, various quantities of bisulphide of carbon and probably
sulphuretted hydrocarbons. Now all these sulphur-compounds produce sulphurous

acid during the combustion of the gas, and where the quantities of these impurities is

considerable, as is the case with much of the gas now manufactured, the atmosphere
of the apartments in which such gas is used becomes so strongly impregnated with
sulphurous acid, as to be highly offensive to the senses and very destructive to

art decorations, bindings of books, &c. It becomes, therefore, a matter of con-

siderable importance to prevent, as far as possible, the occurrence of these injurious

constituents ; in fact, until this is eflffected, gas will never be more than very partially

adopted as a means of illumination in dwelling-houses. When once generated with
coal-gas all attempts to remove these constituents have hitherto proved ineffectual,

and Uiere seems little ground for hope that any practicable process will be devised for

their abstraction. Attention may, therefore, more profitably be directed to the con-

ditions which tend to diminish the amoimt generated in the retorts, or altogether to

prevent their formation. Mr. Wright, who has paid considerable attention to this

problem, finds that the employment of a moderate heat for the generation of the gas
has the effect of greatly reducing the relative quantity of these noxious ingredients,

and thus by simply avoiding excessive heat in the retorts, and rejecting the last

portions of gas, he has, to a great extent, prevented their formation. Unfortunately,

however, this remedy is not likely to find favour amongst gas-manufacturers in

general, inasmuch as it considerably reduces the yield of gas. ' A few well-directed

chemical experiments could scarcely fail to discover the conditions necessary for the
non-production of these sulphuretted compounds. Probably the proper admixture of
salt or lime with the coals before carbonisation would have the desired effect. The
subject is one of so much importance to the future of gas illumination, that it ought
not to be suffered to rest in its present unsatisfactory condition.

On the consumption of gas.—The proper consumption or burning of illuminating
gas depends upon certain physical and chemical conditions, the due observance of
which is of great importance in the development of a maximum amount of light. The
production of artificial light depends upon the fact that, at certain high temperatures,
all matter becomes luminous. The higher the temperature the greater is the intensity

of the light emitted. The heat required to render matter luminous in its three states

of aggregation differs greatly. Thus solids are sometimes luminous at comparatively
low temperatures, as phosphorus and phosphoric acid. Usually, however, solids

require a temperature of 600° or 700° Fahr. to render them luminous in the dark, and
must be heated to 1000° Fahr. before their luminosity becomes visible in daylight.

Liquids require about the same temperature. But to render gas luminous, tiiey

must be exposed to an immensely higher temperature ; even the intense heat generated
by the oxyhydrogen blowpipe scarcely suffices to render the aqueous vapour produced
visibly luminous, although solids, sudi as lime, emit light of tiie most dazzling splen-

dour when they are heated in this flame. Hence it has generally been maintained that
those gases and vapours only can illuminate which produce, or deposit, solid or liquid

matter during their combustion. This dependence of light upon the production of
solid matter is strikingly seen in the case of phosphorus, which when burnt in chlorine

produces a light scarcely visible, but when consumed in air or oxygen emits light of
intense brilliancy. In the former case the vapour of chloride of phosphorus is pro-
duced, in the latter, solid phosphoric acid.

Several gases and vapours possess this property of depositing solid matter during
combustion, but a few of the combinations of carbon and hydrogen are the only ones
capable of practical application ; these latter compounds evolve during combustion
only the same products as those generated in the respiratory process of animals, viz.

carbonic acid and water. The solid particles of carbon which they deposit in the
interior of the flame, and which are the source of light, are entirely consumed on
arriving at its outer boundary ; their use as soirrces of artificial light, under proper
regulations, is therefore quite compatible with the most stringent sanitary rules.

The constituents of purified coal-gas have abeady been divided into illuminating
and non-illuminating gases ; amongst the latter will be found light carburetted hydro-
gen, which, although usually regarded as an illuminating gas, has been proved by the
experiments of Frankland to produce, under ordinary circumstances, no more light

than hydrogen or carbonic oxide, and therefore for all practical purposes it must be
regarded as entirely destitute of illuminating power. This is owing chiefly to the
temperature required for the deposition of its carbon being higher than that attained
in an ordinary gas burner ; for Frankland has proved that, if the temperature of
the light carburetted hydrogen flame be increased by previously heating the gas and
^ir nearly to redness, then the flame become^ luminous to f^ considerable degree, I^
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is not improbable that when gas is consumed in very large burners this necesgary
temperature is attained, and the light carburetted hydrogen contributes considerably
to the aggregate illuminating effect ; a view which is, to a certain extent, confirmed by
the fact, that a relatively much larger amount of light is obtained from coal-gas when
the latter is consumed in a large flame than when it is allowed to burn in a small flame.

Omitting light carburetted hydrogen and carbonic oxide, the remaining carbo-
niferous constituents of coal-gas yield, during combustion from suitable burners, an
amount of light directly proportionate to the quantity of carbon which they contain in

a given volume.

In order to understand the nature of the combustion of a gas flame, it is necessary

to remember that the flame is freely permeable to the air, and that according to the
well-known laws of gaseous mixture, the amount of air which mixes with the ignited

gases will be increased, first, by an increase of the velocity with which the gas issues

from the orifice of the burner ; and secondly, by the velocity of the current of air

immediately surrounding the flame. It is well known that a highly luminiferous gas
may be deprived of all illuminating power either by being made to issue from the
biirner with great velocity, or by being burnt in a very rapid current of air produced
by a very tall glass chimney.

The foregoing considerations indicate the conditions best adapted for obtaining the

maximum illuminating effect from coal-gas. The chief condition is the supply of just

such a volume of air to the gas flame as shall prevent any particles of carbon from
escaping unconsumed. Any excess of air over this quantity must diminish the number
of particles of carbon deposited within the flame, and consequently impair the illumi-

nating effect.

Dr. Frankland has shown that the luminosity of a flame is materially modified by
the pressure of the atmosphere in which it bums ; the denser the air the more
brilliant the light, the carbon combining more rapidly with the increased quantity of

oxygen. Hence the illuminating effect of the same gas will vary in different localities

;

thus, a quantity of gas which gives in London the light of 100 candles would give in

Munich (1,700 feet above the sea-level) only the light of 91 candles, and if the same
gas were burned in the city of Mexico (about 7,400 feet above the level of the sea)

it would yield the light of only 61 J candles.

The following remarks on increasing the illuminating power of coal-gas by
carburetting or naphthalising, are derived from the Eev. W. K. Bowditch's work on
* The Analysis, Technical Valuation, Purification, and Use of Coal-gas '

:

—

* Carburetting gas signifies adding to it vapours of hydrocarbons, which contain a
large proportion of carbon in comparison of their other constituent, hydrogen ; and as

coal-naphtha was first used for this purpose, and is yet the chief substance employed,

the process was named naphthalising, from the fluid employed. Coal-naphtha is a
mixture of hydrocarbons, and is made up of a solid (carbon) and a gas (hydrogen),

which, when united, form a fluid that contains a far higher percentage of carbon than
gas does. It is to this high percentage of carbon it owes its use in improving the

light of gas, to which its vapour is added. In fact, the light-giving power of gas

supplied to us for combustion is largely due to the pressure in it of vapours which,

when they are condensed into a fluid we call naphtha. We need not be chemists to

ascertain that naphtha is much richer in carbon than coal-gas is ; for if we light gas it

burns with a luminous, but not with a smoky flame, whereas if we apply a light to a

little naphtha in a saucer, it bums with a red flame, which affords but little heat, and
deposits large quantities of carbon in the well-known form of soot. The proportion

of carbon is so large that there is not heat enough to burn it, and hence the smoke.

The cause of this is obvious. When the naphtha-vapour is firo<l, both of its con-

stituents burn, but the heat-producing constituent, hydrogen, is relatively so small in

quantity that its heat cannot raise the carbon to the temperature required for its

union with oxygen or, as it is popularly called, buming, and therefore the unburnt

carbon is deposited in visible black particles, instead of being converted into an in-

visible gas (carbonic acid), as it would have been had the hydrogen been in sufficiont

quantity to heat up the carbon to the temperature requisite for its combustion. Had
this been the case the flame would have been smokeless instead of smoky, and white

instead of red. The case of gas is very different. When that is lighted much more

than enough heat is produced to burn its carbon perfectly. The richness of naphtha in

carbon may also bo inferred from the fact that while a cubic foot of common gas

weighs but about 224 grains, a cubic foot of naphtha weighs more than 370,000 grains.

Now, this naphtha is composed of cjirbon and Jiydrogen only. Hydrogen is the lightest

substance known in nature, and a cubic foot of it weighs but 37*1 gx'ains, from which

it is easy to see that the other constituent (airbon) gives the weight to the naphtha.

Why is it necessary to add to gas these highly carburetted bodies ? Because the solid

parbpn w|;|c|j they contain is pequired to give light. A gas vhich does not contain a
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•solid gives" but a mere 'trace of light, however great the heat produced by its com-

bustion. This is well seen in the case of the gas liydrogen. When it burns, the heat

produced is very intense. Solid substances held in the flamo become strongly ignited

and afford light ; but without the solid the burning gas gives so little light that we

cannot imagine a flame sufficiently largo to afford us useful illuminations ;
and, if we

could produce such a flame, the heat of it would be unbearable. Hydrogen does not

contain a solid, and the sole product of its combustion is water. If we pass hydrogen

over naphtha we find by the smell that it has carried with it a quantity of the vapour

;

and if we then burn the hydrogen so mixed with vapour, we obtain light, and the

light increases as the quantity of vapour mixed with the hydrogen increases. In this

case the hydrogen bums as soon as it comes into contact with the air, and produces

intense heat. This heat decomposes the naphtha-vapour and sets free its carbon in

the solid form, and then heats it to whiteness, at which temperature it affords light

;

the quantity of light being regulated, first, by the quantity of carbon present in the

flame; and, secondly, by the temperature to which the solid carbon is raised. The

freater the quantity of carbon and the higher its temperature, the greater the light,

nother change is observed to take place when the hydrogen is mixed with the

vapour. The flame of hydrogen alone is small in comparison of the flame produced

by the same quantity of coal-gas, but if the hydrogen be passed over naphtha and

burnt at the same rate as before, the flame is considerably expanded by the white-hot

carbon contained in it. That which occurs in this case occurs universally. An in-

crease of luminosity is always attended by an increased size of flame when the gases

compared are burnt at the same rate.

• What has now been said applies to the case of coal-gas thus : The principal

portion of coal-gas consists of heat-producing substances which do not give light, and

which, like hydrogen, require to be mixed with bodies rich in carbon before they can

be made useful. In gas itself we find some of these richly-carburetted bodies, but

their quantity is small even in the best gas, and of course much smaller in gas of

inferior quality. Professor Bunsen of Heidelberg has published an analysis of

Manchester gas, in which he shows the percentage of illuminants and non-illuminants

;

and although the Manchester gas is made principally from cannel coal, and has an

illuminating power of from 20 to 22 sperm candles for a consumption of five feet per

hour, the quantity of non-illuminating gas is far larger than is suspected by persons

not familiar with the subject. The following is Professor Bunsen's statement,

(" Gasometry," p. 113) :—

Analysis of Manchester gas. In 100 parts,

Non-iUunnnating(H^Sl™ : ; ; ! ^folsTaZ I«.cent.
'''^'?"'^™^"lCarbonieoiide . . . 664 J

lUumioante. {ggj^;, ; ; ; ;
*:»»}6.46 percent.

{Sulphuretted hydrogen . 0*29

Nitrogen , . . 4 2 '46

Carbonic acid . . 4 3'67

100-00

* This is' cannel-gas. In common gas, such as that of London—which has little

more than half the illuminating power of Manchester gas—the proportion of illumi-

nants is smaller, and of non-illuminating heat-producers is larger. The mean of

results obtained by many chemists shows that common 12-candle gas does not con-

tain more than 4 per cent, of illuminating constituents, the other ^Q per cent, being
non-illuminating heat-producing compounds ; that is, 4 feet in a hundred yield light

and 96 feet yield heat. It seems extraordinary, that when we buy and burn 100
cubic feet of cannel gas we obtain and use only 6^ feet of useful illuminants, and
are obliged to take 87 feet of gases which do not furnish any light. An unscien-
tific person is apt to exclaim " Can this be ? and if it be, is it necessary? Cannot
the illuminants be made and sold without the heat-producers ? " This is impossible.

Gas cannot be made without its bulk being non-illuminating. But still something
can be done to increase the proportion of illuminants, and this is what is called

naphthalising or carburetting. We find by experiment if we pass gas over the
highly-carburetted substance called naphtha, that every foot of gas carries away
with it as vapour a part of the naphtha ; that the naphtha-vapour burns with the
gas; and that the light-giving power of the gas increases with the quantity of
naphtha-vapour so removed and burnt. We can measure the gas, weigh the naphtha
removed, determine the increase of light obtained, and thus ascertain exactly the
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illuminating value of each grain of naphtha burnt with the gas. The naphtha thtM
added to gas does not burn with a rod flame, which gives oflf much smoko, as it does
when burnt alone, but it gives a bright, white, smokeless flame. This result is duo
to the non-illuminating but heat-producing compounds of the gas. The naphtha
contains so much carbon and so little heat-producing hydrogen, that when it is set on
fire alone the carbon is not heated sufficiently to burn and still loss to render it

highly luminous ; wherefore its light is feeble, and much of the carbon is deposited

as soot. But when it is burnt with gas the heat-producers in the gas raise the carbon
of the naphtha to a sufficient temperature to enable it to give oflf a brilliant light, and
to bum without smoke. Thus, the heat-producers are rendered directly useful. They
raise the carbon to the temperature required for illumination and combustion. The
naphtha, on the other hand, remedies the want of luminosity in the gas by adding to

it much carbon, in which it is deficient, and but little hydrogen, in which the gas itself

abounds.
' But for the teacliing of experiment we should expect that if a given quantity of

naphtha added to a given quantity of gas raised it in illuminating value (a) candles,

then double the quantity of naphtha added to the same quantity of gas would raise it

(2 a) candles, three times the quantity (3 a) candles, and so on. In other words, we
should expect the illuminating value of a grain of naphtha to be the same however
it was burnt with gas. Experience shows this to be a mistake, and proves that the

illuminating value of a grain of naphtha depends upon the relation which it bears

to the bulk of gas with which it is burnt, and that within certain limits its illuminat-

ing value varies greatly. Dr. Letheby investigated the increase of illuminating

power obtained by naphthalising, and his results are published in the " Chemical
News," vol. vi. pp. 283-292. It is there stated that four grains of naphtha added
to a foot of gas gave 25 per cent, increased light, whereas 8 grains per foot gave

60 per cent, increased light, instead of 50 per cent., which would have been the in-

crease if each grain of carburetting material had a constant illuminating value

irrespective of its relation to the bulk of gas with which it is consumed. The in-

vestigation had reference to the use of naphtha in the public lamps of the city of

London, and therefore the results must have been obtained in flat-flame burners, bat's-

wing or fish-tail. The average illuminating value of a foot of common gas burnt in a

flat-flame burner, is 1*6 candle, and the weight of a foot of such gas is about 224
grains. When the relation between the weight of the gas and the naphtha burned with

it is as 224 to 4, the illuminating value of the naphtha is -^^ of the illuminating value

of the gas ; but when the relation is altered to 224 to 8, then the illuminating value of

the naphtha is ^, instead of 50, as it would have been if its illuminating value wore

constant instead of variable, and depending much upon the quantity of gas consumed
with it.'

Another condition is the attainment of the highest possible temperature within the

flame. The first of these conditions has been more or less perfectly obtained in the

diffisront gas burners now in use. The second has been hitherto almost entirely neg-

lected ; the means by which it may be attained will be discussed after the burners

at present in general use have been described.

Gas Buhner. The chief burners now in use are the bat's-,wing, fish-tail, argand,

bude argand, Winfield's argand, Guise's argand, Leslie's argand.

jQjo "^^^ bafs-wing consists of a fine slit cut in an Iron nipple,

gi\Ting a fiat fan-like flame.

The fish-tail consists of a similar nipple perforated by two
holes, drilled so that the jets of gas are inclined towards each
other at an angle of about 60°. A flat film of fiame is thus
produced, somewhat resembling the tail of a fish. This form
of burner is especially adapted for the consumption of cannel
and other highly illuminating gases.

The argand consiste of a hollow annulus (eeefig. 1012), from
the upper surface of which the gas issues through a number of

small apertures, which are made to vary in diameter from Tj\nd

of an inch to j^^ih of an inch, according to tho richness of the
gas ; tho most highly illuminating gases requiring the smallest
;iperturos. Tho distances of tho orifices for coal-gas should bo
16 to -18 inch, and forrich cannel-gas '13 inch. If tho argand
rini» has 10 orifices, the diameter of the central opening should
l)!; = ^th8 of an inch ; if 25 orifices, it should bo one inch for

coal-gas; but for oil-gas. with 10 orifices, the central opening
should have a diameter of ^ an inch, and for 20 orifices, 1 inch.

The pin holes should be of equal size, otherwise tho larger ones will cause smoke, as
in an argand flame with an uneven wick.
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The Bttde burner consists of 2 or 3 concentric argand rings perforated in the

manner just described. It is well adapted for producing a largo body of very intense

light with a comparatively moderate consumption of gas.^

Winfidd^s argand.—The chief distinction between this and the ordinary argand

burner consists in the introduction of a metallic button above the annulus, so as to

cause the internal current of air to impinge against the flame. A peculiarity in the shape

of the glass chimney, as seen in the figure, produces the same effect upon the outer

current of air. See J5^. 1013.

Guisds argand contains 26 holes in a ring, the inner diameter of which is '6 inch,

and the outer diameter 1-9 inch. Like the Winfield burner, it has a metal button i

an inch in diameter, and 1 inch above the annulus. The glass chimney, which is

cylindrical, is 2 inches in diameter and 6 inches long.

1013 1014

1015 1016

Leslies argand consists, as seen in the figure {fig. 1014), of a series of fine tubes

arranged, in a circle by which a more uniform admixture of air with the gas is effected.

A sufficient current of air for all these argand burners can only be obtained by the

use of a glass chimney, the rapidity of the current depending upon the height of the

chimney. In the Leslie's argand the height of the chimney is especially adapted to

the amount of light required, and in order to consume gas economically, this point

must be attended to in all argand burners.

Bronner's burners, introduced by Messrs. Greene and Son, have lately attracted

attention. The accompanying illustrations show the principle of this patent bm-ner.

Fig. 1015 is a section, and Fig. 1016 a full-sized drawing,

from which it may be seen that, instead of the gas being

admitted through a large opening and emitted through

two small ones, as in the ordinary fish-tail burner, it

is made to pass through a small aperture at the bottom
into a circular chamber, and thence through a larger

opening at the top, thus obviating all undue and vari-

able pressure, the gas being fully consumed as it is

emitted from the burner, instead of being forced through

into the atmosphere partly unconsumed, to the injury

of both health and furniture, &c. &c. By this method
the disagreeable hissing noise, which is often noticed in

the ordinary burner, is done away with, and the light

given is pure, brilliant, and steady, of a whitish yellow

instead of a bluish yellow flame, a very great improve-

ment. That these burners, through improved com-
bustion, produce a saving in the consvimption of gas of

from 20 to 40 per cent., is proved by the following

facts :

—

At the King's Cross station, Great Northern Eailway,
the saving in gas for six months was 1,072,000 cubic

feet. A proportionately satisfactory result has also been obtained on the Metro-
politan, the Great Western, the North London, the Great Eastern, the London,
Chatham, and Dover, and other railways. At the Clock-tower, in the Houses of

Parliament, 1 82,800 cubic feet were saved in one year, equivalent to nearly 50^.

These burners are made of brass, having the top and bottom parts—in which the

orifices are—of steatite, an incorrodible substance, and therefore a great improvement
on the ordinary burners, and in eleven different sizes, from 1 to 8, corresponding

to the number of cubic feet of gas per hour, while they are warranted not to exceed

in consumption in any ordinary working pressure.
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The following experiments made -with different burners, by three eminent experi-

menters, upon the gas from three different kinds of coal, show the relative values of
these burners for the gases produced from the chief varieties of coal used for the
manufacture of gas in this country. (For Table I. see opposite page.)

Table II.

—

RestUts of Experiments on Newcastle Cannel Gas hy Mr. A. Wright.

Ifoot IJfoot 2 feet 2i feet 8 feet Sifcet 4 feet 4ifect
per per per per per per per per

Scotch Fish-tail, No. 1 :-

hour hour hour hour hour hour hour hour

One foot=candle3 . , 4'75 6-02

„ —grains of sperm 585-0 602-0
Scotch Fish-tail, No. 2 :—
One foot=candles . 5-06 5-77 5-95 5-84 5-53

„ =graui3 of sperm 606-0 690-0 714-0 700-0 663-0

Guke'8 Argand :—
One foot=candles , . ,, 1-08 1-85 3-12 4-85 4-95 6-77 6-74

„ =grains of sperm •• 129-0 222-0 374-0 582-0 594-0 692-0 808-0

Table III. contains the results of Mr. Barlow's experiments on gas produced from
a mixture of Pelton, Felling, and Dean's Primrose, all first-class Newcastle gas-coals,

largely used in London.
The burners employed in these experiments were the following :—
1st. A No. 3 fish-tail, or union jet.

2nd. A No. 5 bat's-wing.

3rd. A common argand, with 15 large holes in a ring '85 inch diameter, and a
cylindrical chimney-glass 7 inches high.

4th. A Platow's registered argand, with large holes in a ring, '9 inch, with inside

and outside cone, and cylindrical chimney-glass 8'5 inches high.

6th. A Biznner patent No. 3 argand, with 28 medium-sized holes in a ring '75 inch

diameter, and cylindrical chimney-glass 8*65 inches high.

6th. A Winfield's registered argand, with 68 medium-sized holes in 2 rings of 29
holes in each, the mean diameter being 1 inch, with deflecting button inside and gauge
below, bellied chimney-glass 8 inches high.

7th. A Leslie's patent argand, with 28 jets in a ring -95 inch diameter, and chimney-
glass 3-6 inches high.

8th. A Guise's registered shadowless argand, with 26 large holes in a ring -85 inch

diameter, and deflecting button, cylindrical chimney-glass 6-1 inches high, and glass

reflecting cone to outside gallery.

On an average of numerous trials the annexed results were obtained :

—

Table III.

Burner
Rate of consumption per Value of cubic foot in Standard candles per

hour in cubic feet grams of sperm cubic foot

Kg. 2 4-9 289-0 2-4

,. 3 5-5 343-0 2-85

i» 5 6-5 374-0 3-11

.. 6 6-6 3370 2-8

» 8 6-6 360-0 2-91

M 1 6-6 276-0 2-3

n 2 60 290-0 2-41

M 3 6'6 341-0 2-84

» 4 6-6 348-0 2-9

» 6 6-5 380-0 3-16

» 6 6'5 3350 2-79

„ 7 4-1 3690 3-07

„ 8 6-5 3640 303

It has been stated that one of the conditions necessary for the production of the

maximum illuminating power from a gas flame, is the attainment of the highest

possible temperature, and that this condition has been almost entirely neglected in

the burners hitherto in use. Dr. Frankland has, however, proved that this condition

may be easily secured by employing the waste heat radiating from the gas flame, for

heating the air previous to its employment for the combustion of the gas ; and that

the increased temperature thus obtained hts the effect of greatly increasing the illu-
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1017

min.iting power of a given volume of the gas. Fig. 1017 shows the burner contrived

by Dr. Franklaud for this purpose, a is a common argand burner, or bettor, a Leslie's

argand, furnished with the usual gallery and glass chimney 6, c;

the latter must be 4 to 6 inches longer than usual, dd is a circubir

disc of plate glass, perforated in the centre, and fixed upon the stem

of the burner, about 1^ inch below the gallery, by tlio collar and
screw c. ff is a second glass chimney, somewhat conical, ground

at its lower edge so as to rest air-tight, or nearly so, upon the

plate d d ; and of such a diameter as to leave an annular space

I inch broad between the two cylinders oX g g. The cylinder /
should bo of such a length as to reach the level of the apex of the

flame. The action of this burner will now be sufficiently evident.

When lighted, atmospheric air can only reach the flame by passing

r^ downwards through the space between the cylinders / and c ; it

thus comes into contact with the intensely-heated walls of c, and
has its temperature raised to about 500° or 600° before it reaches

the gas flame. The passage of this heated air over the upper por-

tion of the argand burner also raises the temperature of the gas

considerably before it issues from the burner. Thus the gases

taking part in the combustion are highly heated before inflamma-

tion, and the temperature of the flame is consequently elevated in

a corresponding degree. Experiments with this burner prove a
great increase in light, due chiefly to the higher temperature of the

radiating particles of carbon ; but, no doubt, partly also to the

heat being sufficiently high to cause a deposition of carbon from
the light carburetted hydrogen ; thus rendering this latter gas a
contributor to the total illuminating effect, whilst, when burnt in

Othe ordinary manner, it merely performs the functions of a diluent.

The following are the results of Dr. Frankland's experiments with

this burner :

—

I. Argand burner without

external cylinder.

\mj)t

i 1 i

II. Same burner with ex-

ternal cylinder.

Rate of Consumption Light in Sperm Candles, each
per Hour. burning 120 grs. per Hour.

f 3-3 cubic feet . 13-0 candles.

3-7 . . 16-5 „
[4-2 . 17-0

r2-2 . 13-0

2-6 . 15-5

2-7 . 16-7

3-0 . 19-7

3-3 . 21-7

1018 These results show that the new burner,

when compared with the ordinary argand.
Saves on an average 49 per cent, of gas,

when yielding an equal amount of liglit

;

and also that it produces a gain of 67 per
cent, in light for equal consumptions.

Faraday's ventilating Burner.—This ad-
mirable contrivance, the invention of the
late Prof. Faraday, completely removes all

the products of combustion, and prevents
their admixture with the atmosphere of the
apartments in which the gas is consumed.
The burner consists of an ordinary argand,

fig, 1018, a, fitted with the usual gallery
and chimney, h h. A second wider and
taller cylinder, cc, rests upon the outer
edge of the gallery which closes at bottom
the annular space, d d, between the two
glass cylinders, cc, is closed at top with
a double mica cap, e. f is the tube con-
veying the gas to the argand

; gg is a wider
tube 1^ inch in diameter, communicating at

one extremity with the annular space between the two glass cylinders, and at the other,

either with a flue or the open air. The products of combustion from the gas flame

are thus compelled to take the direction indicated by the arrows, and are therefore

prevented from contaminating the air of the apartment in which the gas is consumed,
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A is a ground glass globo enclosing the whole arrangement, and having only an

opening below for the admission of air to the flame. In order to dispense with the

descending tube, to which there are some objections, Mr. Rutber has constructed a

ventilating burner in which the ordinary glass chimney is made to terminate in a

metal tube, through which the products of combustion are conveyed away. Mr. Dixon

has also constructed a modification of Faraday's burner, the peculiarity of which con-

sists in the use of a separate tube bringing air to the flame from the same place,

outside the building, to which the products of the burner are conveyed ; this con-

trivance is said to prevent downward draughts through the escape-pipe, and a conse-

quently unsteady flame.

On the Estimation of the Valtje op Illuminating Gas.

There are two methods in use for estimating the illuminating value of gas, viz.

—

1st. The photometric method.
2nd. Chemical analysis.

The photometric method consists in comparing the intensity of the light emitted

by a gas flame, consuming a known volume of gas, with that yielded by some other

source of light taken as a standard. The standard employed is usually a spermaceti

candle, burning at the rate of 120 grains of sperm per hour. A spermaceti can lie of

six to the pound usually burns a^a somewhat quicker rate than this ; but in all cases

the consumption of sperm by the candle during the course of each experiment ought

to be carefully ascertained by weighing, and the results obtained corrected to the 120-

grain standard. Thus, suppose that during an experiment the consumption of sperm
was at the rate of 130 grains per hour, and that the gas flame being tested gave a

light equal to 20 such candles, and it is required to know the light of this flame in

standard 120 grain candles, then—

.120 : 130 ;: 20 :: 21-7,

or, 20 candles burning at the rate of 130 grains per hour, are equal to 21*7 candles

burning at the rate of 120 grains per hour.

There are two methods of estimating the comparative intensity of the light of the

gas and candle flames, both founded upon the optical law that the intensity of light

diminishes in the inverse ratio of the square of the distance from its source. Thus,
if a sheet of writing paper be held at the distance of one foot from a candle, so that

its surface is perpendicular to a line joining the centre of the sheet and the flame, it

will be illuminated with a light four times as intense as that which would fall upon a
sheet of paper held in the same position at a distance of 2 feet ; whilst at a distance

of 3 feet the light would have but |th of the intensity which it possessed at 1 foot. One
method of estimating the comparative intensity of the gas and candle flames, consists

in placing the two lights and an opaque rod nearly in a straight line, and in such a
way as to cause each light to project a shadow of the rod upon a white screen placed

at a distance of about 1 foot behind the rod. The two shadows must now be

rendered of equal intensitv by moving the candle either nearer to the rod or further

from it. The shadows will be of equal intensity when the light falling upon the

white screen from both sources is equal ; and if now the respective distances of the

candle and gas flame from the screen be measured, then the square of the distance of

the gas flame divided by the square of the distance of the candle will give the

illuminating power of the gas in candles. Thus, if equally intense shadows fall upon
the screen when the candle is 3 feet distant and the gas flame 12 feet, the illuminating

power of the gas flame will be

—

14* «~ = 16 candles.
3« 9

This method of estimating the illimiinating power of a gas flame, known as the
shadow test, is very easy of execution, and would appear from the description to be
capable of yielding results of considerable accuracy; nevertheless, an unexpected
difficulty arises from the great difference in colour of the two shadows ; that of the
gas being of a bluish brown, whilst thai of the candle is of a yellow-brown tinge.

This difference of tint renders it exceedingly difficult for the observer to ascertain

when the two shadows possess equal intensity ; and, consequently, the limits of error

attending determinations by this test are probably, even in the hands of an experienced
operator, never less than 5 per cent., and frequently even as much as 10 per cent.

The shadow test has, therefore, been all but superseded by the Bunsen's Photometer,
which consists of a graduated metal or wooden rod about 8 or 10 feet long, and
sufficiently strong to be inflexible. At one extremity of this rod is placed the gas

oo2



564 GAS, COAL

flame, and at the opposite end tho standard candle. A stand which slides easily

along tlio rod supports a small circular paper screen, at the same height as tho two
flames, and at right angles to the rod. This screen consists of colourless, moderately
thin writing paper, saturated with a solution of spermaceti in spirit of turpentine,

except a spot in the centre, ahout tho size of a shilling, which is to be left untouched
by the solution. The spirit of turpentine soon evaporates, and the paper is now ready
for use. Being more transparent in the portion which has been saturated with the

spermaceti solution, it becomes a delicate test of equality of light when placed between
two luminous bodies ; for if the light of one of the bodies impinge with greater in-

tensity upon one side of the screen than tho other light does upon the opposite side,

the diflforence of the transparency of the two portions of the screen will become dis-

tinctly visible ; the spot in the centre appearing comparatively opaque on the less

illuminated side. When the screen is brought into such a position between the two
sources of light as to render the central point nearly or quite invisible on both sides,

the illuminating effect of both lights at that point may be regarded as equal ; and
all that now remains to be done is to measure the respective distances of the candle

and gas from tho screen, and divide the square of tho distance of the gas by tho

square of that of the candle ; the quotient expresses the illuminating power of tho

gas in candles. One of tho most convenient forms of this instrument has been con-

trived by Mr. Wright, and may be had at 65 Millbank Street, Westminster. It

consists of tho following parts :

—

1. A wooden rod, exactly 100 inches long {Jig. 1019) from the centres of Bockets at

its ends, a b.

2. An upright pillar, c.

3. A candle holder, d.

4. A mahogany slide, e, having a metal socket, f, on its top, to hold the circular

frame g, and a small pointer in its front.

6. A circular metal frame, g, made to hold a prepared paper.

6. A blackened conical screen, h, diminishing in size from its centre, where it

opens with a hinge towards its ends, with two holes in front.

The long rod is graduated in accordance with tho laws of distribution of light, from
its centre each way into squares of distances in di^dsions numbered respectively 1, 2,

3, &c., to 36 ; to measure smaller differences than those amounting to 1 candle in

value, each major division to 9 is subdivided into 10 parts, each, of course, repre-

senting ^th of an increment. From thence to 20, the subdivisions indicate \. Beyond
that point no subdivisions are made, because the major divisions become so small
that, practically, such divisions would be useless.

The manner of fitting the apparatus together will be understood by reference- to tho
annexed sketch.

1019

The pillar, c, is screwed to one end of the shelf, and an experimental meter, l,

placed at the other. This latter instrument is for measTiring the quantity of gas
passing to the burner, and indicating the rate of consumption by observations of one
minute, which is accomplished by tho construction of its index dial.

This dial has two circles upon its face, witli a pointer to each ; the outer circle

divided into four, and the inner into six parts; and each of these again divided
into tenths. Every major di;nsion of tho outer circle is a cubic foot ; and every
major division of the inner circle is ^^ih. of a cubic foot ; so that tho major divisions

on the inner circle each boar the same proportion to a cubic foot that a minute
does to an hour. If, therefore, the number of these divisions and tenths of divi-

sions, which tho hand passes over in a minute, is observed, it will evidently only be
necessary to read them off as feet and tenths of a foot to obtain the hourly rate of con-

sumption.

Thus, suppose the pointer passes from the upper figure 6 to tho fifth minor division

beyond tho figure 4, it would road off as A-^ihn and ^ugths of a cubic foot in j^th of an
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hour. Multiplying theao quantities by 60, and we obtain the quantity of gas con-

sumed in the hour.

A pillar, J, having a pressure gauge, and two cocks at k, one with a micromet'^r

movement, screws on to the top of the meter, and is intended for receiving burntid

when experimenting. The graduated rod is supported in an exactly horizontal

position by the pillars c and j, and screwed together by its binding screws.

The candle socket d is screwed on to the top of c, and the mahogany slide c placed

on the rod, with its pointer to the scale, carrying the frame g, containing a prepared

paper, and covered by the cone h.

The prepared paper is made by coating white blotting-paper with sperm, so as to

render it semi-transparent, leaving a small spot in the centre plain, and therefore

opaque. See o in the figure.

All that now remains to render the apparatus ready for experimenting, is to put a
piece of candle into the socket, and consume the gas through a proper burner over

the meter, taking care that the centres of t\iQ candle-flame, paper, and gas flame, are in

one horizontal line, and adopting the precautions previously laid down.

Unfortunately the determination of the exact point of equality of the two lights, is

by no means easy, even after considerable practice ; and the maximum amount of error

to which even the practised operator is liable in such estimations of illuminating

power, cannot be set down at less than 5 per cent. It is scarcely necessary to add,

that all photometric experiments must be conducted in an apartment from which all

light from other sources is excluded, and the walls of which are rendered as absorbent

as possible, by being coated with a mixture of lampblack and size, or by being hung
with black lustreless calico.

Analytical method of estimating the value of illuminatinggas.—Frankland has shown
that the resources of chemical analysis place in our hands a method for the deter-

mination of the illuminating value of gas considerably more acciirate than the

photometric process just described, although the execution of the necessary operations

requires more skill, and is usually much more troublesome. As the determination of

the illuminating power of a sample of gas by the analytical method necessitates most
of the operations required for the performance of a complete analysis of coal-gas, we
shall here include in our description of the former process the additional details

necessary for the latter.

1. Collection of the sample of gas.—In all analytical operations upon gases, it is of

the utmost importance, that the latter should be preserved from all admixture with
atmospheric air. This can only be done, either by collecting tha samples of gas
over mercury, or by enclosing them in hermetically , qoq
sealed tubes. When the sample of gas is collected

at the place where the analysis is to be made, the

former plan is usually most convenient, but when
the sample has to be obtained from a locality at

some distance from the operator's laboratory, the
latter plan is usually adopted. To collect a sample
of gas over mercury, attach one end of a piece of

vulcanised India-rubber tube to the-gas pipe, and
insert into the other extremity a piece of glass tube ^

bent, as shown at a, fig. 1020, allow the gas to

stream through these tubes for two or three minutes,
and then suddenly plunge the open extremity of the glass tube beneath the surface of
the mercury in the trough c. Then fill the small gas jar b completely with mercury,
taking care to remove all air-bubbles from its sides by means of a piece of iron wire,
and closing its mouth firmly with the thumb, invert it in the trough c, introducing
the end of the bent tube -a into its open extremity, in such a way as to bring the mouth
of A above the level of the surface of the mercury in c. The gas will then flow into b,

until the level of the mercury in b is somewhat lower than that of the metal in the
trough. If now, the tube a being removed, a small cup be filled with mercury and
brought beneath b, the latter may be removed from the trough, and will be thus pre-
served from any appreciable atmospheric intermixture for several months.

^
To collect samples of gas in hermetically-sealed tubes, proceed as follows : take a

piece of glass tube about fths of an inch internal diameter, and 1 foot long ; draw it

out at both ends before the blowpipe, as shown in^^. 1021 ; attach one extremity, a
fig. 1022, to a Ttdeanised India-rubber tube, communicating with a source of the gas,
and the opposite extremity b, to a similar flexible tube about three feet long, andw5ch
is allowed to hang down perpendicularly from b. After the gas has streamed through
this system of tubes for about three minutes, so as to ensure the complete expulsion of
atmospheric air, the flame of a mouth blowpipe is directed against the narrow portion
of the glass tube, at c?, so as to fuse it off. With as much expedition as possible, the
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same operation

hermetically sealei

1 performed at the opposite extremity of the tube d, which is thus
id, and assumes the appearance shown in^J^. 1023.

1021

>
1022

^ fipCs^

The gas having been thus carefully collected, the necessary analytical operations
must be conducted over mercury in a small wooden pneumatic trough, with plate-
glass sides, the construction of which is shown m Jig. 1024. a is a piece of hard well-

seasoned wood, 12 inches long and 3 inches broad, hollowed out, as shown in the

figure; the cavity is 8j inches long, l^ inch broad, and 1^ inch deep. The bottom
of this cavity is rounded, with the exception of a portion at one end, whore a surface,

1 inch broad, and IJ inch long, is made perfectly flat, a piece of vulcanised India-

rubber, y^th of an inch thick, being firmly cemented upon it. Two end pieces, b h, Jtlis

of an inch thick, 3^ inches broad, and 5 inches high, are fixed to the block a ; these

serve below as supports for a, and above as the ends of a wider trough, whicli is

formed by the pieces of plate glass c c, comontod into a and n n. The glass plates

cc, are lOJ inches long, and 1^ inch high ; they are slightly inclined, so that their

lower edges are about 2| inches, and their xippor edges 2^ inches apart. This trough

stands upon a wooden slab d d, upon which it is hold in its place by two strips of

wood ee. An upright column f, which is screwed into d, carries the inclined stind

o, which serves to support the eudiometer during the trtinsfercnce of gas. A is a
circular inclined slot in b, which allows of the convenient inclination of the eudio-
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meter in the stand g. i is an indentation in which the lower end of the eudiometer

rests, so as to prevent its falling into the deeper portion of the trough a. When in

use the trough is filled with quicksilver to within an incli of the upper edge of tlio

glass plates c c, about 30 to 3o lbs. of the metiil being necessary for this purpose.

The eudiometers or measuring-tubes, should be accurately calibrated and graduated
into cubic inches and tenths of a cubic incli, the tenths being subdivided by the eyo

into hundredths, when the volume of gas is read off; this latter di^^sion is readily

attained by a little practice. At each determination of volume, it is necessary that

the gas should either be perfectly dry, or quite saturated with moisture. The first

condition is attained by placing in the gas, for half an hour, a small ball of fused
chloride of calcium, attached to a platinum wire ' ; the second condition, by introduc-

ing a minute drop of water, into the head of the eudiometer, before filling it with
quicksilver. The determinations of volume must either be made when the mercury
is at the same level inside and outside the eudiometer, or, as is more frequently

done, the difference of level must be accurately measured and allowed for in the

subsequent reduction to a standard pressure. The height of the barometer and the

temperature of the surrounding atmosphere must also be observed each time the

volume of gas is measured, and proper corrections made for pressure, temperature,

and also the tension of aqueous vapour, if the gas be moist. As tables and rules for

these corrections are given in most treatises on chemistry, they need not be repeated
here.

These troublesome corrections 1025
and calculations can be avoided
by employing an instrument in-

vented some years ago by Dr.
Frankland and Mr. W. J. Ward,
and which not only does away
with the necessity for a room
devoted exclusively to gaseous
manipulations, but greatly

shortens and simplifies the

whole operation. This instru-

ment, which is represented by

fig. 1025, consists of the tripod a,

furnished with the usual level-

ing screws, and carrying the

vertical pillar b b, to which is

attached, on the one side, the

moveable mercury trough c, with
its rack and pinion a a, and on
the other, the glass cylinder d d,

with its contents. This cylinder

is 36 inches long, and 4 inches

internal diameter ; its lower ex-

tremity is firmly cemented into

an iron collar c, the under sur-

face of which can be screwed
perfectly watertight upon the
bracket plate d by the interposi-

tion of a vulcanised caoutchouc
ring. The circular iron plate d
is perforated with three aper-

tures, into which the caps e, e, e,

are screwed, and which com-
municate below the plate with the
T-piece E E. This latter is fur-

nished with a double-way cock/,
anda single-waycock ^, by means
of which the tubes cemented into

the sockets e, e, e, can be made to communicate with each other, or with the exit pipe h
at pleasure.

» These balls, which should bo of the size of a large pea, are required constantly In operations upon
gases ; they are readily prepared, -nhen the substances of which they are formed is fnsible by heat,
as chloride of calcium or caustic potash, by melting these materials in a crucible and then pouring
them into a small bullet-mould, in which the curved end of a platinum wire has been placed ; when
quite cold the ball attached to the wire is readily removed from the mould. Coke bullets are made
by filling the mould containing the platinum wire with a mixture of two parts of coke and one of
coal, both finely powdered, and then exposing the mould and its contents to a heat gradually increased
to redness, for a quarter of an hour.
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F, G, H, are three glass tubes, which aro firmly cemented into tho caps e, e, e. f and
H, are each from 15 to 20 millimeters internal diameter, and aro selected of as nearly
the same bore as possible, to avoid a difference of capillary action. The tube o is

somewhat Avider, and may be continued to any convenient height above the cylinder.

H is accurately graduated with a millimeter scale, and is furnished at top with a
small funnel i, into the neck of which a glass stopper, about 2 millimeters in diameter,
is carefully ground. The tube f terminates at its upper extremity in tho capillary

tube k, which is carefully cemented into the small steel stopcock I. f has also fused
into it at m, two platinum wires, for the passage of the electric spark. After this tube
has been firmly cemented into the cap e, its internal volume is accurately divided
into 10 perfectly equal parts, which is effected without difficulty by first filling it with
mercury from the supply-tube o, up to its junction with tho capillary attachment, and
then allowing the mercury to run off through the nozzle h until tho highest point of

its convex surface stands at tho division 10, previously made so as exactly to coincide

with the zero of the millimeter scale on h ; the weight of the mercury thus run off is

carefully determined, and the tube is again filled as before, and divided into 10 equal

parts, by allowing the mercury to run off in successive tenths of the entire weiglit, and
marking tho height of the convexity after each abstraction of metal. By using the

proper precautions with regard to temperature, &c., an exceedingly accurate calibration

can, in this way, be accomplished.

Tho absorption tube i is supported by the clamp n, and connected with tho

capillary tube ^, by tho stopcock and junction-piece ^i!'^, as shown in tho figure.

When the instrument is thus far complete, it is requisite to ascertain the height of

each of the nine upper divisions on tho tube, above the lowest or tenth division.

This is very accurately effected in a few minutes by carefully levelling the instrument,

filling the tube g with mercury, opening the cock /, and the stoppered funnel i, and
placing the cock / in such a position as to cause the tubes r h to communicate with

the supply-tube g. On now slightly turning the cock g, the mercury will slowly rise

in each of tho tubes f and h ; when its convex surface exactly coincides with the

ninth division on f, tho influx of metal is stopped, and its height in h accurately

observed ; as tho tenth division on f corresponds with tho zero of tho scale upon h, it

is obvious that the number thus read off is the height of tho ninth division above

the zero point. A similar observation for each of tho other divisions upon f com-
pletes the instrument.'

Before using the apparatus, the large cylinder d d is filled with water, and tho

internal walls of the tubes f and h aro, onco for all, moistened with distilled water,

by the introduction of a few drops into each, through the stopcock I, and the

stoppered funnel i. The three tubes being then placed in communication with each

other, mercury is poured into g until it rises into the cup i, tho stopper of which is

then firmly closed. When the mercury begins to flow from I, that cock is also

closed. The tubes f and h are now apparently filled with mercury, but a minute

and imperceptible film of air still exists between tho metal and glass ; this is effec-

tually got rid of by connecting f and h with tho exit tube h, and allo\nng the

mercury to flow out until a vacuum of several inches in length has been produced in

both tubes ; on allowing tho instrument to remain thus for an hour, the whole of tho

film of air above mentioned will diffuse itself into the vacuum, to be filled up from the

supply-tube G. These bubbles are of course easily expelled on momentarily opening

the cock / and the stopper i, whilst o is full of mercury. Tho absorption-tube i being

then filled with quicksilver, and attached to ^ by the screw-clamp, tho instrument is

ready for use.

In illustration of the manner of using tho apparatus, a complete description of an

analysis of coal-gas by this instrument will be given below.

For the analysis of purified coal-gas by means of tho mercury trough and eudio-

meter, the following operations are necessary :

—

I. Estimation of Carbonic Acid,

A few cubic inches of the gas are introduced into a short eudiometer, moistened as

above described ; the volume is accurately noted, with tho proper corrections, and a

bullet of caustic potash is then passed up through the mercury into the gas ; it is

allowed to remain for at least one hour ; tho volume of tho gas being agiiin ascer-

tained and subtracted from tho first volume gives the amount of carbonic acid which
has been absorbed by the potash,

II. Estimation of Oxygen,

This gas can be very accurately estimated by Liobig's method, which depends upon
the rapid absorption of oxygen by an allailine solution of pyrogallic acid. To apply

* This instrument may be obtained from Sir, Ocrtliog, philosophical instrument maker.
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this solution, a small test tube is filled with quicksilver, and inverted in the mercury
trough ; a few drops of a saturated solution of pyrogallic acid in water are thrown up
into this tube by means of a pipette, and then a similar quantity of a strong solution

of potash ; a coke bullet attached to a platinum wire is introduced into this liquid,

and allowed to saturate itself ; it is then withdrawn, and conveyed carefully below
the surface of the mercury into the eudiometer containing the residual gas of experi-

ment No. 1 ; every trace of oxygen will be absorbed in a few minutes, when the
bullet must be removed, and the volume being again measured, the diminution from
the last reading will represent the amount of oxygen originally present in the gas.

It is essential that the coke bullet, after saturation with the alkaline solution of
pyrogallic acid, should not come in contact with the air before its introduction into

the gas.

III. Estimatwn of the Luminiferous Constituents.

Various methods have been employed for the estimation of the so-called olefiant

gas (luminiferous constituents) contained in coal-gas. The one which has been
most generally employed, depends upon the property which is possessed by olefiant

gas, and most hydrocarbons, of combining with chlorine, and condensing to an oily

liquid : hydrogen and light carburetted hydrogen are both acted upon in a similar

manner when a ray even of diffused light is allowed to have access to the mixture
;

but the condensation of the olefiant gas and hydrocarbons takes place in perfect

darkness, and advantage is therefore taken of this circumstance to observe the amount
of condensation which takes place when the mixture is excluded from light. The
volume, which disappears during this action of the chlorine, is regarded as indicating

the quantity of olefiant gas present in the mixture. There are many sources of error

inseparably connected with this method of operating, which render the results

unworthy of the slightest confidence ; the same remark applies also to the employment
of bromine in the place of chlorine ; in addition to the circumstance that these

determinations must be made over water, which allows a constant diffusion of

atmospheric air into the gas, and vice versa, there is also formed in each case a
volatile liquid, the tension of the vapour of which increases the volume of the residual

gas ; and this increase admits of neither calculation nor determination. The only

material by which the estimation of the luminiferous constituents can be accurately

effected is anhydrous sulphuric acid, which immediately condenses the luminiferous

constituents of coal-gas, but has no action upon the other ingredients, even when
exposed to sunlight. The estimation is conducted as follows :—A coke bullet,

prepared as described above, and attached to a platinum wire, being rendered

thoroughly dry by slightly heating it for a few minutes, is quickly immersed in a
saturated solution of anhydrous sulphuric acid, in Nordhausen sulphuric acid, and
allowed to remain in the liquid for one minute ; it is then withdrawn, leaving as little

superfluous acid adhering to it as possible, quickly plunged beneath the quicksilver

in the trough, and introduced into the same portion of dry gas, from which the

carbonic acid and oxygen have been withdrawn by experiments I. and II. ; here

it is allowed to remain for about two hours, in order to ensure the complete absorption

of every trace of hydrocarbons. The residual.volume of gas cannot, however, yet be
determined, owing to the presence of some sulphurous acid derived from the decom-
position of a portion of the sulphuric acid : this is absorbed in a few minutes by the

introduction of a moist bullet of peroxide of manganese, which is readily made by
converting powdered peroxide of manganese into a stiff paste with water, rolling it

into the shape of a small bullet, and then inserting a bent platinum wire, in such a
manner as to prevent its being readily drawn out ; the ball should then be put in a
warm place, and allowed slowly to dry, it will then become hard, and possess con-

siderable cohesion, even after being moistened with a drop of water, previous to its

introduction into the gas. After half an hoiu*, the bullet of peroxide of manganese
may be withdrawn, and replaced by one of caustic potash, to remove the watery
vapour introduced with the previous one ; at the end of another half-hour, this bullet

may be removed, and the volume of gas at once read off. The difference between
this and the previous reading, gives the volume of the luminiferous constituents

contained in the gas. This method is very accurate ; in two analyses of the same
gas, the percentage of luminiferoiis constituents seldom varies more than 0*1 or 0*2

per cent.

IV. Estimation of the Non-Luminiferous Constituents.

These are light carburetted hydrogen, hydrogen, carbonic oxide, and nitrogen.

The percenta.ges of these gases are ascertained in a graduated eudiometer, about 2
feet in length, and fths of an inch internal diameter; the thickness of the

glass being not more than ith of an inch. This eudiometer is furnished as
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its closed end with two platinum wires, fused into the glass, for the transmission of
the electric spark. A drop of water, about the size of a pin's head, is introduced
into the upper part of the eudioraotor before it is filled with mercury and inverted
into the mercurial trough : this small quantity of water serves to saturate with aqueous
vapour the gases subsequently introduced. About a cubic inch of tlie residual gas
from the last determination is passed into the eudiometer, and its volume accurately
read off; about 4 cubic inches of pure oxygen are now introduced, and the volume
(moist) again determined. The oxygon is best prepared at the moment when it is

wanted, by heating over a spirit or gas flame a little chlorate of potash, in a very
small glass retort, allowing, of course, sufficient time for every trace of atmospheric
air to be expelled from the retort before passing the gas into the eudiometer. The
open end of the eudiometer niu.st now be pressed firmly upon the thick piece of India-
rubber placed at the bottom of the trough, and an electric spark passed through the
mixture ; if the above proportions have been observed, the explosion will be but
slight, which is essential if nitrogen be present in the gas, as this element will other-

wise be partially converted into nitric acid, and thus vitiate the results. By using .i

large excess of oxygen, all danger of the bursting of the eudiometer by the force of
the explosion is also avoided. The volume after explosion being again determined, a
bullet of Ciiustic potash is introduced into the gas, and allowed to remain so long as

any diminution of volume takes place ; this bullet absorbs the carbonic acid that has
been produced by the combustion of the light carburetted hydrogen and carbonic

oxide, and also renders the residual gas perfectly dry : the volume read off after this

absorption, when deducted from the previous reading, gives the volume of carbonic

acid generated by the combustion of the gas.

The residual gas now contains only nitrogen and the excess of oxygen employed.
The former is determined by first ascertaining the amount of oxygen present, and
then deducting that number from the volume of both gases ; for this purpose a quan-
tity of dry hydrogen, at least three times as great as the residual gas, is introduced,

and the volume of the mixture determined ; the explosion is then made as before, and
the volume (moist) again recorded : one-third of the contraction caused by this ex-

plosion represents the volume of oxygen, and this deducted from the volume of residual

gas, after absorption of carbonic acid, gives the amount of nitrogen.

The behaviour of the other three non-luminous gases on explosion with oxygen
enables us readily to find their respective amounts by three simple equations, founded
upon the quantity of oxygen consumed, and the amount of carbonic acid generated

by the three gases in question. Hydrogen consumes half its own volume of oxygen,

and generates no carbonic acid ; light carburetted hydrogen consumes twice its

volume of oxygen, and generates its own volume of carbonic acid ; whilst carbonic

oxide consumes half its volume of oxygen, and generates its own volume of carbonic

acid. If, therefore, we represent the volume of the mixed gases by A, the amount of

oxygen consumed by B, and the quantity of carbonic acid generated by C, and further,

the volumes of hydrogen, light carburetted hydrogen, and carbonic oxide respectively

by X, y, and z, we have the following equations :

—

a:+y + 5'=A

ia? + 2y + ^2r=B

y + «r= C.

From which the following values for », y, and z^ are derived :—

a: =A-C
2B-A

y--

z^G

3

_ 2B-A
3

V,

—

Estimation of the Value of the Luminiferous Constituents.

We have now given methods for ascertaining the respective quantities of all the

ingredients contained in any specimen of coal-gas, but the results of the above analy-

tical operations afford us no clue to its illuminating power. They give us, it is true, the

amount of illuminating hydrocarbons contained in a given volume of the gas, but it

will be evident, from what has already been said respecting the luminiferous powers
of these hydrocarbons, that the greater the amount of carbon containetl in a given

volume, the greater will bo the quantity of light produced on their combustion ; and
therefore, as the number of volumes of carbon-vapour contained in one volume of the
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mixed constituents, condensible by anhydrous sulphuric acid, has been found to vary

from 254 to 4"36 volumes, it is clear that this amount of carbon-vapour must bo accu-

rately determined for each specimen of gas, if we wish to ascertain the value of that

gas as an illuminating agent. Fortunately this is easily effected ; for if we ascertain

the amount of carbonic acid generated by 100 volumes of the gas in its original con-

dition, knowing from the preceding analytical processes the percentage of illuminating

hydrocarbons, and also the amount of carbonic acid generated by the non-luminiferous

gases, we have all the data for calculating the illuminating value of the gas. For
this purpose a known volume of the original gas (about one cubic inch) is introduced

into the explosion eudiometer, and mixed with about five times its volume of oxygen ;

the electric spark is passed, and the volume of carbonic acid generated by the explo-

sion ascertained as above directed. If we now designate the percentage of hydro-

carbons absorbed by anhydrous sulphuric acid by A, the volume of carbonic acid

generated by 100 volixmes of the original gas by B, the carbonic acid formed by the

combustion of the non-luminous constituents remaining after the absorption of hydro-

carbons from the above quantity of original gas by C, and the volume of carbonic

acid generated by the combustion of the luminiferous compounds (hydrocarbons) by

a?, we have the following equation :

—

a? =B-C,

and therefore, the amount of carbonic acid generated by. one volume of the hydrocar-

bons is represented by
B-C
A '

But as one volume of carbon-vapour generates one volume of carbonic acid, this

formula also expresses the quantity of carbon-vapour in one volume of the illumi-

nating constituents. For the purpose of comparison, however, it is more convenient

to represent the value of these hydrocarbons in their equivalent volume of olefiant gas,

one volume of which contains two volumes of carbon-vapour ; for this purpose the

last expression need only be changed to

B-C
2 A*

Thus, if a sample of gas contain 10 per cent, of hydrocarbons, of which one volume
contains three volumes of carbon-vapour, the quantity of olefiant gas to which this 10

per cent, is equivalent, will be 15.

By the application of this method we obtain an exact chemical -standard of com-
parison for the illuminating value of all descriptions of gas ; and by a comparison of

the arbitrary numbers thus obtained, with the practical results yielded by the same
gases when tested by the photometer, much valuable and useful information is gained.

Analysis of Coal-gas with Frankland and Ward^s ajyparatus.—Introduce a few cubic

inches of the gas into the tube r, fig. 1025, and transfer it for measurement into f, by
opening the cocks 1 1' and placing the tube f in communication with the exit pipe A,

the transference being assisted, if needful, by elevating the trough c. When the gas,

followed by a few drops of mercury, has passed completely into f, the cock I is shut,

and / turned, so as to connect f and h with h. Mercury is allowed to flow out until

a vacuum of two or three inches in length is formed in h, and the metal in f is just

below one of the divisions ; the cock / is then reversed, and mercury very gradually
admitted from g, until the highest point in f exactly corresponds with one of the

divisions upon that tube ; we will assume it to be the sixth division. This adjustment
of mercury and the subsequent readings can be very acciirately made by means of a
small horizontal telescope placed at a distance of about six feet from the cylinder,

and sliding upon a vertical rod. The height of the mercury in h must now be accu-

rately determined, and if from the number thus read off, the height of the sixth division

above the zero of the scale on h be deducted, the remainder will express the true

volume of the gas. As the temperature is maintained constant during the entire

analysis, no correction on that score has to be made; the atmospheric pressure being
altogether excluded from exerting any influence upon the volumes or pressures, no
barometrical observations are requisite ; and as the tension of aqueous vapour in f is

exactly balanced by that in h, the instrument is in this respect also self-correcting. Two
or three drops of a strong solution of caustic potash are now introduced into i by
means of a bent pipette, and mercury being allowed to flow into f and h by opening
the cock g, the gas returns into i through I V, and there coming into contact with an
extensive surface of caustic-potash solution, any carbonic acid that may bo present
will be absorbed in two or three minutes, and the gas being passed back again into h
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for re-measuroment, taking care to shut I before the caustic-potash fcolution roaches f,

the observed diminution in volume gives tlie amount of carbonic acid present.

The amount of oxygon is determined in like manner by passing up into i a few
drops of a saturated solution of pjTogallic acid, which forms with the potash already
present pyrogallate of potash. The gas being then brought back into i, oxygen, if

present, will be absorbed in a few minutes. Its amount is of course ascertained by
re-measuring the gas in f.

The next step in the operation consists in estimating the amount of olofiant gas and
illuminating hydrocarbons. For this purpose, whilst the gas, thus deprived of oxygen
and carbonic acid, is contained in f, the tube i must be removed, thoroughly cleansed
and dried, and being filled with mercury, mu^t be again attiiched to I. The gas must
now be transferred from f to i, and a coke bullet, prepared as above described, being
passed up into i, must be allowed to remain in the gas for one hour. After ita

removal, a few drops of a strong solution of bichromate of potash must be admitted
into I in order to absorb the sulphurous acid and vapours of anhydrous sulphuric

acid resulting from the previous operation. The gas is now ready for measurement

;

it is therefore passed into f, and its volume determined ; the diminution which has
occurred since the last reading represents the volume of olefiant gas and illuminating

hydrocarbons that were present in the gas.

It now only remains to determine the respective amounts of light carburetted hy-
drogen, carbonic oxide, hydrogen, and nitrogen present in the residual gas. This is

effected as follows :—As much of the residual gas as will occupy about H inch of
its length at atmospheric pressure is retained in f, and its volume accurately deter-

mined ; the remainder is passed into j, and the latter tube removed, cleansed, filled

with mercury, and re-attached. A quantity of oxygen equal to about throe and a half

times that of the combustible gas is now added to the latter, and the volume again
determined ; then the mixture having been expanded to about the sixth division, an
electric spark is passed through it by means of the wires at m. The contraction

resulting from the explosion having been noted, two or three drops of caustic-potash

solution are passed into j, and the gas is then transferred into the same tube. In
two minutes the carbonic acid generated by the explosion is perfectly absorbed, and
its volume is determined by a fresh measurement of the residual gas. The latter

must now bo exploded with three times its volume of hydrogen, and the contraction

on explosion noted. These operations furnish all the data necessary for ascertaining

the relative amounts of light carburetted hydrogen, carbonic oxide, hydrogen, and
nitrogen, according to the mode of calculation given here.

Finally, the value of the luminiferous constituents is obtained as before, by
exploding about a cubic inch of the original specimen of gas with from four to five

times its volume of oxygen, and noting the amount of carbonic acid produced.

On the Manufacture op Coal-G-as.

Coal-gas, as usually manufactured, is produced by exposing coal to a bright red

heat in retorts. The gas as it issues from the retort cannot be directly employed
for illumination, for it contains vapours of tar and naphtha, as also steam impregnated
with carbonate of ammonia and hydrosulphate of sulphide of ammonium. These
vapours would easily condense in the pipes through which the gas must be distributed,

and would produce obstructions ; they must therefore be so far removed by previous

cooling, as to be liable to occasion no troublesome condensation at ordinary tem-
peratures. The crude coal-gas contains moreover sulphuretted hydrogen, whose
combustion would exhale an ofibnsive sulphureous odour, that ought to be avoided
as much as possible. Carbonic acid enfeebles the illuminating power of the gas,

and should be removed. The disengagement of gas in the retorts is never uniform,
but varies at the different stages of the process ; for which reason the gas must be
received in a gas-holder, where it may experience uniform pressure, and be discharged
uniformly into the pipes of distribution, in order to ensure a steady discharge of gas,

and uniform intensity of light in burners. A coal-gas apparatus ought therefore to bo
so constructed as not only to generate the gas itself, but to fulfil the above conditions.

In^. 1026 such an apparatus is represented, where the various parts are shown
connected with each other in section.

A is the furnace, with its set of cylindrical or elliptical retorta, five in number. From
each of these retorts, a tube b proceeds perpendicularly upwards, and then by a curve
or saddle-tube, it turns downwards, where it enters a long horizontal cylinder under
B, shut at each end with a screw cap, and descends to beneath its middle, so as to dip
about an inch into the water contained in it. From one end of this cylinder, the
tube d passes downwards, to connect itself with a horizontal tube which enters into

itietarpitoT cistern c, by means of the vertical branch/. This branch reaches to
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near the bottom of the cylindrical vessel, whicli sits on the sole of the tar-cistern.

From the other side of the vertical branch/, the main pipe proceeds to the condenser
D, and thence by the pipe /, into the purifier e ; from which the gas is immediately
transmitted by the pipe p into the gasometer f.

The operation proceeds in the

folio-wing way :—As soon as gas
begins to be disengaged from the

ignited retort, tar and ammo-
niacal liquor are deposited in the
cylindrical receiver b, and fill it

up till the superfluity rtms over

by the pipe d, the level being
constantly preserved at the lino

shown in the figure. By the

same tarry liquid, the orifices of

the several pipes b, issuing from
the retorts are closed ; whereby
the gas in the pipe d has its

communication cut off from the

gas in the retorts. Hence, if one
of the retorts be opened and
emptied, it remains shut off from
the rest of the apparatus. This
insulation of the several retorts

is the function of the pipe under
B, and therefore the recurved
tube b, must be dipped as far

under the surface of the tarry

liquid as to be in equilibrio with
the pressure of the gas upon the

water in the purifier. The tube
b is closed at top with a screw
cap, which can be taken off at

pleasure, to permit the interior

to be cleansed.

Both by the overflow from the

receiver b, and by subsequent

condensation in the tube d, tar

and ammoniacal liquor collect

progressively in the cistern or

pit under c, by which mingled
liquids the lower orifice of the

vertical tube/ is closed, so that

the gas cannot escape into the

empty space of this cistern.

These liquids flow over the edges

of the inner vessel when it is

full, and may, from time to time,

be drawn off by the stopcock at

the bottom of the cistern.

Though the gas has, in ita

progress hitherto, deposited a
good deal of its tarry and ammo-
niacal vapours, yet, in conse-

quence of its high temperature,
it still retains a considerable

portion of them, which miist be
immediately abstracted, as other-

wise the tar would pollute the
lime in the vessel e, and interfere with its purification. On this account the gas
should, at this period of the process, be cooled as much as possible, in order to con-

dense these vapours, and to favour the action of the lime in the purifier e, upon the
sulphuretted hydrogen, which is more energetic the lower the temperature of the gas.

The coal-gas passes, therefore, from the tube / into the tube h of the condenser d,

which is placed in^ an iron chest g, filled with water, and it deposits more tar and
{immoniacal liquor in the under part of the cietern at t, t. When these liquids havo
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risen to a certain level, they overflow into the tar-pit, as shown in the figure, to be
drawn off" by the stopcock, as occasion may require.

The refrigerated gas is now conducted into the purifier e, which wo will suppose to

be filled with milk of lime, made by mixing 1 part of slaked lime with 25 parts of
water. The gas, as it enters by the pipe /, depresses the water in the wide cylinder
n, thence passes under the perforated disc in the under part of that cylinder, and
rising up through innumerable small holes is distributed throughout the lime-liquid
in the vessel m. By contact with the lime on this extended surface, the gas is

stripped of its sulphiiretted hydrogen and carbonic acid, which are condensed into

the sulphide of calcium and Civrbonato of lime ; it now enters the gas-holder f in a
purified state, through the pipe p t, and occupies the space q. The gas-holder
pressing with a small unbalanced force over the counter-weight, «, expels it through
the main u u, in communication -with the pipes of distribution through the buildings

or streets to be illuminated.

Such are the chief and essential parts of the apparatus used in every gas-work for

the generation, refrigeration, piu:ification, and storage of coal-gas. The construction

and mode of working these separate portions of the apparatus vary much, however,

in diflferent works, and it will therefore be necessary hero to enter more minutely into

the details of the four departments of the manufacture just enumerated.

I. Apparatus used in the Generation of Coal-Gas.

Retorts.—The use of this portion of the apparatus is to expose the coal to a high

temperature, to exclude atmospheric air, and to deliver the gaseous and vaporous pro-

ducts of distillation into the refrigeratory portion of the apparatus. The materials

composing the retorts should therefore possess the following properties :—1st, high

conducting power for heat ; 2nd, rigidity and indestructibility at a high temperature

;

and 3rd, impermeability to gaseous matter. The materials hitherto used in the con-

struction of retorts are cast iron, wrought iron, and earthenware ; but none of these

materials possess the above qualifications in the high degree that could be wished.

Thus cast iron, though a good conductor of heat, is not perfectly rigid and inde-

structible. At high temperatures it becomes slightly viscous, and at the same time

undergoes rapid oxidation. Wrought iron is a still better conductor of heat, but its

qualities of indestructibility and rigidity are even lower than those of cast iron

;

whilst earthenware, though rigid, and indestructible by oxidation, is a very bad

1029 1030 1031 1032O B
conductor of heat, and is moreover very liable to crack from changes of tempera-
ture. Very various forms of retort have been employed at different times in order to

secure as far as possible, the conditions just enumerated.

Cast-iron Betoris.—The chiefforms of

the cast-iron retorts are : First, the

cylindrical,/^. 1029, used in the Man-
chester Gas Works, 1 2 inches diameter,
and 6 to 9 feet long; second, the
elliptical, 18 inches by 12 inches, by
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6 to 9 feet, fig. 1030 ; third, the ear-shape, ^.1031, now little used, 2 feet 9 inches,

and of the same length as before; fourth, the D-shaped retort,^. 1032,'20 inches

wide and 14 inches high. This form of retort is at present far more extensively used

than any of the others.

Fig. 1033 shows a bed of 6 D-shaped iron retorts. The length is 7i feet, and the

transverse area, from one foot to a foot and a half square. The arrows show the

direction of the flame and draught.

The charge of coals is most conveniently introduced in a tray of sheet-iron, made
somewhat like a grocer's scoop, adapted to the size of the retort, which is pushed home
to its further end, inverted so as to turn out the contents, and then immediately

withdrawn.
All these retorts are set horizontally in the furnace, and they have a flanch cast upon

their open end, to which a mouthpiece, a a, fig. 1 034, can be securely bolted. The
mouthpiece is provided with a socket, b, for the reception of the standpipe, and also

with an arrangement by which a lid, c c, can be screwed gas-tight upon the front of

the mouthpiece as soon as the charge of coal has been introduced. By applying a

luting of lime mortar to that part of the lid which comes into contact with the mouth-

piece, a perfectly tight joint is obtained.

Sometimes iron retorts are made of double the above length, passing completely

through the furnace, and being furnished with a lid and standpipe at each end.

Such is the construction of Mr. CroU's and of Lowe's reciprocating retorts. These

retorts are charged from each end alternately, and there is an arrangement of valves

by means of which the gas evolved from the coal recently introduced is made to pass

over the incandescent coke of the previous charge, at the opposite end of the retort.

It is highly probable that some advantage is derived from this arrangement diiring

the very early stage of the distillation of the fresh coal ; but on the whole, for reasons

stated above, the principle is undoubtedly bad, for although it enables the manufacturer

to produce a large volume of gas, the quality is so much inferior as to reduce the total

illuminating effect obtainable from a given weight of coal.

Wrought-iron Retorts.—^Mr. King, the eminent engineer 'of the Liverpool Gas
Works, has for many years successfully used retorts of wrought iron. They are

made of thick boiler plates, riveted together, and are of the D shape, b\ feet wide, 6

feet long, and 18 inches high at the crown of the arch. About 1 ton of coal can be

worked off in these retorts in 24 hours. Occasionally the bottoms are of cast iron,

which materially prevents the great amount of warping to which wrought iron is sub-

ject when exposed to high temperatures.

Earthenware, or Clay Eetorts.—These are usually of the D shape, although they

are occasionally made circular or elliptical. Their dimensions are about the same as

those of the cast-iron retorts commonly used, but their walls are necessarily thicker,

varying from 2^ to 4 inches in thickness ; this, added to the circumstance that clay

is a very bad conductor of heat, undoubtedly causes the expenditure of a larger

amount of fuel in heating these retorts ; nevertheless, this disadvantage is, perhaps,

less than might be supposed, since iron retorts soon become coated outside with a
thick layer of oxide of iron, which also greatly hinders the free communication of

heat to the iron beneath. Moreover, the lower price and much greater durability of

clay retorts are causiag their almost universal adoption in gas-works, especially since

the removal of pressure by exhausters greatly reduces the amount of leakage to which
clay retorts are liable.

The following is an extract relating to clay retorts, from the ' Eeports of Juries ' of

the Great Exhibition of 1851 :—
* The use of fire-clay is not of very ancient date, and has greatly increased within

the last few years. It is found in England almost exclusively in tlie coal-measures,
and from different districts the quality is found to differ considerably. The so-called
' Stourbridge clay,' is the best known, and will be alluded to presently ; but other
kinds are almost, if not quite, as well adapted for the higher purposes of manufacture,
being e(jually free from alkaline earths and iron, the presence of which renders tho
clay fusible when the heat is intense. The proportion of silica and alumina in these
clays vaiy considerably, the former amounting sometimes to little more than 50 per
cent., while in others it reaches beyond 70, the miscellaneous ingredients ranging from
less than ^ to upwards of 7 per cent.

* The works of Messrs. Cowen and Co. are among the most extensive in England,
and they obtain their raw material from no less than nine different seams, admitting
of great and useful mixture of clay for various purposes.

'After being removed from the mine, the clay is tempered by exposure to the
weather, in some cases for years, and is then prepared with extreme care. The objects
chiefly made are fire-bricks and gas-retorts ; the latter being now much used, and
preferred to iron for durability,
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• These retorts wcro first made by the proscnt exhibitors in ten pieces (this being
t-wenty years ago), and since then the number of pieces has been reduced successively

to four, three, and two pieces, till in 1844 they were enabled to patent a process for

making them in one piece, and at the present time they are thus manufactured of
dimensions as much as 10 feet long by 3 feet wide in the inside, which is, however,
more than double the size of the largest exhibited by them.

• Gas retorts of very fair quality are shown by Mr. Kamsay of Newcastle, who has
also succeeded extremely well in the manxifacturo of fire-bricks. The retorts

show a littio more iron tnan is aisimoip, but the exhibitor has been considered worthy
of honourable mention. Retorts of less creditable appearance are exhibited by Meosra,

Hickman and Co. of Stourbridge, and Mr. A. Potter of Newcastle. The gurfaoe of

both these retorts is cracked and undulating. When we consider the high and long-

continued temperature to which these olyects are exposed, the absolute necessity of

attending to every detail in mixing the clay and mouKling the retort Avill bo at onco

recognised, and the apparently slight defect a of Bomo of tlioso sent for exhibitioa

require to be noticed aa of real importance.
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' Next to England, tho finest specimens of fire-clay goods on a largo scale are from
Belgium : tho gas-retort sent from France is not remarkable for excellence.'

Fig. 1035 is an elevation of Mr. Wright's plan for a range of long clay retorts.

IPig. 1036 shows the plans and sections of tho setting for these retorts.

1036

Eetorts, or rather ovens, of fire-brick, the invention of Mr. Spinney, have been long
used successfully at Exeter, Cheltenham, and other places. They appear to be very
durable, and to require little outlay for repairs, but a very large expenditure of fuel is

required for heating them. They are of tho D shape, 7 feet long, 3 feet 2 inches
wide, and 14 inches high at the crown of the arch. Each retort receives a charge of

Voi.II. PP
. 6 *
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5 or 6 cwts. of Newcastle or Welsh coal ovory 12 hours, and produces gas at the
rate of 9,000 cubic feet per ton of Welsh, and 'lO.OOO to 12,000 per ton of Newcastle
coal.

Cleg's revolving Web RetorU~'ih\& retort, the invention of Mr. Clepicr, sen., makes
the nearest approach to a truly philosophiail apparatus for the generation of gas ; in
it the coal is exposed to a sudden and uniform heat, in a thin stratum, by which moans
the gases are liberated at once, and under the conditions most favourable for the
production of a maximum amount of illuminating constituents. Very little tar is
produced from this retort.

Fig. 1037 represents a section of this retort, which is of the d shape, with a very
low and flat arch. It is made of wrought-iron boiler plates riveted together, e is a

1037

hopper for holding the coal to be carbonised ; p is a discharging disc ; g is the retort
;

H is a web on to which the coal is discharged by the disc f; 1 1 are revolving drums,
carrying the wrought-iron web h ; l l are the flues from a lateral furnace by which
the retort is heated ; m is the exit-pipe for the coke, its lower extremity is either closed

by an air-tight door, or is made to dip into water.

All the coal must be reduced to fragments about the size of coffee-berries, and a
24 hours' charge must be placed at once in the hopper, and secured by a luted cover.

The discharging disc has 6 spurs, and is made to revolve uniformly with the drum
below it at the rate of 4 revolutions per hour. The diameter of the hexagonal drums
is so regulated that the coal, which falls upon the web from the discharging disc, will

at one revolution have passed the entire length of the retort. The passage through
the retort occupies 15 minutes, which is quite sxifficient to expel the whole of the gas

from the coal. In each revolution of the disc and drum 745 cubic inches of coal (or

21 lbs.) are distributed over a heated surface of 2,016 square inches. 18 cwts. of coal

is carbonised in one of these retorts in 24 hours, and the production of gas is equal to

1 2,000 cubic feet per ton of Newcastle coal. The quality of the gas is also consider-

ably superior to that obtained from the same coal in the ordinary retorts.

Although the first cost of these retorts and accompanying machinery is considerably

greater than that of the retorts in ordinary use, yet the destructible parts can be
replaced at about the same cost as that required to replace the latter. The coke pro-

duced is greater in quantity, but inferior in quality, owing to its more minute state of

division. The minor advantages attendant upon this form are, that it occupies less

space, requires much less manual labour, and enables the retort-house to be kept

perfectly clean, wholesome, and free from suffocating- vapour. K the principle of this

plan could be combined with less complication of details, it would no doubt come into

extensive use.

II. TiEB Refkioeiiatory Apparatus.

From the moment that the gas leaves the retorts it is subjected to cooling influences,

which gradually reduce its tempeiatfore, until, on leaving the so-called condenser, its
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temperature ought to be only a few degrees higher than that of the atmosphere,

except in winter, when it is advisable to maintain a heat, relatively to the externul

air, greater than in summer. The gas leaves the retort by the siandpipes, a a a,

fff. 1038, which are of cast iron,

o inches in diameter at their lower
extremity, and slightly tapering up-
wards. Some of the least volatile

products of decomposition condense
in these pipes, but their proximity
to the furnaces, and the constant

rush of heated gas and vapour
through them prevent more than a
very slight amount of refrigeration.

They conduct to the hydraulic main,
wliich is shown at b. Jig. 1038. It

consists of a cylinder running the

entire length of the retort-house,

and fixed at a sufficient height above
the mouths of the retorts to protect

it from the flame issuing from the

latter during the times of charging
and drawing. The diameter varies

from 12 to 18 inches, and the re-

curved extremities of the stand-

pipes (the dip-pipes) c o c c, pass
through it by gas-tight joints, and
dip, to the extent of 3 or 4 inches,

into the condensed liquids contained
in the hydraiilic main. The use of this portion of the apparatus is to cut off the

communication in the reverse direction between the gas beyond the standpipes and
the retorts, so as to prevent the former rushing back down the standpipe dicing the

time that the lid of the retort is removed. Being maintained half full of t-ar it

effectually seals the lower ends of the dip-pipes, and prevents any return of gas towards

the retorts. The condensed products, consisting chiefly of tar, make their exit from
the hydraulic main by the pipe d, which leads them to the tar-well. From the

hydraulic main the gas passes to the condenser, the office of which, as its name
implies, is to effect the condensation of all those vapours which could not be retained

by the gas at the ordinary atmospheric temperature. The condenser has received

a variety of forms, but the one which appears to unite in the highest degree sim-

plicity and efficiency, is the invention of Mr. Wright, of the Western and Great

Central Gas Companies. Its construction is shown in Jig. 1039. a a aa, are 5 double

concentric cast-iron cylinders, through which the air is made to circulate in succes-

sion by means of the tiepipes b b b b, whilst the inner cylinders being open above and
below, a current of air, set in motion by their heated walls, rushes through them,

thus securing both an internal and external refrigeratory action. It will be also seen

by a reference to the figure that the heated gas enters these cylinders at the top,

taking an opposite direction to that pursued by the external and internal currents of

air, and thus securing the most perfect refrigeration, by bringing the gas constantly

in proximity to air of increasing coldness. Each cylinder is furnished at bottom with

a tar receptacle, c, for the collection of the condensed products, which are carried to

the tar-well by a pipe not shown in the figure. The details of construction are suffi-

ciently seen from the drawing, and require no further description.

In some country works the condenser represented at d. Jig. 1026 (p. 673) is used.

It consists of a square chest, g, made of wrought-iron plates open at top, but having
its bottom pierced with a row of holes, to receive a series of tubes. To these holes

the upright four-inch tubes h k are secured by flanges and screws, and they are con-

nected in pairs at top by the curved or saddle tubes. The said bottom forms the

cover of the chest 1 1, which is divided by vertical iron partitions, into half as many
compartments as there are tubes.

These partition plates are left open at bottom, so as to place the liquids of each com-
partment in communication. Thereby the gas passes up and down the series of tubes,

in proceeding from one compartment to another. The condensed liquids descend into

tlie box 1 1, and flow over into the tar cistern, when they rise above the level 1 1. The
tar may be drawn off from time to time by the stopcock. Through the tube k cold

water flows into the condenser chest, and the warm water passes away by a pipe at its

upper edge.

, The extent of surface which the gas requires for its refrigeration before it is admitted

pp3
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into the washing-Umo apparatus, depends upon the temperature of the milk of lime,

and the quantity of gas generated in a certain time.

1039

It may be assumed as a determination siifl&ciently exact, that 10 square feet of

surface of the condenser can cool a cubic foot of gas per minute to the temperature

of the cooling water. For example, suppose a furnace or arch, with 5 retorts of 150
lbs. of coal each, to produce in 5 hours 3,000 cubic feet of gas, or 10 cubic feet

per minute, there would be required, for the cooling surface of the condenser, 100

square feet = 10 x 10. Suppose 100,000 cubic feet of gas to be produced in 24 hours,

for which 8 or 9 such arches must be employed, the condensing surface must contain

from 800 to 900 square feet.

After the action of the condenser, the gas still retains, chiefly in mechanical sus-

pension, a certain quantity of tarry matter, besides a slight percentage of ammonia.
To free it from these, it is passed through a scrubber d (Jig. 1039), which consists of a
tall cylinder filled with bricks, paving stones, or coke, and having an arrangement by
which a stream of water can be admitted at top and removed at bottom. The cliief

use of the water is to remove ammonia from the gas, but as it also dissolves some of

the luminiferous hydrocarbons, its use is objected to by Mr. Wright, and dry
scrubbers are now used at the Western Gas Works. It is also considered by the same
gentleman, that the detention of a certain percentage of ammonia by the gas is

rather an advantage tlian otherwise, as it serves in part to neutralise the sulplmrous

acid which is inevitably produced by the combustion even of the best gas. It must,

however, be borne in mind, that the presence of ammonia in gas gives rise to the

formation of nitric acid during its combustion.

The Exhauster.—The passage of the gas through the liquid of the hydraulic main,

and the other portions of apparatus between the retorts and gasholder, causes a very

considerable amount of pressure to be thrown back upon the retorts, an effect which
is productive of mischief in two ways : in the first place, if there be any fissure or

flaw in the retorts, or leakage in the joints, the escape and consequent loss of gas is

greatly augmented ; and in the secoud pl.-ice, it has been ascertained by Mr. Grafton,

of Cambridge, that pressure in the retorts causes the decomposition of the illuminating

hydrocarbons with greatly-increased rapidity. It is, therefore, very desirable to

remove nearly the whole of this pressure by mechanical moans, and this is now done in

all well-arranged works, by the use of an apparatus termed an exhauster. Several

forms of exhausters are in use, but it will be necessary only to describe that of Mr.
J, T. Beale, which has been found by experience to be very effective and economical.
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It 18 shown in fiection in fig. 1040. Tho axle a is reduced at each end, and passes

into two cylindrical boxes bored to a larger diameter than tho axle at those parts

;

and in the annular space between the axle and the box antifriction rollers are intro-

1040

duced, their diameter being equal to the width of the annular space ; the box at one

end is fitted with a stuffing box, through which the axle passes for the application of

the driving power. Upon motion being given to the axle, the sliding pistons b b are

carried with it. These sliding pistons are furnished at their ends with cylindrical

pins, which project and fit into cylindrical holes bored in the guide blocks c c, which
fit into annular recesses d in the end plates, and keep the slides in contact with the

cylinder. The slides are fitted with metallic packing to allow of wear. The axle

continuing to revolve, as one slide reaches the outlet and ceases to exhaust, the

other comes into action, and the exhaustion is unceasing. Thus the pressure upon
the retorts (which is indicated by a gauge) is reduced to about half an inch of water.

ni. ApPABATUS trSED IN THE PUBIFICATION OF CJoAL-GaS.

The Purifier.—One form of this apparatus, represented at ^,fiff. 1026 (p. 573), is

composed of a cylindrical iron vessel, with an air-tight cover screwed upon it, through
which the cylinder n is also fixed air-tight. The bottom of this cylinder spreads out

like the brim of a hat, forming a horizontal circular partition, which is pierced with
holes. Through a stuffing box, in the cover of this interior cylinder, the vertical axis

of the agitator passes, which is turned by wheel-and-pinion work, in order to stir up the

lime from the bottom of the water in the purifier. The vessel o, serves for introducing

fresh milk of lime, as also for letting it off by a stopcock when it has become too foul

for further use.

The quantity of lime should be proportioned to the quantity of sulphuretted hydro-
gen and carbonic acid contained in the gas. Supposing that in good coal-gas there is

6 per cent, of these gases, about one pound and a half of lime will be requisite for

every hundred cubic feet of coal-gas generated, which amounts to nearly one-
sixteenth of the weight of coal subjected to decomposition. This quantity of lime
mixed with the proper quantity of water will form about a cubic foot of milk of
lime. Consequently, the capacity of the purifier, that is, of the interior space filled

with liquid, may be taken at four-sevenths of a cubic foot for every hundred cubic

feet of gas passing through it in one operation ; or for 175 cubic feet of gas, one cubic
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foot of liquor. After every operation, that is, after every five or six hours, the purifier'

must be filled afresh. Suppose that in the course of one operation 20,000 cubic

feet of gas passes through the machine, this should be able to contain —' =114
175

cubic feet of milk of lime ; whence its diameter should be 7 feet, and the height of the
liquid 3 feet. If the capacity of the vessel bo less, the lime-milk must be more fre-

quently changed.
In some gas-works the purifier has the following construction, whereby an uninter-

rupted influx and efiiux of milk of lime takes place. Three single purifiers are so

connected together that the second vessel stands higher than the first, and the third

than the second ; so that the discharge-tube of the superior vessel, placed somewhat
below its cover, enters into the upper part of the next lower vessel ; consequently,

should the milk of lime in the third and uppermost vessel rise above its ordinary

level, it will flow over into the second, and thence in the same way into the first

;

from which it is let off by the eduction pipe. A tube introduces the gas from the con-

denser into the first vessel ; another tube does the same thing for the second vessel, &c.

;

and the tube of the third vessel conducts the gas into the gasometer. Into the third

vessel, milk of lime is constantly made to flow from a cistern upon a higher level.

By this arrangement, the gas passing through the several vessels in proportion as it

is purified, comes progressively into contact with purer milk of lime, whereby its puri-

fication becomes more complete. The agitator c, provided with two stirring paddles,

is kept in continual rotation. The pressure which the gas has here to overcome is

naturally three times as great as with a single purifier of like depth.

Fig. 1027 (p. 573) is a simple form of purifier, which has been found to answer well

in practice. Through the cover of the vessel a b, the wide cylinder cr? is inserted,

having its lower end pierced with numerous holes. Concentric with that cylinder is the

narrower one sz, bound above with the flange a b, but open at top and bottom. The under
edge gh of this cylinder descends a few inches below the end cd of the outer one. About
the middle of the vessel the perforated shelf m n is placed. The shaft of the agitator /,

passes through a stuffing-box upon the top of the vessel. The gas-pipe g, proceeding

from the condenser, enters through the flange ahvn the outer cylinder, while the gas-

pipe h goes from the cover to the gasholder. A stopcock upon the side, whose orifice

of discharge is somewhat higher than the under edge of the outer cylinder, serves to

draw off the milk of lime. As the gas enters through the pipe g into the space between

the two cylinders, it displaces the liquor till it arrives at the holes in the under edge of

the outer cylinder, through which, as well as under the edge, it flows, and then passes

up through the apertures of the shelf on n into the milk-of-lime chamber ; the level of

which is shown by the dotted line. The stirrer, I, should be turned by wheel-work,

though it is here shown as put in motion by a winch handle.

1041

In order to judge of the degree of purity of the gas after its transmission through

the lime machine, a slender syphon tube provided with a stopcock may have the one

end inserted in its cover, and the other dipped into a vessel containing a solution of

acetate of lead. Whenever the solution has been rendered turbid bv the precipitation

of black sulphuret of lead, it should be renewed. The saturated and fetid milk of lime
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IS evaporated in oblong cast-iron troughs placed in the ash-pit of tte furnaces, and iho

dried lime is partly employed for luting the apparatus, and partly disposed of for a

mortar or manure.

1042
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1043

Fiff. 1041 shows elevations and sections of dry-lime purifiers, which may also be
used for other forms of dry purification, a is the longitudinal elevation ; b ditto

section ; c transverse elevation ; d ditto section.

Figs. 1042 and 1043 represent another form of

dry purifier, combined with a washer or scrubber,

patented by Mr. Lees of Manchester. Fig. 1042
is an elevation, partly in section of this appa-
ratus, and fig. 1043 is another elevation, also

partly in section, of the same, a is a hopper, into

which the dry lime is fed ; 6 is a damper, or sliding

door, by which the supply of lime can be regu-
lated ; c is a sheet-metal tube, containing the worm
or screw, d, the axis of which is supported at one
end by the stuffing-box e, and at the other end by
the bearing /. A slow revolving motion is given
to the worm d from the driving shaft g, by means
of the bevel-wheels k, upright shaft i, worm^, and
worm-wheel k, fixed on the axis of the worm.
The lime in the hopper a, is kept in motion by

the screw n, which is turned slowly round by the
worm^, the worm-wheel o and bevel-wheels^, one
of which is fixed on the screw n. The tube c is

open at &, to admit the dry lime from the hopper
a, and the worm or screw d, is furnished with cross
pieces d' to agitate the lime which is gradually
moved from the hopper to the other end of the tube
c, hy the revolving of the worm. Below the tube
c is another tube Z

; y is a syphon, by which the
washing fluid is supplied and conducted to the
chamber s, which then flows down the tube I to the
chamber r, keeping the level indicated by j b. z
are two paddles, fixed upon the circular perforated
plates, Avhich are set to an angle, and secured to

the shaft m', and are revolved speedily by the
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strap aud pulleys x. These agitators servo to increase the action o^ the washing fluid

contained in the tube /, by which the gas is washed previous to passing through the

dry-lime purifier.

The mode of operation is as follows :—the gas to be purified is admitted through
the pipe q, to the chamber r, from whence it passes along the tube /, as shown by the
arrows, to the chamber s; it then rises into the chamber < and enters the tube c, along
which it passes in the direction shown by the arrows, whence it may be conveyed,
through the pipe v, to the gasometer.

It will be apparent, as the gas passes along the tube I, containing the agitators m,
which are caused to revolve speedily by the motion given by the straps and speed
pulleys X, that the washing fluid, which is passing regularly through the syphon ^,
and running into the chamber s, and along the tube I, into the chamber r, keeping the
level as shown hyjb, is caused to be revolved into a centrifugal motion round the

tube I, by the two paddles z, placed upon the circular perforated plates, secured ;.]ion

the shaft m, which are set to an angle, thereby causing a counter-motion from left to

right of the tube I, and causing the washing fluid to be wrought into a complete spray
amongst the gas, whereby the heavier parts of the impurities are carried away more
effectually than by any other washers in use.

The gas then enters the chamber t through the tube c, passes along the coils or
threads of the worm or screw d, and as the cross pieces d' are set to an angle, as

shown in ftff, 1043, the lime is raised from the lower to the upper part of the tu])e c,

and then drops down to the gas that is making its way towards the openings c^ ; con-

sequently, the lime and the gas become most intimately mixed, whereby the lime is

made to absorb a much greater proportion of the impurities contained in the gas than
is effected by the dry-lime purifiers usually employed, in which the lime is supported
on stationary trays. The lime dropping into the tube c, from the hopper a, is worked
gradually towards the chamber i, into which it drops. The speed of the screw or

worm d, the number of threads upon it, the length and diameter thereof must be
made to suit the quantity of gas to be purified per hour. The lime which drops into

the chamber t, may be removed therefrom through the man-hole w. Mr. Lees states

that a considerable saving is effected in the lime, owing to each particle or atom being
kept in motion, and falling repeatedly through the gas in its passage from one end of

the tube to the other, and that there is also a great saving in labour.

Another form of wet purifier, which might also be advantageously used as a
scrubber, or as a naphthaliser, has been invented by M. Colladoa of Geneva, and

1044

is now in use in the gas-manufactory of that city. This apparatus, as shown in

vertioal section in fi^. 1044, consists of a section of a very obtuse cone a' the angle of
inclination of which is 1 64°. Its upper and smaller end is joined to a metal cylinder a,

placed on the same axis as a', and about its own diameter in height. At top it is closed



GAS, COAL 585

1045

by a cast-iron plate k, through which the axle c passes : the latter communicates a ro-

tary motion to the cylinder and cone a and a'. It is inclined 8° from the perpendicular,

and rests upon the steel point of the centre pin b\ whilst at top it carries a pulley by
which a circular motion is communicated to it. a a are a series of metal discs whicn
stand vertically to the inner surface of the cone a', with spaces of about one inch

between them. The discs are arranged concentrically, and have spaces correspond-

ing to the quantity of gas which has to pass through them. They are from 6 to 7
inches long. As the axle c and cylinder a are not vertical, but somewhat inclined, one
side of the cone a' will, during the revolution, be in a nearly horizontal position,

whilst the opposite side will be immersed in the liquid to the extent of about 16°.

The whole of this mechanism is enclosed in a sheet-iron lid b. The centre pin h is

attached by a cross bar to the lower edge of b, whilst the axle c is supported by d,

which is also attached to b. d' d' is a water-joint permitting of the free motion of c.

The lid b thus contains the whole of the washing apparatus, and it is held in its proper
position in the trough c by lateral attachments, d is the inlet pipe opening into the

cylinder a, from which it has to make its way through the discs a a to the outlet e.

This apparatus gives no sensible pressure, and requires a very small motive power.

Fig. 1045 represents an arrangement of four of the dry purifiers shown in^^. 1041,

worked by a central valve, as used at the present time in most large gas works ; it is

the invention of Mr. Malara, and is described in Mr. Peckston's treatise. A, p, c, d,

are the four purifiers connected with
the central valve e in such a way as

to permit of three of them being at

work whilst the fourth is emptied
and re-charged. The outer case of

the central valve e, is a cylinder of

cast or wrought iron, 5 to 6 feet in

diameter and 3 to 4 feet deep. Its

floor receives the open ends of 10

pipes conducting the gas from the

condenser or exhauster to the diffe-

rent purifiers, and then to the gas-

holders; the ends of these pipes

project upwards to the height of 14

inches, and the vessel e is filled with

water to the height of 12 inches,

thus leaving the orifice of the pipes

2 inches above the water-level. This

cylinder has a cover which consists

of a smaller cylinder, open below
and closed above, fitting into b so as

to form a water-lute. Its interior is

divided into 5 chambers, as shown
in^^. 1046 ; and when the cover is

so far lowered into b as to immerse
the edges of these chambers into the

water, they each connect together a
pair of pipes as shown in^. 1045,

at E, which exhibits a horizontal

section through these chambers.
The chambered cover being placed

in the position shown in fig. 1045,
the gas takes the following course : it enters the chamber a' by the pipe a tt, passes

through the pipe marked 1, into the bottom of the purifier c, and after traversing the

layers of purifying material in c, it returns to chamber e of the central valve by the

pipe 2 ; thence by pipe 3, it enters the purifier d, and returns to chamber d of the

valve by pipe No. 4. From this chamber it can only make its exit by pipe No. 5,

which conducts it into b, whence it returns to chamber b, by pipe No. 6, and from this

chamber it finally passes to the gasholdei? through the exit pipe b b. Thus the purifier

a is left out of the circuit for the purpose of re-charging or revivification ; but when
the material in c has become exhausted, it can be replaced in the circuit by a, by
slightly taising the cover of e, and turning it round so as to bring the chambet o' over

pipe 8, and again depressing it to its former position * by this arrangement d, b and
A become the working purifiers, whilst c will be thrown out of the circuit. Thus, by
the action of the central valve e, each of the foxir purifiers Can in turn be excluded

from the circuit, and recharged or revivified.



586 GAS, COAL

IV.

—

Apparatus for the Stokaqb of Coal-Gas.

The gasholder serves as a magazine for receiving the gas when it is purified, and
keeping it in store for use. It consists of two essential parts : 1, of an under cistern,

open at the top and filled with water ; and 2, of the upper floating cylinder or chest,

which is a similar cistern, inverted, and of somewhat smaller dimensions (see 'F,jig.

1025, p. 573). The best form of this vessel is the round or cylindrical ; both because
under equal capacity it requires least surface of metal, and it is least liable to be
warped by its own weight or accidents. Since a cylindrical body has the greatest
capacity with a given surface when its height is equal to its semi-diameter, its dimen-
sions ought to be such that when elevated to the highest point in the water, the
height may be equal to the radius of the base. For example, let the capacity of the
gasholder in cubic feet be k, the semi-diameter of its base bo ar, the height out of the
water.be A;

h = X = . This height may bo increased by one or two feet, according toita
3'14

magnitude, to prevent the chance of any gas escaping beneath its under edge, when
it is raised to its highest elevation in the water.

The size of the gasholder should be proportional to the quantity of gas to be con-

sumed in a certain time. If 120,000 cubic feet be required, for instance, in 10 hours
for street-illumination, and if the gas-retorts be charged 4 times in 24 hours, 30,000
feet of gas will be generated in 6 hours. Hence the gasholder should have a capa-
city of at least 70,000 cubic feet, supposing the remaining 50,000 cubic feet to be pro-

duced during the period of consumption. If the gasholder has a smaller capacity, it

must be supplied from a greater number of retorts during the lighting period, which is

not advantageous, as the first heating of the supernumerary retorts is wasteful of fuel.

The water cistern is usually constructed in this country with cast-iron plates bolted

3r, and made tight with rust cement.

1047 1048

In cases where the weight of water required to fill such a cistern might bo incon-

venient to sustain, it may be made in the form represented in^f^. 1048 ; whicli, how-

ever, will cost nearly twice as much. Parallel with the side of the cistern, a secoqd

cylinder c, of the same shape but somewhat smaller, is fixed in an inverted position to

the bottom of the first, so as to leave an annular space b b Ijetween them, which is

filled with water, and in which the floating gasholder a plays up and down. The
water must stand above the cover of the inverted cylinder, a and b are the pipes for

leading the gas in and out. Through an opening in the masonry upon which the ap-

paratus rests, the space c may be entered, in order to make any requisite repiirs.

The water cistern may also bo sunk in the ground, and tiie sides made tight with

hydraulic morUir, as is shown in Jiff. 1047, and to make it answer with less water a
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fiotidentric (Cylindrical mass of masonry may be built at a distance of 2 or 3 inches

leithin it.

Every large gasholder must be strengthened interiorly with cross iron rods, to

stiffen both its top and bottom. The top is supported by rods stretching obliquely

down to the sides, and to the under edge an iron ring is attached, consisting of curved

cast-iron bars bolted together ; with which the oblique rods are connected by perpen-

dicular ones. Other vertical rods stretch directly from the top to the bottom edge.

Upon the periphery of the top, at the end of the rods, several rings are made fast, to

which the gasholder is suspended, by means of a common chain which runs over a
pulley at the centre. Upon the other end of the chain there is a counterpoise, which
takes off the greater part of the weight of the gasholder, leaving only so much as is

requisite for the expulsion of the gas. The inner and outer surfaces of the gasholder

should be a few times rubbed over with hot tar, at a few days' interval between each

application. The pulley must be made fast to a strong frame.

If the water cistern be formed with masonry, the suspension of the gasholder may
be made in the following way:—A h.,fig. 1047, is a hollow cylinder of cast iron, stand-

ing up through the middle of the gasholder, and which is provided at either end with

another small hollow cylinder g, open at both ends, and passing through the top, with

its axis placed in the axis of the gasholder. In the hollow cylinder o, the counter-

weight moves up and down, with its chain passing over the three pulleys, b, b, b, as

shown vnfiq, 1048 ; e f are the gas-pipes made fast to a vertical iron rod. Should the

gasholder be made to work without a counterweight, as we shall . presently see, the

central cylinder a a serves as a vertjcal guide.

In proportion as the gasholder sinks in the water of the cistern, it loses so much
of its weight as is equal to the weight of the water displaced by the sides of the sink-

ing vessel, so that the gasholder, when entirely immersed, exercises the least pressure

upon the gas, and when entirely out of the water, it exercises the greatest pressure.

In order to counteract this inequality of pressure, which, where no governor is used,

would occasion an unequal velocity in the efflux of the gas, and of course an unequal
intensity of light in its flame, the weight of the chain upon which the gasholder hangs
is so adjusted as to be equal, throughout the length of its motion, to one-half of the

weight which the gasholder loses by immersion. In this case, the weight which it

loses by sinking into the water is replaced by the portion of the chain which, passing

the pulley and hanging over, balances so much of the chain upon the side of the coun-

terweight ; and the weight which it gains by rising out of the water is counterpoised by
the links of the chain which, passing over the pulley, add to the amount of the counter-

weight. The pressure which the gasholder exercises upon the gas, or that with which
it forces it through the first main pipe, is usually so regulated as to sustain a column
of from one to two inches of water, so that the water will stand in the cistern from one
to two inches higher within than without the gasholder. The following computation
will place these particulars in a clear light :

—

Let the semi-diameter of the gasholder, equal to the vertical extent of its motion
into and out of the water, =x ; let the weight of a foot square of the side of the gas-

holder, including that of the strengthening bars and ring, which remain plunged under
the water, =p; then

1. the weight of the gasholder in its highest position =3 jp ir ar';

2. the weight of the sides of the gasholder which play in the water = 2 ^ a;' ;

3. the cubical contents of the immersed portion of the gasholder =!-^!^
;

112
4. its loss of weight in water — —- ptr a^;

^ 400
'^

5. the weight of the gasholder in its lowest position »

6. the weight of n inches height of water = —. nirx';
1 ^

7. the amount of the counterweight = v x^ i^P - —^)

;

112
8. the weight of the chain for the length x =— pirx^

^ 800^

If we reduce the weight of the gasholder, in its highest and lowest positions, to

the height of a stratum of water equal to the surface of its top, this height is that of
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the column of water which would press the gas within the gasometer, were no counter-

weight employed ; it consists as follows :

—

9. for the highest position = -^
;

66

10. for the lowest = ?^Z1P;
50

For the case when the heiglit of the gasholder is different from its semi-diameter,
let this height = i7ix ; then the height of the water-level is

11. for the highest position = p (—r^— ) J

^ /I + 1-72 m\
.

=^(—6-)'

13. the counterweight = v x^ 6? (1 + 2 ?w)-55^\;

112
14. the weight of the equalising chain = pirmx'.

For example, let the diameter of the gasholder be 30 feet, the height 15 (the con-

tents in cubic feet will bo 10,597), j? = 4 lbs. ; then the counterweight for a height of

li inch of water-pressure = 3,532 lbs. ; the weight of the chain for a length of 15 feet

^ 395 lbs. Were no counterweight employed, so that the gasholder pressed with its

wliole weight upon the gas, then the height of the equivalent column of water in its

highest position = 2'56 inches ; and in its lowest, 2*33. The counterweight may hence
be lessened at pleasure, if the height of the pressing water column, n, be increased.

The weight of the equalising or compensating portion of the chain remains the same.
When w = 2 inches, for instance, the counterweight = 1,886 lbs.

The velocity with which the gas passes along the mains for supplying the various

jets of light may be further regulated by opening the main cock or slide valve in a
greater or less degree.

Gasholders whose height is greater than their semi-diameter are not only more
costly in the construction, but require heavier counterweights and equilibration

chains.

The above estimate is made on the supposition of the gas in the gasholder being
of the same specific gravity as the atmospherical air, which would be nearly true with
regard to oil-gas under the ordinary pressure. But coal-gas, whose specific gravity

may be taken on an average at about 0*5, exercises a buoyancy upon the top of the

gasholder, which of course diminishes its absolute weight. Supposing the cubic foot

of gas to be =0-0364 lbs., the buoyancy will be «=3"0364ira;» lbs., a quantity which
deserves to be taken into account for large gasometers. Hence,

15. the weight of the gasholder in its highest position =3j?Tr«2— Q-IHS**;

16. the counterweight ^vx^fsp ^—\^01U3x^;

17. the weight of the chain for the length x,=— x^
^'^^^^^

;

SOO^ir 2

18. the weight of the water-pressure from the highest position, without the counter-

19. the same for the lowest position =—LJB in feet.
56

The preceding values ofp and x, are,

(16)*3147; (17) -304; (18) =2-44 inches; (19) =2*33 inches.

The water-columns in the highest and lowest situations of the gasholder here difier

about 0-1 of an inch, and this difference becomes still less when p has a smaller value,

for example, 3 lbs., or when the diameter of the gasholder is still greater.

It would thus appear that for coal-gasholders, in wliich the height of the gas-

holder does not exceed its semi-diameter, and especially wlien it has a considerable

size, neitlier a compensation chain nor a counterweight is necessary. The only thing

requisite is to preserve the vertical motion of the gasholder by ;i .sufficient number of

guide rods or pillars, placed cither within the water cistern or round about it Should
the pressure of the gas in the pipe proceeding from the gasholder be less than in the
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gasliolder itself, this may bo regulated by the main valve, or by wat^r valves of

various kinds. Or, as is now usually done, a governor may be introduced between the

great gasholder and the main pipe of distribution. With a diameter of 61 feet in

the gasholder, the pressure in the highest and lowest positions is the same.

The gasliolders employed in storing up gas until required for use, occupy, upon the

old plan, much space, and are attended with considerable expense in erecting. The

water-tank, whether sunk in the ground or raised, must be of equal dimensions with

the gasholder, both in breadth and depth. The improved construction which we are

about to describe, affords a means of reducing the depth of the tank, dispensing with

the bridge of suspension, and of increasing at pleasure the capacity of the gasholder,

upon a given base, thus rendering a small apparatus capable, if required, of holding a

large quantity of gas, the first cost of which will be considerably less than even a

small gasholder constructed upon the ordinary plan.

Mr. Tait, of Mile-End Koad, the inventor, has, we believe, been for some years

connected with gas-establishments, and is therefore fully aware of the practical

defects or advantages of the different con-

structions of gasholders now in use. Fig,

1049 is a section of Mr. Tait's improved
contrivance: a a is the tank, occupied with

water ; b b two iron columns with pulley

wheels on the top ; c c chains attached to a

ring of iron, dd, extending round the gas-

holder, which chains pass over the pulley

wheels, and are loaded at their extremities,

for the purpose of balancing the weight of

the materials of which the gasholder is com-

1049.

The gasholder is formed by two or three

cylinders, sliding one within the other, like

the tubes of a telescope; eee'is the first or

outer cylinder, closed at the top, and having
the ring of iron, d, passing round it, by
which the whole is suspended ; // is the

second cylinder, sliding freely within the

first, and there may be a third and fourth

within these, if necessary.

When there is no gas in the apparatus, all the cylinders are slidden down, and
remain, one within the other, immersed in the tank of water ; but when the gas rises,

through the water pressing against the top of the gasholder, its buoyancy causes the

cylinder e to ascend. Bound the lower edge of this cylinder a groove is formed by
the turning-in of the plate of iron, and, as it rises, the edge takes hold of the top rim
of the cylinder /, which is overlapped for that purpose. The groove at the bottom of

the cylinder fills itself with water as it ascends, and, by the rim of the second cylinder

falling into it, an air-tight hydraulic joint is produced.
Thus several cylinders may be adapted to act in a small tank of water, by sliding

one within the other, with lapped edges forming hydraulic joints, and, by supporting
the apparatus in the way shown, the centre of gra-vdty will always be below the points

of suspension. A gasholder upon this plan may be made of any diameter, as there
will be no need of frame-work or a bridge to support it ; and the increasing weight of
the apparatus, as the cylinders are raised one after the other, may be counterpoised
by loading the ends of the chain c c.

Fig. 1050 is an elevation of a double or telescopic gasholder of a modern and ap-
proved form, with part of a tank.

The water in the gasholder need not be renewed ; but merely so much of it as
evaporates or leaks out is to be replaced. Indeed the surface of the water in the
cistern gets covered with a stratum of coal-oil, a few inches deep, which prevents its

evaporation, and allows the gas to be saturated with this volatile substance, so as to
increase its illuminating power.
The gasholder may be separated from the purifier by an intermediate vessel, such

as is represented by fig. 1051, with which the two gas-pipes are connected, a is the
cylindrical vessel of cast iron, a, the end of the gas-pipe which comes from the
purifier, immersed a few inches deep into the liquid with which the vessel is about
two-thirds filled ; b is the gas-pipe which leads into the gasholder, c is a perpendicular
tube, placed over the bottom of the vessel, and reaching to within one-third of the
top, through which the liquid is introduced into the vessel, and through which it

escapes when it overflows the level d. In this tube the liquid stands towards the
inner level higher, in proportion to the pressure of the gas in the gasholder. The



590 GAS, COAL

fluid which is condensed in the gas-pipo b, and in its prolongation from the gasholder,
runs off into the vessel a ; and therefore the latter must bo laid so low that the said
tube may have the requisite declivity. A straight stopcock may also be attached to
the side over the bottom, to draw off any sediment.

1060

^ Oj^ ^

The governor.—AXthon^i the gasholder is, to a certain extent, a regulator of
pressure, yet it is difficult, by its action alone, to maintain a pressure so steady and
uniform as that required for the supply of gas jqcj
consumers. It would be difficult, if not impossible,

to alter the pressure upon the mains frequently

during a single night, as is now usually done in

towns with a large number of street lamps, with-

out the intervention of an apparatus termed a

governor. The governor, which occupies a position

between the gasholder and supply mains, is a

miniature gasholder a (see figs. 1052, 1053, and
1054, which represent Mr. Wright's improved
governor), the interior of which, however, is nearly

filled by the concentric inlet and outlet pipes b

and c. Immediately over the mouth of the inlet

pipe, and depending from the roof of the inn>r

cylinder, is a parabolic piston w, which hangs

within the contracted mouth of the inlet pipe c.

The interior cylinder is counterpoised by the lever

and weights e e. Now, when the pressure of gas

in this small holder increases—that is, when the flow of gas through the inlet pipe

exceeds that escaping from the outlet—the inner cylinder rises ; but, in doing so, it

airries with it the parabolic piston d, and thus contracts the orifice of the inlet, and
consequently diminishes the ingress of gas. In this way, by adjusting the weights

attached to the lever of the governor, and by always maintaining a pressure in the

gasholder greater than is required in the mains, the gas can be delivered from the

governor at any required pressure. In hilly towns, such as Bristol, Bath, Edinburgh,

&c., it is necessiiry to employ governors at different stages of elevation in order to

produce a tolerably uniform pressure in the different districts. The necessity for this

will be obvious when it is stated that a difference of level of 30 feet affects the pressure

of the gas in the mains to the extent of ^ths of an inch of water.

The gas mains, —The pressure by which the motion of tho gas is maintained in th©
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pipes is regulated by the governor. From the magnitude of this pressure, and
the quantity of gas which in a given time, as an hour, must be transmitted through
a certain length of pipes, depen(& the width or the diameter that the latter should

1052

have, in order that the motion may not be retarded by the friction which the gas, like

all other fluids, experiences in tubes, whereby the gas might be prevented from

1053

issuing with the velocity required for the jets of flame. The velocity of the gas in

the main pipe increases in the ratio of the square root of the pressing column of

water upon the gasholder, and therefore by increasing this pressure the gas may be
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forced more rapidly along the remoter and smaller ramifications of the pipes. Thus it

happens, however, that the gas will bo discharged from the orifices near the gasholder
with superfluous velocity. It is therefore advisable to lay the pipes in such a manner,

1054

that in every point of their length, the velocity of discharge may be nearly equal.

This may be nearly effected as follows :

—

From experiment it appears that the magnitude of the friction, or the resistance

which the air suffers in moving along the pipes, under a like primary pressure, that is

for equal initial velocity, varies with the square root of the length. The volume of gas

discharged from the end of a pipe is directly proportional to the square of its diameter,

and inversely as the square root of its length ; or, cr.nir^ the length l, the diameter d,

D2
the cubic feet of gas discharged in an hour^-; then ^= -y=. Experience likewise

shows, that for a pipe 250 feet long, which transmits in an hour 200 cubic feet of gas,

one inch is a sufficient diameter.

Consequently, 200 : k
D«

146 a/ 260* vX'
andD =

455,000

From this formula the following table of proportions is calculated :-

Number of cnbic feet per hour Length of pipe, in feet Diameter, in inches

50
250
600

700

100

200
600

1000

0-40

1-00

1-97

2-65
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Number of cubic feet per hour Length of pipe, in feet Diameter, in inches

1000 1000 3-16

1600 1000 3-87

2000 1000 4-47

2000 2000 5-32

2000 4000 6-33

2000 6000 7-00

6000 1000 7-76

6000 2000 9-21

8000 1000 8-95

8000 2000 16-65

These dimensions are applicable to the case where the body of gas is transmitted

through pipes without being let off in its way by burners, that is, to the mains which

conduct the gas to the places where it is to be used. If the main sends oflf branches

for burners, then for the same length the diameter may be reduced, or for like

diameter the length may be greater. For example, if a pipe of 5*32 inches which
transmits 2,000 cubic feet through a length of 2,000 feet, gives off, in this space, 1,000

cubic feet of gas ; then the remainder of the pipe, having the same diameter, can

continue to transmit the gas through a length of 2,450 feet = (
1—V, with undi-

minished pressure for the purposes of lighting. Inversely, the diameter should be
progressively reduced in proportion to the number of jets sent off in the length of

the pipe.

Suppose, for instance, the gasholder to discharge 2,000 cubic feet per hour, and the

last point of the jets to be at a distance of 4,000 feet. Suppose also that from the

gasholder to the first point of lighting, the gas proceeds through 1000 feet of close pipe

the diameter of the pipe will be here 4*47 inches; in the second 1,000 feet of length,

suppose the pipe to give off, at equal distances, 1,000'cubic feet of gas, the diameter in

this length (calculated at 1,500 cubic feet for 1,000 feet long) = 3*87 inches; in the

third extent of 1,000 feet, 600 cubic feet of gas will be given off, and the diameter
(reckoning 700 cubic feet for 1,000 feet long) will be 2-66 inches; in the fourth and
last space (for 200 cubic feet in 1,000 feet long) the pipe has a diameter of only an
inch and a half, for which, in practice, a two-inch cast-iron pipe is substituted ; this

being the smallest used in mains, into which branch pipes can be conveniently

inserted.

The same relations hold with regard to branch pipes through which the gas is

transmitted into buildings and other places to be illuminated. If such pipes make fre-

quent angular turnings, whereby they retard the motion of the gas, they must be a
third or a half larger in diameter, The smallest tubes of distribution are never less

than one fourth of an inch in the bore.

Where, from one central gas-work, a very great quantity of light is required in

particular localities, there ought to be placed near these spots gasholders of distribu-

tion, which being filled during the slack hours of the day are ready to supply the

burners at night without ma^ng any considerable demand upon the original main
pipe. Suppose the first main be required to supply 8,000 cubic feet in the hour, for

an illumination of 8 hours, at the distance of 2,000 feet, a pipe 10| inches in diameter
would be necessary ; but if two or three gasholders of distribution, or station gas-

holders be had recourse to, into which the gas during the course of 24 hours would
flow through the same distance continuously from the central gas-works,.the quantity

required per hour from them would be only one third of 8,000 = 2666*6 cubic feet;

consequently, the diameter for such a pipe is only 6*15 inches.

All the principal as well as branch pipes, whose interior diameter exceeds an inch
and a half, are made of cast iron, from 6 to 8 feet long, with elbow pipes cast in them
where it is necessary. These pipe-lengths are shown in^. 1055, having at one end
a wide socket a, and at the other a nozzle b, which fits the former. After inserting

the one in the other in their proper horizontal position, a coil of hemp, soaked with*

tar is driven home at the junction ; then a luting of clay is applied at the mouth,
within which a ring of lead is cast into the socket, which is driven tight home with a
mallet and blunt chisel.

The pipes should be proved by a force-pump before being received into the gas-
works ; two or three lengths of them should be joined before laying them down, and
they should be placed at least two feet below the surface, to prevent their being

;

affected by changes of temperature, which would loosen the joints. The tubes for
VouII. QQ
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internal distribution, when of small size, are made of lead, copper, wrought iron,

or tin.

Instead of a stopcock for lotting-oflf the gas in regulated quantities from the gas-

1066 1066

rrrrrrr'i'f'u/^

holder, a peculiarly-formed water or mercurial valve is usually employed. Fig. 1056
shows the mode of construction for a water trap or lute, and is, in fact, merely a gas-

holder in miniature, cdef is a square cast-iron vessel, in the one side of which a
pipe A is placed in communication with the gasholder, and in tho other, one with the
main b. Tho moveable cover or lid h g i k has a partition, l m, in its middle. If
this cover be raised by its counterweight, the gas can pass without impediment from
A to B ; but if the counterweight be diminished so as to lot the partition plate l m
sink into the water, the communication of the two pipes is thereby interrupted. In
this case the water-level stands in the compartment a so much lower than outside of
it, and in the compartment b, as is equivalent to the pressure in the gasometer ; there-

fore the pipes a and b must project thus far above the water. In order to keep tho
water always at the same height, and to prevent it from flowing into the mouths of
these pipes, the rim c d of the outer vessel stands somewhat lower than the orifices

A B ; and hence the vessel may be kept always full of water.

If a quicksilver valve be preferred, it may be constructed as shown in /^. 1057.
A B are the terminations of the two gas-pipes, which are made fast in the rectangular

1067 iron vessel m. e is an iron vessel of the
same form, which is filled with quick-

silver up to the level a, and which, by
means of the screw g, which presses

against its bottom, and works in the
fixed female screw c c, may be moved
up or down so that tho vessel m may be
immersed more or less into the quick-

silver. The vessel m is furnished with
a vertical partition m ; the passage of

the gas from a to b is therefore ob-
structed when this partition dips into

the quicksilver, and from the gradual
depression of the vessel e by its screw,
the interval between the quicksilver and
the lower edge of the partition, through
which tho gas must enter, may be en-
larged at pleasure, whereby the pressure
of the gas in b may be regulated to any
degree. The transverse section of that
interval is equal to tho area of the pipe,

or rather greater ; the breadth of the
vessel M, from a to b, amounts to the
double of that space, and its length to

tho mere diameter of a or b. Tho greatest height to which tho partition m can
rise out of the quicksilver is also equal to tho above diameter, and in this case
the line a comes to the place of h. Tho vertical movement of the outer vessel b is

secured by a rectangular rim or hoop which surrounds it, and is made fast to tho
upper part of tho vessel m, within which guide it moves up and down. Instead of the
lever d d, an index with a graduated plat(5 may bo employed to turn the screw, and to

indicate exactly tho magnitude in the opening of the valve.
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CAS-SirGZirB (Lenoir's patent).—From time tx) time vanous forms* of

explosive engines have been introduced. Lenoir's is one of this description which

has engaged the public attention ; it differs in principle but little from those gas-engines

by which it has been preceded.

It resembles a horizontal steam-engine in outward appearance, but the motive

power is obtained by exploding a mixture of coal-gas and air on each side of the

piston. The explosion is effected by means of a small galvanic battery, which is

alternately put in circuit with wires at either end of the cylinder by means of an

insulated conductor sliding on the cross head of the piston. Two slide valves are

employed, driven by excentrics in the usual manner ; one serving for the admission

of the mixed gases, whilst the other covers the ports, for the removal of the gases pro-

duced by the explosion. The cylinder is kept cool by a current of water, which cir-

culates about its outer surface.

From a report on the mechanical effect produced by this engine, published by
M, Tresca, the following data have been obtained :

—

The hourly consumption of gas per effective H. P. is 10r7 cubic feet. The ignition of

the gases in the interior of the cylinder is effected at a temperature of 636° Fahr.

and 176 gallons of water, at 64:° Fahr. are employed per hour in cooling the cylinder,

the temperature being raised by the contact of the heated metal to 105° Fahr.

It will therefore be seen that there is no economy to be obtained from the use of

this engine in the place of steam-power, but it may be conveniently employed for the

production of a small power in places where it is considered desirable to dispense

with the use of steam boilers. Another, and perhaps more formidable objection, is

pointed out by M. Tresca in the fact, that a trace of nitric acid is invariably found

in the products of the explosion, which results from the oxidation of a minute

quantity of the nitrogen in the air employed, and which is likely to exert a destruc-

tive influence on the interior of the cylinder.

The gas-engine known as the moteur Lenoir, which was imagined at the commence-
ment of the present century by an engineer named Lebon, was intended to supply

motive power in small workshops ; the Lenoir engine has answered the end for which
it was invented, and has carried motive power into the very residence of the workman.
The Lenoir engine has no boiler; it is fed by a current of ordinary gas, mixed
with a certain amount of air ; an electric spark, produced from a Euhmkorff coil,

excited by the machine itself, sets fire to the mixtiire, and the heat which results is

the true motive power of the engine. The Lenoir engines are of the force of one-half

to three-horse and they occupy little space ; amongst their advantages are, that they

can be started and stopped instantaneously, and present no danger from explosion

or tire. They require to be kept, however, in perfect condition, otherwise they are

liable to sudden and apparently unaccountable stoppages.

With regard to their economy, according to experiments made with an engine

having a cylinder 0*24 meter in diameter, and a stroke of 0*12 meter, the gas used

amounted to from 2,699 to 5,352 litres per horse per hour, but the consumption in

regular working is about 2,700 litres. The most economical employment corresponded

with a little less than the force of one horse, the speed of the flywheel being 107
revolutions per minute. The consumption of water was equal to 120 litres per horse

per hour ; this water left the cylinder at a temperature inferior to 100° C.

There is another class of machines about which a few words should be said ; their

applications are not yet numerous, but they doubtless have a great future before

them ; these are compressed air-engines which allow of Work being carried on at the

depth of thirty to forty meters below water, and even deeper, for the establishment of

the tubular foundations of bridges, and for other purposes. The piercement of Mont
Cenis offers an admirable example of the new and important means of employment of

compressed air. The works of the grand Alpine tunnel have shown with what
facility air compressed under six or seven atmospheres can be conveyed through pipes

to great distances, as far as five miles or more, without any sensible loss of pressure

to work motive machines similar to ordinary steam-engines. See Aib-Enginb.
These results are very important, and may contain the germs of the solution of the

problem ofdistributing motive power wherever it is required in towns. We have spoken
of the Lenoir engine, but in spite of many improvements introduced into gas motors,

they still have their inconveniences ; their power, at the same time, is very limited.

GAS-FTTRXTACE. Lundin's Gas-Fumace.—Pvidd^ng with wood is practised to a
considerable extent in Sweden, the best furnace being that of F. Lundin, of Carlstadt

Munkfors,^^. 1058, designed for the consumption of turf and peat without drying,

and of wet sawdust or other moist fuel. a. Jig. 1058, is a pile of green sawdust ; b,

hopper and cone ; d, gas generator for green sawdust; g, condenser; K, air blast; s,

chimney, 43 feet high ; y y, 3,500 lbs. of iron in bars, cooled by the water from pipe

qq2
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YY, to cool the gas and precipit^ito the water ; l sawdust containing 45 per cent, of
water; z water at 2°

; at a the temperature is 300°, at d 350°, at c 400° to 450° C.

1068

The temperature used to bum the gas, calculated from the cold air, is about
2000° C.

At R lead melts slowly ; at f lead melts easily ; at e zinc sometimes melts.

The gas, before condensation, contains 33 parts by weight of water to 100 of dry
gas.

Constituents of Gas.

11*8 vol. carbonic acid . , , . 19 '6 weight.
19-8 „ „ oxido .... 20-8 „
11-3 „ hydrogen 0*87 „
4-0 „ marsh gas 2-4 „

53"1 „ nitrogen 66'3 „

The furnace may be placed at a long distance from the condenser.

In this furnace the fuel is fed by a hopper into a reservoir, resting upon an inclined

grate, supplied from below with air from a blower. The products of combustion thus

produced pass through a condenser, where all the moisture in the gas is condensed.

The gas then passes to the heating furnace, which is furnished with Siemens' re-

generators. It is found easy to use fuel containing as much as 46 per cent of water,

and the resulting gas contains about 33 lbs. of water to 100 lbs. of dry gas, whilst the

water, after condensation, contains about 2 per cent, of its weight in gas, and 3 per

cent, of its volume. The condensing apparatus consists of 3,500 lbs. of iron bars

pilod crosswise on each other, and kept cold by a jet of water from a tuyere. The heat

of the gas before condensation of the water always melts lead easily, and sometimes
zinc. In the Elkman furnace dry wood containing 8 per cent, of water produces in the

generators gas of a temperature of 1394°, while in the Lundin furnace the tempera-

ture is 2666°, the combustion in both cases being produced by cold air. The gas

produced by seasoned wood contains more water than that which proceeds from tlio

Lundin condenser. The duration of the furnace is very remarkable, and is to be

attributed probably to the fact that there is no cinder. In eight weeks the thickness

of the roof, 4 in., was only diminished from i to f in., and the side walls were entirolv

uninjured. So great is the success of this system of condensation, in connection witn

the Siemens' regenerators, that in Sweden, and in fact overy\»'here where moist fuel is

employed, the Lundin furnace will supersede every other. Abram S. Hewitt con-

siders that it is available for any kind of fuel whatever.

Siemens' patent Regenerative Gas-FurJiaces.—The advantagesof the regenerative gas-

furnaces are stat-ed to. be

—

1.—Saving of fuel, amounting to from 40 to 60 per cent, in the quantity, besides
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-which, the most inferior qualities of fuel, such as slack, coka-duat, lignite, and peat,

may be employed, producing a money saving, in many instances, amounting to 75 per

cent.

2,—Increase of -work done per day in a furnace of given dimensions amounting

to 30 per cent, or more, owing to xmlimited conmiand of heat with low chimney-

draught.
3.—Great purity and gentleness of flame, which greatly diminishes the oxidation, or

deterioration, of the material heated in the furnace.

4.—Increased durability of furnace, owing to the absence of ashes, and a perfect

uniformity of heat throughout the furnace.

6.—Sa-vang of space within the works, and great cleanliness of operation, the fuel

being converted into gas outside the works.
6.—Complete command of the intensity of the heat, and of the chemical nature of

the flame, which may be arrested or changed from a reducing to an oxidising flame, or

the reverse, at any one moment, tending to facilitate and improve all metallurgical

operations.

7.—Complete absence of smoke from the stack,^which renders this furnace beneficial

to the public in large towns.

The late Professor Faraday, in his last public lecture at the Eoyal Institution, on
the 20th June 1862, described these furnaces in the following terms :

—

' The gaseous fuel is obtained by the mutual action of coal, air, and water, at a
moderate red heat. A brick chamber, perhaps 6 ft. by 12 ft,, and about 10 ft. high,

has one of its end walls converted into a fire-grate, i.e., about half-way down it is a
solid plate, and for the rest of the distance consists of strong horizontal plate bars

where air enters, the whole being at an inclination such as that which the side of

a heap of coals would nattirally take. Coals are poured, through openings above, upon
this combination of wall and grate, and being fired at the under surface, they burn at

the place where the air enters ; but as the layer of coal is from 2 to 3 feet thick,

various operations go on in those parts of the fuel which cannot burn for want of air.

Thus the upper and cooler part of the coal produces a large body of hydrocarbons ;

the cinders or coke which are not volatilised, approach, in descending, towards the

grate ; that part which is nearest the grate burns with the entering air into carbonic
acid, and the heat evolved ignites the mass above it ; the carbonic acid, passing slowly
through the ignited carbon, becomes converted into carbonic oxide, and mingles in the

upper part of the chamber (or gas-producer) with the hydrocarbons. The water,

which is purposely introduced at the bottom of the arrangement, is first vaporised by
the heat, and then decomposed by the ignited fuel, and re-arranged as hydrogen and
carbonic oxide ; and only the ashes of the coal are removed as solid matter from the

chamber at the bottom of the fire-bars.
' These mixed gases form the gaseous fuel. The nitrogen, which entered with the

air at the grate, is mingled with them, constituting about a third of the whole volume.
The gas rises up a large vertical tube, for 12 or 15 feet, after which it proceeds hori-

zontally for any required distance, and then descends to the heat regenerator, through
which it passes before it enters the furnaces. A regenerator is a chamber packed
with fire-bricks, separated so as to allow of the free passage of air or gas between
them. There are foxir placed under a furnace. The gas ascends through one of these

chambers, whilst air ascends through the neighbouring chamber, and both are con-
ducted through passage-outlets at one end of the furnace, where mingling, they burn,
producing the heat due to their chemical action. Passing onwards to the other end
of the furnace, they (i.e., the combined gases) find precisely similar outlets down
which they pass ; and traversing the two remaining regenerators from above down-
wards, heat them intensely, especially the upper part, and so travel on in their cooled
state to the shaft or chimney. Now the passages between the four regenerators and
the gas and air are supplied with valves and deflecting plates, which are like four-way
cocks in their action ; so that by the use of a lever those regenerators and air-ways,
which were carrying off the expended fuel, can in a moment be used for conducting
air and gas into the furnace ; and those which just before had served to carry air and
gas into the fiurnace, now take the burnt fuel away to the stack. It is to be observed
that the intensely-heated flame which leaves the fiirnace for the stack always proceeds
downwards through the regenerators, so that the upper part of them is most intensely
ignited, keeping back as it does, the intense heat ; and so effectual are they in this

action, that the gases which enter the stack to be cast into the air are not usually
above 300° Fahr. of heat On the other hand, the entering gas and air always pass
upwards through the regenerators, so that they attain a temperature equal to a white
heat before they meet in the furnace, and there add to the carried heat that due to
their mutual chemical action. It is considered that when the furnace is in full order,

the heat C3.rried forward to be evolyed b^ the chemical action of combustion is about
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4000^ whilst that carried back by the regenerator is about 3000®, making an in-
tensity of power which, unless moderated on purpose, would fuse furnace and all ex-
posed to its action.

* Thus the regenerators are alternately heated and cooled by the outgoing and
entering gas and air, and the time for alteration is from half an hour to an hour, us
observation may indicate. The motive power on the gas is of two kinds : a slight
excess of pressure within is kept up from the gas-producer to the bottom of the rege-
nerator to prevent air entering and mingling with the fuel before it is burnt; but from
the furnace, downward through the regenerators, the advance of the heated medium
is governed mainly by the draught in the tail stack or chimney.

I

Great facility is afforded in the management of these furnaces. If, whilst glass
is in the course of manufacture, an intense heat is required, an abundant supply of
gas and air is given ; when the glass is made, and the condition has to be reduced
to working temperature, the quantity of fuel and air is reduced. If the combustion in
the furnace is required to be gradual from end to end, the inlets of air and gas are
placed more or less apart the one from the other. The gas is lighter than the air ;

and if a rapid evolution of heat is required, as in a short puddling furnace, the mouth
of the gas-inlet is placed below that of the air-inlot ; if the reverse is required, as in
the long tube-welding furnace, the contrary arrangement is used. Sometimes, as in
the enamellor's furnace, which is a long miiffle, it is requisite that the heat be greater
at the door-end, because the goods, being put in and taken out at the same end, those
which enter last, and are withdrawn first, remain, of coiurse, for a shorter time in the
heat at the end ; and though the fuel and air enter first at one end and then at the
other alternately, still the necessary difference of temperature is preserved by the adjust-
ment of the apertures at the ends.

* Not merely can the supply of gas and air to the furnace be governed by valves in
the passages, but the very production of the gas fuel itself can be diminished, or even
stopped, by cutting off the supply of air to the grate of the gas-producer ; and this is

important, inasmuch as there is no gasometer to receive and preserve the aeriform
fuel, for it proceeds at once to the furnaces.

' Some of the furnaces have their contents open to the fuel and combustion, as in
the puddling and metal-melting arrangements ; others are enclosed, as in the muffle
furnaces and flint-glass furnaces.

^

* The economy in the fuel is estimated practically as one-half, even when the same
kind of coal is used either directly for the furnace or for the gas-producer ; but, as in
the latter case, the most worthless kind can be employed—such as slack, &c., which
can be converted into a clean gaseous fuel at a distance from the place of the furnace,

so, many advantages seem to present themselves in this part of the arrangement.'
Professor Faraday concludes his lecture with the following conclusive figures ;

—

' Carbon burnt perfectly into carbonic acid in a gas-producer would evolve about
4000° of heat; but, if burnt into carbonic oxide, it would only evolve 1200°. The
carbonic oxide, in its fuel form, carries on with it the 2800° in chemical force, which
evolves when burning in the real furnace with a sufficient supply of air. The re-

maining 1200° are employed in the gas-producer in distilling hydrocarbons, decom-
posing water, &c. The whole mixed gaseous fuel can evolve about 4000° in the
furnace, to which the regenerator can return about 3000° more.'

The following is a brief description of the regenerative gas-furnaces :

—

The gas-producer is shown in^. 1059. The producers are entirely separate from
the furnace where the heat is required, and may be made sufficient in number and
capacity to supply several furnaces. The fuel is supplied, at intervals of from two to

four hours, through the charging boxes &.,fig. 1050, and descends gradually on the in-

clined plane b, which is set at an inclination to suit the fuel used. The upper portion

of the incline b is made solid, being formed of iron plates covered with firebricks ; but
the lower portion c is an open grate formed of horizontal flat steps. The largo open-
ing under the lowest flat step is convenient for drawing out clinkers, which generally

collect at that point. The small stoppered holes f at the front, and o at the top of the

producer, are provided to allow of putting in an iron bar occasionally to break up the

mass of fuel and detach clinkers from the side walls. Each producer is capable of

converting daily about two tons of fuel into a combustible gas, which passes off

through the uptake h leading to the furnaces.

The action of the gas-producer in working is as follows :—The fuel descending

slowly on the solid portion b of the inclined plane becomes heated, and parts M-ith its

volatile constituents, the hydrocarbon gases, water, ammonia, and some carbonic acid,

which are the same as would be evolved from it in a gas-retort. There now remains
from 60 to 70 per cent, of purely carbonaceous matter to be disposed of, which is

accomplished by the current of air slowly entering through the grato c, producing

regular combustion immediately upon the grato ; but the carbonic acid (a non-combus-
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tible gas) thereby produced, in passing slowly on throngh a layer of incandescent fuel

from 2 to 3 feet thick, takes up another equivalent of carbon, and is thus transformed

into carbonic oxide (an inflammable gas), which passes off with the other combustible

gases to the furnace. For every cubic foot or combustible carbonic oxide thus pro-

duced, taking the atmosphere to consist of l-5tji part by volume of oxygen and 4-6th8

of nitrogen, two cubic feet of incombustible nitrogen pass also through the grate, tend-

ing greatly to diminish the richness or heating power of the gas. Not all the carbon-

aceous portion of the fuel is, however, volatilised on such disadvantageous terms ; for

1069

water is brought to the foot of the grate by the pipe e, which, absorbing the spare heat

from the fire, is converted into steam ; and each cubic foot of steam in traversing the

layer of from 2 to 3 feet of incandescent fuel is decomposed into a mixture consisting

of one cubic foot of hydrogen and nearly an equal volume of carbonic oxide, with a
variable small proportion of carbonic acid. Thus one cubic foot of steam yields as

much inflammable gas as five cubic feet of atmospheric air ; but the one operation is

dependent upon the other, inasmuch as the passage of air through the fire is attended

with the generation of heat, whereas the production of the water-gases, as well as the

evolution of the hydrocarbons, is carried on at the expense of heat. The generation

of steam from the water being dependent on the amount of heat in the fire, regulates

itself naturally to the requirements ; and the total production of combustible gases

varies with the admission of air. And since the admission of air into the grate depends

in its turn upon the withdrawal of the gases evolved in the producer, the production of

the gases is entirely regulated by the demand for them. The production of gas may
even be arrested entirely for twelve hours without deranging the producer, which wiU
begin work again as soon as the gas-valve of the furnace is re-opened ; since the mass
of fuel and brickwork retain sufficient heat to keep up a dull red heat in the producer

during that interval. The gas is, however, of a more uniform quality when there is a
continuous demand for it, and for this reason it is best to supply several furnaces from
a nest of gas-producers so as to keep them constantly at work. A damper d, shown

^.
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in fig. 1059, can bo inserted in the uptake so as to shut off any gas-producer at

pleasure.

It is important that the main gas-flue leading to the furnaces should contain an ex-

cess of pressure, however, slight, above the atmosphere, in order to prevent any inward
draught of air through crevices, which would produce a partial combustion of the gas,

and diminish its heating power in the furnace, besides causing a deposit of soot in the

flues. It is therefore necessary to deliver the gas into the furnace without depending
upon the chimney-draught for that purpose. This can be easily accomplished when
the gas-producers are placed at a lower level than the furnaces ; but as that is not

always practicable, the following plan has been adopted. The mixture of gases on
leaving the producers has a temperature ranging between 300° and 400° F., which
must under all circumstances be sacrificed, since it makes no difference to the result at

what temperature tlae gas to be heated enters the regenerators, the final temperature

being in all cases very nearly that of the heated chamber of the furn;ice, or say

2600° F. The initial heat of the gas is therefore made available for producing a
plenum of pressure by making the gas rise about 20 feet above the producers, then

carrying it horizontally through a wrought-iron tube J, and letting it again descend to

the furnace. The horizontal tube j, being exposed to the atmosphere, causes the gas

to lose from 100° F. to 150° F. of temperature, which increases its density from 15 to

20 per cent., and gives a preponderating weight to that extent to the descending column,
urging it forward to the furnace.

The regenerative gas-furnace consists of the heating chamber, below which are placed

four regenerative chambers, which are filled with firebricks built up with spaces be-

tween them. The regenerative chambers work in pairs ; the two under the left-hand

end of the furnace communicating with that end of the heating chamber, while the

VT

other two communicate with the opposite end. The gas enters the heating chamber
through one passage, and the air through the other passage whereby they are kept

separate up to the moment of entering the heating chamber, but are then able im-

mediately to mingle intimately, producing at onco an intense and uniform flame.
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From the air-flue, the entering air is directed by the reversing valve into the air-

regenerator, and there becomes heated ready for entering the furnace ; at the same
time the gas entering from the gas-flue is directed by the reversing valve into the gas-

regenerator, where it also becomes heated to the same temperature as the air.

The products of combustion, on leaving the opposite end of the furnace, pass down
through the second pair of regenerators (as shown by the arrows), and after being there
deprived of their heat, are directed by the reversing valves into the chimney flue.

When the second pair of regenerators have become considerably heated by the passage
of the hot products of combustion, and the first pair correspondingly cooled by the
entering gas and air, the valves are reversed by hand-levers, causing the currents to
pass through the regenerators in the contrary direction, whereby the hot pair of re-

generators are now made use of for heating the gas and air entering the furnace, while"
the cool pair abstract the heat from the products of combustion escaping from the
furnjice. The supply of gas and air to the furnace is regulated by the adjustable stop-

valves, whereby Uie nature and volume of the flame in the furnace may be varied at
pleasure, whilst a chimney damper is used to regulate the amount of pressure in the
furnace in relation to the atmosphere, so as to allow the opening of the doors or work-
ing holes of the furnace.

For a further description of the applications of this gas-furnace and the regenerative
system as applied in the Iron manufacture, see Ieon and Steel.
GAS, B'S'BROCAXlSOZr. This title has been given to illuminating gas

manufactured according to a patent granted some years ago to Mr. White of
Manchester. The process of manufacture consists essentially in the generation of
non-illuminating combustible gases by the action of steam upon charcoal, coke, or
other deoxidising substances, in a separate retort, and the introduction of these gases,
technically called water-gas, into the
retort in which the illuminating
gases are being generated, and in

such a manner that these latter

gases shall be swept out of the retort

as rapidly as possible, so as to remove
them from the destructive influence

of a high temperature.

The retorts used for the hydro-
carbon-gas process may be of various
shapes and sizes. The settings are
similar to those for the orSnary
retorts, and any number which is

necessary may be placed in an oven.
They differ only from the ordinary
retorts by having a horizontal parti-

tion, or diaphragm, cast in the centre,

dividing the retort into two cham-
bers, and extending to within 12
inches of the back. This diaphragm
is found in practice to strengthen the
sides of the retorts, and thus to add
to their durability. The water-gas
retorts may be cast from the same
pattern as the cannel retorts, and
may be set in exactly the same
manner. Fiffs. 1060 and 1061
represent a setting of two retorts in
one oven, and show the same in ele-

vation, transverse section, and longi-
tudinal section. The retorts here
shown have an internal cubical
capacity of about 16 feet, and the
bed of two is capable of producing
about 10,000 cubic feet per diem of
hydrocarbon-gas. The temperature
at which the retorts are worked is

about the average. The water-gas is generated in the retort a, in the following
manner :—The upper and lower chambers are well filled with, coke or charcoal, and a
a very fine stream, or rapid drops of water flowing from the tap^ enters the upper
chamber through the siphon pipe, falling into a small steam-generating tube, which
IB placed inside to receive it, and instantly converts it into steam, The vapour, in
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passing backwards along the upper chamber, and forwards along the lower one,

becomes to a great extent decomposed into hydrogen, carbonic oxide, and cirbonic
acid gases. The water-gas generated in the retort a, as described above, enters the
lower chamber of the retort n, through the connecting pipe c c, cast on the mouthpiece.
In the chambers of this retort the illuminating gas is generated, cither from co:il^

cannel, resin, or other suitable material, and being rapidly carried forward by the
current of water-gas, its illuminating principles are preserved from the destruction

caused by prolonged contact with the incandescent surfjices in the retort, whilst at the
same time its volume is increased. When very rich cannels or other materials are
used, two, three, or even four wator-gas retorts are made to discharge their gas into

the cannel retort

The hydrocarbon process has hitherto been applied only to resin, coals, and cannels.

The following is a brief summary of the results of a series of experiments made by
Dr. Frankland on the manufacture of hydrocarbon resin-gas. Each hundredweight
of resin was dissolved by heat in 7i gallons of the resin-oil of a former working, and
the liquid, whilst still hot, was run into one of the retorts, by means of a siphon tube,

in a stream about the thickness of a crowquill, whilst wator-gas generated in the

second retort, was admitted, as described above. The mixed gases wore then made
to stream through the usual form of condensing apparatus, and were afterwards com-
pelled to pass successively through wet and dry lime-purifiers before they reached the

gasholder. In order to secure a uniform mixture of the gas produced in each

experiment, it was allowed to remain at rest in the gasholder for at least twelve hours
before a specimen was withdrawn for analysis.

In the following Tables both the practical and analytical results are given.

I. Practical Beavlts.

Ist Experiment
2nd
3rd „ .

4th

Average
evolu-
tion of

gasper
hour

Materials Consumed PnoDUCTS Obtained

Eesin Coal Charcoal Lime Water
Kesin-

oil
Gas

Gas per
cwt. of

resin

cub. ft.

930
1000

cwt. qr. lb.

2 1 17i
2 1 18

2 17

2 7

cwt. qr.

1 2

1 2

1 2

1 2

lb.

10

12

12

10

lb.

20

20
28
28

lb.

73

77
85
62 J

gals.

10-7

7-8

4-5

8-75

cb.ft.

3340

3800
4167
3090

1388

1576
1932

1620

Average production of gas per ton of resin . . , 32,080 cubic feet.

Average production of resin-oil per ton of resin . . 70-3 gallons.

Illuminating power of average gas before purification, as ascertained by shadow test,

•76 cubic feet per hour= light of one short six spermaceti candle.

n. Analytical Results.

Hydrocarbons .

Lightcarbd. hydrogen
Hydrogen .

Carbonic oxide .

Carbonic acid .

COMPOSITIOK OP GAS BEFORE PUEIFICATIOS

Actnal amoant in cubic foet Por-ccntftgo amount 1

lit exp. 2nd oxp. Srd exp. 4th oxp. lit oxp. 2nd oxp. Srd oxp. 4 th exp. Average

268-7

687-5
1315-3
967-9

210-6

269-0
1527-7
1274-8
319-2
409-5

305-7

895-9

1976-2
763-3

194-9

254-0
961-0

1297-8
463-5
113-7

7-75

17-58

89-38
28-98
0-31

7-08

40-20
33-54
8-40

10-78

7-41

21-71

47-90
18-26

4-72

8-22

81-09

42-06

15-04
8-59

7-62

27-64
40-72

17-67

6-35

3340-0 3800-2 4126-0 3090-0 lOO'OO 100-00 lCO-00 100-00 100-00

Amount of carbon-vapour contained in 1 volume of hydrocarbons « 2-8 volumes.

Hydrocarbons ....
Light carburetted hydrogen
Hydrogen
Carbonic oxide....

Composition of gaa after purification

Ist exp. 2nd exp. 3rd oxp. 4th exp. Average

8-27

18-76

4203
30-93

7-94

46-06

37-59

9-41

7-78

22-79

60-27

1916

8-53

32-25

43-62

16-60

8-13

29-71

43-38

18-78

10000 10000 10000 10000 100-00
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Specific gravity of average gas before purification = -65886.

after „ =-59133.

1st experiment

2nd „ ...
3rd „ ...
4th „ ...

Value of hydrocarbons expressed in their equivalent
volume of defiant gas

Value of actual amount Value of percentage amount
in purified gas

cubic feet

362-2

376-6

428-0

cubic feet

11-68

11-12

10-89

11-94

This process is especially adapted for the manufacture of gas on a small scale, as in

private houses or small manufactories. The necessary operations involve little trouble

and unpleasant effluvia.

Dr. Frankland has also investigated the hydrocarbon process as applied to coals and
cannels, and the following is a tabulated summary of his experimental results :—

Bumtmry of Eayperimental Results.

Cubic feet of gas
lUumlnating

Gain per ton by
1

Gain per cent by

KameofCoal

pertou »perm candles White'* process White's process

By old White*. By old Wh^..
Quantity
of gas in
cubic feet

Illuminating
Quantity

niumi.
Bating

procesi proceii gperm candles of gas power

Wigan cannel, Ince Hall 10,900 16,120 4,816 6,448 5,220 1,632 47-9 33-9

„ „ Balcarres 10,440 15,500 4,156 6,920 6,060 1,764 48-5 42-4

Boghead „ . . 13,240 38,160 11,340 21,368 24,920 9,988 198-2 87-8

„ 2nd exp. .. 51,720 ,. 20,688 38,480 9,308 290-6 81-8

Lesmahago cannel 10,620 29,180 7,620 13,934 18,660 6,314 174-8 82-8

MethiU „ 9,560 26,400 6,316 11,088 16,840 6,772 176-2 108-1

Newcastle „ Ramsey 10,300 15,020 5,026 6,646 4,720 620 45-8 12-3

Table showing the quantity of Coal or Cannel requisitefor producing light equal to 1,000
Sperm Candles, each burning 10 hours at the rate of 120 grs. per hour.

Name of Coal

Weight of Coal

By old process By White's process

Wigan cannel (Ince Hall)

„ (Balcarres)

Boghead „
Lesmahago cannel

MethiU
Newcastle „

coal (Pelton)

lbs.

465-1

6390
197-5

293-9

421-4

445'7

745-7

lbs.

347-4

378-4

104-8

160-7

202-0

396-7

Table showing the quantity of Gas requisitef(yr producing light equal to 1,000 Sperr.

Candles, each burning 10 hours at the rate of 120 grs. per hour.

Name of gas Bate of consumption
per hour

Quantity of gas

Wigan cannel (Ince Hall) .

„ by White's process

Wigan cannel (Balcarres) .

„ by White's process

Boghead cannel

„ by White's process

„ „ 2nd experiment

Lesmahago cannel ....
„ by White's process

cubic feet

5

5
5
5
3

3

5
4
4

cubic feet

2263
2500
2512
2618
1168
1786
2500
1394
2094
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Name of i

Methill cannel

„ by White's process

Newcastle cannel (Ramsay)

„ by White's process

Newcastle coal (Pelton)

Resin-gas by White's process

Manchester gas (June 1851) . . '

"City Company's gas (Jiily 15, 1851)
Great Central Company's gas „

•

Chartered Company's gas

Imperial Company's gas

, Western Company's gas

Rate of consumption
per hour

cubic feet

6
5

6

6
5

(calculated "1

from analysis j
I* >•

6
• 5 •

(calculated 'I

from analysis J

Quantity of gas

cubic feet

1708
2381
2049
2660
8356

3012

3448
3846
3546

3320

4099
1538

Dr. Frankland thus sums up the advantages which he conceives to result from tlio

application of the hydrocarbon process to coals and cannels :

—

1. It greatly increases the produce in gas from a given weight of coal or cannel.

the increase being from 46 to 290 -per cent., according to the nature of the material

operated upon.

2. It greatly increases the total illuminating power afforded by a given weight of

coal, the increase amounting to from 12 to 108 per cent., being greatest when coals

affording highly illuminating gases are used.

3. It diminishes the quantity of tar, formed by converting a portion of it into

gases possessing a considerable illuminating power.

4. It enables us profitably to reduce the illuminating power of the gases produced
from such materials as Boghead and Lesmahago cannels, &c., so as to fit them for

burning without smoke and loss of light.

Mr. Barlow has also experimented upon this process of gas-making, and finds that

a very considerable gain in total illuminating results from its use.

Mr. Clegg's investigation of this process showed, that whilst Wigan cannel

produces by the ordinary process of gas-making about 10,000 cubic feet of 20-candle

gas per ton ; 16,000 cubic feet of 20-candlo gas, or 26,000 cubic feet of I2-candle

gas, can be made from the same quantity of material by the hydrocarbon process.

Also that by the application of the same process to Lesmahago cannel 36,000 cubic

feet of 20-candle gas, or 58,000 cubic feet of 12-candle gas per ton can be obtained
;

whilst Boghead cannel yields 52,000 cubic feet of 20-candle gas, or 75,000 cubic

feet of 12-candle gas. The following table presents in a condensed form Mr. Clegg's

results as to comparative cost :

—

Cost of 1,000 ft. of Cost of 1.000 ft. of

•iO-candle pas by
Cost of 1 ,000 ft. of

Name of coal 20.candle gas by old 1 -'-candle gas by
process hydrocarbon process hydrocarbon process

». d. s. d. t. d.

Wigan cannel at 14*. per

ton .... 1 n 1 3i 11}

Lesmahago cannel at 18s.

per ton 2 bi 11| 9^

Boghead cannel at 20s.

per ton . . . 2 4.i 11 9|

The principle of the hydrocarbon process is also adopted by Messrs. Ix)we and

Evans in their patent process for the manufacture of gas for illuminating purposes.

In carrying out this latter improved manufacture Ofgas,' the patentees pass gas obtained

from any of the sources hereinafter specified, through heated retorts containing cannel

coal, coal, lignite, resin, pitch, tar, oil, retinite. or other sdbstance or substances capable

of yielding carburotted hydrogen gas ; by which moans such a combination of rich and

])Oor gases may be produced as will be exactly suited td the purposes of illumination.

For this purpose, it is proposed to use retorts, open at both ends, as shown in the draw-

ing given injjg. 1062, which represents a longitudinal vertical section of the apparatus

employed in carrying out this part of the invention. ' Only one retort is exhibited;
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r

but a similar arrangement of retorts may be adopted to that in general use in gas-

works, a is the retort, set in a suitable furnace for heating the same ;
and 6 6 are

mouthpieces and lids, fitted to both ends of jQg2
the retort, c is the pipe for carrying off

the gaseous products generated in the re-

tort ; and cZ is a pipe for introducing into

the retort the gas which is intended to mix

with the gaseous products of the substances

under distillation in the retort. As soon

as the retort is charged with coal or ether

carbonaceous matter, a cock c, in the pipe

d, is opened, which allows the gas to flow

into the retort ; and it then passes in the

direction of the arrows, and mingles with

the gas that is evolved from the carbon-

aceous matters contained in the retort

:

whereby a compound is formed, possessing

a much higher illuminating power than

could have been obtained had the combina-

tion taken place after instead of at the time

of the generation of the gas in the retort a.

The gas, which is brought to the retort by means of the pipe d, may be forced into

the retort, so as to overcome the internal pressure put on the retort by means of the

hydraulic main ; or, instead thereof, an exhauster may be applied to (i-aw off the gas

from the retort. Should tar, oil, resin (previously melted), or any liquid hydrocarbon

be employed for the generation of the gas, it is to be run into the retort in the way
generally adopted for making oil- or resin-gas.

The sources from which the patentees propose to obtain inflammable gases, to be

applied as above indicated, are wood, sawdust in a damp or dry state, spent tanner s

bark, and other like substances capable of yielding an inflammable gas. These sub-

stances must be put into a red-hot retort, and distilled like coal. The resulting gases

may be either purified at once, or passed directly to the retort containing the coal or

other carbonaceous materials. As a general rule, however, these gases are preferred

to be stored in gasholders for use ; as, in that case, a more uniform and constant

supply to the coal-retort may be relied on.

Another source of infiammable gas is from coal of an inferior description, or from

peat. These substances ha^dng been distilled in a retort, the resulting gas can be then

employed as above indicated. It is also proposed to conduct carbonic oxide gas into

retorts containing carbonaceous matters under distillation. This gas the patentees

obtain from carbonic acid, by passing the latter gas (which may be obtained from any
convenient source) through a retort or furnace containing red- or white-hot coke. Or,

they utilise a portion of the gases generated in furnaces, by collecting these gases and
converting the carbonic acid they contain into carbonic oxide, bypassing them through
a retort or furnace, as described for treating carbonic acid ; or the gases may be con-

ducted directly into retorts, wherein carburetted hydrogen is being generated, for the

purpose of effecting the desired combination. See Peat.

From the foregoing description, it will be understood, that the object of this part of

the invention is to obtain gas of a uniform quality—that is, possessing a definite

amount of illuminating power. Now, it is well known that if the gas be too rich in

carbon it will burn with a dull fiame, and give off a large amount of smoke ; and that,

if deficient in carbon, it will burn with a blue flame, and possess very little illumi-

nating power. It is therefore proposed to mix the rich and poor gases, obtained as

above described, in such proportions as will be needfuF to produce a highly-illuminating

quality of gas. As the proportions will depend entirely on the quality of the gases to

be combined, no rule can be laid down for the amount of the gas required to be passed
into the retorts, wherein the distillation is proceeding. The mode, however, in which
gas bums on issuing from the retort will be a sufficient test for the workmen in

attendance.

GAS-iaSTER. In order to measure the quantity of gas which passes through
a pipe for lighting a factory, theatre, &c., the gas-meter is employed, of whose con^

strxiction a sufficiently precise idea may be formed from the consideration of^. 1063,

,
which shows the instrument in a section perpendicular to its axis.

Witliin the cylindrical case a, there is a shorter cylinder h h, shut at both ends, and
moveable round an axis, which is divided into four compartments, that communicate
by the openings d, with the interval between this cylinder and the outer case. The
mode in which this cylinder turns round its axis is as follows :—The end of the tube <r,

which is- made fast to the side of the case, and by which the gas enters, carries a
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1063

pivot OP gudgeon, upon which the centre of its prop turns ; the oUier end of the axis
runs in the cover, which here forms the side of a superior open vessel, in which, upon

the same axis, there is a toothed wheel. The vessel
is so far filled with water, that the tube c rises just
above it, which position is secured by the level of the
side vessel. When the gas enters through the tube c,

by its pressure upon the partition e it turns the
cylinder from right to left upon its axis, till the ex-
terior opening d rises above the water, and the gas
expands itself in the exterior space, whence it passes
off through a tube at top. At every revolution a
certain volume of gas thus goes tlirough the cylinder,
proportional to its known capacity. The wheel on
the axis works in other toothed wheels, whence, by
means of an index upon a graduated disc or dial,

placed at top or in front of the gas-meter, the number
of cubic feet of gas which pass through tliis apparatus
in a given time is registered.

Mr. Thomas Edge, of Great Peter Street, Westminster, has contrived the following
meter, of which drawings are annexed :

—

Fig. 1064 is a front view of a three-light meter, the front plate being removed, and
some of the parts shown in section.

Fig. 1065 is a transverse section of the same.
The gas enters at a into the small chamber b, in the bottom of which is a levef

valve (part of Mr. Edge's patent improvement), moving upon its axis and attached

1064 1066

by the rod to a metal float c, which in the present drawing is buoyant. The object

of this arrangement is to intercept the passage of the gas into the meter, unless a
sufficient quantity of water is in it, that being necessary to its proper action ; the gas

then passes through the inverted siphon or tunnel into the convex cover, whence it

passes into the chambers of the drum.

Another of Mr. Edge's improvements consists in the cutting down of this siphon

pipe or tunnel to the proper water level, and connecting the bottom of it to a waste

water box, into which any sxirplus water must fall. The importance of this pre-

caution will be seen on investigating the drum, as an excessive height of water will

materially interfere with the measurement, the quantity of gas delivered per revolution

being considerably less. This, in connection with the lever valve and float, confines
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the variation of tho water levels-within such narrow limits, that the measurement
may be considered perfectly just on all occasions.

The hydraulic, or wet gas-meter in ordinary use, when properly constructed,

measures with great accuracy, and requires only a very slight pressure of gas to

work it; but it readily admits of fraudulent means being employed by the consumer,
so as to cause the instrument to under-estimate the amount of gas consumed ; whilst,

on the other hand, the condensation of moisture within the meter may so far elevate

the water-level as to cause an over-estimation of the consumption. The water in

the hydraulic meter is also liable to freeze in winter, thus completely stopping the
supply of gas ; at other times, especially when the meter is fixed in a comparatively
warm place, the gas, becoming saturated with aqueous vapoiir, subsequently deposits
water during its passage through the cooler portions of the pipes of distribution.

The water thus deposited collects in the lower portions of the pipes, breaking the flow
of gas into a succession of bubbles, and causing that flickering or dancing of the gas
flames which is so frequently a source of annoyance in winter.

These defects and inconveniences are all obviated by the dry gas-meter, several
forms of which have of late years been invented. Tho first in point of date is Clegg's
patent dry gas-meter, an instrument displaying great ingenuity, although it has noA-er

come into very extensive use. Figs. 1066 and 1067 show the construction of this
meter : tho letters of reference are the same in both.

1066 1067

BB, jig. 1067, represents a cylindrical vessel, about 3| inches in diameter and
4 inches deep, being the dimensions of a meter capable of measuring gas for three
burners, called a three-light meter. In this vessel are two glass cylinders ff, con-
nected together by the bent tube d. The cylinders being perfectly exhausted of
air, and half filled with alcohol, are made to vibrate on centres c, e, and are balanced
by the weight /. This instrument accurately indicates the excess of heat to which
either cylinder may be exposed upon the principle of Leslie's differential thermo-
meter.

c is a hollow brass box, called the heater, about 4 inches long and \ an inch broad,
projecting out of the meter about 1 inch. At a issues a small jet of gas, which, when
inflamed, gives motion to the cylinders.
The gas enters the meter by 'the pipe a, and circulates throughout tho double case

B. Having passed round the case b, a portion of it enters the top of the box c, by
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the pipe d, and passes out again at the bottom of the tube c, into the meter ; the rest

of the gas enters the body of the meter through holes in tlie curved faces of the hoods
B E, and, after blowing on the glass cylinders, passes to the burners through the outlet

pipe.

To put the meter in action, let the jet a be lighted about an hour before the burners
are wanted. In most cases this jet will be lighted all day as a useful flame. The
hole a is so situated on the box c, that whatever be the size of the jet, a fixed tem-
perature is given to the box, that temperature depending on the quantity of flame in

contact with the box, and not at all on the length of the jet. The jet being lighted,

and the box c thereby heated, the gas which passes through it is raised to the same
temperature, and, flowing out at the tube c, impinges on the glass cylinder which
happens for the time to be the lowest ; the heated gas soon raises a vapour in the

lower cylinder, the expansion of which drives the liquid into the upper one, until it

becomes heavier than the counterpoise /, when the cylinders swing on their centre,

the higher one descends, and comes in the line of the current of hot gas, and the

lower one ascends ; the same motion continues as long as the jot a burns. The same
eifect on the cylinder is maintained, however the outward temperature may change, by
the cold gas, which, issuing from the curved side of the hood e e, impinges on the

upper cylinder, and hastens the condensation of the vapour which it contains.

The cold gas and the heater vary in temperature with the room, and thus counteract

each other.

The lighting of the jet a is essential to the action of the meters ; in order to insure

this, the supply of gas to the burners is made to depend on it in the following manner.
The pipe o, by which the gas leaves the meter, is covered by a side valve, which is

opened and shut by the action of the pyrometer
ff ; the pyrometer is in communication

with and receives heat from the jet, and opens the valve when hot, closing it again

when cold.

The speed at which the cylinders vibrate is an index of the quantity of heat com-
municated to them, and is in exact proportion to the quantity of gas blowing on them
through the pipe c and curved side of the hoods e e.

The gas passed through the heater is a fixed proportion of the whole gas passing

the meter ; therefore the number of vibrations of the cylinder is in proportion to the

gas consumed.
A trajn of wheel-work with dials, similar to that used in the common meter,

registers the vibrations.

Simplicity, accuracy, and compactness are the most remarkable features of this

instrument, and the absence of all corrosive agents will ensure its durability.

The most recently-constructed meters on the dry principle are those of Defries, and
of Messrs. Croll and Eichards. Both of these contrivances consist in causing the

gas to fill expansible chambers of dofinitx) volume, and the alternate expansion and
contraction of these is registered by wheel-work.

Defries' meter has three of these measuring chambers, separated from each other

by flexible leather partitions which are partly covered by metallic plates, to protect

them from the action of the gas. a a a a, fig. 1 068, represent these metallic plates,

fixed upon the leather diaphragm nuun. As the gas enters, it causes the flexible par-

tition to expand, which it does by assuming the form of a cone, as seen in Jiq. 1069.

Three such chambers are attached to each meter, so as to insure a uniform ancl steady
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supply of gas, and the motion of the chambers being communicated to clockwork,

the consumption of gas is registered upon dials in the usual manner.

1070

1071

The dry meter invented by
Messrs. Croll and Richards is su-

perior in construction and accuracy

of measurement to that of De-

fries. It is shown in Jigs. 1070,

1071, and 1072. i.h,fig. 1070, is

a cylindrical case, divided into two
cylindrical compartments by the

inflexible metallic diaphragm b.

These compartments are closed at

opposite ends by the metal discs

c c. The latter perform the func-

tions of pistons, and are retained

in their proper position by uni-

versal joints attached to each.

The discs are restrained from
moving through more than a fixed

space by metallic arms and rods,

shown in fig. 1072, and when this

space has been once adjusted, it

cannot afterwards vary. It will

be seen that the principle of this

meter is that of a piston moving
in a cylinder; but, in order to

avoid the friction which such an
arrangement would cause if lite-

rally carried out, bands of leather,

D D, are attached, which act as

hinges, and allow of the motion of

the discs without friction.

The gas enters the cylinder from
the upper space containing the

levers, valves, &c., fig. 1072 ; its

pressure forces the discs forward
through the space limited, as

above described. The flow of gas

is then reversed ; that is, a pas-

sage to the burners is opened from
the internal space, whilst the sup-

ply is now directed into the outer

Vol. n. BR
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chamber, thus forcing the disc back to ite original position, and expelling tlio first

portion of gas through the pipes of clistribiition. Each motion of the disc thus evi-

dently corresponds to a given volume of gas, and being registered by clockwork, in-

dicates the consumption upon the usual dial plates.

Dry gas-meters are generally preferred, and consequently they have come into

general use.

To the present system of registering the quantity of gas burnt by the consumer,

many honest objections may be raised. Whichever meter may be used, the record

of gas passing through it is entirely removed from the inspection of the consumer.

The quantity is registered by a servant of the gas company supplying the meter, and
whatever may bo the number of cubic feet returned by him, for that is the consumer
charged and obliged to pay. It seldom happens that the gas companies admit that

any error can occur which tells against themselves, but they frequently discover errors

in the other direction. Presimiing that honesty of purpose actuates equally the

supplier and the consumer of gas, it would be perfectly easy to arrange the dials of

our domestic gas-meters so that the consumer might note the quantity indicated at

any time, and from his knowledge of the number of burners used by him, within any
given week or month, be enabled to toll if, as compared with any other period, the

indicjited result was near to, or far from, the truth, and direct the attention of the

servant of the gas company to the circumstance.

GAS, "WATER. Various methods have been from time to time introduced for

decomposing water, and for employing the hydrogen liberated therefrom for the purposes

of heating and lighting. Eecently (1874) this ' water-gas' has been introduced to the

public under the name of the ' New Gas.'

The possibility, without any great amount of trouble, of obtaining a quantity of

hydrogen gas from water has always been a favourite theme with inventors, and many
schemes for its practical utilisation have been introduced ; and a patent has been

obtained for the carbonisation of this gas with some light hydrocarbon liquid, so as to

give it a high illuminating power.
The process is dependent upon the decomposition of steam by red-hot coal, coke, or

metal. Hydrogen, carbonic oxide, and carbonic acid are produced. An analysis of

the gas obtained by passing steam over red-hot charcoal for some hours gave as a
mean : carbonic acid, 20 per cent. ; carbonic oxide, 20 per cent. ; hydrogen, 60 per

cent. Any form of carbon is capable of effecting this decomposition if a metal, such

as iron, be present ; it adds to the quantity of hydrogen obtained according to the

following action :

—

4H0 + 3Fe = Fe'O* + 4H (ftH^O + 3Pe = Pe^O* + ftH^).

This mixture of gases is inflammable, and burns with a non-luminous but hot flame,

the heat of which would be increased if the carbonic acid were previously removed,
the flame of hydrogen having a temperature of 3,776° Fahr. This heat of the flame

is an undoubted advantage when the gas is carburetted, as the particles of carbon are
thereby heated to whiteness ; but, on the other hand, the presence in the gas of a
quantity of carbonic oxide is as great a disadvantage, on account of its injurious and
exceedingly harmful character. Carbonic acid is an injurious gas, but its action upon
the system is not that of an active poison, but rather that of preventing the necessary
amount of oxygen from entering the lungs, and hence death from its effect will bo
dea*h from suffocation. On the other hand, carbonic oxide is an active poison, and
recovery from its effect is much more doubtful ; indeed, it is calculated that 2 per
cent, in an atmosphere would prove fatal, a result that should cause great caution in

the use of a gas containing it in any quantity.
It is thought it will be possible to utilise this gas by itself, as a heating gas ; but

its chief use is for illumination, and the illuminating power is obtained in the same
manner as with air-gas, the hydrogen gas obtained by any of the methods named
being caused to bubble through some light spirit, any reduction of temperature by
the rapid evaporation being avoided by maintaining the vessel contivining it at a
constant temperature by means of a steam-pipe. The illuminating power of the gas
so obtained is equal to about sixteen or seventeen candles ; and its permanent cha-

racter is declared to be, and no doubt is, sufficient to render it of practical utility

under some peculiar conditions.

A company, called the ' New Gas Company,* has been formed for working a patented
process, the invention of I\Ir. Euck. Instead of manufacturing gas by the distillation

of coal, Mr. Ruck first obtains his hydrogen by the decomposition of water, and then
charges it with the carbon necessary for illuminating purposes by passing it through
a petroleum spirit of specific gravity 0-680. In the first part of the process, super-

heated steam is conveyed into retorts containing iron and coke raised to a high
temperature. The steam is decomposed ; t!io resulting oxygen combines with the



GAS, WOOD 611

iron and the carbon, and the hydrogen is given off, carrying with it a small propor-

tion of carbon compounds. In this state it is valuable for heating purposes, but

possesses very little illuminating power, rather resembling, when kindled, the flame

of a Bunsen's burner. The various attempts which have been made to combine
volatile hydrocarbons with coal-gas, in order to increase its illuminating power, have
all failed on account of the speedy precipitation of the former ; but Mr. Euck claims

to have discovered that petroleum of the specific gravity stated will remain in com-
bination with the hydrogen. According to the report of Messrs. Quick and Spice,

the engineers concerned in the matter, this claim has been subjected to crucial tests,

and has withstood them all. The gas has been suddenly reduced in temperature from
60° to 30°, has been kept for a month in a closed vessel, has been passed through
miles of iron pipes with many rectangular bends, without any consequent precipita-

tion. The illuminating power appears to be exceedingly good, and it is said that it

may be increased almost indefinitely by the removal of a small quantity of carbonic

acid by a simple process. The petroleum can be added to the gas at any point

between the manufactory and the burner, so that heating gas alone, it is proposed,

might be supplied from the mains, say to the kitchens or the conservatories of a large

establishment, and the illuminating agent only added to that portion of the supply,

which was to be used for lighting purposes. The mode of manufacture ensures the

complete absence of the noxious sulphur- and ammonia-compounds with which we are

familiar, but the gas, although in this sense ' pure,' is not dangerously inodorous. It

has a distinct smell, pronounced by those interested in it to be agreeable, but which
is certainly sufficient to lead to the discovery of any domestic leakage, and thus to

obviate danger from explosions.

At the present price of coal, the discovery of a source of gas which is as plen-

tiful as water, should manifestly have an important bearing on the cost of

production. The report of the engineers on this head is to the effect that they can

command millions of gallons of the petroleum spirit required, and that the illumi-

nating gas can be made at the cost of Is. 7^d. per thousand cubic feet. They say
also, that out of every thirty men required for the manufacture of coal-gas, twenty-
nine may be dispensed with in working Mr. Euck's process. These statements, if

borne out by larger experience, cannot fail to attract the attention of the companies.

GAS, "WOOB. Attempts were first made in France towards the close of the

last century to manufacture an illuminating gas from wood. The Thermo-lamp
of Lebon, a wood-gas apparatus, then and for some time afterwards excited con-

siderable attention, especially in the districts of Germany, Sweden, and Eussia, where
coals are scarce. This mode of illumination, proved however, to be a complete failure,

owing to the very feeble illuminating power of the gas produced, and as at this time
the production of gas from coal was rapidly becoming better known, anything like a
regular manufacture of wood-gas never in any case gained a footing. Subsequent
trials only confirmed the failure of Lebon, so that it was universally considered im-
possible to produce a practically useful gas from wood by the usual process of gas

manufacture. In the year 1849 Professor Pettenkofer of Munich had occasion to

repeat these experiments, and he found that the gases evolved from wood at the

temperature at which it carbonises consist almost entirely of carbonic acid, carbonic

oxide, and light carburetted hydrogen ; olefiant gas and the illuminating hydrocarbons
being entirely absent. Such gas was therefore totally unfit for illuminating

purposes.

The temperature of boiling quicksilver, at which coal is not in the slightest degree

decomposed, is quite sufficient to carbonise wood completely. If small pieces of

wood be placed in a glass retort half filled with mercury and the latter be heated to

boiling, a black lustrous charcoal is left in the retort, whilst gas of the following com^
position is evolved :

—

Carbonic acid . . . » 4 . . . 57*4

Carbonic oxide 36*6

Light carburetted hydrogen .7*0

100-0

If however the gases and vapours produced by the above experiment be heated to a
considerably higher temperature than that at which the wood is carbonised. Professor

Pettenkofer found that a very different result is obtained : the volume of permanent
gas is considerably augmented, whilst such an amount of illuminating hydrocarbons

is produced as to render the gas actually richer in these constituents than coal-gas.

Analysis of various samples of such superheated gas gave the following results ;—
bb2
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Carbonic acid . , , . 18 to 25 per cent.
Carbonic oxide . . . 40 „ 60 „ „
Light carburetted hydrogen . 8 ,, 12 „ „
Hydrogen . . . . 14 „ 17 „ „
defiant gas and hydrocarbons . 6 „ 7 „ „

The illuminating value of the hydrocarbons was found to
be one half greater than that of an equal volume of olefiant

gas.

Varieties of wood differing so much in character as pine
and beech were found to yield equally good gas. These
observations prove that wood-gas is indubitably entitled to
rank amongst illuminating agents.

With regard to the apparatus employed, various forms
have been contrived so as to communicate the necessary
temperature to the escaping vapours : it has been however at
length foimd that the ordinary form of retort furnistes the
necessary conditions, provided it be not filled more than one
third with the charge of wood. 120 lbs. of the latter,

i tflff

thoroughly dried, constitutes the charge for one retort. In

1^ hour the distillation is complete, the result being, after

absorption of carbonic acid, 660 cubic feet of gas, which is

perfectly free from all sulphur- and ammonia-compounds, and
possesses, according to the numerous experiments of Liebig
and Steinheil, an illuminating power greater than coal-gas in

the proportion of 6 : 6.

The following analyses show the composition of wood-gas
when made on a manufacturing scale. No 1 is a sample of

gas before purification from the works at the Munich Railway
Station and No 2 is purified gas, as supplied to the town of

Bayreuth :

—

Olefiant Olefiant

No. 1 Gas No. 2 Gas
Hydrocarbons 6-91 == 9-74 7-70 = 11-93

Light carburetted hydrogen 11-06 9-46

Hydrogen 16-07 18-43

Carbonic oxide 40-69 61-79

Carbonic acid

.

26-72 2-21

Nitrogen — •42

96-35 100-00

The specific gravity of the purified wood gas is about -700,

and this, coupled with the large percentage of carbonic oxide

which it contains, renders it necessary to employ burners with

much larger perforations than those used for coal-gas ; iu

fact, if wood-gas be consumed at the rate of from 3 to 4

cubic feet per hour from a coal-gas burner, it yields scarcely

any light at all, whereas if consumed from a fish-tsiil burner

with wide apertures, its illuminating power exceeds, as just

stated, that of coal-gas.

Although the relative cost of wood and coal will prevent

the adoption of Professor Pottenkofer's ingenious process in

this country
;
yet, as it can also be applied with like results

to peat, there is a high probability that it might be employed
with great advantage in Ireland. Its rapid adoption in many
German and Swiss towns proves the practicability of the

process in distrieti} where wood is cheap.

GAS -WORKS. Mr. Hedley, an engineer of great emi-

nence and experience, has kindly furnished the following

plans and drawings of gas-works and of apparatus of the

most approved and modern construction, and on the very largest scale as to extent

of business or manufacture ; also plans and drawings of a gas-work on a smaller
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scale, with its corresponding apparatus. In the first, or large work, purification by
wot lime, before described, is used ; in the latter, by dry lime.

The large work referred to is calculated for, and is arranged to contain, 400 retorts.

'y>». '. '. '^f. i-JUujLJU.ijJB^M

'ii^A^:,y.,-..y.:'.^.^'^y,yJ^J^/j;.,;y^^
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12 wot-lime purifiers, and 2 washers ; 12 largo double or toloscopic gasholders, capable
of storing 1,000,000 cubic feet of gas; and coal stores capable of holding 10,000 tons
of coal.

The smaller work is calculated for, and will contain, 40 retorts, 2 dry-lime purifiers,

i

and a wash vessel ; 2 gasholders capable of storing 60,000 cubic feot of gas ; and coal

stores sufficient for 1,000 tons of coal.

Fig. 1073 is the side elevation (front view) of a gas-work capable of containing 400

retorts, and all their dependencies.
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Fig. 1074 is the plan of the retort house, coal, stores, tanks, gasholdors, &c., on the

largest scale, and most approved form, viz, : a the retort house, 300 feet long, 56 feet

wide ; b, retort beds ; c, chimney stack ; d, flues ; e, hydraulic mains ; f, coal stores,

each 300 feet long, 30 feet wide ; g, condensers ; h, engine-houses ; j, wash vessels

;

K, purifiers and connections ; l, lime store and mixing tub ; m, smiths' and fitters'

'mMm;'.^iim>::4>:A^^mmimm^mi&^!:mmmmm^Mm-^mmi^^

ask:^^Mm/A^>sumMm.Mm.'^,WA:>n^^^^ mm>m^i>mmm'mmm:^

shops; N, refuse-lime pits; o, meter houses; p, tar tank; Q, tanks, gasholders,
bridges, columns, valves, and connections ; e, governors ; s, coke stores ; t, inlet
pipes ; V, outlet pipes ; w, house and offices ; x, stores.

Fig. 1075. Front elevation of gas works on a smaller scale, where dry lime is
used.

Fig. 1076. Plan of gas works, consisting of a, retort house ; b, retort beds; c,
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chimney stack; d, flue; e, hydraulic main; f, coal store; o, lime store; n, washer
and purifiers ; j, store ; k, tar-tank ; l, horizontal condenser laid on the ground ; m,

inlet pipe, n outlet pipe ; o, tanks and gasholders ; p, meter and governor ; q, smiths'

shop ; E, office : s, coke store.

1077

1^ .^ ^ c^ d&

1078

SS-eWW WH H WW'P'WW

R
^^^m

Fig. 1077. Transverse section and elevation of a bed of five retorts, a, transverse

section ; b, elevation.

Fig, 1078. Elevation of an upright air condenser, consisting of five chambers, "with

a series of 10-inch pipes.
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Mg. 1079. Longitudinal section of a bed of 5 D-retorts.

Fig. 1080. End elevation and plan of air condenser, a, end elevation; b, plan.

Fig. 1081. Set of three wet-lime purifiers and wash vessels, in elevation and section,
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M^ith feed-heads, agitators, valves, and connections, raised for the lime-liquor to run
from one purifier to the next below it, and ultimately into the refusc-lirae pits ; viz,

A, section of wash vessel ; b, section of purifier ; c, elevation of purifier.

A Table of the number of hours Gas is burnt in each month, quarter, and year

Time of burning July Aug. Sep. Oct Not. Dec, Jan. Feb. Mar. AprU May June
Mid.
quar.

Mic.
quar. quar.

Lndy
day
quar.

Total
of

year

o'clock.

From dusk to 6 .. 2 31 62 80 65 83 4 ,, .. .. 2 173 102 277
7 .. 14 22 62 92 111 96 61 31 4 ., 4 36 265 188 493
8 ., 40 52 93 122 142 127 89 62 28 4 .. 32 92 357 278 759

» 9 13 71 82 124 162 173 168 117 93 58 29 8 95 166 449 368 1078
10 44 102 112 155 182 204 189 145 124 88 60 38 186 258 541 458 1443
11 76 133 142 186 212 235 220 173 165 118 91 68 277 350 633 648 1808
12 106 164 172 217 242 266 261 201 186 148 122 98 368 442 725 638 2173

All night . 217 307 345 421 473 527 612 411 382 295 242 195 732 869 1421 1305 4327
Morning from 4 16 48 80 110 137 137 98 71 28 2 30 64 327 306 727

» 6 ., .. 18 49 80 106 lOG 70 40 3 ., 3 18 235 216 472
6 ,, ,, 18 60 75 75 42 9 143 126 269
7 •• •• •• 20 44 44 14 •• •• " •• 64 68 122

For Sundays off, deduct one seventh.

Economical and Sanitaey Eelations of Gas.

In a lecture delivered at the Royal Institution in 1853, Dr. Frankland thus estimates

the comparative cost of an amount of light from various sources equal to that yielded

by 20 sperm candles, each burning 120 grains per hour for 10 hours :

—

s. d.

Wax 7 2|
Spermaceti 6 8
Tallow . 2 8

Sperm oil (Carcel's lamp) 10
London gases : City, Great Central, Imperial, and

Chartered 4}
"Western 2}
Manchester gas . . . 3

The following table exhibits the amount of carbonic acid and heat produced per

hour from the above sources of light, the heat generated by tallow being assumed to

be 100 for the purposes of comparison :

—

Carbonic Acid.
Cubic Feet Heat

Tallow 10-1 . . 100

SpSnaceti } 8-3
. . 82

Sperm oil (Carcel's lamp) . , , .6*4 . .63
London gases : City "j

Great Central I -^ .

-

Imperial
f

.... 6-0 .. 47

Chartered J
Western 8-0 . . 22

Manchester gas 4*0 . .32
Notwithstanding the great economy and convenience attending the use of gas, and

in a sanitary point of view, the high position which, as an illuminating agent, coal-

gas of proper composition occupies, its use in dwelling-houses is still extensively ob-

jected to. The objections are partly well founded and partly groundless. As is

evident from the foregoing table, even the worst gases produce, for a given amount
of light, less carbonic acid and heat, than either lamps or candles. But then, whore

gas is used, the consumer is never satisfied with a light equal in brilliancy only to that

of lamps or candles, and consequently, when three or four times the amount of light

is produced from a gas of bad composition, the heat and atmospheric deterioration

greatly exceed the corresponding eifects produced by the other means of illumination.

There is, nevertheless, a real objection to the employment of gaslight in apartments,

founded upon the production of sulphurous acid during its combustion ; this sulphu-

rous acid is deriv^ from bisulphurct of carbon, and the organic sulpnur-compounds,

which have already been referred to as incapable of removal from the gas by the

present methods of purification.
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Theso impurities, which are encountered in almost all coal-gas now used, are the

principal if not the only source of the unpleasant symptoms experienced by many
sensitive persons in rooms lighted with gas. It is also owing to the sulphurous acid

generated during the combustion of these impurities that the use of gas is found to

injure the bindings of books, and impair or destroy the delicate colours of tapestry

:

therefore the production of gas free from these noxious sulphur-compounds is at the

present moment a problem of the highest importance to the gas-manufecturer, and
one which demands his earnest attention.

The high sanitary position which gas takes, with regard to the production of a
minimum amount of carbonic acid and heat for a given amount of light, ought to

stimulate the manufacturer to perfect the process, by removing all sulphur-compounds,

and attaining the most desirable composition, so that this economical, and if pure,

agreeable and sanitary light, may contribute to oiu' domestic comfort to a much greater

extent than it has hitherto done.

Fop the Koyal Coal Commission (1869) circulars were issued to all the gas com-
panies in the tjnitod Kingdom, public and private, so far as those could be ascertained.

Eeplies, giving very full information, were received from 1,024 works. These used,

in 1867, 3,612,964 tons of coal, and in 1868, 3,811,981 tons: the increase being

about 200,000 tons for each year. This has been confirmed by subsequent enquiries,

so that in 1873 the same number of gas-works would have used about 4,800,000 tons

of coal. Those works which are not included in the return from which this quantity

is estimated, will have used above 2,500,000 tons ; consequently, we may estimate the

quantity of coal now (1874) used is 7,300,000 tons.

The number of cubic feet of gas produced from each ton of coal, according to the

returns referred to, were 8,300. The total produce of gas would therefore be

60,690,000,000 cubic feet.

The following description of the Brighton and Hove General Gas Company's Works,
Portslade, Sussex, by Mr. John Biret Paddon, as it embraces the most recent improve-
ments, (the paper was read on February 3, 1874, at the Institution of Civil Engineers),

cannot fail to form a useful appendix to this article :

—

' The site of these works was the wildest, most level, and highest part of a tract of
shingle lying between the sea and the canal forming the eastern entrance to Shoreham
Harbour. This shingle was formerly arrested in its eastward movement by the
entrance works to the harbour ; but since the construction of the present westerly
entrance, it had been greatly wasted by the sea. Between 1866 and 1870, in front of
the site of the gas-works, the high-water mark at ordinary spring tides advanced land-
wards 100 feet ; and at high tides, during strong gales of wind, the waves broke over
the greater portion of the land referred to. To obtain a deposit of shingle along the
sea front as a protection, and to prevent the lighter portions of the waves passing over
the bank, two groynes were constructed, one, in accordance with local custom, being at
a right angle to the shore. With groynes so built there was an invariable scour and
waste on the lee side, so that a repetition of such groynes along the coast to be pro-
tected became a necessity. The second groyne was designed to prevent this destructive
action, and was projected towards the east at an angle of 46° to the shore. The
result has been satisfactory, for soon after its completion a large bank of shingle
accumulated on the east side, where it had since remained. A breastwork had also
been constructed of creosoted Swedish timber ; and although several times exposed to
the coincidence of a high tide and a strong gale of wind, it has proved a suitable and
efficient protection. At a depth of 14 feet the ends of the piles entered a stratum of
sand and gravel of great density and holding-power. A supply of water had been ob-
tained by sinking an iron cylinder to a depth of 60 feet below the ground line. The
water from the chalk at this point held in solution 600 grains per gallon of salts (sea-
water containing 2,700 grains per gallon), and was available for most of the purposes
of the works, except for drinking. The water-tanks over the pump-room furnished
storage for 20,000 gallons of water—a quantity sufficient for ordinary operations to an
extent represented by the consumption of 100 tons of coal. Excellent material for
concrete was found in the excavations, and the foundations of the walls were extended
so as to make the proportion of the weight of the superstructure to the bearing siirface,

16 cwt. per square foot. The concrete bed under the retort benches was 7 feet 6 inches
thick.

' The retort-house was 284 feet 6 inches long and 80 feet wide, inside measurement.
The chimneys were constructed with the lower parts of brick and the upper parts of
wrought iron, and were sufficiently light to be placed on the benches, so that no floor
space was occupied. They were 71 feet 6 inches high, 3 feet square at the bottom,
and 3 feet in diameter, at the top, the least sectional area giving one square inch for
each lineal foot of retort, a proportion which had been satisfactory. In consequence
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of the exposure of the roof tx) storms of groat violence, and to rapid corrosion from the
proximity of the soa, it was cousiJored desirable tliat it should be of groat strength,

and that its parts should bo few and accessible. Accordingly the roof ^^as designed to

sustain a weight equal to 60 lbs. per square foot of external surface, or 72 lbs. per square
foot of plain covered. With that weight no piece of metal was subjected to a tensile

strain exceeding five tons per square inch of section, and the strains on the parts in

compression varied from two tons to four tons per square inch of section. The roof
consisted of ten Warren trusses of 84 feet span and 14 feet deep, placed about 30 feet

apart. Across the top beams were laid four lines of latticed purlins, and upon these
purlins rested the bars carrying the skin of the upper portion of the roof. The lower
portion of the roof was formed with the framed struts of trusses, and some lighter

intermediate framed struts were joined to the bars immediately over them. Tlii'uiit

on the walls was prevented by a series of ties, with screwed couplings, placed between
the feet of the intermediate rafters and principal trusses. The laths wore of channel-
shaped section, and Duchess slates were fastened thereto with screwed clips, two to

each slate. Four wrought-iron rudimentary shafts, 10 foot in diameter, enclosing the

tops of the cliimneys, allowed the smoke to escape ; there was also a protected opening,

6^ feet wide, along the ridge for its entire length, for the same purpose. The roof

was constructed by Messrs. Newton and Chambers, of the Thorncliffe Ironworks, and
its cost, ready for slating, was 8/. 16s. per square of 100 feet. There was twenty-four

benches of these retorts. Each bench had eight long retorts, and there being two
mouthpieces to a retort, made 384 mouthpieces in all. The retorts were cylinders

1 6 inches in diameter and 20 feet long ; and each would carbonise one ton of coal per
day. Allowing one-sixth the number for reserve, the remainder would produce

1,500,000 cubic feet of gas every twenty-four hours, or 300 millions per annum. The
ascension pipes were 6 inches diameter at the bottom, and 5 inches at the top. The
hydraulic mains, two to each block of six benches, were of larger section than usual,

and were fastened with separate outlets to the collecting main. The buckstaves were
of rolled iron, with tie-rods fixed clear of the brickwork. The gas, as it was pro-

duced, passed with the tar and liquor from the collecting pipes of the hydraulic mains,

at either end of the retort-house, into 12-inch mains carried along the inside, and
uniting in the middle of the south wall of the retort-house, from which point they

issued by a 16-inch main to the condensers. At the end of the horizontal condensers

the tar and liquor were deposited in a tank, whence they were led to the tar-tanks

under the coal stores. From this point the gas passed successively through the ver-

tical condensers, exhausters, scrubbers, purifiers, station meters, and driving exhausters,

in the main leading to the gasholders at Hove. The mains and connections were
16 inches in diameter throughout.

• The engine-house contained four exhausters, each exhauster being driven directly

by an independent engine. Two of these exhausters were for the purpose of removing
the gas from the hydraulic mains and driving it through the scrubbers and purifiers.

A self-acting by-pass was carried from the inlet of the exhausters to the inlet of the

purifiers, and each exhauster was connected with a governor, which also acted as a by-

pass. Only one of these exhausters was in use at a time, tho other being in resen'o.

The remaining exhausters were also used one at a time, and were for the sole duty of

receiving the gas at the outlet of the station meter, and of delivering it into the mains
leading to the gasholders at Hove, so that the works were relieved from all pressure

from the weight of gasholders and resistance of the intervening mains. An hydraulic

by-pass made to resist back pressure was placed between the meter and the main,

and each exhauster being connected with a governor, a slight uniform pressure was
maintained at the outlet of the meter.

' The scrubbers used at these works were the first of the kind erected. They con-

sisted of a series of perforated discs or screens, which revolved slowly in a tank half

filled with liquor, so that the gas might pass through the portions of tho screens above
water. Tho gas was in this way divided into a series of small streams, each stream

being brought equally into repeated contact with a thoroughly wetted surface. Tho
screens being fitted at tlie edge with an elastic fringe, made by preference of bass,

there was but little friction against the circular portion of the tank, and as no ad-

vantage was gained by a spoecl of more than fifty revolutions per hour, the power to

keep the screens in motion was very small. There was a slight difference in tho

heights of the bases of the scrubbers, the first being the lowest and the third the highest.

In working, the gas passed through each scrubber from the lowest to the highest of

the set. Water entered the highest scrubber and ran tlirough the middle and lower

scrubbers to the liquor tanks, the desired strength of the liquor being obtained by
regulating the volume of water admitted to tho highest scrubber. The scrubbers re-

moved 95 per cent, of tho ammonia, 50 per cent, of the sulphuretted hydrogen, and
from 30 per cent, to 50 per cent, of tho carbonic acid existing in Uio crude gas. They
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offered no precoptible resistance to the flow of gas and were free from the disad-

vantages of the vertical scrubbers in ordinary use. There were seven purifiers in a

line with each other; each purifier was 36 feet long, 18 feet wide, and 6 feet deep,

with water lutes 2 feet 3 inches deep. The covers were lifted at four points, two on

each side, by a travelling lift passing on rails through the entire length of the shed.

In consequence of the large surface of the covers, and the occasional heavy pressure to

which they were subjected, each cover was held down by four Lewis fastenings, instead

of by the usual bars and clips. As the purifiers were near high-water mark, they were

placed on pile foundations 3 feet above the surface of the ground, and when the pipes

and connections had been laid between the piles, the spaces under the purifiers were
filled up. Tramways were laid at each side of the line of purifiers, and the purifying

material was brought and removed from the oxide and lime sheds at either end in

wagons. The shed covering the purifiers was of light construction, and was closed on
the side next the sea and open on the other side. The revivifying sheds at either end
were each 100 feet long and 50 feet wide, and were fitted with framed moveable louvres.

The first three purifiers were for lime, the next three for oxide of iron, and the last

was also for oxide of iron, to be used as a check purifier. The collective internal

capacity of the purifiers amounted to 22,600 cubic feet. The station meter, one of

the largest yet made, was erected by Messrs. Parkinson and Son, to pass 100,000

cubic feet of gas per hour, and was placed next to the engine-house. The gas-

holders were all at Hove, and their tanks were about 34 feet above the level of the

works at Portslade.
' The entire cost of the works was about 72,000^. ; and when the proposed second

retort-house and coal store were erected upon the site allotted for them, the total

expenditure would amount to 100,000/. The works would then be capable of pro-

ducing 600 million cubic feet of gas per annum, at a cost of 166/. per million on the

capital so expended.'

Gas-lighting hy Electricity.—^The following account is from the pen of Mr. W. L.

Wise, A.I.C.E. :—
' Some curiosity has recently been excited relative to experiments made first in

Germany and subsequently at Preston, in lighting gas by electricity, on the plan

invented by Professor Klinkerfues, director of the Royal Observatory at Gottingen.
' Few persons wiU question that the art of lighting gas by electricity is as yet in

its infancy, and has a great future before it as applied not only to buildings, but also

to the lighting-up of large towns. The subtle agent, electricity, by which such
marvels as instantaneous communication between points thousands of miles apart

have been rendered possible, would seem to be peculiarly adapted as a medium for

enabling operations to be simultaneously performed at many distant points, from any
given place, and, on this account, has commended itself to many inventive minds as

the best means for rapidly lighting gas in towns and large buildings, with what
success remains to be seen.

The advantages to be derived from a practical system of igniting gas, without the

use of an exposed flame for the purpose, will be fully appreciated by those acquainted
with the difficulties and dangers attending the ordinary methods of lighting gas, and
the frequent accidents arising from the careless use of matches and negligent ignitions,

not only in private houses, but also in warehouses, magazines, cotton-mills, and
workrooms, especially where the manufacture of inflammable materials is carried

on. There is, also, considerable inconvenience and waste in connection with the

lighting-up of turret clocks, and the ignition of gas in other places difficult of

access, where, in some cases, to save the great trouble of lighting and extinguishing,

the gas is kept constantly burning, instead of being extinguished during the day-
time.

' Then, as to street lamps, several important points claim attention. The old-

fashioned system of carrying a ladder with a lighted fuse from lamp to lamp, though
still used in many towns, has, nevertheless, been somewhat improved upon by the
introduction of the lighting staff; notwithstanding the use of which, however, our
present mode of street lamp-lighting is a tedious, wasteful, and expensive process.

Not only does it involve the employment in every considerable town of a lai^e staff

of lamp-lighters, but, in order that all the lamps may be lighted by dusk, the lighting

operation has to be commenced some time before any lights are really wanted, so that
gas is consumed to no purpose.

' Many plans have been from time to time proposed for igniting gas by electricity.

* Many years ago Admiral Sheringham made experiments in Portsmouth Harbour,
with a view to the illuminating of buoys and beacons, &c., by gas ignited by elec-

taicity.

Some years later Mr. Simon Petit proposed lighting several gas-jets simultaneously,
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or in very rapid succession, by providing each burner with a valvo or cock, to be
opened and closed by moans of an electric current, acting directly upon it by moans
of an electro-magnet or coil, or indirectly by a releasing detent, an electric spark
being passed througii the issuing gas at the moment of opening the valve, or imme-
diately afterwards.

'At about the same time Mr. Ishara Baggs proposed certain arrangements for
instantly igniting gas by the use of frictional or high-tension electricity, as also
means for turning on and oif the gas when required. The burner of each lamp was
to be provided with a strip of glass, or other non-conducting material, placed hori-
zontally, having a couple of wires passed through it, one at each side of the burner,
the ends of the two wires being brought close to each other at a short distance above
the aperture of the burner. To the lower ends of these wires others were to be
attfichcd, suitably insulated from the metallic portion of the lamp, and joined to
wires connecting it to the other lamps in a given circuit. Several plans were
suggested for turning the gas on and off, one being to provide several burners with
a common tap, to be turned on and off by air pressure and vacuum in a small cylinder
containing a piston connected to the lever of the gas-tap. For effecting the ignition,

Mr. Baggs preferred to use an ordinary plate electrical machine and a Leyden jar, or
combination of jars, for sending the requisite currents of electricity through the wires
of each circuit.

' Another plan, proposed by Mr. Denny Lane, was the use of a portable battery, to

be carried from lamp to lamp, a piece or pieces of platinum wire being suitably placed
in proximity to the orifice of each burner.

' More recently Mr. Robert Cornelius has brought out a plan for igniting gas, by an
electric spark generated by frictional electricity, at the point of a wire bent over the
top of a gas-burner. A chain attached to this wire was carried to some accessible

point, and upon being touched by a portable electric apparatus, or acted upon by a
sUxtionary battery fixed in any convenient position, a current of electricity was con-

veyed to the pointed wire over the burner, and the gas issuing from it thereby ignited.

He proposed several kinds of small stationary frictional batteries suited to the purpose
named, and also a small portable battery, in the form of a tube, with a metal rod,

coated with vulcanite working loose in the inside. The tube was to be lined with
lambs'-skin or other suitable material adapted for the purposes of frictional electricity,

the depression or elevation of one end of the tube causing the metal rod to slide down-
wards by its own gravity, so as to generate sufficient electricity for lighting the gas
issuing from the burner.

• Mr. Barbarin subsequently proposed two plans, one involving the combined use of

electricity and clockwork, a very complex arrangement ; the other dispensing with the

clockwork and electric currents, and employing a quicksilver closing and hydrogen
gas, in conjunction with spongy platinum, for igniting the gas.

* The following are the lighting arrangements at the Eoyal Albert Hall, South
Kensington :—The lights are arranged in thirty clusters of five stars each, each star

containing twenty-one jets or burners. A bichromate battery is made to work an
inductorium, or induction coil, connected to which is a semicircular insulated arrange-

ment. Attached to this are thirty wires, which lead off, one to each of the thirty

clusters. The burners are arranged in sets of three, somewhat like a three-pronged

fork, and the ends of a couple of platinum wires, connected with the battery, are fixed,

within a short distance of each other, near the orifice of the centre burner of one set

in each star, there being a special conducting wire from the battery to one of the stars

in each cluster, or thirty wires in all. AVhen the galvanic circuit is closed, by lowering

the plates of the battery into the acid, a spark is caused to fly from the point of

one platinimi wire to the other, and thereby ignites the gas issuing from the burner.

Since that burner is within lighting range of its neighbours at each side, they in

turn with those next to them, and so on, the ignition of the gas proceeds from

one to the other all round the star. The platinum wires are held by iron wires,

attached by a small block of steatite to the stem of the burner, and are placed

slightly below the horizontal line of. the small burner orifice, so that when the gas

is alight the upward draught draws the flame away, and so prevents deposit of

carbon upon them. The gas is turned on and off by stopcocks in the mains in the

ordinary way.
'Professor Klinkerfues' arrangements are based upon the use of compact platinum,

in connection with a galvanic battery, without the intervention of any coil, the move-

ment of the plates or of the electro-motive liquid by mechanical means, or by gas-

pressure completing the galvanic circuit, the gas being at the same time brought into

contact with the heated platinum wire, and tliorcby ignited. His experiments

demonstrated that for this purpose loss than a red boat was required, as a platinum

wire inserted between the poles of a very small pair of zinc and graphite, without
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showing the slightest emission of light in a dark room, ignited a jet of gas almost

immediately. For opening and closing the gas-passage leading to the burner, and

lighting and extinguishing the gas as required, by simply altering the pressure in the

main, ho combines a bell-shaped compartment with the gas-pipe and the vessel con-

taining the electromotive liquid in such a way that when the gas is at its lowest

pressure the liquid seals the gas-pipe. By increasing the gas-pressure the passage

to the burner is opened, and by a still farther temporary augmentation of the gas-

pressure, the galvanic circuit is completed, so that the issuing gas, impinging upon
the platinum wire between the poles of the battery, is ignited. In its most simple

form his apparatus constitutes a hand-igniter, to be used in lieu of matches, spills, or

tapers for lighting gas at any burner. It consists of a thin, hollow, glass vessel,

several inches high, closed at the bottom, and provided with a cover which screws

into a mounting attached to the neck of the vessel, so as to hermetically close it. The
cover has fixed to it, and carries beneath it, the galvanic pair, consisting of a perforated

tubular piece of zinc, and a cylindrical piece of graphite or carbon. Above the cover

are the electrodes, connected by a piece of platinum wire. The electrodes consist of

two brass wires, one of them screwed into the metal cover, which is in direct contact

with the zinc ; the other passes to the carbon through the cover, from which it is

insulated. The electromotive liquid used is the well-known mixture of bichromate of

potash with dilute sulphuric acid. In order to light gas with this simple apparatus,

it is only necessary to incline it sufficiently to bring the liquid into contact with the

zinc-and-earbon pair, and at the same time to hold the platinum wire in contact with

the jet of gas issuing from the burner. When the apparatus is placed in an upright

position, the zinc and carbon do not touch the liquid, consequently no galvanic action

takes place, and no material is consumed.
* The street-lamp arrangement is designed to simultaneously light or extinguish a

number of lamps from a single station. But Professor Klinkerfues, considering that

galvanic batteries intended for the production of caloric would be of weak resistance,

and therefore incompatible with great lengths of conducting wires and long duration

of galvanic action, without ftequent renovation of the liquid, decided to furnish each

lamp-post with its own galvanic apparatus, and to make the galvanic pair touch the

liquid only during the short time necessary for lighting up. In his apparatus for

this purpose the vessel containing the liquid is provided with an internal tube leading

to tlio burner, and having an enlargement at its lower part, as already mentioned.

This tube is attached at its upper end to the cover. The gas-pipe enters the vessel at

its lower part, and terminates within the tube. The carbon rests upon the enlarge-

ment of the tube leading to the burner ; and the zinc, in the form of a ring, which is

insulated from the tube, is attached to a screwed wire or rod, surrounded at its lower
end by insulating material, and passing up through a suitable insulator in the cover
to a connecting bar, upon which rests a nut, whereby the zinc is held and adjusted.

One of the electrodes is attached directly to the connecting bar, and the other is insu-

lated from the bar and attached to the cover. The upper end of the gas-pipe, situated

within the tube leading to the burner, is perforated, and a cap, adjustable by a
screw, which screws into the pipe, fits easily over it, the lower end of the cap
passing down below the level at which the liquid stands when the gas is at its lowest
pressure. An annular space is thus left between the cap and the gas-pipe, and the
interior of the latter communicates by the apertures at its upper end with the annular
space.

* The action of the apparatus is as follows :—When the gas is at its lowest pressure,

aud the surface of the liquid in the annular space between the gas-pipe and its cap is

at or about its highest level, the liquid seals the lower part of that annular space,

thereby preventing the passage of gas into the tube and thence to the burner. By
slightly increasing the pressure of gas, it will force the liquid down in the annular
space, thereby raising the level in the main vessel until the gas is permitted to pass
by the tube to the burner, and then, by a still further augmentation of the gas-pressure
for a few seconds, the liquid is temporarily forced up in the vessel into contact with the
zinc, thereby completing the galvanic circle, and igniting the gas issuing from the
burner as it comes in contact with the heated platinum wire. After this is effected, a
slight remission of the gas-pressure causes the level of the liquid in the vessel to fall

below the zinc, thereby breaking the galvanic circuit in order to avoid tmnecessary
exposure, but without shutting oif the supply of gas to the burner. The extinction of
the light is effected by reducing the pressure, so that the level of the liquid rises up
witliin the annular space between the pipe and its cap, and thereby shuts off the
communication to the burner. The apparatus is accommodated to variations of
pressure at different altitudes, by adjusting the position of its cap, and the extent to
which it dips in the liquid by means of its screw.

* The practicability of this apparatus was first publicly demonstrated by a three
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months' test in Gottingon, vhen it was applied to forty street-lamps in the principal

thorouglifares ; and the Gas Commission certified that the apparatus had worked
continuously to their satisfaction. But the experiments more recently conducted at

Preston were as follow :

—

' The apparatus was fitted to a lamp near the Lady's "Walk, Moor Park, a mile and a
quarter distant from the gas works in Glover Street, whence the apparatus was to be
operated. The times having been previously agreed upon at which the lamp should
be lighted and the light extingxiishod, watches were carefully compared, so that the
feasibility of at will almost instantaneously changing the gas-pressure in the lamp
apparatus to a definite extent, by means of a regulator at works far removed from the
lamps, might be demonstrated. The regulator in Glover Street being operated upon
at the agreed times, the lamp a mile and a quarter distant was lighted vrith scarcely

any perceptible lapse of time, left burning for five minutes, as had been previously

arranged, and then was promptly extinguished. This process was repeated several

times. Similar experiments were tried on a lamp in Eibblesdalo Place, and on
another in Fishergate, the two being in sight of each other, about a quarter of a mile

apart, and the same distance from the gas-works. They were lighted simultaneously

by one operation on the regulator at the agreed time, and both lights were extin-

guished promptly when the pressure was reduced. The several lamps used for the

trial were taken at hap-hazard, none of the service-pipes having been tested for

defects ; nevertheless, the experiments were considered highly satisfactory.

' For lighting sunlights the foregoing arrangement is modified, only one battery

being used for each cluster of lights. The vessel containing the liquid is placed in

the middle, and is carried by a hollow centre-piece above it, from which the several

arms or branches of the sunlight project radially. The centre-piece is screwed on to

the gas-pipe, whose lower end passes down into the vessel containing the liquid, and
is enlarged at its lower part, and leads to the centre-piece above. The lower end of

the pipe is closed by the liquid when the gas is at its minimum pressure, and opened

by increasing the pressure, the galvanic circuit being completed for igniting the

gas by a temporary augmentation of pressure, as in the street-lamp apparatus.

The electrodes are situated at each side of one burner only, across which the

platinum wire passes, and all the burners being within lighting range of each

other, the whole of the gas jets are rapidly ignited. The dip of the pipe into the

liquid may be varied, as required, by simply turning the centre-piece. The requisite

changes in the gas-pressure are effected by means of a suitable regulator, as well

understood.

'The office desk, or table apparatus, is an ingenious modification, in which the

battery resembles those of the street and sunlight arrangements, except that, there

being a hydrostatic tap, and the electromotive fluid being brought into contact with

the zinc by the pressure of the gas, the zinc is lowered into the acid by a mechanical

arrangement, operated by hand-pressure upon a suitable knob, by which, at the

same time, an ordinary gas-tap is opened, the platinum is moved over, and ignites

the issuing gas. A spring returns the zinc and platinum wire to their original

positions, on the removal of the pressure from the knob.'

GASEOUS. All permanently elastic fluids are usually so called. Oxygen,

hydrogen, nitrogen, arc gaseous bodies.

GASSS, ABSORPTZOX' OF. All bodies, liquid or solid, absorb gasos, the

amount of gases absorbed depending on some mechanical conditions which are by no

means satisfactorily explained. This is not the place to enter into any examination

of this most interesting and important question. Yet, as the consideration of the

phenomena involved is continually pressing itself upon the manufacturer, some brief

notice appears necessary.

Gases are absorbed by liquids under two distinct sets of laws, according as the gas

enters into chemical combination with the liquid or not. The amount of gas

absorbed by a liquid, on which it exerts no chemical action, depends on the specific

nature of the gas and the liquid, on temperature, and on pressure.

Ga^cs are absorbed by solids in \nrtue of some power residing upon their surfaces.

The phenomena of 'catalytic' action, of 'capillary' attraction, and of 'oxosmose'

and ' endosmose,' appear to be all due to the force which compels the condensation

of gases,

—

and liquids—upon the surfaces of all solids. Under Charcoal, many
examples of this are given. The whole subject demands an investigation which it

has not yet received, See "Watts's ' Dictionary of Chemistry ' for a very full descrip-

tion of all the important experiments which bear upon the subject.

GASZUSI, DIFFUSION' OF. All gases and all vapours, have a tendency to

diffuse themselves through one another. The spontmeous evaporation of wattT is

an example of vapour-diflfusion. The wuy in which coal-gas mixes itself with the

air of an apartment is one of gas-diflfusion. The point to be remembered, however,
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is that this difihsion readily takes place in opposition to the law of gravity ; as

a light gas, contained in a vessel with an open mouth inverted, gradually descends—
is (Uffused—into the heavier gas in which it may be placed, and eventually a mixture

of the two is effected.

This subject was very carefully investigated by the late Professor Graham. See

his ' Elements of Chemistry,' and "Watts's ' Dictionary of Chemistry.'

GASES, OSMOSE OF. The phenomenon of the passage of a gas through

membranaceous diaphragms is so called. See Graham's paper in the * Philosophical

Transactions of the Eoyal Society.'

GASES, TRAZTSPXRATZOIO' OF. The passage of gases through capillary

tubes. All these phenomena are well explained in Watts's ' Dictionary of Chemistry.'

GAS-HO]bDER. A vessel for containing and preserving gas, of which various

forms are described by chemical writers.

GAS, XhA.VGBZN'G. Frotoxide of Mtrogen ; Nitrous Oxide; or Nitrogen rmn-
oxide, NO (N^O). This gas is always prepared from the nitrate of ammonia. When
this salt is heated in the solid state, it is completely resolved into laughing-gas and
water. The heat should be applied with caution so as to avoid too sudden a dis-

engagement of gas. Laughing-gas was first described by Priestley in 1776, and
carefully studied by Davy. This gas is chiefly remarkable for the peculiar intoxi-

cation which it produces when breathed. It is not to be used without much caution.

If it is not very pure, serious consequences may ensue ; and even when absolutely

pure, the editor has seen the nitrous oxide produce very distressing effects. It has of

late been extensively used as an anaesthetic by dentists.

GASOMETER, means properly a measurer of gas, though it is employed often

to denote a recipient of gas of any kind. See Gas, Coal.
GAS-PZPES. When the illumination by gas was first introduced in the large

way by Aaron Manby, Esq., then of the Horsley Iron Works, the old musket-barrels,

laid by in quiet retirement from the fatigues of the last war, were employed for the

conveyance of gas ; and by a curious coincidence, various iron foundries desisted in

a great measure from the manufacture of iron ordnance, and took np the peaceful

employment of casting pipes for gas and water.

The breech-ends of the musket-barrels were broached and tapped, and the muzzles
were screwed externally, to connect the two without detached sockets. From the

rapid increase of gas -illumination, the old gun-barrels soon became scarce, and new
tubes, with detached sockets, made by the old barrel-forgers, were first resorted to.

This led to a series of valuable contrivances for the manufacture of the wrought-iron
tubes, commencing with the Eussell's patent in 1824, under which the tubes were first

bent up by hand hammers and swages, to bring the edges near together ; and were
then welded between semi-circular swages, fixed respectively in the anvil, and the
face of a small tilt hammer worked by machinery, by a series of blows along the tube
either with or without a mandrel. The tube was completed on being passed between
rollers with half-round grooves, which forced it over a conical or egg-shaped piece at

the end of a long bar to perfect the interior surface.

Various steps of improvements have been since made ; for instance, the skelps were
bent at two squeezes, first to the semi-cylindrical, and then to the tubular form pre-

paratory to welding, between a swage tool five feet long worked by machinery. Tlie

whole process was afterwards carried on by rollers, but abandoned on account of the
unequal velocity at which the greatest and least diameters of the rollers travelled.

In the present method of manufacturing the patent welded tube, the end of the
skelp is bent to the circular form, its entire length is raised to the welding heat in
an appropriate furnace, and as it leaves the furnace almost at the point of fusion

it is dragged by the chain of a draw-bench, after the manner of wire, through a pair

of tongs with two bell-mouthed jaws, these are opened at the moment of introducing
the end of the skelp, which is welded without the agency of a mandrel.
By this ingenious arrangement wrought-iron tubes may be made from the diameter

of six inches internally, and about one-eighth to three-eighths of an inch thick, to as
small as one quarter-inch diameter and one-tenth bore ; and so admirably is the
joining effected in those of the best description, that they will withstand the greatest

pressures of gas, steam, or water to which they have been subjected, and they admit
of being bent both in the heated and cold state, almost with impunity. Sometimes
the tubes are made one upon the other when greater thickness is required, but these

stout pipes and those larger than three inches are comparatively but little used.—
{Holtzapffel.)

GASSZXTG. In order to remove the hairy filaments from net-lace and other
woven fabrics, they are passed over a large number of minute jets of gas, and between
rollers.

Vol. II. SS
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GAS SZITGEZSrC XMCACHZMTfi. See CalicO-Frixtino.
GAirXiT tjoiuotimes GOXiT, a local term in some parts of England for clay, has

been adopted into geological noraenclaturo to denote the argillaceous strata which
separate the Upper and Lower Greonsands. It is a dark blue or grey clay, used for

making bricks and tiles ; it affords a poor agricultural soil, which is generally con-

verted into pasture.—H. W. B.
GAVIiTHEaZA OZIL, or Wintergreen Oil. A volatile oil obtained from the

Gaultheria procitmhcns, the Wintergreen or Canada tea. It has an agreeable aromatic

odour, and is used for scenting soaps.

GAUIiTBERZirz:. One of the hydrocarbons isomeric with oil of turpentine

which exists in Wintergreen oil, and the oil obtained by distilling the lietida lenta,

the sweet or cherry birch.

GAirzz:. See Crape.
GAUZE IXTIRE CZiOTB is a textile fabric, either plain or tweeled, made of brass,

iron, or copper wire, of very various degrees of fineness and openness of textures.

Its chief uses are for sieves and safety lamps.
GAY-IiirssXTa is a white mineral of vitreous fracture, which crystallises in

oblique rhomboidal prisms ; specific gravity from 1*93 to 1'95 ; scratches gypsum, but
is scratched bycalcspar; affords water by calcination ; it consists of carbonic acid,

28-66; soda, 20*44; lime, 1770; water, 32-30; clay, 1-00. It is, in fact, by
Dr. Ure's analysis, a hydrated soda-carbonate of lime in atomic proportions. This

mineral occurs abundantly in insulated crystals, disseminated through the bed of

clay which covers the urao, or native sesquicarbonate of soda, at Lagunilla in Columbia.

It is known to the natives as clavos, or nails. Gay-Lussite is also found in Little Salt

Lake, near Ragtown, Nevada.
GAZOIiZSrE. A name given to one of the mineral oils. See Naphtha.
GEDGE'S AXiXiOY'. A hard alloy of copper, zinc, and iron, said to be well

adapted for sheathing ships. A good alloy contains about—copper 60, zinc 38 '2, and
iron 1'8 per cent.

GEHXiEXrZTE. A silicate of lime, alumina, and sesquioxido of iron ; occurring in

grey or brown crystals belonging to the pyramidal system. A product agreeing with

gehlenite in both chemical composition and crystalline form occurs among blast-

furnace slags.

GEZiATZXTB (Eng. and Fr. ; Oallerte, Letm, Ger.), is an animal product which is

never found in the humours, but it may be obtained by boiling -vrith water the soft and
solid parts, as the muscles, the skin, the cartilages, bones, ligaments, tendons, and
membranes. Isinglass consists of from 86 to 93 per cent, of gelatine. This substiinco

is very soluble in boiling water ; the solution forming a tremulous mass of jelly when
it cools. Cold water has little action upon gelatine. Alcohol and tannin precipitate

gelatine from its solution ; the former by abstracting the water, the latter by combin-

ing with the substance itself into an insoluble compound, of the nature of leather.

No other acid, except the tannic, and no alkali, possesses the property of precipitating

gelatine. But chlorine and certain salts render its solution more or less turbid ; as the

nitrate and bi-chloride of mercury, the proto-chloride of tin, and a few others. Siil-

phuric acid converts a solution of gelatine at a boiling heat into sugar. Gelatine con-

sists of carbon, 47-88 ; hydrogen, 7*91 ; oxygen, 27'21.

Gelatine is produced by boiling the skin of animals in water, which in its crude

but solid state is called glue^ and when a tremulous semi-liquid, size. See those

articles.

A fine gelatine for culinary uses is prepared and sold as Nelson's patent gelatine. It

is thus prepared :—After washing the parings, &c., of skin, he scores their surfaces, and

then digests them in a dilute caustic soda lye during ten days. They are next placed

in an air-tight vat, lined with cement, kept at a temperature of 70" Fahr. ; then

washed in a revolving cylinder-apparatus with plenty of cold water, and afterwards

exposed to the fumes of burning sulphur (sulphurous acid) in a wooden chamber.

They are now squeezed to expel the moisture, and finally converted into soluble gela-

tine, by water in earthen vessels, enclosed in steam-cases. The fluid gelatine, is

purified by straining it at a temperature of 100° or 120° Fahr.

A sparkling gelatine has been prepared under a patent granted to Messrs. J. and

G. Cox, of Edinburgh. By their process the substance is rendered perfectly pure,

while it possesses a gelatinising force superior even to isinglass. It makes a splendid

calves'-feet jelly and a milk-white blanc-mange. The patentees also prepare a somi-

Kolid gelatine, resembling jujubes, which readily dissolves in warm water, as also in the

mouth, and may be employed to make an extemporaneous jelly.

, The gelatine of bones may be extracted best by the combined action of steam

and a current of water trickling over their crushed fragments in a properly-constructed
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apparatus. When the gelatine is to be used as an alimentary article, the bones
ought to bo quite fresh, -well preserved in brine, or to be dried strongly by a stove.

Bones are best crushed by passing them between grooved iron rolls. Tha cast^

iron cylinders in which they are to be steamed should be throe times greater in

length than in diameter. To obtain 1,000 rations of gelatinous soup daily, a charge
•of four cylinders is required ; each being 3 J feet long, by 14 inches wide, capable of

holding 70 lbs. of bones. These will yield each hour about 20 gallons of a strong

jelly, and will require nearly 1 gallon of water in the form of steam, and 5 gallons

of water to be passed through them in the liquid state. The 6 quarts of jelly pro-

duced hourly by each cylinder proceeds from tho 1 quart of steam-water and 4 quarts of
percolating water.

The boiler should furnish steam of about 223° Fahr., at a pressure of about 4 lbs,

on the square inch.

In ^.1082 A, B, c, D, represent a vertical section of the cylinder; o, h, i, k, a
section of the basket or cage, as
filled with the bruised bones, ^^82

inclosed in the cylinder ; e, c, c,

the pipe which conducts the

steam down to the bottom of the

cylinder ; l, s, a pipe for intro-

ducing water into the interior

;

M, a stopcock for regulating the

quantity of water (according to

the force of the steam-pressure

within the apparatus), which
should be 3^ quarts per hour

;

N is a tube of tin plate fitting

tightly into the part s of the
pipe L ; it is shut at r, and per-

forated below with a hole ; it

is inserted in its place, after the

cage-full of bones has been in-

troduced. Fig. 1083 is an ele-

vation of the apparatus, a, b,

c, D, represent the four cylin-

ders, raised about 20 inches

above the fioor, and fixed in their

seats by screws ; h h, are the
lids ; _Q g, tubulures or valves in'; 99

lids;the lids ; t, ring junction of the lid ; |>, a thermometer ; / /, stopcocks for drawing

1083

I off the jelly ; n n, small gutters of tin-plate ; w, the general gutter of discharge
into the cistern 6 ; o, a block and tackle for hoisting the cage-full of bones in and tmt.

882 '
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1084

Fig. 1084 is an end view of the apparatus ; a, the main steam-pipe ; «, h, c, c, branches
that conduct the steam to the bottom of the cylinder ; o, the t-ickle for raising the

cage ; 8, stopcock ; n, small gutter ; m, main conduit ; b, cistern of reception.

When a strong and pure jolly is wished for,

the cjdinder charged with the bones is to bo
wrapped in bbinket-stuff; and whenever the

grease ceases to drop, the stopcock which admits
the cold wfiter is to be shut, as also that at the

bottom of the cylinder, which is to be opened
only at the end of every hour, and so little as to

let the gelatinous solution run out, without allow-

ing any of the steam to escape with it.

Butchers' meat contains, on an average, in 100
pounds, 24 of dry flesh, 66 of water, and 20 of

bones. Those 20 pounds can furnish 6 pounds
of alimentary substance in a dry state ; whence
it appears that, by the above means, one fourth

more nutritious matter can bo obtained than is

usually got. A keen dispute has been carried

on for some time in Paris, between the partisans

and adversaries of gelatine as an article of food.

It is probable that both parties have pushed
their arguments too far. Calfs-foot jelly is still

deemed a nutritious article by the medical men
of this country, at least ; though it is not to bo

trusted to alone, but should have a due ad-

mixture or interchange of fibrine, albumen,
caseine, &c. See Nutrition.

French Gelatine is sold in cakes, marked, like

those of common glue, with the nets on which they have been dried. This gelatino

is made at Paris, from the cuttings of skins used for making white kid gloves; it is

coloured red, green, and blue, as well as sold colourless.

Swinboicrne's 'patent refined Isinglass is a pure form of gelatine, procured from the

skins of calves cut into very thin slices and treated simply with water at or

about 200°.

D'Arcet, in his Becherches sur Us Substances nutritives que renferment les Os, states

that, in Paris, bones of all kinds are first digested with hydrochloric acid to extract

the phosphate of lime, and then boiled in water under pressure. In this way a

nutritious soup is prepared for the hospitals and other pauper establishments.

. Dr. T. Kichardson of Nowcastle-on-Tyno treats bones first with muriatic or dilute

sulphuric acid to dissolve out a portion of the mineral phosphates which they

contain ; the residue being then acted upon by sulphurous acid. The gelatino

obtained after this process is treated with an alkaline sulphate or hyposulphate, or it

may be treated with the phosphates of an alkali, or with the sulphurous-acid solution

of the diphosphates of lime and magnesia. By any of these processes, it is said, the

hardness and sizing-propcrties of gelatine from any source may be very considerably

improved. See Isinglass.

GEMS are precious stones, which, by their colour, limpidity, lustre, brilliant polish,

purity, and rarity, are sought after as objects of dress and decoration. Among these

l)eautiful minerals, mankind have agreed in forming a select class to which the title

of gcnis or Jewels has been appropriated ; while the term precious stone is moro
particularly given to substances which occur of a larger size and more commonly.

Diamonds, sapphires, emeralds, rubies, topazes, opals, hyacinths, and chrysoberjds,

are reckoned the most valuable gems.

Crystalline quartz, pellucid, opalescent, or of various hues, amethyst, lapis-hizuli,

malachite, jasper, agato, &c., aro ranked in the much more numerous and inferior class

ofprecious stones. U?hese distinctions aro not founded upon any strict philosophical

principle, but are regulated by a conventional agreement, not very well defined ; for it

IS impossible to subject these creatures of fashion and tasto to tho rigid subdivisions of

science. We have only to consider the value currently attached to them, and take care

not to confound two stones of tho same colour, but which may be very differently prized

by the virtuoso.

Since it usually happens that the true gems are in a cut and polished state, or even

set in gold or silver, we aro thereby unable to apply to them many of tho criteria of

mineraiogical and chemiail science. Tho cutting of the storto has removed or masked
its crystalline cliaracte

difficult to be observed

its crystalline cliaracter, and the phenomena of double or single refraction aro often

whilst the test by tho blowpipe is inadmissible. Hence tho
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only scientific resources that remain are the trial by electricity, -which is often inconclu-

sive ; the degree of hardness, a criterion requiring great experience in the person who
employs it ; and lastly, the proof of specific gravity, unquestionably one of tho surest

means of distinguishing the really fine gems from ornamental stones of similar colour.

This proof can be applied only to a stone that is not sot.

The specific gravity may be determined by any person of common intelligence,

with the aid of a- small hydrostatic balance. If, for . exanjple, a stone of a fine

crimson-red colour be offered for sale as an oriental ruby, the purchaser must ascertain

if it be not a Siberian tourmaline, or a spinel ruby. Supposing its weight in air to be 100
grains, if he finds it reduced to 69 grains when weighed in water, he concludes that its

bulk is equal to that of 31 grains of water, which is its loss of weight. Now, a real

sapphire which weighs 100 grains in air, would have weighed 76*6 in water ; a spinel

ruby of 100 grains would have weighed 72*2 in water, and a Siberian tourmaline of

100 grains would have weighed only 69 grains in water. The quality of the stone in

question is, therefore, determined beyond all dispute, and the purchaser may be thus
protected from fraud. See Diamond, 'Rvby, &c. &c.

As the discrimination of one species of gem from another is often a matter of great

practical importance, and sometimes of much delicacy, it may be useful to group to-

gether such easily-applied tests as will enable even an inexperienced observer to

determine the true character of any given stone. In the following comparative tables

the specific gravity (S.Gr.) is placed in the first column, as being in many cases the most
valuable characteristic. This may be determined by means either of the hydrostatic

balance or of Nicholson's hydrometer. For determining the loss of weight in water,

a delicate chemical balance is generally needed ; a common pair of grain scales is

certainly of no use when operating on specimens weighing less than 10 grains.

Distilled water should be employed; but, in its absence, rain-water may be used.

With great experience, a rough notion of the specific gravity of a stone may be obtained
by poising it in the palm of the hand. In the second column of the table the degree of
hardness (H.) is specified. These relative degrees of hardness are expressed on Mohs's
mineralogical scale. If the specimen under test be too small to be conveniently held
in the fingers, it may be partially embedded in a stick of sealing-wax, and examined in

this position. A glazier's diamond is sometimes 'iseful, as it scratches every gem-stone,
excepting the diamond ; whilst a good eteel file is serviceable in distinguishing true
stones from pastes. The third column of the tables gives the character of the refrac-

tion, whether single (S.E.) or double (D.R.), which each gem exhibits. This character
may be ascertained by placing the stone between two crossed pktes of tourmaline ; if tho
dark field becomes more or less illuminated, the mineral is doubly-refracting, whilst if

it remains dark, it is probably singly-refracting. Other optical characters of cut stones

maybe examined by the dichroiscope. This instrument is of no service in dealing with
singly-refracting minerals, but with doubly-refracting species it gives two images which
often differ more or less decidedly in tint. The crystalline form and chemical composi-
tion are not noted in the following tables, because they are not available characters in

examining cut gem-stones, but they are fully given in the articles which treat specially

•of each gem. As colour is the most obvious characteristic of a stone, it is used as the

basis of arrangement in the following scheme. The colour of a cut stone is seen to

greatest advantage when the specimen is held under water, at a depth of about half an
inch from the surface.

In order to determine the true colour of a mounted stone, it should be removed froni

its setting ; for the natural colour is often modified either by placing a foil behind the
gem, or, occasionally, by painting the back of the stone itself.

Colourless Gems,

The colourless stones most likely to occur in commerce are the diamond, the topaz,

and rock-crystal. These may be distinguished by the followi^ig characters :

—

Diamond, . . . . .. S.G-. 3*5 H. 10 S.E.
Topaz . ,. . . . . „ 8-5 „ 8 D.R.
Eock-crystal ,2-5 ,,7 D.R.

The diamond is distinguished from all other stones by its excessive hardness;
a glazier's diamond easily scratches topaz and rock-crystal, but does not touch, or scarcely
touches, another diamond. The topaz is distinguished, in addition to the characters
given above, by its perfect cleavage in one direction, so that a joint or flaw often runs
across the stone

; it also becomes electric when heated, or when a smooth face is ex-
cited by friction. . , _ .

In addition to these gems, the following colourless stones, though comparatively
rare, may sometimes occur in trad^ :^
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"White sapphire S.G.4-0 H.9 D.R.
White Bpinel . „ 3-5 » 8 S.R.
White zircon . „ 47 „ 7-6 D.R.
White beryl . „ 2-6 M 7-5 D.R.
Phenakite » 30 „ 76 D.K.
Tourmaline , ., 3-0 „ 7 D.B.
Euclase . . . „ 30 „ 7-5 J),R.

Bed Gems

9 D.B.
8 , S.R.
7-6 S.R.

8 D.R.
7-5 D.R.

The following are the chief stones of this colour, to which may be added the red
diamond, which occurs, however, but rarely :

—

Ruby S.G. 4
Spinel » 3"5

Garnet . . . . . . „ 3*8

Topaz . . . . , . „ 3-5

Bubellite „ 3

Most of these stones present colours which are sufficiently distinct to be discriminated

by the experienced eye. The ruby (true or oriental ruby) varies in tint from rose-red

to carmine, the most esteemed stones presenting a deep rich red colour, called by
jewellers pigeons' blood. The spinel (spinel ruby and balas ruby) is less brilliant in

tint than the true ruby, and presents a variety of shades, some of which resemble the

colours of certain garnets ; the variety knovra as balas ruby is distinguished by a rose-

pink colour, tending to l)lue. Garnets offer considerable variation in colour; the
Bohemian garnet (pyrope) being of a dark fiery red, and the Oriental or Syrian garnet
(almandine) varying in colour from deep crimson to violet. The topaz is never de-

cidedly red, but sometimes presents a delicate pink tint, which is produced by the
action of heat on stones which are normally of a yellow colour. Bubellite (red
tourmaline) is characterized by becoming highly electric when heated or when exposed
to friction.

By aid of the dichroiscope the red colour of the oriental ruby may be resolved either

into a pale and a dark rose-red, or into a bluish and a yellowish red. The spinel and
garnet, being singly-refracting species, do not admit of dichroiscopic examination.

Brown Gems,

Essonite S.G. 3'6

Hyacinth ,47
Tourmaline .,3-0
Brown quartz » 2*6

Essonite (cinnamon stone or garnet) and hyacinth (zircon) present very similar

colours—a fine reddish brown—but are readily distinguished by specific gravity. In

the dichroiscope the colour of the zircon is resolved into a mixture of brown with
greenish yellow and brown with red.

The brown tourmaline yields images of similar colours, and brown quartz gives a
yellowish brown and a violet-brown image.

A few other stones of a brown colour are occasionally met with, namely :—brown
diamond, chrysoberyl, axinite, idocrase, andalusite, and epidote.

YeUow GeTm.

Topaz S.G. 3-5

Chrysoberyl ,37
Yellow beryl . . ; , , „ 27
Yellow quartz i.

2*6

Zircon »f 47
Oriental topaz „ 4

The colour of the topaz is a straw-yellow or wine-yellow ; that of the chrysoberyl a

greenish yellow ; and of the zircon a brownish yellow. The true topaz, false topaz

(yellow quartz), and oriental topaz (yellow corundum) *may be very similar in colour,

but the three species are readily distinguished, as soon in the table, by differences

in hardness and specific gravity. The colour of tlie topaz when examined in the

dichroiscope is often different in three different directions, and may thus present a pale

straw-yellow, a pale honey-yellow, and a reddish yellow.

Green Gbtm,

Emerald S.G. 27 H. 8 D.R.
Chrysolite 3-3 „ 6'6 D.R.
Tourmaline .•3-0 „ 7-6 D.R.

Oriental emerald . , • • „ 4 „ 9 B.B,,

H. 7-5 S.R.

» 7-5 D.R.

„ 7-5 D.R.

u 7 D.R.

H.8 D.R.

» 8-5 D.R.

M 8 D.R.

„ 7 D.R.

„ 7-6 D.R.

.. 9 D.R.
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The colour of the true emerald is a very bright green, tlie pale green and bluish green

varieties being distinguished as beryl or aqua-marine : tho emerald is rarely without

flaws, which are so characteristic as to be imitated in mock stones. The chrysolite or

peridot presents a very dull green colour, and is so soft as to bo easily abraded when
worn, and thus soon loses its brilliancy of surface and sharpness of edge. The dichroi-

Bcope resolves the colour of the emerald into a yellowish green and a bluish green ;

of the tourmaline into a pale green and a dark blackish green ; and of the Oriental

emerald (green corundum) into green and yellowish green. But the Oriental emerald
rarely occurs in trade, and is said indeed to be the rarest of all stones.

Slue Gems.

Sapphire S.G. 4 H. 9 D.E.
Blue topaz . , , . . „ 3-5 „ 8 D.K.
Blue beryl ,27 „ 8 D.E.

Blue tourmaline . . , , „ 3 ».
7*6 D.E.

By means of the dichroiscope, the colour of sapphire is resolved into a pale and a dark
blue ; that of topaz into a whitish blue, and a greenish blue ; of beryl into similar

tints to those of topaz ; and of tourmaline into a pale bluish green and a very dar^
bluish green, Cyanite is occasionally cut as a jeweller's stone.

Purple or Violet Gems.

Amethyst ....
Oriental amethyst .

lolite

S.G. 2'6 H. 7-5 D.E.

» 4 M 9 D.E.

„ 2-6 „ 7 D.E.

The common amethyst (purple quartz) and the Oriental amethyst (purple corundum)
are very similar in colour, but are readily distinguished by specific gravity and hard-
ness ;- it should, however, be remarked tliat jewellers are in the habit of calling any
stone of fine colour ' Oriental amethyst,' though it may have no mineralogical claim
to the name. lolite (dichroite) is characterized by its strongly-marked diehroism,

commonly exhibiting a blue colour in one direction and a brownish yellow in another;

some varieties are pleochroic, or exhibit several distinct shades in different directions.

Imitation Gems.—In determining a doubtful specimen the observer should always
bear in mind the possibility of its being merely a paste, or imitation in fine glass.

The inferior hardness of glass, compared with that of any precious stone, renders the
determination easy. Although the hardness of glass varies with its composition, it

rarely exceeds 5*5
; all glass may, therefore, be readily scratched with a steel file. The

more brilliant the glass the softer it generally becomes ; and, therefore, pastes when
worn soon get blunt and jagged at their edges and corners, whilst the surfaces become
dull and scratched : such imperfections, if not readily seen by the naked eye, are at

once detected by aid of a lens. The specific gravity of. paste is not an available test,

for it varies from 2*5 to 4*6 according to its composition ; the greater the proportion
of lead present, the more brilliant, the denser, the softer, and the more fusible is the
glass. Like all uncrystallized substances, glass is singly-refracting.

In examining a stone, it is also necessary to guard against doublets or semi-stones.

These are made up of two pieces ; the upper half being a real stone, and therefore
presenting its proper degree of hardness, whilst the Jower, half . is either an inferior
stone or mere glass. When such stones are set, it is difficult to detect the fraud. The
deception arising from the use of foil has already been noticed in this article.—F.W.E,
GSMS, ASTZFZCZAIi. These are glasses, the material of which they are com-

posed being called Strass.

Strass, the paste or glass which generally forms the principal ingredient of imitation
gems, is called after the name of a German jeweller by whom it was invented, at the
commencement of the last century. It is composed of silica, potash, borax, the various
oxides of lead, and sometimes of arsenic : chemically it may be regarded as a double
silicate of potash and lead.

The silica may be furnished either by rock crystal, white sand, or flint ; but, of these,
the first is to be preferred, one of the principal considerations in these preparations
being the extreme piirity of the materials or ingredients employed. In this manu-
facture, which is of more importance, and attended with greater difficulty than most
persons imagine, perfect success (independently of the choice of materials) depends
upon the care taken, and the precautions to be observed. No crucibles should be
used but those which have been proved, both as regards their composition, their
power of withstanding the strongest heat, and their impenetrability to the action of
metallic oxides.

All the substances to be melted should be first pulverised, and even ground :vith
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the greatest care. It should be remembered that the most perfect mixture can only

be eflfected by numerous siftings, and that a separate sieve should bo used for each in-

gredient, and never be made to serve for diiforent substances. "When mixed, the

materials should be melted in a crucible, placed in the middle of a cylintiriavl furnace,

terminated in a dome, the height of which should be 7 feet 6 inches, and its diameter

4 feet 3 inches. The fuel should consist as much as possible of thoroughly dry
wood, chopped very small. The melting should be effected by means of a heat

raised by degrees, and then steadily maintained, especially at the maximum tempera-

ture : tlien when once the melting has been thoroughly accomplished, which cannot

e in less than from twenty to thirty hours, the crucible must be allowed to cool very

,owly.

The art of imitating precious stones in paste has amazingly improved since the

time of Strass, as was shown by the results of the great Paris Exposition of 1855.

The imitations, especially as regards certain colours, leave little to be desired ; but

there is something still in that respect in which the imitation is far from being perfect.

Now that it is proved that the alkalis and vitrifiable earths are oxides of the metals,

all that has to be done to obtain the finest effects is to combine them skilfully with

other artificially-prepared metallic oxides, which have undergone the process of

vitrification.

Experiments ought to be made with all oxidisable and vitrifiable substances, with

the different salts, fluates, phosphates, phosphoric acid, &c.
The following are some of the mixtures generally known, but, it must be observed

here that each artist has his own processes, ingredients, and proportions ;

—

Mixturesfor Strass.

1- 2. 3. 4.

grains grains grains grains

Eock crystal .... 3396-2 3007-8 2897-5 3007-8

Minium 5280-8 ... 4231-25

White lead (pure) ... 5641-0 ... 66410
Potash (pure) . . , , 1804-77 1044-0 1625-15 1044-0

Borax 232-1 305-0 181-28 301-5

Arsenic 10-18 10-18 509

Common Strass.

Litharge, 77*16; white sand, 57-73; potash, 7*71.

Strass of Douhaut-Wieland.

Sifted rock crystal

Boracic acid

Minium (purest)

.

Calcined flints

Pure potash

Deutoxide of arsenic

Potash (purest) .

2897-5
181-18

4451-37

English Straas,

. 962-5
I

Calcined borax

. 481'25
I

Pine white lead

Strass Sastenaire,

4-92

1608-53

801-9

120-89

1. 2. 3. 4. 6.

grains grains grains grains grains

White sand, treated mth hydro-

chloric acid .... 1543-23 1543-23 385-8 385-8 385-8

Minium, first quality. 6-16 2156- 771-61 925-8 848-65

White potash, well calcined 370-32 493-76 108-2 61-72 154-32

Calcined borax .... 308-64 185-16 ... 92-58 123-45

Crystallised nitrate of potash

(nitre) 185-16 ... 123-44 ... 77-16

Peroxide of manganeso 61-72 ... ... 154-32 ...

Deutoxide of arsenic . ... 9-26 ... 23-15 ...

Topaz: No. 1.lopaz: JNo. 1.

Whitest strass, 842-079
;

g^lass of antimony, 36*421
;
purple of CftSPJUS, 0-738.
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Another*

White lead of Ciichy, 771'6 ; flints calcined and pulverised, 771*6.

Another*

White sand, well dressed . 1643-23 Oxide of silver . . 77-16
Borax, calcined . 138-88 Calcined potash . .493-76
Minium . , . 2237-64

Sapphire : Whitest strass, 3858*086
;
pure oxide of cobalt, 57'708.

Ditto', another. Very fine strass, 481-25; purest oxide of cobalt, 1-697.

Emerald, No. 1. Strass, 3858-087; pure green oxide of copper, 35*643; oxide of
chrome, 1*697.

Ditto: ordinary. Strass, 7716*174; acetate of copper, 61*11 ; oxide of iron, 12-731.
Ditto: another. Strass, 481*25; oxide of copper precipitated firom the nitrate by

334*45.

Emeralds {Bastenaire).

1. 2.

Well-washed sand . . .

Minium
White potash, calcined , , ,

Borax, calcined

Yellow oxide of antimony . , ,

Pure oxide of cobalt .

Grreen oxide of chrome

grains

154-32

231-48

46-29

30-86

771
1-54

grains

154-32

231-48

77*16

30*86

3-'85

Amethyst {Bastenaire).

Pale Deep coloured

Strass

Oxide of manganese . . ,

Oxide of cobalt , . , ,

Purple of Cassius , , ,

• •

grains

7716-17
20-39

0-848

grains

3858-08
36*55

20-39

0*848

Aquamarine,

Straps, 2913*53 ; Glass of antimony, 20,370 ; Oxide of cobalt, 1*265.

Syrian Garnet.

Strass . . ,

Glass of antimony
Purple of Cassius

Oxide of manganese .

• • • •

. • t •

1. 2.

grains

427*931
215*815

1*697

1*697

grains

484*25

2*150

Observations. For topaz. No. 1 , the clearest and most transparent glass of antimony

should be used. Frequently this mixture only yields an opaque mass, translucent on

the edges, and transmitting in thin fragments a red colour when held between the

eye and the light : in that case rubies may be made of it.

To make them, a portion of the topaz material is taken, and mixed with eight parts

of fine strass : these are melted in a Hessian crucible for thirty hours in a potter's

furnace, and the result is a beautiful yellow; glass-like strass, which, when cut, pro-

duces an imitation of the finest oriental rubies.

These may be made of another tint by. using the following proportions :

—

Strass, 2411*25; oxide of manganese, 61-310.

In the emerald, No. 1, by increasing the proportion of chrome or oxide of copper,
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and mixing with it oxide of iron, the greon shade may be varied, and the periodot op
the deep-tinted emerald may bo imitated.

The manufacture of artificial gems has acquired an extreme development ; immense
factories are established at Septmoncal in the Jura, furnishing employment to more
than 100 work people, who produce fabulous quantities.

Many ingenious persons in Paris vie with each other • in bringing to perfection the
most perfect processes, and produce truly surprising results. M. Savary especially,

in his magnificent collections, and his perfect imitation of celebrated diamonds, has
arrived at a degree of excellence which, apparently, can scarcely be surpassed.
We have alluded only to those imitations of gems in glass of which a largo portion

of the cheap jewellery is formed. Some very successful attempts have been made to
manufacture true gems by an artificial process. M. Ebelmen has done much in this

direction, and M. Henri Sainte-Claire Deville and M. Henri Caron communicated to

the Academy of Sciences of Paris, in April 1858, a process which they had discovered

for the production of a number of the gems which belong to the corundrum class, as

the ruby, sapphire, &c. Essentially, the process consisted in exposing the fluoride

of aluminium, mixed with a little charcoal and boracic acid, in a black-lead crucible,

protected from the action of the air, to a white heat for about an hour. For details

of the process, see Comptes Rendus, and Annates de Chimie.

GEXTAPPB. A worsted yarn used in the manufacture of fringes, braids, &c.
From its smoothness it combines very readily with silk.

GSSrxiVA. A grain-spirit flavoured with juniper-berries, manufactured exten-

sively in Holland ; hence it is frequently called Hollands.
GBUZSTA. A genus of papilionaceous plants. G. tinctoria is the Dyer's Broom,

which yields a yellow die, or, when mixed with woad, a green colour. A sprig of

genista was the badge of Henry II.'s father, whence the family name Plantagenet
i^Planta genista).

GSXJTIAXSr. Gentiana lutea. The common or yellow gentian, which is said to

owe its name to Gentius, king of Illyria, who introduced it as a medicine about 170
years before Clirist.

The roots of the gentian are collected and dried by the peasants of Switzerland,

the Tyrol, and in the Auvergne.
The bitter of the gentian is agreeable and aromatic ; it is much used in medicine,

and has on some occasions been employed instead of hops in beer.

GBOCROKTZTE. A native sulphantimonide of lead, from the silver mines of Sala,

in Sweden. It appears to resemble Kilbbickenite.
GEODS. A rounded nodule of stone, containing a cavity usually lined with

crystals, Geodes frequently consist of agate, chalcedony, &c. See Agate.
OEOGXroST (777, the earth, and yi/ciais, knowledge), means the science of the

substances which compose the earth's crust. It originated with the German mine-
ralogists,

GBOZiOGT (77), the earth, and xSyos, a discourse). The science which treats of the

structure of the earth, and of the causes which have produced its present physical

features.

GBRAKTZUM, OZXi OP. A name sometimes applied to the oil of ginger-grass,

which is prepared in the East from certain species of Andropogon. This has of course,

no relation whatever either to our wild geraniums {cranc^s bills) or to our garden
geraniums (Pelargoniums).

GERHARBT'S AZTBTDROUS ACETIC ACZB. See AcETiC AciD, and
;Watts's ' Dictionary of Chemistry.'

GERXVZAX BXiACK. See Fbakkfort Black.

j
GBRllCAir SZZiVER. M. Gersdorf, of Vienna, states, that the proportion of

Ithe metals in this alloy should vary according to the uses for which it is destined.

;When intended as a substitute for silver, it should be composed of 25 parts of

nickel, 25 of zinc, and 50 of copper. An alloy better adapted for rolling consists

of 25 of nickel, 20 of zinc, and 60 of copper. Castings, such as candlesticks, bolls,

&c., may be made of an alloy, consisting of 20 of nickol, 20 of zinc, and 60 of copper
;

to which 3 of lead are added. The addition of 2 or 2^ of iron (in the shape of

tin plate ?) renders the alloys much whiter, but, at tlio same time, harder and more
brittle.

Keferstein has given the following analysis of the genuine German silver, as made
from the original ore found in Hildburghausen, near Suhl, in Henneberg :

—

Copper 40'4

Nickel 31-6

Zinc 25-t

Iron 26

JGOO
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Chinese Pahfong, a white alloy, according to the same authority, consists, of 5 parta

of copper, alloyed with 7 parts of nickel, and 7 parts of zinc.
"

The best alloy for making bearings, bushes, and steps for the steel or iron gudgeons,!

and pivots of machinery to run in, is said to consist of 90 parts of copper, 5 of zinc,'

and 5 of antimony. See Alloy and Coppeb.
GERMAXr STEEXi. A metal made of a white iron in forges where charcoal . is

employed, the ores used being either bog-iron ore or the sparry carbonate.

GERMAIT TZITDER. See Amadou..
- GERMAZr TEAST. See Yeast.
GERMZiarATZOir. (Eng. and Fr. ; Bas Keimen, Ger.) The first indication of

vital force in the embryo plant. The seed being placed in the soil, a proper tem-
perature existing, and a due quantity of water being supplied, a chemical action i.^

established, and heat is developed. In fact, a slow combustion takes place, during
which oxygen is combined with carbon, and carbonic acid is liberated. The starcS

of the grain, by the process of germination, is converted into sugar by taking, into

combination one equivalent of the elements of water. " While this operation is

progressing, the embryo enlarges, sending down its root (radicle) into the soil,

and forcing upwards, towards the light, the cotyledons or leaf lobes, and the plumule.
These phenomena of the commencement of vegetable life can be well studied in

the process of malting, in which the barley, by the conversion of its starch into

sugar, becomes malt. See Malting.
The direct action of sunlight is injurious to the germinating seed, consequently it

is a law of nature that a dark soil should be the bed in which this remarkable opera-

tion commences, and is continued, until the first leaves appear above the soil. In the
process of malting, care is taken that the floors upon which the germination is osta-

blished are but dimly illuminated.

It has been proved—the discovery having been first made by the editor of this

Dictionary—that Light separated by means of absorbent media from the chemical
power (Actinism) of the sunbeam entirely stops germination, whereas the dark
chemical rays have the power of quickening germination, even when the seeds are

placed at a considerable depth beneath the soil. As these experiments are rarely

repeated, and as even in the most recent chemical publications (Watts's ' Dictionary of
Chemistry,' amongst others), they are not alluded to, the old and in every way un-
certain experiments of Saussure being adopted, it may be well to state the simple
form of experiment by which the fact may be proved.

Take a piece of glass stained yellow with silver; ascertain that it is so, by ex-

posing a little chloride of silver behind it, to sunshine. If the chloride of silver does
not darken, the glass is of the right kind ; all the chemical rays are cut off. Take
another piece of glass of the deepest blue that can be obtained, the blue being the
result of cobalt. In the first we have a glass through which the solar light passes

freely, but it prevents the permeation of the chemical rays. In the second we have a
medium which is traversed freely by the chemical rays (Actinism), but very little light

is admitted. Place such pieces of glass over a box of earth, in which are planted
an equal number of seeds, at the same depth ; all the circumstances, as it regards mois-
ture and temperature, being the same. The seeds under the blue glass will germinate
with extraordinary rapidity, while the seeds under the yellow glass will not germinate
at all. See ' Eesearches on Light,' and papers in the Bejxn-tsqf the British Association

on * The Influence of Light on the Growth of Plants, &c.,' by Eobert Hunt. The follow-

ing letter from Mr. Charles Lawson, of Edinburgh, September 8, 1853, has practically

settled this important discovery :

—

' My dear Sir,—I am favoured with yours of the 6th, relative to my practical ex-

perience in the effect of the chemical agency of coloured media on the germination of
seeds and the growth of plants.

* I must first explain that it is our practice to test the germinating powers of all

seeds which come into our warehouses before we send them out for sale ; and of

course it is an object to discover, with as little delay as possible, the extent that the

vital principle is active, as the value comes to be depreciated in the ratio it is found
to be dormant. For instance, if we sow 100 seeds of any sort, and the whole germi-
nate, the seed will be of the highest current value ; but if only 90 germinate, its value
is 10 per cent, less ; if 80, its value falls 20 per cent.

* I merely give this detail to show the practical value of this test, and the influence

it exerts on the fluctuation of prices.
* Our usual plan formerly -was to sow the seeds to be tested in a hotbed, or frame,

and then watch the progress and note the results. It was usually from eight to

fourteen days before we were in a condition to decide on the commercial value of the
seeds under value.

• JMy attention was, however, directed to your excellent work, " On the Physical
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Phenomena of Nature," about five years ago, and I resolvod to put your theory to a

practical test. I accordingly had a aiBO mado, the sides of which were formed of

glass coloiured blue or indigo, which aise I attiiched to a small gas stove for on-

gendering heat"; in the ease, shelves were fixed in the inside, on which were placed

small pots wherein the seeds to be tested were sown.
• The results were all that could be looked for ; the seeds freely germinating in from

two to five days only, instead of from eight to fourteen days as before.

' I have not carried our experiments beyond the germination of seeds, so that I

cannot afiford practical information as to the effect of other rays on the after- culture

of plants.
* I have, however, made some trials with the yellow ray in preventing the germi-

nation of seeds, which have been successful ; and I have always found the violet ray

prejudicial to the growth of the plant after germination.

I remain, my dear Sir, very faithfully yours,
' To Kobert Hunt, Esq.* Chaeles Lawson.'

Another application of the principles involved in the discovery—that the luminous

rays chocked germination and promoted the growth of ligneous fibre—has been made
by the cultivators of early potatoes in the West of Cornwall. The seed potatoes are

carefully placed on shelves in houses maintained at such a temperature that germi-

nation is set up. When they begin to shoot, an abundance of light is admitted to

check the germinating process, and render the shoot woody and strong. In March^
after the frosts—these potatoes are carefully placed in the soil, and so rapid is their

growth and development that they are ready for the market in July. Upwards of

11,000 tons of potatoes, grown under these conditions, were sent from West Cornwall

in July 1874.

CBROPIGA, or Jerupiga. A factitious liquor, imported, from Portugal, and used

in this country for the adulteration of wines. It appears to be a compound of unfer-

mented grape-juice, brandy, sugar, and colouring matter.

GERSBORFFZTE. A sulpho-arsenide of nickel, containing, in typical

varieties—arsenic, 45*5; sulphur, 19-4; nickel, 35-1. Found at Loos in Sweden,

near Hartzgerode in the Hartz, and Craigmuir Mine, Scotland.

GEYSERITE. Siliceous sinter deposited from goyscrs or hot springs.

OHir-xrAIiA-PAAT, Corchorus olitorius or Hibiscus Manihot. An Indian

fibre much used by the natives. See Fibbes.

GZBBSZTE. A stalactitic hydrate of alumina, named after Colonel G. Gibbs,

whose collection of minerals is now in Yale College.

GIBRAIiTAR STOZTE. Stalagmitic carbonate of lime resembling the

Algerian onyx-marble, found in limestone-caverns at Gibraltar.

GIG MAGHZZrES, are rotatory drums, mounted with thistles or wire teeth for

teazling cloth. See Woollen Manufacture.
GZIiBERTZTE. A micaceous mineral apparently related to kaolin, occurring

with the china-stone of St. Austell in Cornwall.

GZIiBZlOTG {Dorure.'Fv. ; Vergoldung, Ger.). This art consists in covering bodies

with a thin coat of gold, which may be done either by mechanical or chemical means.

The mechanical mode is the application of gold-leaf or gold-powder to various sur-

faces, and their fixation by different means. Thus gold may be appiled to wood,

plaster, pasteboard, leather; and to metals, such as silver, copper, iron, tin, and

bronze ; so that gilding, generally speaking, includes several arts, exercised by very

different classes of tradesmen.

I. Mechanical Gilding.—Oil-gilding is tlie first method under this head, as oil

is the fluid most generally used in the operation of this mechanical art. The follow-

ing process has been much extolled at Paris :

—

1. A coat of impression is to be given first of all, namely, a coat of white lead paint,

made with drying linseed oil, containing very little oil of turpentine.

2. Calcined ceruse is to be ground very well vnth unboiled linseed oil, and tempered

with essence of turpentine, in proportion as it is laid on. Three or four coats of this

hard tint are to bo applied evenly on the ornaments, and the parts which are to bo

most carefully gilded.

3. The Gold colour is then to be smoothly applied. This is merely the dregs of the

colours, ground and tempered with oil, which remain in the little dish in which painters

clean their brushes. This substance is extremely rich and gluey ; after being ground

up, and passed through fine linen cloth, it forms the ground for gold-loaf.

4. When the gold colour is dry enough to catch hold of the leaf gold, this is spread

on the cushion, cut into pieces and carefully applied -svlth the pallet knife, pressed down
with cotton, and on the small ornaments with a fine brush.

5. If the gildings be for outside exposure, as balconies, gratings, statues, &c., they
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must not be varnished, as simple 6il-gilding stands better ; for when it is varnished, a

bright sunbeam acting after heavy rain, gives tho gilding a jagged appearance.

When the objects are inside ones, a coat of spirit-varnish may be passed over the gold-

leaf, then a glow from the gilder's chafing dish may be given, and finally a coat of oil-

varnish. The workman who causes the chafing dish to glide in front of tho varnished

surface must avoid stopping for an instfint opposite any point, otherwise he would

cause the varnish to boil and blister. This heat brings out the whole transparency

of the varnish, and lustre of tho gold.

Oil-Gilding is employed with varnish polish, upon equipages, mirror-frames, and

other furniture. The following method is employed by eminent gilders at Paris :

—

1. White lead, with half its weight of yellow ochre, and a little litharge, are sepa-

rately ground very fine ; and tho whole is then tempered with linseed oil, thinned with

essence of turpentine, and applied in an evenly coat, called impression.

2. When this coat is quite dry, several coats of the hard tint are given, even so

many as 10 or 12, should the surface require it for smoothing and filling up the pores.

These coats are given daily, leaving them to dry in tho interval in awarm sunny exposure.

3. When the work is perfectly dry, it is first softened down with pumice stone and

water, afterwards with worsted cloth and very finely powdered pumice, till the hard

tint give no refiexion, and be as smooth as glass.

4. With a camel's-hair brush, there must be given lightly and with a gentle heat,

from 4 to 5 coats at least, and even sometimes double that number, of fine lac-varnish.

6. When these are dry, the grounds of the pannels and the sculptures must be first

polished with shave-grass {de la prele) ; and next with putty of tin and tripoli, tempered

with water, applied with woollen cloth ; by which the varnish is polished till it shines

like a mirror.

6. The work thus polished is carried into a hot place, free from dust, where it re-

ceives very lightly and smoothly, a thin coat oi gold colour, much softened down. This

coat is passed over it with a clean soft brush, and the thinner it is the better.

7. Whenever the gold colour is dry enough to take tlio gold, which is known by
laying the back of the hand on a corner of the frame work, the gilding is begim and
finished as usual.

8. The gold is smoothed off with a very soft brush, one of camel's hair, for example,

of three fingers' breadth ; after which it is left to dry for several days.

9. It is then varnished with a spirit-of-wine varnish ; which is treated with the

chafing dish as above described.

10. When this varnish is dry, two or three coats of copal, or oil of varnish, is

applied, at intervals of two days.

11. Finally, the pannels are polished with a worsted cloth, imbued with tripoli and
water, and lustre is given by friction with the palm of the hand, previously softened

with a little olive oil, taking care not to rub off the gold.

In this country. Burnished gilding is practised by first giving a ground of size

whiting, in several successive coats ; next appl^dng gilding size ; and then the gold-

leaf, which is burnished down with agate, or a dog's tooth.

Gilding in distemper of the French, is the same as our burnished gilding. Their pro-

cess seems to be very elaborate, and the best consists of 17 operations ; each of them is

said to be essential.

1. Encollage, or the Gltie coat. To a decoction of wormwood and garlic in water,
strained through a cloth, a little common salt, and some vinegar are added. This com-
position, as being destructive of worms in wood, is mixed with as much good glue

;

and the mixture is spread in a hot state, with a brush of boar's hair. "Wlien plaster or
marble is to be gilded, the salt must be left out of tho above composition, as it is apt to

attract humidity in damp places, and to come out as a white powder on the gilding. But
the salt is indispensable for wood. The first gluecoating is made thinner than the second.

2. White preparation. This consists in covering the above surface with 8, 10, or 12
coats of Spanish white, mixed up with strong size, each well worked on with the brush,
and in some measure incorporated with the preceding coat, to prevent their peeling off

in scales.

3. Stopping up the pores, with thick whiting and glue, and smoothing the surface

with dog-skin.

4. Polishing the surface with pumice-stone and very cold water.
6. Reparation

; in which a skilful artist retouches the whole.
6. Cleansing ; with a damp linen rag, and then a soft sponge.
7. Treler. This is rubbing with horse's tail {shave-grass) the parts to be yellowed,

in order to make them softer.

8. Yellowing. With this view yellotlb ochre is carefully ground in water, and mixed
with transparent colourless size. The thinner part of this mixture is applied hot over
the white surface with a thin brush, which gives it a fine yellow hue.
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9. Vngraining ; consists in rubbing the wholo work with shave-grass, to remove any
granular appearance.

10. Coat of assicttc ; trencher coat. This is the composition on which the gold is

to be laid. It is composed of Armenian bole, 1 pound ; hematite, 2 ounces ; and
as much galena ; each separately ground in water. The wholo are then mixed
togetlier, and ground up with about a spoonful of olive oil. The assicite well made
and applied gives beauty to the gilding. The assiette is tempered with a white shecpJ
skin glue, very clear and well strained. This mixture is heated, and applied in thred
successive coats with a very fine long-haired brush.

11. Rubbing, with a piece of dry, linen cloth ; except the parts which are be bur-»

nished, which are to receive other two coats of assiette tempered with glue.

12. Gilding. The surface being damped with cold water (iced in summer) has
then the gold-leaf applied to it. The hollow grounds must always be gilded before

the prominent parts. Water is dexterously applied by a soft brush, immediately
behind the gold-leaf, before lajdng it down, which makes it lie smoother. Any
excess of water is then removed with a dry brush.

13. Burnishing, with bloodstone.

14. Deadening. This consists in passing a thin coat of glue, slightly warmed, oveil

tlie parts that are not to be burnished.

15. Mending ; that is, moistening any broken points with a brush, and applying

bits of gold-leaf to them.

1 6. The vermeil coat. Vermeil is a liquid which gives lustre and fire to the gold

!

and makes it resemble or-moulu. It is composed as follows : 2 ounces of annotto, 1

ounce of gamboge, 1 ounce of vermilion, half an ounce of dragon's blood, 2 ounces of

salt of tartar, and 18 grains of saffron, are boiled in a litre (2 pints English) of water,

over a slow fire, till the liquid be reduced to a fourth. The whole is then passed

through a silk or muslin sieve. A little of this is made to glide lightly over the gold,

>vith a very soft brush.

17. Eepassage; is passing over the dead surfaces a second coat of deadening

glue, which must be hotter than the first. This finishes the work, and gives it strength.

Leaf gilding, on paper or vellum, is done by giving them a coat of gum-water or

fine size, applying the gold-leaf ere the surfaces be hard dry, and burnishing with agate.

Gold lettering, on bound books, is given without size, by laying the gold-leaf on thd

leather, and imprinting it with hot brass types.

The edges of the leaves of books are gilded, while they are in the press where they

have been cut smooth, by applying a solution of isinglass in spirits, and laying on the

gold when the edges are in a proper state of dryness. The French workmen employ

a ground of Armenian bole, mixed with powdered sugar-candy, by means of white-of-

egg. This ground is laid very thin \ipon the edges, after fine size or gum-water has

been applied ; and when the ground is dry it is rubbed smooth with a wet rag, which

moistens it sufficiently to take the gold.

Japanjiers' gilding is done by sprinkling or daubing with wash-leather, some gold-

powder over an oil sized surface, mixed with oil of turpentine. This gives the appear-

ance of frosted gold. The gold-powder may be obtained, either by precipitating gold

from its solution in aqua regia by a solution of pure sulphate of iron, or by e\raporating

away the mercury from some gold-amalgam.

II. Chemical Gilding, or the application of gold by chemical affinity to metallic

surfaces.

A compound of copper with one-seventh of brass is the best metal for gilding on

;

copper by itself being too soft and dark coloured. Ordinary brass, however, answers

very well. We shall describe the process of wash gilding, with M. D'Arcet's im-

provements, now generallpr adopted in Paris.

Wash gilding consists in applying evenly an amalgam of gold to the surface of a

copper alloy, and dissipating the mercury with heat, so as to le;ivo the gold film fixed.

The surface is afterwards burnished or deadened at pleasure. The gold ought to bd

quite pure, and laminated to facilitate its combination with the mercury; which

should also be pure.

Preparation of the amalgam.—After weighing the fine gold, the workman puts it in

a crucible, and as soon as this becomes faintly red, he pours in the requisite qnantity

of mercury ; which is about 8 to 1 of gold. He stirs up the mixture with an iron rod,

bent hookwise at the end, leaving the crucible on the fire till he perceives that all the

gold is dissolved. He then pours the amalgam into a small earthen dish containing

water, washes it with care, and squeezes out of it with his fingers all the running

mercury that he can. The amalgam that now remains on the sloping sides of the

vessel is so pasty as to preserve the impression of tlie fingers. When this is squeezed

in a chamois-leather bag, it gives up much mercury; and remains an amalgam, con-

sisting of about 33 of mercury, and 57 of gold, in 100 parts. The mercury which

1
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passes through the hag, under the pressure of the fingers, holds a good deal of gold in

solution ; and is employed in making fresh amalgam.
Preparation of the mercurial solution.—The amalgam of gold is applied to brass,

through the intervention of pure nitric acid, holding in solution a little mercury.

100 parts of mercury, and 110 parts by weight of pure nitric acid, specific gravity

1-33, are to be put into a glass matrass. On the application of a gentle heat the mer-

cury dissolves with the disengagement of fumes of nitrous gas, which must bo allowed

to escape into the chimney. This solution is to be diluted with about 25 times its

weight of pure water, and bottled up for use.

1. Annealing The workman anneals the piece of bronze after it has come out of

the hands of the turner and engraver. He sets it among burning charcoal, or rather

peats, which have a more equal and lively flame ; covering it quite up, so that it may
be oxidised as little as possible, and diking care that the thin parts of the piece do not

become hotter than the thicker. This operation is done in a dark room, and when he
sees the piece of a cherry-red colour, he removes the fuel from about it, lifts it out

with long tongs, and sets it to cool slowly in the air.

2. The decapage.—The object of this process is to clear the surface from the coat of

oxide which may have formed upon it. The piece is plunged into a bucket filled with

extremely dilute sulphuric acid ; it is left there long enough to allow the coat of oxide

to be dissolved, or at least loosened ; and it is then rubbed with a hard brush. When
the piece becomes perfectly bright, it is washed and dried. Its surface may, however,

be still a little variegated ; and the piece is therefore dipped in nitric acid, specific

gravity 1*33, and afterwards rubbed with a long-haired brush. The addition of a

little common salt to the dilute sulphuric acid would probably save the use of nitric

acid, which is so apt to produce a new coat of oxide. It is finally made quite dry
(after washing in pure water), by being rubbed well with tanners' dry bark, sawdust,

or bran. The surface should now appear somewhat depolished ; for when it is very
smooth, the gold does not adhere so well.

3. Application of the amalgam.—The gilder's scratch-hrush or pencil, made with
fine brass wire, is to be dipped into the solution of nitrate of mercury, and is then

to be drawn over a lump of gold-amalgam, laid on the sloping side of an earthen;

vessel, after which it is to be applied to the surface of the brass. This process- is to

be repeated, dipping the brush into the solution, and drawing it over the amalgam,
till the whole surface to be gilded is coated with its just proportion of gold. The
piece is then washed in a body of water, dried, and put to the fire to volatilise the

mercury. If one coat of gilding be insufficient, the piece is washed over anew with
amalgam, and the operation recommenced till the work prove satisfactory.

4. Volatilisation of the mercury.—Whenever the piece is well coated with amalgam,
the gilder exposes it to glowing charcoal, turning it about, and heating it by degrees

to the proper point ; he then withdraws it from the fire, lifts it with long pincers, and,

seizing it in- his left hand, protected by a stuffed glove, he turns it over in every
direction, rubbing and striking it all the while with a long-haired brush, in order to

equalise the amalgam. He now restores the piece to the fire, and treats it in the same
way till the mercury be entirely volatilised, which he recognises by the hissing sound
of a drop of water let fall on it. During this time he repairs the defective spots,

taking care to volatilise the mercury very slowly. The piece, when thoroughly
coated with gold, is washed, and scrubbed well with a brush in water acidulated with
vinegar.

^
If the piece is to have some parts burnished, and others dead, the parts to be bur-

nished are covered with a mixture of Spanish white, bruised sugar-candy, and giim
dissolved in water. This operation is called in French epargner {protecting). When
the gilder has protected the burnished points, he dries the piece, and carries the heat
high enough to expel the little mercury which might still remain on it. He then
plunges, it, while still a little hot, in water acidulated with sulphuric acid, washes it,

dries it, and gives it the burnish.

6. The burnish is given by rubbing the piece with burnishers of hematite (blood-

stone). The workman dips his burnisher in water sharpened with vinegar, and rubs
the piece always in the same direction backwards and forwards, till it exhibits a.fine

polish, and a complete metallic lustre. He then washes it in cold water, dries it with
fine linen cloth, and concludes the operation by drying it slo'Vrly on a grating placed
above a chafing-dish of burning charcoal.

6. The deadening is given as follows :—The piece, covered with the protection on
those parts that are to be burnished, is attached with an iron wire to the end of

an iron rod, and is heated strongly so as to give a brown hue to the eparqne hy
its partial carbonisation. The gilded piece assumes thus a fine tint of gold ; and
is next coated over with a mixture of sea salt, nitre, and alum fused in the water
of crystallisation of the latter salt. The piece is now restored to the fire, and ho;\ted
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till the saline crust which covers it becomes homogeneous, nearly transparent, and
enters into true fusion. It is then taken from the fire and suddenly plunged into cold
water, which separates the saline crust, carrying away even the coat of epargne.

The piece is lastly passed through very weak nitric acid, washed in a great body of
water, and dried by exposure either to the air, over a drying stove, or with clean linen

cloths.

7. Of or-movlu colour.—When it is desired to put a piece of gilded bronze into

or'7noulu colour, it must be less scrubbed with the scratch-brush than usual, and
made to come back again by heating it more strongly than if it were to be deadened,
and allowing it then to cool a little. The or-movlu covering is a mixture of hematite,

alum, and sea salt. This mixture is to bo thinned with vinegar, and applied with a
brush so as to cover the gilded brass, with reserve of the burnished parts. The piece

is then put on glowing coals, urged a little by the bellows, and allowed to heat till

the colour begins to blacken. The piece ought to be so hot that water sprinkled on
it may cause a hissing noise. It is then taken from the fire, plunged into cold water,

washed, and next rubbed with a brush dipped in vinegar, if the piece be smooth

;

but if it be chased, weak nitric acid must be used. In either case, it must be finally

washed in a body of pure water, and dried over a gentle fire.

8. Of red gold colour.—To give this hue, the piece, after being coated with amalgam,
and heated, is in this hot stjite to be suspended by an iron wire, and tempered with
the composition known under the name of Rider's wax ; made with yellow wax, red

ochre, verdigris, and alum. In this state it is presented to the flame of a wood fire,

is heated strongly, and the combustion of its coating is favoured by throwing some
drops of the wax-mixture into the burning fuel. It is now turned round and round
over the fire, so that the flame may act equally. When all the wax of the colouring

is burned away, and when the flame is extinguished, the piece is to be plunged in

water, washed, and scrubbed with the scratch-brush and pure vinegar. If the colour

is not beautiful, and quite equal in shade, the piece is coated with verdigris dis-

solved in vinegar, dried over a gentle fire, plunged in water, and scrubbed with

pure vinegar, or even with a little weak nitric acid if the piece exhibit too dark
a hue. It is now washed, burnished, washed anew, wiped with linen cloths, and
finally dried over a gentle fixe.

jQgg The following is the

outline of a complete

gilding factory, as now
fitted up at Paris :

—

Figs. 1085, 1086, front

elevation and plan of a

complete gilding work-

shop.

p. Furnace of appd, or

draught, serving at the

same time to heat tlie

deadening pan (poelon au
mat).

F. Ash-pit of this fur-

nace.

N. Chimney of this

furnace constructed of

bricks, as far as the con-

traction of the great

chimney, s, of the forge,

and which is terminated

by a summit pipe rising

2 or 3 yards above this

contraction.

B. Forge for annealing

the pieces of bronze ; for

drying the gilded pieces,

&c.

c. Chimney of commu-
nication between the an-

nealing forge B, and the

Space D below the forge. This chimney serves to carry the noxious fumes into the

great vent of the factory.

"D. Bucket for the brightening operation.

A. Forge for passing the amalgam over the piece.

1080
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E. Shelf for the brushing operations.

E K. Coal cellarets.

o. Forge for the deadening process.

0. Furnace for the same.

M. An opening into the furnace of appel, by which vapours may be let off from any

operation by taking out the plug at m.
•

^

1. Cask in which the pieces of gilded brass are plunged for the deadening process.

The vapours rising thence are carried up the general chimney.

J J. Casement with glass panes, which serves to contract the opening of the hearths,

without obstructing the view. The casement may be rendered moveable to admit
larger objects.

H H. Curtains of coarse cotton cloth, for closing at pleasure, in whole or part, one or

several of the forges or hearths, and for quickening the current of air in the places

where the curtains are not drawn.

Q. Opening above the draught furnace, which serves for the heating of the poelon au
mat (deadening pan).

Gilding on polished iron and steel.—If a nearly neutral solution of gold in muriatic

acid be mixed with sulphuric ether, and agitated, the ether will take up the gold, and
float above the denser acid. When this auriferous ether is applied by a hair-pencil to

brightly-polished iron or steel, the ether flies off, and the gold adheres. It must be
fixed by polishing with the burnisher. This gilding is not very rich or durable. In
fact the affinity between gold and iron is feeble, compared with that between gold and
copper and silver. But polished iron, steel, and copper, may be gilded with heat, by
gold-leaf. They are first heated till the iron takes a bluish tint, and till the copper has
attained to a like temperature ; a first coat of gold-leaf is now applied, which is pressed

gently down with a burnisher, and then exposed to a gentle heat. Several leaves

either single or double are thus applied in succession, and the last is burnished down
cold.

Mr. Elkington obtained a patent, in June 1836, for Riding copper, brass, &c., by
means of potash or soda combined with carbonic acid, and with a solution of gold.

Dissolve, says he, 5 oz. troy of fine gold in 52 oz. avoirdupois of nitro-muriatic acid of

the following proportions : viz. 21 oz. of pure nitric acid, of spec. grav. 1*45, 17 oz.

of pure muriatic acid, of spec. grav. 1'15, with 14 oz. of distilled water.

The gold being put into the mixture of acids and water, they are to be heated in

a glass or other convenient vessel till the gold is dissolved ; and it is usual to continue

the application of heat after this is effected, until a reddish or yellowish vapour ceases

to rise.

The clear liquid is to be carefully poured off from any sediment which generally

appears, and results from a small portion of silver, which is generally found in alloy

with gold. Tlie clear liquid is to be placed in a suitable vessel of stone
;
pottery ware

is preferred. Add to the solution of gold 4 gallons of distilled water, and 20 pounds
of bicarbonate of potash of the best quality ; let the whole boil moderately for 2 hours,

the mixture will then be ready for use.

The articles to be gilded having been first perfectly cleaned from scale or grease,

they are to be suspended on wires, conveniently for a workman to dip them in the

liquid, which is kept boiling. The time required for gilding any particular article

will depend on circumstances, partly on the quantity of gold remaining in the liquid,

and partly on the size and weight of the article ; but a little practice will readily give

sufficient guidance to the workman.
Supposing the articles desired to be gilded be brass or copper buttons, or small

articles for gilt toys, or ornaments of dress, such as earrings or bracelets, a consider-

able number of which may be strung on a hoop, or bended piece of copper or brass
wire, and dipped into the vessel containing the boiling liquid above described, and
moved therein, the requisite gilding will be generally obtained in from a few seconds

to a minute ; this is when the liquid is in the condition above described, and depend-
ing on the quality of the gilding desired ; but if the liquid has been used some time,

the quantity of gold will be lessened, which will vary the time of operating to produce
a given effect, or the colour required, all of which will quickly be observed by the

workman ; and by noting the appearance of the articles from time to time, he will

know when the desired object is obtained, though it is desirable to avoid as much as
possible taking the articles out of the liquid.

^
When the operation is completed, the workman perfectly washes the articles so

gilded with clean water; they may then be submitted to the usual process of
colouring.

If the articles be cast figures of animals, or otherwise of considerable weight, com •

pared with the articles above mentioned, the time required to perform the process will

be greater.

Vol. II. T T
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In case it is desired to produce what is called n, dead appearance, it may bo per-

formed by several processes : the one usually employed is to dead the articles in tho

process of cleaning, as practised by brass founders and other trades ; it is produced by
an acid, prepared for that purpose, sold by the makers under the term 'deading
aquafortis,' which is well understood.

It may also be produced by a weak solution of nitrate of mercury, applied to tho

articles previous to the gilding process, as is practised in the process of gilding with
mercury, previous to spreading the amalgam, but generally a much weaker solution

;

or the articles having been gilded may be dipped in a solution of nitrate of mercury,
and submitted to heat to expel the same, as is practised in the usual process of

gilding.

Cold gilding,—Sixty grains of fine gold and 12 of rose copper are to be dissolved in

two ounces of aqua regia. When tho solution is corflpleted, it is to bo dropped on
clean linen rags, of such bulk as to absorb all tho liquid. They are then dried, and
burned into ashes. Those ashes contain the gold in powder.
When a piece is to be gilded, after subjecting it to the preliminary operations of

softening or annealing and brightening, it is rubbed with a moistened cork, dipped in

the above powder, till tho surface seems to be sufficiently gilded. Large works aro

thereafter burnished -wath pieces of hematite, and small ones with steel burnishers,

along with soap water.

In gilding small articles, as buttons, with amalgam, a portion of this is taken equi-

valent to the work to be done, and some nitrate-of-mercury solution is added to it in

a wooden trough ; the whole articles are now put in, and well worked about with a

hard brush, till their surfaces are equably coated. They are then washed, dried, and
put together into an iron frying-pan, and heated till the mercury begins to fly off,

when they are turned out into a cap, in which they are tossed and well stirred about
with a painter's brush. The operation must be repeated several times for a strong

gilding. The surfaces are finally brightened by brushing them along with small

beer or ale grounds.

For the processes of gilding by electro-chemical means, see ELECTEO-METALLimGY.
GZIVI?, or G-YMP, a silk, woollen, or cotton twist, with often a metallic wire,

but sometimes a coarse thread running through it ; it is much used in coat-lace

making.
GZIir, or Geneva, from Genievre (juniper), is an ardent spirit manufactured in

London, and other places, in great quantities, and flavoured generally with juniper-

berries. It is also made in Holland, and hence called Hollands gin in this country,

to distinguish it from British gin. The materials employed in the distilleries of

Schiedam are, two parts of unmalted rye from Eiga, weighing about 54 lbs. per bushel,

and one part of malted bigg, weighing about 37 lbs. per bushel. Tho mash-tun,

which serves also as the fermenting tun, has a capacity of nearly 700 gallons, being

about 6 feet in diameter at the mouth, rather narrower at the bottom, and 4i feet

deep ; the stirring apparatus is an oblong rectangular iron grid made fast to the end

of a wooden pole. About a barrel, = 36 gallons of water, at a temperature of from
162° to 168° (the former heat being best for the highly-dried rye), are put into tho

mash tun for every 1^ cwt. of meal, after which the malt is introduced and stirred,

and lastly the rye is added. Powerful agitation is given to the magma till it becomes

quite uniform ; a process which a vigorous workman piques himself upon executing in

the course of a few minutes. The mouth of the tun is immediately covered over with

canvas, and further secured with a close wooden lid, to confine the heat ; it is left in

this state for two hours. The contents being then stirred up once more, the trans-

parent spent wash of a preceding mashing is first added, and next as much cold water

as will reduce the temperature of the whole to about 85° F. The best Flanders yeast,

which had been brought, for tho sake of carriage, to a doughy consistence by pressure,

is now introduced to tho amount of one pound to every 100 gallons of the mashed
materials.

The gravity of the fresh wort is usually from 33 to 38 lbs. per Dicas' hydrometer;

and the fermentation is carried on from 48 to 60 hours, at the end of which time tho

attenuation is from 7 to 4 lbs., that is, tho specific gravity of tho supernatant wash is

from 1-007 to 1-004.

Tho distillers aro induced, by the scarcity of beer-barm in Holland, to skim off a

quantity of the yeast from the fermenting tuns, and to sell it to tho ])akers, whereby

they obstruct materially tho production of spirit, though they probably improve

its quality, by preventing its impregnation with yeasty particles ; an unpleasant

result which seldom fails to take place in tho whisky distilleries of the United

Kingdom.
On tho third day after tho fermenting tun is set, tho wash containing tho grains is

transferred to the still, and converted into low wines. To every 100 gallons of this
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liquor, two pounds of juniper-berries, from 3 to 5 years old, being added, along with

about one quarter of a pound of salt, the whole are put into the low wine still, and the

fine Hollands spirit is drawn off by a gentle and well-regulated iieat, till the magma
becomes exhausted ; the first and the lust products being mixed together ; whereby a

spirit, 2 to 3 per cent. aboA'e our hydrometer proof, is obtained, possessing the peculiar

fine aroma of gin. The quantity of spirit varies from 18 to 21 gallons per quarter of

grain ; this large product being partly due to the employment of the spent wash of the

preceding fermentation ; an addition which contributes at the same time to improve

the flavour.

Ix)ndon gin is, as we have stated, a corn spirit, which is, however, rendered sweet

and cordial-like, by the use of several injurious substances. Plymouth gin, as manu-
factured by Coates and Co. of Plymouth, is a far purer spirit. Therectificrs employ
a pure grain spirit, and flavour with the wash of the whisky distilleries. When wash
is distilled, the fluid that comes over is called singlings, or low wines. It is concen-

trated or doubled by a second distillation, and becomes ram corn spirit ; this is sold

to the rectifier at 11 or 25 per cent, over proof.

Mr. Brande has given the following table of the quantities of alcohol (sp. gr. at

60° F., 0-825) contained in different ardent spirits :

—

Proportion of Alcohol in ardent Spirits.

Brandy . ,

Kum
Gin
Whisky, Scotch

Do. Irish

.

In 100 parts

. 65"39 by measure

. 63-68

. 61-60

. 54-32 „

. 63-20

GZlffGER. Zingiber officinale. This species is herbaceous, with a creeping or

tuberous rhizome. The flowers are irregular, and disposed in form of a dense spike

or raceme. Tlie Zingiberacea are natives of all parts of the intertropical zone : the

common ginger is originally indigenous to the East Indies, but it is now cultivated

in almost all warm parts of the globe. The rhizome or rootstock is the ginger of

commerce. It is imported in large quantities from the East and West Indies and
Africa.

1868 1869 1870 1871 1872 1

Places

Impoi-ts Value Imports Value Imports Value Imports Value Imports Value

From cwts. £ cwts. £ cwts. £ cwts. £• cwts. £
"West Coast of

AMca . 1,895 9,617
Sierra Leone 9,970 13,386 9,556 11,380 6,85i 8,999 3,948 6,540 ..

British India :

Bombay and
Scinde . 2,189 5,192 2,246 5,597 2,691 5,613 2,014 4,812

Madras . 7,340 17,608 2,437 4,691 6,770 14,481 9,822 •21,896 ..

Bengal and Pegu 4,227 5,743 7,152 9,729 5,852 7,553 1,178 1,491 ,,

British West India
Islands . 24,813 53,618 11,594 25,341 8,211 16,585 8,542 123,547 .,

Other parts .

Total .

1,760 3,232 1,540 3,244 3,475 7,742 5,219 13,598 •• ••

62,194 101,456 34,535 59,982 33,854 60,973 32,723 70,884 31,904 71,681

GZX7GBXI BEER. A fermented drink containing an infusion of ginger. The
foUoM-ing is a good and useful form for its manufacture :

—

Barbadoes ginger root . . . , . .12 ounces.
Tartaric acid . 3 ounces.
White sugar ....... 8 pounds.
Gum arable 8 ounces.
Essence of lemon . . . . . .2 drachms.
Water . . . . , , , .9 gallons.

The ginger root, bruised, is to be boiled for an hour ; then, the liquor being strained,
the tartaric acid and sugar added, boiled and the same removed. The gum arable
dissolved in a separate portion of water, is added with the essence of lemons. When
the whole has cooled to about 100° Fahr., some fresh yeast is to be added, and the
beer carefully fermented. Then bottle for use.

T T 2
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Ginger-beer powders are thus prepared :

—

White sugar 5 ounces.

Tartaric acid 1 ^ ounce.

Carbonate of soda 1^ ounce.

Powdered Jamaica ginger .... 2 drachms.

Essence of lemon 10 drops.

All the materials are to be carefully dried, and mixed while yet warm, in a warm
mortar, and immediately bottled.

If the acid and the carbonate of soda are kept separate, these precautions are not
necessary.

GZirDrZTTG is the name of the operation by which the filaments of cotton are

separated from the seeds. See Cotton Manxtfactube.
OINS'ENG. The root of the Panax Schinseng, a plant belonging to the Araliaccts,

or ivy-order. This is highly esteemed as a medicine by the Chinese, who are said to

value it at its weight in gold. The American Ginsettg is the root of a closely-related

plant P. quinqucfolium.

GZRASOIi. The name given by the French to fire-opal. See Opal.
GXiAIBE. The white-of-egg. This consists, according to Gmelin, of albumen 1 2*0,

mucus 27, salts 0*3, water 85-0. Glaire or albumen {pvalbumen), is distinguished from
the albumen of the serum of the blood {scralbumefi), by its being coagulated by ether.

Glaire is used by bookbinders in finishing the backs of books, and for a few other

purposes in the arts. See Albtjmen.
GZiAircz:. Any minerals exhibiting a brilliant lustre especially of a metallic

character were so called, the term signifying splendour. Lead-glance, iron-glance, and
the like are examples.

GIiAiarcs-COAXi, a name given to anthracite, of which there are two varieties,

the slati/ and the conchoidal. See ANTHKAcrrE and Coal.
GZ.AM-CZ:-COBAI.T. See Cobalt.
GXiAM-CE-COPPSR. See Copper.
GXiASERZTZ:. Native sulphate of potash, from Vesuvius.

GilASS {Verre,^ Fr. ; Glas, Ger.) is a transparent solid formed by the fusion of

siliceous and alkaline matter. It was known to the Phoenicians, and constituted for

a long time an exclusive manufacture of that people, in consequence of its ingredi-

ents—natron, sand, and fuel—abounding upon their coasts. It is certain that the

ancient Egyptians were acquainted with glass, for, although we find no mention of it

in the writings of Moses, we discover glass ornaments in tombs which are as old as

the days of Moses. According to Pliny and Strabo, the glass works of Sidon and
Alexandria were ftimous in their times, and prodticed beautiful articles, which were
cut, engraved, gilt, and stained of the most brilliant colours, in imitation of precious

stones. The Komans employed glass for various purposes; and have left speci- .

mens in Herculaneum of window-glass, which must have been blown by methods
analogous to the modern. The Phoenician processes seemed to have been learned by
the Crusaders, and transferred to Venice in the 13th century, where they were long

held secret, and formed a lucrative commercial monopoly. Soon after the middle

of the seventeenth century Colbert enriched France with the blown mirror-glass

manufacture.

Chance may have had a share in the invention of this curious fabrication, but there

were circumstances in the most ancient arts likely to lead to it ; such as the fusing

and vitrifying heats required for the formation of pottery, and for the extraction of

metals from their ores. Pliny ascribes the origin of glass to the following accident :

—

A merchant-ship laden with natron being driven upon the coast at the mouth of the

river Belus, in tempestuous weather, the crew were compelled to cook their victuals

ashore, and having placed lumps of the natron upon the sand, as supports to tlio

ke ties, found to their surprise masses of transparent stone among the cinders. The
sand of this small stream of Galilee, which runs from the foot of Mount Carmol, was
in consequence supposed to possess a peculiar virtue for making glass, and continued

for ages to be sought after and exported to distant countries for this purpose. There

exists good evidence that the manufacture of glass and of vitreous glazes is much
older than the time ascribed by Pliny.

Agricola, the oldest author who has written technically upon glass, describes fur-

naces and processes closely resembling those employed at the present day. Neri,

Kunckel, Henckel, Pott, Achard, and some other chemists, have since then composed

treatises upon the subject; but Neri, Bosc, Antic, Loysel, and Allut, in the Ency-

clopedie MctJiodiquc, arc the best of the older authorities.

The Venetians were the first in modern times who attained to any degree of ex-
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cellence in the art of working glass ; but the French became eventually so zealous of

rivalling them, particularly in the construction of mirrors, that a decree was issued by
the court of France, declaring not only that the manufacture of glass shoidd not dero-

gate from the dignity of a nobleman, but that nobles alone should be masters of glass-

works. Within the last fifty years. Great Britain has made rapid advances in this

important art, and at the present day her pre-eminence in some departments hardly

admits of dispute.

The window-glass manufacture was first begun in England in 1557, in Crutched

Friars, London : and fine articles of flint-glass were soon afterwards made in the

Savoy House, Strand. In 1635 the art received a great improvement from Sir Robert
Mansell, by the use of coal-fuel instead of wood. The first sheets of blown glass for

looking-glasses and coach-windows were made in 1673 at Lambeth, by Venetian

artisans employed under the patronage of the Duke of Buckingham.

The casting of mirror-plates was commenced in France about the year 1688,

by Abraham Th^vart : an invention which gave rise soon afterwards to the establish-

ment of the celebrated works of St. Gobain, which continued for nearly a centiiry

the sole place where this highly-prized object of luxury was well made. In cheap-

ness, if not in excellence, the French mirror-plate has been for some time rivalled by
the English.

The analyses of modern chemists, which will be detailed in the course of this

article, and the light thrown upon the manufacture of glass in general by the accu-

rate means now possessed of purifying its several ingredients, would have brought

the art long since to the highest state of perfection in this country, but for the long-

continued vexatious interference and obstructions of our Excise laws now happily at an
end.

The researches of Berzelius having removed all doubts concerning the acid character

of silica, the general composition of glass presents now no difficulty of conception.

This substance consists of one or more salts, which are silicates with bases of potash,

soda, lime, oxide of iron, alumina, or oxide of lead; in any of which compounds we
can substitute one of these bases for another, provided that one alkaline base be left.

Silica in its turn may be replaced by boracic acid, without causing the glass to lose

its principal characters.

Under the title ' glass ' are therefore comprehended various substances fusible at a
high temperature, solid at ordinary temperatures, brilliant, generally more or less

transparent, and always brittle. The following chemical distribution of glasses has

been proposed :—

•

1. Soluble glass; a simple silicate of potash or soda ; or of both these alkalis.

2. Crown-glass ; silicate of potash and lime.

3. Bottle-glass ; silicate of soda, lime, alumina, and iron.

4. Common window-glass ; silicate of soda and lime ; sometimes also of potash.

5. Plate-glass ; silica, soda or potash, lime, and alumina.

6. Ordinary crystal-glass ; silicate of potash and lead.

7. Flint-glass ; silicate of potash and lead ; richer in lead than the preceding.

8. Strass ; silicate of potash and lead ; still richer in lead.

9. Enamel ; silicate and stannate or antimonate of potash or soda, and lead.

The following analyses of these varieties of glass will place their composition more
completely before the reader :

—

smca Potaah or
soda

Lime Oxide of

lead
Alnmfna Water

1. Soluble glass . 62 26 12
2. Crown-glass 63 22 12 3
3. Bottle-glass 54 5 20 6 ox. iron

4. Window-glass 69 11 soda 13 7
5. Plate-glass 72 n soda 6 2 ox. iron 2

6. Crystal . 61 6 33
7. Flint-glass 45 12 43
8. Strass . 38 8 53 1

31 8 50 10 ox. tin
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Bohemian glass....
opal-glass .

„ mirror-glass

„ hard glass (as analysed
by Mr. Rownoy) .

8ilir,a Potash Limo AInminn Soda

76-0

80-9

67-7

73-0

150
176
21-0

11-5

8-0

•7

9-9

10-5

1-0

•8

1-4

2-0 3

In the following table are also given the analyses of a certain number of Bohemian
glasses, which will indicate their composition with precision, and show how uncertain
their composition is :

—

No. 1. No. 2. No. 3. No. 4. No. 6. No. 6. No. 7. No. 8.

Silica 71-6 71-7 69*4 62-8 75-9 78-85 70- 57-

Potash 11-0 12-7 11-8 22-1 ... 5-5 20- 25-

Soda. ... 2-3 ... ... 17-5 1205
Lime 10- 10-3 9-2 12-5 3-8 5-6 4- 12-5

Magnesia . 2-3

Alumina . 2-2 0-4 9-6 2-6 2-8 3-5 5- 3-

Oxide of iron 3-9 0-3 ... ... ... .«. 0-6 1-3

Oxide of manganese 0-2 0-2 ... ... ... ... 0-4 0-4

101-2 98*1 100- 100- 100* 100-5 100- 99-2

No. 1. Bohemian glass from Neufeld (M. Grus).

No. 2. A fine table glass from Neuwelt (M. Berthior) ; it is exceedingly beautiful,

and is prepared, according to M. Perdonnet, with a mixture of 100 quartz, 50 caustic

lime, 75 carbonate of potash, and a very small quantity of nitre, arsenious acid, and
oxide of manganese.

No. 3. Old Bohemian glass (M. Dumas).
No. 4. Crown-glass of German manufacture (M. Dumas).
No. 5. Glass for mirrors (M. Dumas).
No. 6. Another glass for mirrors (M. Dumas).
No. 7. Wliite table glass, from Siberberg near Gratzen.

No. 8. Mirror-glass from New-Hurkenthal, for the manufacture of cast mirrors.

Poligot gives the analysis of Venetian aventurine as follows :

—

Silica

Potash
Lime
Soda

67-7

5-5

8-9

71

Oxide of Tin
Oxide of Lead
Metallic Copper
Oxide of Iron

. 2-3

. 11

. 3-9

. 3-5

See AVENTUEINE.

The following analyses of different varieties of Continental glass are instructive :

—

Silica....
No.l. No. 2. No. 3. No. 4. No. 6. No.C.

71-7 69-2 62-8 60-4 53-56 42-5

Potash 12-7 15-8 22-1 3-2 5-48 11-7

Soda .... 2-5 30 ... S. pot.

Lime .
10-3 7-6 12-5 20-7 29-22 0-5

Alumina 0-4 1-2
1 f

10-4 6-01 1-8

Magnesia . ... 20 hn 0-6

Oxide of iron 0-3 0-5 J I 3-8 6-71

„ manganese . 0-2

„ lead . . ... ... ... ... ... 43-5

Baryta ... ... 0-9

No. 1. is a very beautiful white wine-glass of Nouwolt in Bohemia.

No. 2. Glass tubes, much more fusible than common wine-glasses.

No. 3. Crown-glass of Bohemia.
No. 4. Flask-glass of St. Etionnc, for which some heavy spar is used.
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No. 5. Glass of S6vres.

No, 6. Guinand's flint-glass.

Some specimens of ancient glass, analysed by Bichard Phillips, have the following

composition :

—

Roman vase

„ flatted glass .

„ lachrymatory .

SUioa Alumina
Oxide of

iron
Manganese Lime Magnesia Soda

70-58

71-95

71*45

1-80

trace

2-15

0-53

3-45

1-02

0-48

0-57

•17

8-00

7-33

8-14

trace

0-60

trace

18-86

15-30

16-62

Thus we see that these ancient glasses were all soda-glasses.

Devitrification.—The glasses which contain several bases are liable to suffer different

changes when they are melted or cooled slowly. The silica is divided among these

bases, forming new compounds in definite proportions, which, by crystallising, separate

from each other, so that the general mixture of the ingredients which constitute the

glass is destroyed. It becomes then very hard, fibrous, opaque, much less fusible,

a better conductor of electricity and of heat, forming what Reaumur styled devitrified

glass ; and what is called after him ' Reaumm^'s porcelain.'

This altered glass can always be produced in a more or less perfect state, by
melting the glass and allowing it to cool very slowly ; or merely by heating it to the

softening pitch, and keeping it at that heat for some time. The process succeeds

best with the most complex vitreous compounds, such as bottle-glass; next with

ordinary window-glass ; and, lastly, with glass of potash and lead.

This property ought to be kept constantly in view in manufacturing glass. It

shows why in making bottles we should fashion them as quickly as possible with the

aid of a mould, and re-heat them as seldom as may be absolutely necessary. If glass

is often heated and cooled, it loses its ductility, becomes refractory, and exhibits a
multitude of stony granulations throughout its substance. When coarse glass is

worked at the enameller's lamp, it is apt to change its nature in the same way, if the

workman be not quick and expert at his business.

Fusibility, Cooling, Annealing.—All glass is more or less fusible ; when it is

softened by the action of heat, it may be worked with the greatest ease, and may bo
drawn out into threads as fine as thoSe of the cocoon of the silkworm. Glass, when
it is submitted to rapid cooling, becomes very fragile, and presents several very
remarkable phenomena, among which, as an example, Prince Rupert's drops may
be instanced, Glass supports variations of temperature bettor in proportion as it

has been more slowly cooled ; thus, when it has been slightly annealed, or not at all,

its fragility may be considerably diminished by annealing it in water, or bettor, in

boiling oil.

Action of Atmospheric and CJiemical Agents.—The harder and more infusible a glass

is, the less it is alterable by the action of atmospheric and chemical agents, -mtli the
exception of hydrofluoric acid. Glass which is too alkaline attracts gradually the

moisture of the air, and, loses its lustre and polish. Many glasses are perceptibly

attacked by a prolonged boiling with water, and a fortiori by acid and alkaline solu-

tions ; thus, the bottle-glass is frequently attacked by the tartar which is found in the
wine. According to Guyton-Morveau, all glass which is attacked by prolonged
boiling with concentrated solutions of alum, common salt, sulphuric acid, or potassa,

is of bad quality.

From these facts we perceive the importance of making a careful choice of the glass
intended to be worked in considerable masses, such as the large object-glasses of tele-

scopes ; as their annealing requires a very slow process of refrigeration, which is apt
to cause devitrified specks and clouds. For such purposes, therefore, no other species

of glass is well adapted, except that with bases of potash and lead ; or that "with bases
of potash and lime. These two form the best flint-glass and crown-glass ; and they
shoidd be exclusively employed for the construction of tlie object-glasses of achromatic
telescopes.

Glass, itwill be apparentfrom the analyses given (pp. 645,646), maybe defined, in tech-
nical phraseology, to be a transparent homogeneous compound formed by the fusion of
silica with oxides of the alkaline, earthy, or common metals. It is usually colourless,

and then resembles rock-crystal, but is occasionally stained by accident or design with
coloured^ metallic oxides. At common temperatures it is hard and brittle, in thick
pieces ;

in thin plates or threads, flexible and elastic ; sonorous when struck ; fracture
conchoidal, and of that peculiar lustre called vitreous : at a red heat, becoming soft,

ductile and plastic. Other bodies are capable of entering into vitreous fusion, as
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phosphoric acid, boracic acid, arsenic acid, as also certain metallic oxides, as of

lead and antimony, and several chU)ridcs ; some of which are dononiinatod glasses.
.' Silica, formerly styled the earth of flints, -which constitutes the basis of all com-
mercial glass, is infusible by itself in the strongest fire of our furnaces ; but its

vitreous fusion is easily effected by a competent addition of potash or soda, either

alone or mixed with lime or litharge. The silica, which may bo regarded as be-

longing to the class of acids, combines at the heat of fusion with these bases, to form
saline compounds ; and hence glass may be viewed as a silicate of certain oxides,

in which the acid and the bases exist in equivalent proportions. Were these pro-

portions, or the quantities of the bases which silica requires for its saturation at

the melting point, exactly ascertained, we might readily determine beforehand the

best proportions of materials for the glass-manufacture. But as this is far from
being the case, and as it is, moreover, not improbable that the capacity of satura-

tion of the silica varies with the temperature, and that the properties of glass also

vary with the bases, we must in the present state of our knowledge, regulate the

proportions rather by practice than by theory, though the latter may throw an in-

direct light upon the subject. For example, a good colourless glass has been found

by analysis to consist of 72 parts of silica, 13 parts of potash, and 10 parts of lime, in

95 parts. If we reduce these numbers to the equivalent ratios, we shall have the

following results, taking the atomic weights as given by Berzelius :—

1 atom potash= 590 1467
1 lime 356 8-84

3 silica 1,722

2 sHica 1,155
^2-7n 71.4928-79/'^**'

3,823 9500

This glass would therefore have been properly better compounded with the just

atomic proportions, to which it nearly approaches, viz. 71*49 silica, 14'67 potash, and
8 '84 lime, instead of those given above as its actual constituents.

The proportions in which silica unites with the alkaline and other oxides are

modified by the temperature as above stated ; the lower the heat, the less silica will

enter into the glass, and the more of the base will in general be required. If a glass

which contains an excess of alkali be exposed to a much higher temperature than that

of its formation, a portion of the base will be set free to act upon the materials of the

earthen pot, or to be dissipated in fumes, until such a silicate remains as to constitute

a permanent glass corresponding to that temperature. Hence the same mixture of

vitrifiable materials will yield very different results, according to the heats in which
it is fused and worked in the glass-house ; and therefore the composition should

always be referrible to ' the going ' of the furnace. "When a species of glass, which at

a high temperature formed a transparent combination with a considerable quantity of

lime, is kept for some time in fusion at a lower temperature, a portion of the lime

unites with the silica into another combination of a semi-vitreous or even of a stony

aspect, so as to spoil the transparency of the glass altogether. There is probably a
supersilicato and a subsilicate formed in such cases ; the latter being much the more
fusible of the two compounds. The E6aumur's porcelain already mentioned, is an
example of this species of vitreous change in which new affinities are exercised at a
lower temperature. An excess of silica, caused by the volatilisation of alkaline

matter with too strong firing, will bring on similar appearances.

The specific gravity of glass varies from 2'3 to 3'6. That of least specific gravity

consists of merely silica and potash fused together ; that with lime is somewhat denser,

and with oxide of lead denser still. Plate-glass made from silica, soda, and lime, has

a specific variety which varies from 2'3 to 3'6; crystal or flint-glass containing lead

from 3'0 to 3'6.

The density of several glasses without lead is as follows :

—

Old Bohemian glass (Dumas) 2*396

Bohemian bottle-glass 3'782

Do. window-glass 2'642

Fine glass, called Bohemian crystal .... 2'892

Mirror-glass of Cherbourg (Dumas) .... 2'506

Do. St. Gobain 2'488

Do. Newhaus, 1812 (Scholz) 2-651

Do. do. 1830 2'663

The power of glass to resist the action of water, alkalis, acids, air, and light is in

general the greater the higher the temperature employed in its manufacture, the smaller
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the proportion of its fluxes, and the more exact the equivalent ratios of its constituents.

When glass contains too much alkali, it is partially soluble in water. Most crystal-

glass is affected by having water boiled in it for a considerable time ; but crown-glass

being poorer in alkali, and containing no lead, resists that action much longer, and is

therefore better adapted to chemical operations. In general, also, potash-glass is more

apt to become damp than soda-glass, agreeably to the respective hygrometric properties

ot these two alkalis, and also to the smaller proportion of soda than of potash requi-

site to form glass.

Air and light operate upon glass probably by their oxidising property. Bluish oi

greenish coloured glasses become by exposure colourless, in consequence undoubtedly

of the peroxidation of the iron, to whose protoxide they owe their tint ; other glasses

become purple-red from the peroxidation of the manganese. The glasses which

contain lead suffer another kind of change in the air, if sulphuretted hydrogen be

present ; the oxide of lead is converted into a sulphuret, with the effect of rendering

the surface of the glass opaque and iridescent. The more lead is in the glass, the

quicker does this iridescence supervene. By boiling concentrated sulphuric acid in a

glass vessel, or upon glass, we can ascertain its power of resisting ordinary menstrua.

Good glass will remain smooth and transparent ; bad glass will become rough and

dim. The conditions of decomposition, as it occurs in glass of great age, have not

been satisfactorily explained ; the glass of the Koman tombs decomposes from the

surface, exfoliating in a remarkable manner, film after film, of a pearly and beauti-

fully iridescent character, falling off one after the other. The same kind of change

is seen on the windows of our ancient churches.

The brittleness of unannealed glass by change of temperature is sometimes very

great. This defect may be corrected by slowly heating the vessel in salt-water or oil

to the highest pitch consistent with the nature of these liquids, and letting it cool very

slowly. Within the limits of that range of heat it will, in consequence of this treat-

ment, bear alternations of temperature without cracking.

It has been said that glass made from silica and alkalis alone will not resist the

action of water, but that the addition of a little lime is necessary for this effect. In
general 100 parts of quartzose sand require 33 parts of dry carbonate of soda for their

vitrification, and 45 parts of dry carbonate of potash. But to make unchangeable
alkaline glass, especially with potash, a smaller quantity of this than the above should

be used with a very violent heat. A small proportion of lime increases the density,

hardness, and lustre of glass ; and it aids in decomposing the alkaline sulphates and
muriates always present in the pearlash of commerce. From 7 to 20 parts of dry-

slaked lime have been added for 100 of silica, with advantage, it is said, in some
German glass-manufactories, where the alkaline matter is soda ; for potash does not

assimilate well with the calcareous earth.

In many glass works on the Continent, sulphate of soda is the form under which
alkaline matter is introduced into glass. This salt requires the addition of 8 percent,

of charcoal to decompose and dissipate its acid : a result which takes place at a high
heat, without the addition of any lime. 88 lbs. of quartz-sand, 44 lbs. of dry Glauber
salt, and 3 lbs. of charcoal, properly mixed and fused, afford a limpid, fluid, and
workable glass ; with the addition of 17 lbs. of lime, these materials fuse more readily

into a plastic mass. If less carbon be added, the fusion becomes more tedious.

By a proper addition of galena (the native sidphide of lead) to Glauber salt and
quartz-sand, without charcoal, it is said a tolerably good crystal-glass may be formed.
The sulphuric acid of the salt is probably converted by the reaction of the sulphuret
of lead into sulphurous-acid gas, which is disengaged.
One atom of sulphide of lead = 1495'67, is reqmsite to decompose 3 atoms of

sulphate of soda = 2676. It is stated, on good authority, that a good colourless

glass may be obtained by using Glauber salt without charcoal, as by the following
formula :

—

*.

Quartz-sand , . .100 lbs. I Lime . . . ,20 lbs.

Calcined Glauber salt. . 20 „ | Cullet of soda-glass . 12 „

The melting-heat must be continued for 26^ hours. A small quantity of the sand
is reserved to be thrown in towards the conclusion of the process, in order to facilitate

the expulsion of air-bubbles. The above mixture will bear to be blanched by the
addition of manganese and arsenic. The decomposition of the salt is in this case
effected by the lime, with which the sulphuric acid first combines, which is then con-
verted into sulphurous acid, and dissipated. Glass made in this way was found by
analysis to consist of 79 parts of silica, 12 lime, and 9-6 soda, without any trace of
gypsum or sulphuric acid.

Glauber salt is partially volatib'sed by the heat of the furnace, and acts upon the
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arch of the oven and the tops of the pots. This is best prevented by introducing at

first into the pots the wliole of the salt mixed with the charcoal, the lime, and one-

fourth part of the sand ; fusing this mixture at a moderate heat, and adding gradually
afterwards the remainder of the. sand, increasing the temperature at the same time.

If we put in the whole ingredients together, as is done with potash-glass, the sand and
lime soon fall to the bottom, while the salt rises to the surface, and the combination
becomes difficult and unequal.

Sulphate of potash acts in the same way as sulphate of soda.

Chloride of sodium also, according to Kirn, may be used as a glass-flux with advan-
tage. The most suitable proportions Jire 4 parts of potash, 2 of common salt, and 3

of limo, agreeably to the followng compositions :

—

1. 2.

Quartz-sand 60'0 67-1

Calcined carbonate of potash . . . 17*8 19*1

Common salt 8-9 9*5

Lime 13-3 14-3

For No. 1, the melting heat must be 10 hours, which turns out a very pure, solid,

good glass ; for No. 2, 23 hours of the furnace are required. Instead of the potash,

Glauber salt may be substituted ; the proportions being then 19-1 Glauber salt, 9-6

chloride of sodium, 14*3 lime, 57*1 sand, and 1-3 charcoal.

.The oxide of load is an essential constituent of the denser glasses, and may be
regarded as replacing the lime, so as to form with the quartz-sand a silicate of lead.

It assimilates best with purified poarlash, on account of tho freedom of this alkali

from iron, which is present in most sodas.

Its atomic constitution may be represented as follows :

—

Silica

Oxide of lead ....
Potash
Oxides of iron and manganese .

5 atoms = 2877*0

1 = 1394-5

1 = 6900

Computation Analysis

59-19

28-68

12-13

69-20

28-20

9-00

1-40

4861-5 100-00 97*80

Tho above analysis by Berthier relates to a specimen of the best English crystal-

glass, perfectly colourless and free from air-bubbles. This kind of glass may, how-
over, take several diiFerent proportions of potash and silica to tho oxide of lead.

The composition of mirror-plate, as made on the Continent, is as follows :

—

White quartz-sand .

Dry carbonate of soda
Lime slaked in the air

CuUet, or old glass .

300 lbs.

100 „
43 „

300 „

The manganese should not exceed one-half per cent, of the weight of soda.

Optical glass requires to bo made with very peculiar care. It is of two different

kinds : namely, crown-glass and flint-glass. The latter contains a considerable pro-

portion of lead, in order to give it an increased dispersive power upon the rays of

light, in proportion to its mean refnictive power.

Optical crown-glass should be perfectly limpid, and have so little colour, that a
pretty thick piece of it may give no appreciable tingo to tho rays of light. It should

bo exempt from ^triae or veins as well as air-bubbles, and have not tho sliglitest

degree of milkinoss. It should, moreover, preserve these qualities when worked in

considerable quantities. Potash is preferable to soda for making opticiil crown-glass,

because the latter alkali is apt to make a glass which devitrifies and becomes opal-

escent, by long exposure to heat in the annealing process. A simple potash-silicAte

would be free from this defect, but it would bo too attractive of moisture, and apt to

decompose eventually by the humidity of the atmosphere. It should, therefore,

contain a small quantity of lime, and as little potJish as suffices for making a per-

fect glass at a pretty high temperature. It is probably owing to tho high heats

used in the English crown-glass works, and the moderate quantity of alkali (soda)

which is employed, that our crown-glass has been found to answer so well for optical

purposes.
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The following rocipe for crown-glass is oxcellont :

—

_

5 atoms of silica (2^ ?) . . . • . . .80
1 carbonate of soda 54
6 silica 80
1 carbonate of lime 60
1 atom of carbonate of baryta 98
5 atoms of silica 80

Silicates of lime and baryta -^er se, or even combined, are very refractory ; but they
vitrify well along with a third silicate, such as that of soda or potash.

The following are additional recipes for making different kinds of glass :

—

1. Bottle glass.— 1 1 lbs. of dry Glauber salt ; 12 of soaper salts ; a half bushel of
waste soap ashes ; 56 lbs. of sand ; 22 of glass skimmings ; 1 cwt. of green broken
glass ; 25 lbs. of basalt. This mixture affords a dark green glass.

2. Yellow or white sand, 100 parts ; kelp, 30 to 40 ; lixiviated wood ashes, from
160 to 170 ; fresh wood ashes, 30 to 40 ;

potter's clay, 80 to 100 ; cullet or broken
glass, 100. If basalt be used, the proportion of kelp may be diminished.

In two bottle-glass houses in the neighbourhood of Valenciennes, an unknown in-

gredient, sold by a Belgian, was employed, which he ciilled spar. This was discovered

by chemical analysis to be sulphate of baryta. The glass-makers observed that the
bottles which contiiined some of this substance were denser, iiore homogeneous, more
fusible, and worked more kindly than those formed of the common materials. When
one equivalent of the silicate of baryta = 123, is mixed with three of the silicate of
soda = (3 X 77'6) 232-8, and exposed in a proper furnace, vitrification readily ensues,

and the glass may be worked a little under a cherry-rod heat, with as much ease as
a glass of lead, and has nearly the same lustre.

3. Green window-glass, or broad glass.—11 lbs. of dry Glauber salt; 10 of soaper
salts; half a bushel of lixiviated soap waste; 50 lbs. of sand; 22 of glass-pot

skimmings ; 1 cwt. of broken green glass.

4. Crown-glass.—300 parts of fine sand ; 200 of good soda ash; 33 of lime; from
250 to 300 of broken glass ; 60 of white sand ; 30 of purified potash ; 15 of saltpetre

(1 of borax); h of arsenious acid.

5. Nearly white table-glass.—20 lbs. of potashes; 11 of dry Glauber salt; 16 of
soaper salt; 55 of sand; 140 of cullet of the same kind.

Another.—100 lbs. of sand; 235 of kelp; 60 of wood ashes; 1^ of manganese;
100 of broken glass.

6. White table-glass.—40 lbs. of potashes; 11 of chalk; 76 of sand; ^ of manga-
nese ; 95 of white cullet.

Another.—50 lbs. of purified potashes ; 100 of sand; 20 of chalk; 2 of saltpetre.

Bohemian table- or plate-glass is made with 63 parts of quartz; 26 of purified

potashes ; 1 1 of sifted slaked lime ; and some cullet.

7. Crystal glass.—60 parts of purified potashes; 120 of sand; 24 of chalk; 2 of
saltpetre ; 2 of arsenious acid

; ^ of manganese.
Another.—70 parts of purified pearlasiies; 120 of white sand; 10 of saltpetre;

^ of arsenious add
; ^ of manganese.

A third.—67 parts of sand; 23 of purified poarlashes; 10 of sifted slaked lime;
\ of manganese

; (5 to 8 of red lead).

A fourth.—120 parts of white sand ; 50 of red lead ; 40 of purified pearlashes
;

20 of saltpetre
; ^ of manganese.

A fifth.—120 parts of white sand; 40 of purified pearlashes ; 35 of red lead; 13
of saltpetre

; ^ of manganese.
A sixth.—30 parts of the finest sand ; 20 of red lead ; 8 of purified pearlashes

;

2 of saltpetre ; a little arsenious acid and manganese.
A seventh.—100 parts of sand; 45 of red lead; 35 of purified pearlashes; ^ of

manganese ;
i of arsenious acid.

8. Plate-glass.—ZOO parts of very white sand; 100 of dry purified soda; 43 of
carbonate of lime; 1 of manganese; 300 of cullet.

Another.—720 parts of finest sand ; 450 of purified soda ; 80 of quicklime ; 25 of
saltpetre ; 425 of cullet.

A little borax has also been prescribed ; much of it communicates an exfoliating
property to glass.

PRACTICAL Details of the Manxjfacttjee of Giass.

^
There are five different species of glass, each requiring a peculiar mode of fabrica-

tion and peculiar materials :— 1. The coarsest and simplest form of this manufacture
is bottle-glass. 2. Next to it in cheapness of material may be ranked broad or spread
window-glass. An improved article of this kind is now made near Birmingham,
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under the name of British or German plate, 3. Crown-glass comes next, or window-
glass, formed in largo circular plates or discs. This glass is peculiar to Great Britain.

4. Flint-glass, crystal-glass, or glass of lead. 6. Plate ovjine mirror-glass.

The Pots.—The materials of every kind of glass are vitrified in pots made of a
piire refractory clay ; the best kind of which is a species of shale or fire-clay dug
out of the coal-measures near Stourbridge. It contjiins hardly any lime or iron, and
consists of silica and alumina in nearly equal proportions. The masses are carefully

picked, brushed, and ground under edge iron wheels of considerable weight, and
sifted through sieves having 20 meshes in the square inch. This powder is moistened
with water (best hot), and kneaded by the feet or a loam-mill into an uniform smooth
paste. A large body of this dough should be made up at a time, and laid by in a damp
cellar to ripen. Previously to working it into shapes, it should bo mixed with about
a fourth of its weight of cement of old pots, ground to powder. This mixture is

sufficiently plastic, and being less contractile by heat, forms more solid and durable
vessels. Glass-house pots have the figure of a truncated cone, with the narrow end
undermost ; those for bottle- and window-glass being open at top, about 30 inches

diameter at bottom, 40 inches at the mouth, and 40 inches deep ; but the flint-glass

pots are covered in at top with a dome-cap, having a mouth at the side, by which the

materials are introduced, and the glass is extracted. Bottle and crown-house pots are

from 3 to 4 inches thick ; those for flint-houses are an inch thinner, and of propor-

tionally smaller capacity. See Clay.

The well-mixed and kneaded dough is first worked upon a board into a cake for

the bottom ; over this the sides are raised, by laying on its edges rolls of clay above
each other with much manual laboiu:, and careful condensation. The clay is made
into lumps, is equalised, and slapped much in the same way as for making pottery.

The pots thus fashioned must be dried very prudently, first in the atmospheric tem-
perature, and finally in a stove floor, which usually borrows its heat directly from the

glass-house. Before setting the pots in the furnace, they are annealed during 4 or 5

days, at a red heat in a small reverberatory vault made on purpose. "When com-
pletely annealed, they are transferred with the utmost expedition into their seat in the

fire, by means of powerful tongs supported on the axle of an iron-wheel carriage

frame, and terminating in a long lever for raising them and swinging them round.

The pot-setting is a desperate service, and when unskilfully conducted without duo
mechanical aids, is the forlorn hope of the glass-founder.

The glass-houses are usually built in the form of a cone from 60 to 100 feet high,

and from 50 to 80 feet in diameter at the base. The furnace is constructed in the

centre of the area, above an arched or groined gallery which extends across the whole
space, and terminates without the walls, in large folding doors. This cavern must
be sufficiently high to allow labourers to wheel out the cinders in their barrows.

The middle of the vaulted top is left open in the building, and is covered over with

the grate-bars of the furnace.

1. Bottle-glass.—The bottle-house and its furnace resembles nearly^. 1092. The
furnace is usually an oblong square chamber, built of largo fire-bricks, and arched

over with fire-stone, a siliceous grit of excellent quality extracted from the coal-

measures of Newcastle. This furnace stands in the middle of the area ; and has its

base divided into three compartments. The central space is occupied with the grate-

bars: and on either side is the platform or fire-brick siege (seat), raised about 12

inches above the level of the ribs upon which the pots rest. Each siege is about 3

feet broad.

In the sides of the furnace semi-circular holes of about a foot diameter are left,

opposite to, and a little above the top of each pot, called working-holes, by which

the workmen shovel in the materials, and take out the plastic gas. At each angle

of the furnace there is likewise a hole of about the same size which communi&ites

with the calcining furnace of a cylindrical form, dome-shaped at top. The flamo

that escapes from the founding or pot-furnace is thus economically brought to rever-

berate on the raw materials of the bottle-glass, so as to dissipate their carbonaceous or

volatile impurities, and convert them into a frit. A bottle-house has generally eight

other furnaces or fire arches ; of which six are used for annealing the bottles after they

are blown, and two for annealing the pots, before setting them in the furnace.

Generally, for common bottles, the common river-sand and soap-boilers' waste are

used. About 3 parts of waste, consisting of the insoluble residuum of kelp mixed with

lime, and a little saline substance, are employed for 1 part of sand. This waste is first

of all calcined in two of the fire arches or rovorberatories reser\'ed for that purpose,

called the coarse arches, where it is kept at a red heat, with occasional stirring ; from

24 to 30 hours, being the period of a journey, or joumee, in which the materials could

be melted and worked into bottles. The roasted soap-wasto is then withdrawn under

t;he name of ashes, from its arch, coarsely ground, and mixed with its proper proportiou
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of sand. This mixture is now put into the fire arch, and calcined during the working

journey which extends to 10 or 12 hours. Whenever the pots are worked out, that

frit is immediately transferred into them in its ignited state, and the founding process

proceeds with such despatch that this first charge of materials is completely melted

down in 6 hours, so that the pots might admit to be filled up again with the second charge

of frit which is founded in 4 hours more. The heat is briskly continued, and in the

course of from 12 to 8 hours, according to the size of the pots, the quality of the fuel,

and the draught of the furnace, the vitrification is complete. Before blowing the

bottles, however, the glass must be left to settle, and to cool down to the blowing con-

sistency by shutting the cave doors and feeding holes, so as to exclude the air from the

fire-grate and the bottom of the hearth. The glass or metal becomes more dense, and
by its subsidence throws up the foreign lighter earthy and saline matters in the form of

a scum on the surface, which is removed with skimming irons. The furnace is now
charged with coal, to enable it to afford a working heat for 4 or 5 hours, at the end of

which time more fuel is cautiously added to presen'-e adequate heat for finishing the

journey/.

It is hardly possible to convey in words alone a correct idea of the manipulations

necessary to the formation of a wine-bottle. Six people are employed at this task
;

one, called a gatherer, dips the end of an iron tube, about five feet long, previously

made red hot, into the pot of melted metal, turns the rod round so as to surround it with

glass, lifts it out to cool a little, and then dips and turns it round again ; and so in

succession till a ball is formed on its end sufficient to make the required bottle. He
then hands it to the blower, who rolls the plastic lump of glass on a smooth stone or

cast-iron plate, till he brings it to the very end of the tube ; he next introduces the

pear-shaped ball into an open brass or cast-iron mould, shuts this together by pressing

a pedal with his foot, and holding his tube vertically, blows through it, so as to ex-

pand the cooling glass into the form of the mould. Whenever he takes his foot from
the pedal-lever, the mould simultaneously opens out into two halves and falls asunder

by its bottom hinge. He then lifts the bottle up at the end of the rod and transfers it

to the finisher, who, touching the glass-tube at the end of the pipe with a cold iron,

cracks ofFthe bottle smoothly at its mouth-ring. The finished bottles are immediately
piled up in the hot annealing arch, where they are afterwards allowed to cool slowly

for 24 hours at least.

2. Broad or spread window-glass.—This kind of glass is called inferior window-glass
in this country, because coarse in texture, of a wavy wrinkled surface, and very cheap ;

but on the Continent spread window-glass, being made with more care, is much
better than ours, though still far inferior in transparency and polish to crown-glass,

which has, tlierefore, nearly superseded it use among us. But Messrs. Chance and Co.,

of Birmingham, make British sheet glass upon the best principles, and turn out an
article quite equal, if not superior, to anything of the kind made either in France or
Belgium. Their materials are those used in the crown-glass manufacture. The vitri-

fying mixture is fritted for 20 or 30 hours in a reverberatory arch, with considerable

stirring and puddling with long-handled shovels and rakes ; and the frit is then trans-

ferred by shovels, while red hot, to the melting pots to be founded. When the glass is

rightly vitrified, settled, and brought to a working heat, it is lifted out by iron tubes,

blown into pears, which, being elongated into cylinders, are cracked up along one side

parallel to the axis, by touching them with a cold iron dipped in water, and are then
opened out into sheets. The glass cylinders are spread on a bed of smooth stone Paris-
plaster, or laid on the bottom of a reverberatory arch ; the cylinder being placed on its

side horizontally, with the cracked line uppermost, gradually opens out, and flattens

on the hearth. At one time, thick plates were thus prepared for subsequent polishing
into mirrors ; but the glass was never of very good quality ; and this mode of making
mirror-plate has accordingly been generally abandoned.
The spreading furnace or oven^ is that in which cylinders are expanded into tables

or plates. It ought to be maintained at a brisk red heat, to facilitate the softening of

1087 1088

the glass. The oven is placed in immediiito connection with the annealing arch, so
that the tables may be readily and safely transferred from the former to the latter.



654 GLASS

Somctimos the cylindors aro spread in a largo mnfflc-furnaco, in order to protect them
from being tarnished by sulphureous and carbonaceous fumes.

Fig. 1087 represents a ground plan of both tlio spreading and annealing furnace
; fig.

1088 is an oblong section in the direction of the dottedlino x x,fig. 1087.
a is the fire-place ; h h, the canals or flues through which tlie flame rises into both

furnaces; c, the spreading furnace, upon whose solo is the spreading slab, d, is the
cooling and annealing oven ; c c, iron bars which extend obliquely across the anneal-

ing arch, and servo for resting tho glass tables against during tho cooling
; / /, the

channel along which the previously-cracked cylinders are slid, so as to bo gradually
warmed

; g, tho opening in tho spreading furnace, for enabling tlio workmen to regu-

late the process ; //, a door in the annealing arch, for introducing the tools requisite for

raising up and removing the tables.

The series of transformations in sheet-glass, already described, is

represented ixi fig. 1089, at a, b, c, d, e, f, g, h.

Figs. 1090 and 1091 represent a Bohemian furnace in which ex-

cellent white window-glass is founded. Fig. 1090 is a longitudinal

section of tho glass and annealing furnace. Fig. 1091 is the ground
plan, a is the ash pit vaulted imder tho solo of tlio furnace ; the

fire-place itself is divided into three compartments, with a middle
slab at d, which is hollowed in the centre, for collecting any split

glass, and two hearth tiles or slabs b h. c c arc the draught or air-

holes; ee are arches upon which tho bearing slabs// partly rest.

In the middle between these arches, the flame strikes upwards upon

1089

MJ

1090 1091

the pots gg, placed as closely together as possible for economy of room, h is tho breast-

wall of the furnace ; i, fig. 1091, the opening through which the pots are introduced;

it is bricked up as soon as they arc set. Ic k is the base of the cone or dome of the

furnace \ III, tho working orifices, which are made larger or smaller according to the

size of the glass articles to bo made, im, is the flue which leads to the annealing stove

«, with an arched door. Exterior to this there is usually a drying kiln, not shown in

the figure ; and there aro adjoining stoves, called arches^ for drying and annealing the

new pots before they aro set.

The cooling or annealing arch, or leer, is often built independent of tho glass-house

1092 furnace ; it is then heated by a sep;irato

fire-place, and constructed like a very
long reverberatory furnace.

Tho leer pans, or trays of sheet iron,

are laid upon its bottom in an oblong
series, and hooked to each other.

3. Crown-glass.—Tho crown-glass
house with its furnace is represented in

fig. 1092, where the Wowm^ operation is

shown on the one side of tho figure, and
the fiashing on the other. The fiu-nace

is usually constructed to receive 4 or

6 pots, of such dimensions as to make
about a ton of glass each at a time.

There are, however, several subsidiary

furnaces to a crown-house : 1 , a rever-

beratory furnace or calcar, for calcining

or fritting tlio materials ; 2, a blowing
furnace f«)r blowing tho pear-shaped
balls made at the pot-holes, into largo

globes ; 3, a flashing furnace, and bot-

toming hole for communicating a soften-

ing heat, in expanding the globe into a circular plate ; 4, the annealing arch for tho
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finishod tables ; 5, the revorboratory oven for annealing the pots prior to their being

set upon the founding siege.

The materials of crown-glass used to be, fine sand, by measure 5 parts, or by
weight 10 ;

ground kelp, by measure 11 parts, or by weight I6-2- ; but instead of kelp,

soda-ash is now generally employed. From 6 to 8 cwts. of sand, lime, and soda-ash,

mixed together in wooden boxes with a shovel are thrown on the solo of a large rever-

beratory. Here the mixture is well worked together with iron paddles, flat shovels, and
rakes with long handles ; the area of this furnace, being about 6 feet square, and the

height 2 feet. The heat soon brings the materials to a pasty consistence, when they

must be diligently turned over, to favoui: the dissipation of the carbon, sulphur, and
other volatile matters of the kelp or soda-ash, and to incorporate the fixed ingredients

uniformly with the sand. Towards the end of 3 hours, the fire is considerably raised,

and when the fourth hour has expired, the fritting operation is finished. The mass
is now shovelled or raked out into shallow cast-iron square cases, smoothed down, and
divided before it hardens by cooling, into square lumps, by cross sections with the

spade. These frit-bricks are afterwards piled up in a large apartment for use ; and
have been supposed to improve with age, by the efflorescence of their saline constitu-

ents into carbonate of soda on their surface.

The founding-pots are filled up with these blocks of frit, and the furnace is power-
fully urged by opening all the subterranean passages to its grate, and closing all the

doors and windows of the glass-house itself. After 8 or 10 hours the vitrification has
made such progress, and the blocks first introduced are so far melted down, that

another charge of frit can be thrown in, and thus the pot is fed with frit till the

proper quantity is used. In about 16 hours the vitrification of the frit has taken
place, and a considerable quantity, amounting often to the cwt. of liquid saline matter
floats over the glass. This salt is carefully skimmed off into iron pots with long
ladles. It is called Sandiver, or Glass-gall, and consists usually of chloride of sodium,

with a little sulphate. The pot is now ready for receiving the topping of cullet, which
is broken pieces of window- glass, to the amount of 3 or 4 cwts. This is shovelled in

at short intervals ; and as its pressure forces up the residuary saline matter, this is

removed ; for were it allowed to remain, the body of the glass would be materially

deteriorated.

The heat is still continued for several hours till the glass is perfect, and the extri-

cation of gas called the boil, which accompanies the fusion of crown-glass, has nearly
terminated, when the fire is abated by shutting up the lower vault doors and every

avenue to the grate, in order that the glass may settle fine. At the end of about 40
hours altogether, the fire being slightly raised by adding some coals, and opening the

doors, the glass is carefully skimmed, and the working of the pots commences.
Before describing it, however, wo may

state that the marginal figure, 1093, 10^3

shows the base of the crown-house cone,

with the four open pots in two ranges, on
opposite sides of the furnace, sitting on
their raised sieges at each side of the

grate. At one side of the base the door
of the vault is shown, and its course is

marked by the dotted lines.

The crown- glass furnace, ^5. 1094, 1095, is an oblong square, built in the centre of a
brick cone, largo enough to contain within it two or three pots at each side of the
grate room, which is either divided as shown in the plan, or runs the whole length of
the furnace, as the manufacturer chooses. Fig. 109r5 is a ground plan, and fig. 1094 a
front elevation of a six-pot furnace. 1, 2, 3, fig. 1094, are the working holes for the
purposes of ventilation, of putting in the materials, and taking out the metal to be
wrought. 4, »5, 6, 7, are pipe-holes for warming the pipes before beginning to work
with them. 8, 9, 10, are foot holes for mending the pots and sieges. 11 is a bar of iron
for binding the fiu'nace, and keeping it from swelling.

The arch is of an elliptic form ; though a barrel arch, that is, an arch shaped like

the half of a barrel cut longwise through the centre, is sometimes used. But this soon
gives way when used in the manufacture of crown-glass, although it does very well
in the clay-furnace used for bottle-houses.

The best stone for building furnaces is fire-stone; it may be obtained in the
neighbourhood of Newcastle from the coal-measures generally, and some of the
sandstones of die eastern counties arc found to answer the purpose admirably. The
great danger in building furnaces is, lest the cement at the top should give way with
the excessive heat, and by dropping into the pots, spoil the metal. The top should
therefore be built with stones only, as loose as they can hold together after the centres

are removed, and without any cement whatever. The stones expand and come quite
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doso together when annealing : an operation which tikes from eight to fourteen days
at most. There is thus less risk of anything dropping from the roof of the furnace,

1004

m^M/^^/w////A^

The inside of the square of the furnace is built either of Stourbridge fire-clay an-
nealed, or of fire-stone, to the thickness of sixteen inches. The outside is built of
common brick, about nine inches in thickness.

The furnace is thrown over an ash-pit, or cave as it is called, which admits the

atmospheric air, and promotes the combustion in the furnace. This cave is built of

stone until it comes beneath the grate room, when it is formed of fire-brick. The
abutments are useful for binding and keeping the furnace together, and are built of

masonry. The furnaces are stoutly clasped with iron all round, to keep them tight.

In four-pot furnaces this is unnecessary, provided there be four good abutments.

Fig. 1096 is an elevation of the flashing furnace. The outside is built of common
brick, the inside of fire-brick, and the mouth or nose of Stourbridge fire-clay.
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Fig. 1097 is the annealing kiln. It is built of common brick, except round the grate-

room, where fire-brick is used.

Few tools are needed for blowing and flashing crown-glass. The requisite ball of

plastic glass is gathered, in successive layers as for bottles, on the end of an iron tube^
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and rolled into a pear-shape, on a cast-iron plate ; the workman taking care that the

air blown into its cavity is surrounded with an.equal body of glass, and if he perceives

any side to be thicker than another, he corrects the inequality by rolling it on the slop-

ing iron table called a marver (marbre). He now heats the bulb in the fire, and rolls it

so as to form the glass upon the end of the tube, and by a dexterous swing or two ho

lengthens it, as shown in i, fig. 1098. To extend the neck of that pear, he next rolls it

over a smooth iron rod, turned round in a horizontal direction, into the shape k, fig. 1098.

By further expansion at the blowing furnace, he now brings it to the shape l, repre-

sented in fig. 1098.

This spheroid having become cool and somewhat stiff, is next Ciirried to the bottom-

ing hole (like^. 1096), to be exposed to the action of flame. A slight wall erected

before one half of this hole, screens the workman from the heat, but leaves room for

the globe to pass between it and the posterior wall. The blowing-pipe is made to

rest a little way from the neck of the globe, on a hook fixed in the front wall ; and
thus may be made easily to revolve on its axis, and by giving centrifugal force to the

globe,, while the bottom of it, or part opposite to the pipe, is softened by the heat, it

soon assumes the form exhibited in m, fig. 1098.

In thic! state the flattened globe is removed from the fixe, and its rod being rested

on the casher box covered with coal cinders, another workman now applies the end of

a solid iron rod tipped with melted glass, called a punto, to the nipple or prominence
in the middle ; and thus attaches it to the centre of the globe, while the first work-
man cracks off the globe by touching its tubular neck with an iron chisel dipped
in cold water. The workman having thereby taken possession of the globe by its

bottom or knobblcd pole attached to its punty rod, he now carries it to another cir-

cular opening, where he exposes it to the action of moderate flame with regular rota-

tion, and thus slowly heats the thick projecting remains of the former neck, and opens
it slightly out, as shown at k, in fig. 1098. He next hands it to the flasher, who, resting

the iron rod in a hook placed near the side of the orifice a., fig. 1096, wheels it rapidly

round opposite to a powerful flame, till it assumes first the figure o,fig. 1098, and
finally that of a flat circular table.

The flasher then walks off with the table, keeping up a slight rotation as he moves
along, and when it is sufficiently cool, he turns down his rod into a vertical position,

and lays the table flat on a dry block of fire-clay, or bed of sand, when an assistant

nips it off from the^Mw^o with a pair of long iron shears, or cracks it off with a touch
of cold iron. The loose table or plate is lastly lifted up horizontally on a double
pronged iron fork, introduced into the annealing arch, fig. 1097, and raised on edge ; an
assistant with a long-kneed fork preventing it from falling too rapidly backwards.
In this arch a great many tables of glass are piled up in iron frames, and slowly

cooled from a heat of about 600° to 100° F., which takes about 24 hours ; when they
are removed. A curcular plate or table of alDOut 5 feet diameter weighs on an average
9 pounds.

4. Flint-glass.—This kind of glass is so called because originally made with cal-

cined flints, as the siliceous ingredient. The materials at present employed in this

country for the finest flint-glass are, first, sand, calcined, sifted, and washed; second,

an oxide of lead, either red lead or litharge ; and third, pearlash. Sand for flint-

glass manufacture is obtained from the Isle of Wight, Aylesbury, the New Forest,

and some other localities in this country. A very beautiful sand is brought froni

America, and some has been sent home from Australia. The pearl-ash of commerce
must however be purified by digesting it in a very little hot water, which dissolves

the carbonate of potash, and leaves the foreign salts, chiefly sulphate of potash,
and chlorides of potassium and sodium. The solution of the carbonate being allowed
to cool and become clear in lead pans, is then run off into a shallow iron boiler, and
evaporated to dryness. Nitre is generally added as a fourth ingredient of the body
of the glass

; and it serves to correct any imperfections which might arise from acci-

dental combustible particles, or from the lead being not duly oxidised. The above
four substances constitute the main articles ; to which we may add, arsenic and man-
ganese, introduced in very small quantities, to purify the colour and clear up the
transparency of the glass. The black oxide of manganese, when used in such quantity
only as to peroxidise the iron of the sand, simply removes the green tinge caused by
the protoxide of iron ; but if more manganese be added than accomplishes that
purpose, it will give a purple tinge to the glass. The arsenic is supposed to counter-
act the injury arising from excess of manganese, but is itself very apt on the other
hand to communicate some degree of opalescence, or at least to impair the lustre of the
glass.

The raw materials of flint-glass are always mixed with about a third or a fourth
of their weight of broken glass of like quality ; this mixture is thrown into the pot
with a shovel ; and more is added whenever the preceding portions by melting subside

;

Vol. II. U U
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the object being to obtain a pot full of glass, to facilitate the skimming offthe impurities

and sandiver. The mouth of the pot is now shut, by applying clay-lute round the

stopper, with the exception of a
^ 099 small orifice below, for the escape

of the liquid saline matter. Flint-

glass requires about 48 hours for

its complete vitrification, though
the materials are more fusible than
those of crown-glass ; in conse-

quence of the contents of the pot

being partially screened by its

cover from the action of the fire, as

also from the lower intensity of the

heat.

Fig. 1099 represents a fljnt-glass

house for 6 pots with the arch or

leer on one side for annealing the

crystal ware. In fig. 1100, the

base of the cone is seen, and the

A glass pots in situ on their platform

ranged round the central fire-grate.

The dotted line denotes the con-

tour of the furnace,/^. 1099.

Whenever the glass appears fine,

and is freed from its air-bubbles,

which it usually is in about 36

hours, the heat is suffered to fall a

little by closing the bottom valves,

&c., that the pot may settle ; but
prior to working the metal, the

heat is somewhat raised again.

It would be useless to describe

the manual operations offashioning

the various articles of the flint-

glass manufacture, because they
are indefinitely varied to suit the conveniences and caprices of human society.

Every different flint-house has a peculiar proportion of glass materials. The fol-

loAving have been offered as good practical mixtures :

—

1. Fine white sand 300 parts.

Eed lead or litharge 200
Refined pearl-ashes 80
Nitre 20
Arsenic and manganese, a minute quantity.

2. Fine sand 50*5

Litharge 27'2

Refined pearl-ashes (carbonate of potash, with 5 per cent, of water) 17"5

Nitre 4-8

1000

To these quantities from 30 to 50 parts of broken glass, or cullet, are added, with

about a two-thousandth part of manganese and a three-thousandth part of arsenic.

But manganese varies so extremely in its purity, and contains often so much oxide of

iron, that nothing can be predicated as to its quantity previously to trial.

M. Payon, an eminent manufacturing chemist in France, says that the composition

of ' crystal ' (the name given in France to their finest flint-glass) does not deviate

much from the following proportions:

—

Wood fire. C!oal fire.

Silicoous sand 3 3

Minium 2 2^
Carbonate of potash . . , . \\ 1§

The flint-glass leer for annealing glass is an arched gallery or large flue, about 36

feet long, 3 feet high, 4 wide ; having its floor raised above 2 feet above the ground of

the glass-house. The hot air and smoke of a fire-place at one end pass along this gal-

lery, and are discharged by a chimney 8 or 10 feet short of the other end. On the
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floor of the vault, large iron trays are laid and hooked to each other in a series, which

are drawn from the fire-end towards the other by a chain, wound about a cylinder by
a winch-handle projecting through the side. The flint-glass articles are placed in their

hot state into the tray next the fire, which is moved onwards to a cooler station when-
ever it is filled, and an empty tray is set in its place. Thus, in the course of about 20
hours, the glass advances to the cool end thoroughly annealed.

Besides colourless transparent glass, which forms the most important part of this

manufacture, various coloured glasses are made to sxiit the taste of the public. The
opaline crystal may be prepared by adding to the above composition (No. 2) phos-

phate of lime, or well-burnt bone-ash in fine powder, washed and dried. The article

must be as uniform in thickness as possible, and speedily worked into shape, with a
moderate heat. Oxide of tin, yutty-powder, was formerly used for making opalescent

glass, but the lustre of the body was always impaired by its means.

Crystal vessels are made of which the inner surface is colourless, and all the external

facets coloured. Such works are easily executed. The end of the blowing-rod must
be dipped first in the pot containing colourless glass, to form a bulb of a certain size,

which being cooled a little is then dipped for an instant into the pot of coloured glass.

The two layers are associated without intermixture ; and when the article is finished

in its form, it is white within and coloured without. Fluted lines somewhat deeply

cut, pass through the coloured coat, and enter the colourless one ; so that when they
cross, their ends alone are coloured.

For some time past, likewise, various crystal articles have been exhibited in the

market with coloured enamel figures on their surface, or with white incrustations of a
silvery lustre in their interior. The former are prepared by placing the enamel object

in the brass mould, at the place where it is sought to be attached. The bulb of glass

being put into the mould, and blown while very hot, the small plate of enamel gets

cemented to the surface. For making the white argentine incrustations, small figures

are prepared with an impalpable powder of dry porcelain paste, cemented into a solid

by means of a little gypsum plaster. When these pieces are thoroughly dried, they
are laid on the glass while it is red hot, and a large patch of very liquid glass is placed

above it, so as to encase it and form one body with the whole. In this way the in-

crustation is completely enclosed; and the polished surface of the crystal which
scarcely touches it, gives a brilliant aspect, pleasing to the eye.

Optical Glass.—An uniform filnt-glass, free from striae, or wreath, is much in

demand for the optician. It would appear that such an article was much more com-
monly made by the English manufacturers many years ago than at present ; and that

in improving the brilliancy of crystal-glass they have injured its fitness for construct-

ing optical lenses, which depends, not so much on its whiteness and lustre, as on its

homogeneous character. Even a potful of pretty uniform glass, when it stands some-
time liquid, becomes eventually unequable by the subsidence of the denser portions

;

so that striae and gelatinous appearances begin to manifest themselves, and the glass

becomes of little value. Gas allowed to cool slowly in mass in the pot is particularly

full of wreath, and if quickly refrigerated, that is, in two or three hours, it is apt to

split into a multitude of minute splinters, of which no use can be made. For optical

purposes, the glass must be taken out in its liquid state, being gathered on the end of

the iron rod from the central portion of a recently-skimmed pot, after the upper layers

have been worked off in general articles.

M. Guinand, of Brenets near Neufch^tel, a workman in the watch and clock trade,

appears to have discovered processes that furnished almost certainly pieces of flint-

glass capable of forming good lenses of remarkable dimensions, even of 11 inches
diameter, of adequate density and transparency, and nearly free from striae. Guinand's
plan consisted mainly in thoroughly mixing the melted ' metal ' with an iron rod.

Guinand joined M. Frauenhofer, of Munich, and one of the largest of the lenses

produced by them, the diameter of which is 9 inches, is now in the observatory at
Dorpat.

M. Cauchoix, the eminent French optician, says, that out of ten object-glasses,

4 inches in diameter, made with M. Guinand's flint-glass, eight or nine turned out
very good, while out of an equal number of object-glasses made of the flint-glass of
the English and French manufactories, only one, or two at most, were found serviceable.

Guinand was long in communication with the Royal Astronomical Society of London
;

and he sent over some discs on flint-glass, of which Messrs. DoUond and Herschel
made a favourable report. A commission was formed, consisting of Herschel, Dollond,
Faraday, and Roget, but owing to the annoying interferences of the Excise officers,

notwithstanding the Government had made some special exceptions in favour of these
scientific experiments, the results were not practically of that high value which might
have been expected. Many of the observations however, were of great value. Amongst
other discoveries might be named the remarkable heavy glass, the Silico-borate of lead,

UU2
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with which tho discovery of tho * so-called ' magnetism of a ray of light was made.
M. Guinand died, and one of his sons worked with M. Bontemps, while tho widow
and another son set up works in Switzerland. From their manufactory some examples
of lenses were sent to the Great Exhibition of 1851. M. Bontemps was in 1848 pre-
vailed upon to accept the invitation of Messrs. Chance Brothers and Co. to unite with
them in attempts they were then making to improve the quality of glass. They suc-
ceeded in producing discs of extraordinary dimensions in flint of 29 inches diameter,
weighing two cwts. and of crown-glass up to 20 inches. Messrs. Chance, at the re-
commendation of the Jury, were induced to submit their disc of flint-glass to the
operation of grinding, finishing, and other processes necessary in order to ascertain the
uniformity of its density throughout, and its superior quality was fully established.
M. Maes of Clichy, near Paris, proposes to manufacture optical glass, with the

addition of baryta, magnesia, and oxide of zinc, in combination with boracic acid.
The glass manufactured by M. Maes is exceedingly beautiful, but the boracic acid
renders it very expensive.

An achromatic object-glass for telescopes and microscopes consists of at least two
lenses ; the one made with glass 6f lead, or flint-glass, and the other with crown-glass

;

the former possessing a power of dispersing the coloured rays relatively to its mean
refractive power much greater than the latter ; upon which principle, the achromatism
of the image is produced, by re-uniting tho different coloured rays into one focus.

Three plans have been prescribed for obtaining homogeneous pieces of optical glass

:

1, to lifta mass of it in large ladles, and let it cool in them; 2, to pour it out from
the pots into moulds ; 3, to allow it to cool in the pots, and afterwards to cut it off in
horizontal strata. The last method seldom affords pieces of uniform density, unless
peculiar precautions have been adopted to settle the flint-glass in uniform strata

;

because its materials are of such unequal density, the oxide of lead having a spe-
cific gravity of 8, and silica of 2*7, that they are apt to stand at irregular heights in

the pots.

One main cause of these inequalities lies in the construction of the furnace, whereby
the bottom of the pot is usually much less heated than the upper part. In a plate-glass

furnace the temperature of the top of the pot has been found to be 130° Wedgw., while
that of the bottom was only 110° constituting a difference of no less than 2160° F.
The necessary consequence is that the denser particles which subside to the bottom
during the fusion of the materials, and after the first extrication of the gases, must
remain there not; being duly agitated by the expansive force of heat, acting from
below upwards.
The following suggestions, deduced from a consideration of principles, may pro-

bably lead to some improvements, if judiciously applied. The great object is to

counteract the tendency of the glass of lead to distribute itself into strata of different

densities ; which may be effected either by mechanical agitation or by applying the
greatest heat to the bottom of the pot. But however homogeneous the glass may bo
thereby made, its subsequent separation into strata of different densities must be pro-

vented by rapid cooling and solidification. As the deeper the pots, the greater is tho
chance of unequal specific gravity in their contents, it would be advisable to make them
wider and shallower than those in use for making ordinary glass. The intermixture
may be effected either by lading the glass out of one pot into another in tho furnace,

and back again, with copper ladles, or by stirring it up with a rousor, and then allowing

it to settle for a short time, till it becomes clear and free from air-bubbles. The pot
may now bo removed from the furnace, in order to solidify its contents in their ho-

mogeneous state ; after which the glass may be broken in pieces, and be perfected by
subjecting it to a second fusion ; or what is easier and quicker, we may form suiUible

discs of glass without breaking down the potful, by lifting it out in flat copper ladles

with iron shanks and transferring the lumps after a little while into the annealing
leer.

To render a potful of glass homogeneous by agitation is a most difficult task as an
iron rod would discolour it, and a copper rod would be apt to melt. An iron rod

sheathed in laminated platinum would answer well, but for its expense. A stone-

ware tube supported within by a rod of iron might also be employed for the purpose
in careful hands ; the stirring being repeated several times, till at least the glass is

suffered to stiffen a little by decrease of temperature. It must then be allowed to settle

and cool, after which the pot, being of small dimensions, may be drawn out of the

fire.

The second method of producing tho desired uniformity of mixture, consists in

applying a greater heat to tho bottom than to tho upper part of the melting pot.

Fi^. 1101 represents in section a furnace contrived to effect this object. It is cylin-

drical, and of a diameter no greater than to allow the flames to phiy round the pot,

containing from three to four cwts. of vitreous materials, a is the pot resting upon
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the arched grid b a, built of firo-bricks, whoso apertures are wide enough to let the

flames rise freely, and strike the bottom and sides of the vessel. From 1^ to 2 feet

under that arch, the fuel grate c d is placed, b c are the

two working openings for introducing the materials and

inspecting the progress of the fusion ; they must be closed

with fire-tiles and luted with fire-clay at the
_
beginning of

the process. At the back of the furnace, opposite the mouth
of the fire-place, there is a doorway, which is bricked up,

except upon occasion of putting in and taking out the pot.

The draught is regulated by means of a slide-plate, upon

the mouth of the ash-pit /. The pot being heated to the

proper pitch, some purified pearl-ash, mixed with fully

twice its weight of colourless quartz-sand, is to be thrown
into it, and after the complete fusion of this mixture, the

remaining part of the sand, along with the oxide of lead

(fine litharge), is to be strewn upon the surface. These

siliceous particles in their descent serve to extricate the air

from the mass. Whenever the whole is fused, the heat must
be strongly urged to insiire a complete uniformity of com-
bination by the internal motions of the particles. As soon

as the gas has been found by making test phials to be per-

fectly fine, the fire must be withdrawn, the two working-

holes must be opened, as well as the mouths of the fire-place

and ash-pit to admit free ingress to cooling currents of air,

so as to congeal the liquid mass as quickly as possible ; a

condition essential to the uniformity of the glass. It may
be worth while to stir it a little with the pottery rod at

the conunencement of the cooling process. The solidified glass may be afterwards

detached, by a hammer, in conchoidal discs, which after chipping off their edges, are to

bo placed in proper porcelain or stone-ware dishes, and exposed to a softening heat, in

order to give them a lenticular shape. Great care must be taken that the heat thus

applied by the muffle furnace be very equable, for otherwise wreathes might be very

readily produced in the discs. A small oven upon the plan of a baker's is best fitted

for this purpose, which being heated to dull redness, and then extinguished, is ready

to soften and afterwards anneal the conchoidal pieces.

Guinand's dense optical flint-glass of specific gravity 3'616, consists, by analysis, of

oxide of lead, 43-05 ; silica, 443 ; and potash, 11*75 ; but requires for its formation the

following ingredients :—100 pounds of ground quartz ; 100 pounds of fine red lead ; 35

pounds of purified potash ; and from 2 to 4 pounds of saltpetre. As this species of

glass is injured by an excess of potash, it should be compounded with rather a defect

of it, and melted by a proportionably higher or longer heat. A good optical glass

has been made in Germany with 7 parts of pure red lead, 3 parts of finely-ground

quartz, and 2 parts of calcined borax.

5. Plate-glass.—This, like English crown-glass, has a soda flux, whereas flint-glass

requires potash, and is never of good quality when made with soda. We shall distri-

bute our account of this manufacture under two heads :

1. The different furnaces and principal machines, without whose knowledge it would
be impossible to understand the several processes of a plate-glass factory.

2. The materials which enter into the composition of this kind of glass, and the
series of operations which they undergo ; devoting our chief attention to the changes
and improvements which long experience, enlightened by modern chemistry, has in-

troduced into the great manufactory of St. Gobain in France, under the direction of

M. Tassaert. It may, however, be remarked that the English plate-glass manufacture
derives peculiar advantages from the excellence of its grinding and polishing
machinery.

The following description given by Dr. Ure refers almost entirely to the manufac-
ture of plate-glass in France. It is retained in nearly its original form, and is, in

all respects, applicable to the manufacture of plate-glass in this country.
The clay for making the bricks and pots should be free from lime and iron, and

very refractory. It is mixed with the powder of old pots passed through a silk sieve.

If the clay be very plastic it will bear its own weight of the powder, but if shorter in
quality, it will take only three-fifths. But before mingling it with the cement of old
pots, it must be dried, bruised, then picked, ground, and finally elutriated by agita-
tion with water, decantation through a hair-sieve, and subsidence. The clay fluid

after passing the sieve is called slip (cmdis).
The furnace is built of dry bricks, cemented with slip, and has at each of its four

angles a peculiar annealing arcli, which communicates with the furnace interiorly, and
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thence derives sufficient boat to efFoct in piirt, if not wlioUy, the nnnailing of the pots,

which are always deposited there a long time before they are used. Three of tnese

arches, exclusively appropriated to this purpose, are called pot-arches. The fourth

is called the arch of the 7naterials, because it serves for drying them l)eforo they are

founded. Each arch has, moreover, a principal opening called the tiiroat, another
called bonnard, by the French workmen, througii which fire may bo kindled in the

arch itself, when it was thought to be necessary for the annealing of the pots ; a
practice now abandoned. The duration of a furnace is commonly a year, or at most
14 months ; that of the arches is 30 years or upwards, as they are not exposed to so

strong a heat.

In the manufacture of plate -glass, two sorts of crucibles are employed, called the

pots and the basins (cuvettes). The first serve for containing the materials to be

founded, and for keeping them a long time in the melted state. The cuvettes receive the

melted glass, after it is refined, and decant it out on the table to be rolled into a plate.

Three pots hold liquid glass for six small basins, or for three large ones, the latter being

employed for making mirrors of great dimensions, that is, 100 inches long and up-

wards. Furnaces have been constructed with 6 pots and 12 cuvettes, 8 of which
are small and 4 large ; and cuvettes of three sizes are made, called small, middling, and
large. The small are perfect cubes, the middling and the large ones are oblong pa-

rallelopipeds. Towards the middle of their height, a notch, or groove, two or three

inches broad, and an inch deep, is left, called the girdle of the cuvette, by which part

they are grasped with the tongs, or rather are clamped in the iron frame. This frame
goes round the four sides of the small cuvettes, and may be placed indifferently upon
all their sides ; in the other cuvettes, the girdle extends only over the two large sides,

because they cannot be turned up. See m r, fig. 1 102,

The pot is an inverted truncated cone, like a crown-glass pot. It is about 30 inches

high, and from 30 to 32 inches wide, including its thickness. There is only a few
inches of difference between the diameter of the top and that of the bottom. The
bottom is three inches thick, and the body turns gradually thinner till it is an inch at

the mouth of the pot.

The large building or factory, of which the melting furnace occupies the middle

space, is called the halle in French. At Ravenhead in Lancashire it is called the

foundry, and is of magnificent dimensions ; its length is 339 feet, and its breadth 155.

The famous halle of St, Gobain is 174 feet by 120. Along the two side-walls of the

halle, which are solidly constructed of hewn stone, there are openings like those of

common ovens. These ovens, destined for the annealing of the newly cast plates,

bear the name of carquaises. Their soles are raised two feet and a half above the level

of the ground, in order to bring them into the same horizontal plane with the casting

tables. Their length, amounting sometimes to 30 feet, and their breadth to 20, are

required in order to accommodate 6, 8, or even 10 plates of glass alongside of each

other. The front aperture is called the throat, and the back door the little throat

(gueulette). The carquaise is heated by means of a fire-place of a square form, called a

tisar, which extends along its side.

The founding or melting furnace is a square brick building laid on solid foundations,

being from 8 to 10 feet in each of its fronts, and rising inside into a vault or crown

about 10 feet high. At each angle of this square, a small oven or arch is constructed,

likewise vaulted within, and communicating with the melting furnace by square flues,

called lunettes, through which it receives a powerful heat, though much inferior to that

round the pots. The arches are so distributed as that two of the exterior sides of tlie

furnace stand wholly free, while the two other sides, on which the arches encroach,

offer a free space of only 3 feet. In this interjacent space, two principal openings of

the furnace, of equal size in each side, are left in the building. These are called tun-

nels. They are destined for the introduction of the pots and the fuel.

On looking through the tunnels into the side of the furnace, we perceive to the

right hand and the left, along the two free sides, two low platforms or sUges, at least

30 inches in height and breadth. See figs. 1093, 1095.

These sieges (seats) being intended to support the pots and the cuvettes filled with

heavy materials, are terminated by a slope, which ensures the solidity of the fire-clay

mound. The slopes of the two sieges extend towards the middle of the furnace m)

near as to leave a space of only from 6 to 10 inches between them for the hearth. The

end of this is perforated with a hole sufficiently large to give passage to the liquid glass

of a broken pot, while the rest is preserved by lading it from the mouth into the ad-

joining cuvette.

In the two large parallel sides of the furnace, other apertures are left, much smaller

than the tunnels, which are called ouvreaujc, (peep-holes). The lower ones, or the

ouvreaicx en bas, called cuveite-OTpemngs, because, being allotted to the admission of

these vessels, they are exactly on a level with the surface of the sieges, and with the
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floor of the halle. Plates of cast iron form the thresholds of these openings, and
facilitate the ingress and egress of the cuvettes. The apertures are arched at the top,

with hewn stone like the tunnels, and are 18 inches wide when the cuvettes are 16

inches broad.

The upper and smaller apertures, or the higher ouweaux, called the lading holes, be-

cause they serve for transvasing the liquid glass, are three in number, and are placed

31 or 32 inches above the surface of the dkges. As the pots are only 30 inches high,

it becomes easy to work through these openings either in the pots or the cuvettes. The
pots stand opposite to the two pillars which separate the openings, so that a space is left

between them for one or more cmw^^es according to the size- of the latter. It is obvious

that if the tunnels and ouvreaux were left open, the furnace would not draw or take the

requisite founding heat. Hence the openings are shut by means of fire-tiles. These
are put in their places, and removed by means of two holes left in them in correspon-

dence with the two prongs of a large iron fork supported by an axle and two iron

wheels, and terminated by two handles which the workmen lay hold of when they

wish to move the tile.

The closing of the tunnel is more complex. When it is shut or ready for the firing,

the aperture appears built up with bricks and mortar from the top of the arch to the

middle of the tunnel. The remainder of the doorway is closed,— 1. on the two sides

down to the bottom, by a small upright wall, likewise of bricks, and 8 inches broad,

called walls of the glaye ; 2, by an assemblage of pieces called pieces of the glaye, be-

cause the whole of tlie closure of the tunnel bears the name of glaye. The upper hole,

4 inches square, is called the tisar, through which the billets of wood are tossed into the

fire. Fuel is also introduced into the posterior openings. The fire is always kept up
on the hearth of the tunnel, which is, on this account, 4 inches higher than the furnace-

hearth, in order that the glass which may accidentally fall down on it, and which does

not flow off by the bottom-hole, may not impede the combustion. Should a body of

glass, however, at any time obstruct the grate, it must be removed with rakes, by open-

ing the tunnel and dismounting the fire-tile stoppers of the glaye.

Formerly wood-fuel alone was employed for heating the melting-furnaces of the

mirror-plate manufactory of St. Gobain ; but within these few years, the director of

the works makes use with nearly equal advantage of pit-coal. In the same establish-

ment, two melting-furnaces may be seen, one of which is fired with wood, and the other

with coals, without any difference being perceptible in the quality of the glass furnished

by either. It is not true, as has been stated, that the introduction of pit-coal has made it

necessary to work with covered pots in order to avoid the discolouration of the materials,

or that more alkali was required to compensate for the diminished heat in the covered

pots. They are not now covered when pit-coal is used, and the same success is ob-

tained as heretofore by leaving the materials two or three hours longer in the pots and
the cuvettes. The construction of the furnaces in which coal is burned is the same
as that with wood, with slight modifications. Instead of the close-bottomed hearth of

the wood-furnace, there is an iron grate in the coal-hearth through which the air

enters, and the waste ashes descend.

When billets of wood were used as fuel, they were well dried beforehand, by being
placed a few days on a frame-work or wood called the wheel, placed two feet above
the furnace and its arches, and supported on four pillars at some distance from the

angles of the building.

The progress of chemistry, the discovery of a good process for the manufacture of
soda from sea-salt, which furnishes a pure alkali of tmiform power, and the certain

methods of ascertaining its purity, have rendered this department of glass-making
far more certain than formerly. At St. Grobain no alkali is employed, except artificial

crystals of soda, prepared at the manufactory of Chauny, subsidiary to that estab-

lishment. The first crop of soda-crystals is reserved for the plate-glass manufac-
ture ; the other crystals and the mother-water salts are sold to the makers of inferior

glass.

If glass contains much lead it has a yellow tint. If manganese is present it changes
by the action of light to a pale rose. Iron imparts a dull greenish tint ; therefore the

proportions of all those materials should be adjusted with great care.

At the mirror-plate works of E^venhead, near St. Helen's in Lancashire, soda-crys-

tals, from the decomposition of the sulphate of soda by chalk and coal, have been also

tried, but without equal success as at St. Gobain ; the failure being unquestionably
due to the impurity of the alkali. Hence, in the English establishment, the soda is

obtained by treating sea-salt with pearlash, whence carbonate of soda and chloride of
potassium result. The latter salt is crystallised out of the mingled solution, by evapora-
tion at a moderate heat, for the carbonate of soda does not readily crystallise till the
temperature of the solution falls below 60° Fahr. When the chloride of potassium is

thus removed, the alkaline carbonate is evaporated to dryness.
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Long experience at St. Gohain has proved that one part of dry carbonate of soda
is adequate to vitrify perfectly three parts of fine siliceous sand, as tliat of the mound
of Aumont near Senlis, of Alum Bay in the Isle of Wight, or of Lynn in Norfolk. It

is also known that the degree of heat has a great influence upon the vitrifiaition, and
that increase of temperature will compensate for a certain deficiency of alkali ; for it is

certain that a very strong fire always dissipates a good deal of the soda, and yet the
glass is not less beautiful. The most perfect mirror-plate has constiintly afforded to

M. Vauquelin, on analysis, a portion of soda inferior to what had been employed in its

formation. Hence, it has become the practice to add, for every 100 parts of cullot, or

broken plate, that is mixed with the glass-composition, one part of alkali, to make up
for the loss that the old glass must have experienced.

To the above-mentioned proportions of sand and alkali, independently of the cullet

which may be used, dry slaked lime carefully sifted is to be added to the amount of

one seventh of the sand ; or the proportion will be, sand, 7 cwts.
;
quicklime, 1 cwt.

;

dry carbonate ofsoda, 2 cwts. and 37 lbs. ; besides cullet. The lime improves the quality

of the glass, rendering it less brittle and less liable to change. The preceding quan-
tities of materials, suitably blended, have been uniformly found to aflford most advan-
tageous results. The practice formerly was to dry that mixture, as soon as it was
made, in the arch for the materials, but it has been ascertained that this step may be

dispensed with, and the small portion of humidity present is dissipated almost instantly

after they are thrown into the furnace. The coat of glaze previously applied to the

inside of the pot prevents the moisture from doing them any harm. For this reason,

when the demand for glass at St. Gobain is very great, the materials are neither

fritted nor even dried, but shovelled directly into the pot ; this is called founding raw.

Six workmen are employed in shovelling in the materials either fritted or otherwise,

for the sake of expedition, and to prevent the furnace getting cooled. One-third of

the mixture is introduced at first ; whenever this is melted, the second third is thrown
in, and then the last. These three stages are called the first, second, and third fusion

or founding.

According to the ancient practice, the founding and refining were both executed in

the pots, and it was not till the glass was refined that it was laded into the cuvettes,

where it remained only 3 hours, the time necessary for the disengagement of the air-

bubbles introduced by the transvasion, and for giving the metal the proper consistence

for casting. At present, the period requisite for founding and refining is equally

divided between the pots and the cuvettes. The materials are left 16 hours in the pots,

and as many in the cuvettes ; so that in 32 hours the glass is ready to be cast. During
the last two or three hours the fireman or tiseiir ceases to add fuel ; all the openings

are shut, and the glass is allowed to assume the requisite fluidity ; an operation called

stopjping the glass, or jyerformwg the ceremony.

The transfer of the glass into the cuvettes is called lading {trejetage). Before this

is done, the cuvettes are cleared out. that is, the glass remaining on their bottom is

removed, and the ashes of the firing. They are lifted red hot out of the furnace by
the method presently to be described, and placed on an iron plate, near a tub filled

with water. The workmen, by means of iron paddles 6 feet long, flattened at one end

and hammered to an edge, scoop out the fluid glass expeditiously, and throw it into

water; the cuvettes are now returned to the furnace, and a few minutes afterwards the

lading begins.

In this operation ladles of wrought iron are employed, furnished with long handles,

which are plunged into the pots through the upper openings or lading holes, and

immediately transfer their charge of glass into the buckets. Each workman dips his

ladle only three times, and empties its contents into the cuvette. By these three

immersions (whence the term trejctcr is derived) the large iron spoon is heated so

much that when plunged into a tub full of water, it makes a noise like the roaring

of a lion, which may be heard at a very great distance.

The founding, refining, and ceremony being finished, the workmen next try whether

the glass be ready for casting. "With this view the end of a rod is dipped into the

bucket, which is called drawing the glass ; the portion taken up being allowed to run

ofl^ naturally assumes a pear-shape, from the appearance of which they can judge if

the consistence be proper, and if any air-bubbles remain. If all be right, the cuvettes

are taken out of the furnace, and conveywl to the part of the hal/e where their contents

are to be poured out. This process requires peculiar instruments and manipulations.

Casting.
—

"While the glass is refining, that is, coming to its highest point of perfec-

tion, preparation is made for the most important process, the casting of the plate,

whose success crowns all the preliminary labours and cares. The oven or carqnaise

destined to receive and anneal the plate is now heated by its small fire or tisar to such

a pitch that its sole may have the same temperature as that of the plates, being nearly

red hot at the moment of their being introduced. An unequal degree of heat in the
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carquaise -woXLld cause breakage of the glass. The oasting-tjvble is then rolled towards

tlie front door or throat, by means of levers, and its surface is brought exactly to the

level of the sole of the oven.

The table t, t, t, fig. 1 102, is a mass of bronze, or now preferably cast iron, about 10

feet long, 5 feet broad, and from C to 7 inches thick, supported by a frame of carpentry,

which rests on three cast-iron wheels. At the end of the table, opposite to that next

to the front of the oven, is a very strong frame of timber-work, called the puppet or

standard, upon which the bronze roller which spreads the glass is laid, before and
after the casting. This is 5 feet long by 1 foot in diameter ; it is thick in the metal,

but hollow in the axis. The same roller can serv-e only for two plates at one casting,

when another is put in its place, and the first is laid aside to cool ; for otherwise the

hot roller would, at a third casting, make the plate expand unequally, and cause it to

crack. "When the rollers are not in action they are laid aside in strong wooden trestles,

like those employed by sawyers. On the two sides of the table, in the line of its

length, are two parallel bars of bronze, t, t, destined to support the roller during its

passage from end to end ; the thickness of these bars determines that of the plate.

The table being thus arranged, a crane is had recourse to for lifting the cuvette, and
keeping it suspended, till it be emptied upon the table. This raising and suspension

are effected by means of an iron gib, furnished with pulleys, held horizontally, and
which turns with them.

The tongs, T^yfig. 1102, are made of four iron bars, bent into a square frame in their

middle, for embracing the bucket. Four chains, proceeding from the corners of the

1102

frame v, are united at their other ends into a ring, which fits into the hook of the
crane. Things being thus arranged, all the workmen of the foundry co-operate in

the manipulations of the casting. Two of them fetch, and place quickly in front of
one of the lower openings, the small cuvette-caj^viage, which bears a forked bar of
iron, having two prongs corresponding to the two holes left in the fire-tile door. This
fork, mounted on the axle of two cast-iron wheels, extends at its other end into two
branches terminated by handles, by which the workmen move the fork, lift out the
tile stopper, and set it down against the outer wall of the furnace.
The instant these men retire, two others push forward into the opening the ex-

tremity of the tongs-carriage, so as to seize the bucket by the girdle, or rather to

clamp it. At the same time a third workman is busy with an iron pinch or long
chisel, detaching the bucket from its seat, to which it often adheres by some spilt

glass ; whenever it is free, he withdraws it from the furnace. Two powerful branches
of iron united by a bolt, like two scissor-blades, which open, come together, and join
by a quadrant ne^r the other end, form the tongs-carriage, which is mounted upon
two wheels like a truck.

The same description will apply almost wholly to the iron-plate carriage, on which
the bucket is laid the moment it is taken out of the furnace ; the only difference in its

construction is, that on the bent iron bars which form the tail or lower steps of this

carriage (in place of the tongs) is permanently fastened an iron plate, on which the
bucket is placed and carried for the casting.
Whenever the cuvette is set upon its carriage, it must be rapidly wheeled to its

station near the crane. The tongs t, above described, are now applied to the girdle,

and are^ then hooked upon the crane by the suspension-chains. In this position the
bucket is skimmed by means of a copper tool called a sabre, because it has nearly the
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shape of that weapon. Every portion of the matter removed by the sabre Is thrown
into a copper ladle (pocJie de gamin), which is emptied from time to time into a cistern

of water. After being skimmed, the bucket is lifted up, and brushed very clean on
its sides and bottom ; then, by the double handles of the suspension-tongs, it is swung
round to the table, where it is seized by the workmen appointed to turn it over; the
roller having been previously laid on its ruler-bars, near the end of the table which is

in contact with the annealing oven. The cuvette-vnQn begin to pour out towards the
right extremity e of the roller, and terminate when it has arrived at the left extremity
D. While preparing to do so, and at the instant of casting, two men place within the
ruler-bar on each side, that is, between the bar and the liquid glass, two iron instru-

ments called hands, m m, m m, which prevent the glass from spreading beyond the
rulers, whilst another draws along the table the wiping bar c c, wrapped in linen, to

remove dust, or any small objects which may interpose between the table and the

liquid glass.

Whenever the melted glass is poured out, two men spread it over the table,

guiding the roller slowly and steadily along, beyond the limits of the glass, and then
run it smartly into the wooden standard prepared for its. reception, in place of the

trestles vv.
The empty bucket, while still red hot, is hung again upon the crane, set on its

plate-iron carriage, freed from its tongs, and replaced in the furnace, to be speedily

cleared out anew, and charged with fresh fluid from the pots. If, while the roller

glides along, the two workmen who stand by with picking tools perceive tears in the

matter in advance of the roller, and can dexterously snatch them out, they are suit-

ably rewarded, according to the spot where the blemish lay, whether in the centre,

where it would have proved most detrimental, or near the edge. These tears proceed
iisually from small portions of semi- vitrified matter which fall from the vault of the

furnace, and from their density occupy the bottom of the cuvettes.

While the plate is still red hot and ductile, about 2 inches of its end opposite to the

carquaise door is turned up with a tool ; this portion is called the head of the mirror
;

against the outside of this head, the shovel, in the shape of a rake without teeth, is

applied, with which the plate is eventually pushed into the oven, while two other

workmen press upon the upper part of the head with a wooden pole, 8 feet long, to

preserve the plate in its horizontal position, and prevent its being warped. The plate

is now left for a few moments near the throat of the carquaise, to give it solidity

;

after which it is pushed further in, by means of a very long iron tool, whose extremity

is forked like the letter y, and hence bears that name ; and is thereby arranged in

the most suitable spot for allowing other plates to be introduced.

However numerous the manipulations executed from the moment of withdrawing
the cuvette from the furnace, till the cast plate is pushed into the annealing oven, they

are all performed in less than five minutes.

When all the plates of the same casting have been placed in the carquaise, it is

sealed up ; that is to say, all its orifices are closed with sheets of iron, surrounded
and made tight with plastic loam. With this precaution, the cooling goes on slowly

and equably in every part, for no cooling current can have access to the interior of

the oven.

After they are perfectly cooled, the plates are carefully withdrawn one after another,

keeping them all the while in a horizontal position, till they are entirely out of the

carquaise. As soon as each plate is taken out, one set of workmen lower quickly and
steadily the edge which they hold, while another set raise the opposite edge, till the

glass be placed upright on two cushions stuffed with straw, and covered with canvas.

In this vertical position they pass through, beneath the lower edge of the plate, three

girths or straps, each four feet long, thickened with leather in their middle, and ending

in wooden handles ; so that one embraces the middle of the plate, and the other two
the ends. The workmen, six in number, now seize the handles of the straps, lift up
the glass closely to their bodies, and convey it with a regular step to the warehouse.

Here the head of the plate is first cut off with a diamond square, and then the whole

is attentively examined, in reference to its defects and imperfections, to determine the

sections which must be made of it, and the eventual size of the pieces. The parings

and small cuttings deUiched are set aside, in order to be ground and mixed with the

raw materials of another glass-pot.

The apartments in which the roughing-down and smoothing of the plates is per-

formed, are furnished with a considerable number of stone tables, truly hewn and
placed apart like billiard-t^ibles, in a horizontal position, about 2 feet above the

ground. They are rectangular, and of different sizes proportional to the dimensions

of the plates, which they ought always to exceed a little. These tables are supported

either on stone pillars or wooden frames, and are surrounded with a wooden board,

whose upper edge stands somewhat below their level, and leaves in the space between
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it and the stone all round an interval of 3 or 4 inches, of which we shall presently see

the use.

A cast plate, unless formed on a table quite new, has always one of its faces, the

one next the table, rougher than the other; and with this facing the roughing-down

begins. With this view, the smoother face is cemented on the stone table with Paris-

plaster. But often instead of one plate, several are cemented alongside of each other,

those of the same thickness being carefully selected. They then take one or more

crude plates, of about one-third or one-fourth the surface of the plate fixed to the

table, and fix it on them with liquid gypsum to the large base of a quadrangular

truncated pyramid of stone, of a weight proportioned to its extent, or about a pound
to the square inch. This pyramidal muUer, if small sized, bears at each of its angles

of the upper face a peg or ball, which the grinders lay hold of in working it; but

when of greater dimension, there is adapted to it horizontally a wheel of slight con-

struction, 8 or 10 feet in diameter, whose circumference is made of wood rounded so

as to be seized with the hand. The upper plate is now rubbed over the lower ones,

with moistened sand applied between.

This operation is, however, performed by machinery. The under plate being fixed

or imbedded in stucco, on a solid table, the upper one likewise imbedded by the same
cement in a cast-iron frame, has a motion of circumrotation given to it, closely resem-

bling that communicated by the human hand and arm, moist sand being supplied

between them. While an excentric mechanism imparts this double rotatory movement
to the upper plate round its own centre, and of that centre round a point in the lower

plate, this plate placed on a moveable platform changes its position by a slow hori-

zontal motion, both in the direction of its length and its breadth. By this ingenious

contrivance, which pervades the whole of the grinding and polishing machinery, a

remarkable regularity of friction and truth of surface is produced. When the plates

are sufficiently worked on one face, they are reversed in the frames, and worked
together on the other. The Paris-plaster is usually coloured red, in order to show
any defects in the glass.

The smoothing of the plates is effected on the same principles by the use of moist

emery washed to successive degrees of fineness, for the successive stages of the opera-

tion ; and the polishing process is performed by rubbers of hat-felt and a thin paste

of colcothar and water. The colcotkar, called also crocus, is red oxide of iron prepared

by the ignition of copperas, with grinding and elutriation.

The last part, or the polishing process, is performed by hand. This is managed by
females, who slide one plate over another, while a little moistened putty of tin finely

levigated is thrown between.

Large mirror-plates are now the indispensable ornaments of every large and sump-
tuous apartment ; they diffuse lustre and gaiety around them by reflecting the rays of

light in a thousand lines, and by multiplying indefinitely the images of objects placed
between opposite parallel planes.

The process of silvering plate-glass will be described under Miekors. For the

production of the perfectly plane surface required to ensure true reflexion, a process

of the most careful polishing is required. It will not differ from the process already
described in any respect, beyond that of the extreme care which is required.

Not only is this great exactness of surface required for the production of mirrors of

high class, but it is even more necessary in the plates of glass employed in the pro-

duction of ' the Ghost,' as it is called, which a few years ago excited so much of the
public attention at the Polytechnic Institution and elsewhere ; this phenomenon
being due to the total reflexion of highly-illuminated objects, from the plane sur-

face of highly-polished glass, the objects themselves being hidden from the spec-

tators.

The progress of the plate-glass manufacture is very instructive. Owing to the
obstructions of Excise regulations, notwithstanding the reduction of the duty in 1819
to 605. per cwt., the production in 1836 was but about 7,000 feet per week. In the
latter year, however, the manufacture ceased to be confined to two houses ; new
establishments were formed, and in 1845 the production had more than tripled, at a
great reduction of price. In 1845 the Excise duties on glass were abolished, and Sir

R. Peel, in proposing their abolition, said, ' If you leave the manufacture altogether
disburdened, as in France and Belgium, then, with your peculiar advaufciges of
material, the command of alkali and coal, my belief is, you will supply almost the
whole world.' And, thanks to the wisdom of that measure, freedom from fiscal

regulation has opened the door to extraordinary advantages, by means of which the
cost of production has been reduced to a point below that of any other country. In
coal^the savings effected by unrestricted action are no less than 80 per cent, in quan-
tity alone, involving a corresponding decrease in the cost of furnaces, fire-clay, pots,

tools, labour, and also in the erection of buildings that now suffice. The cost of coal,
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therefore, which, in London, in 1826 exceeded Is. lOd. on each superficial foot of

glass, is now about 2c?. per foot. Sand also, which is its base, forming as it does

nearly three-fifths of its composition, is obtained near London at 35. Od. and up-

wards per ton, of a quality superior to Lynn sand formerly used at 185. per ton.

The direct charge of labour in 1826 exceeded Is. 6d. per foot ; now the average rate

of wages for skilled labour is higher by 20 per cent, than forty years ago. In 1819
two furnaces, each having a huge chimney-shaft, were required to produce 1,000 feet

per week, while at the present time two furnaces, with only one chimney-shaft,

suffice for the production of 12,000 feet, with the same, if not a less, consumption
of fuel. Similarly, though in a less degree, grinding and polishing benches which
then finished 200 feet each per week, now accomplish 500 feet to 700 feet, which,

by judicious means, may be still further increased to 1,000 feet and upwards. By
these means the whole cost has been reduced to nearly the price of common duty-

paid window-glass thirty years ago ; and whereas in 1819 the British make was
3,000 feet per week, sold at 205. to 255. per foot, it is now 140,000 feet, selling at

25. and upwards according to quality. The former superior make of this country

has, indeed, been greatly neglected, and this has led to a very large increase in

the import of the finest fabrics of France and Belgium, so that these imports

amounted in 1862 and 1863 to about 16,000 feet per week, and those countries have
had a corresponding sale in foreign markets in the absence of such supplies from
England ; but still the exports of British plate-glass have increased about tenfold

since 1849.

At home, glass is now extensively used in slabs for flooring and underground
purposes, combining as it does greater strength than the York flag, with the additional

advantage of conveying light ; and slabs tested at Woolwich dockyard have been found
to bear a pressure exceeding a ton weight. Many years ago, a supply of such slabs

was required for the purpose of flooring a palace of one of the native princes of India,

but the Excise restrictions then prevailing precluded its supply from England at less

than 305. per foot ; it could now be aiForJed at 35. to 45. In fact, its true position

has yet to be attained, when the resources of this country shall have stimulated that

more full development of which it is susceptible, and Great Britain shall, as the author
of the freedom of this industry predicted, ' supply almost the whole world.'

Bohemian Glass.—M. Peligot states that the hard glass of Bohemia is composed of

100 parts of silica, 12 parts of quicklime, and only 28 parts of carbonate of potiish.

These proportions give a glass quite unmanageable in ordinary furnaces ; but the

addition of a comparatively small quantity of boracic acid is capable of determining
fusion, and the result is a glass having all the requisite limpidity at a high tempera-

ture, and possessing at the same time a great brilliancy and hardness.

The Bohemian glass is, within certain limits, perfectly elastic, and very sonorous;

when well made, it is sufficiently hard to strike fire with steel, and is scratched with
difficulty. The lead glasses, on the other hand, have but little hardness, and less in

proportion as they contain more oxide of lead ; besides which they rapidly lose their

brilliancy by use.

The silica which is employed in Bohemia in the manufacture of glass is obtained bj'

calcining crystalline quartz, and afterwards pounding it while dry. "When the quartz

lias been heated to a cherry-red, it is withdrawn from the fire, and thrown imme-
diately into cold water.

Almost all the Bohemian glass is a potash-glass, because soda and its salts give to

glass a sensible yellowish tint. The limestone which is used is as white as Carrara

marble. The clay employed for the crucibles is very white, and consists of silicii,

4:o{o ; alumina, 40^ ; and water, 13^.
The manufacture of glass in Bohemia is of very high antiquity, and the same pecu-

liarities have always belonged to the true Bohemian manufacture.

In our modern times the Bohemian glass has been more especially celebrated for

tlie beautiful varieties of colours which are produced. See Glass, Coloured.
Venetian Glass.—From an efirly date the city of Venice has been celebrated for its

glass : the reticulated glass, the crackle glass, and the glass paper-weights, or millcjiore,

are all due to the Venetians.

The manufacture of glass beads at Murano, near Venice, has been carried on for an
indefinite period, and Africa and Asia have been supplied from their ghiss-houscs.

The process is most ingeniously simple. Tubes of glass of every colour, are drawn
out to great lengths in a gallery adjoining the glass-house pots, in the same way as

the more moderate lengths of thermometer and baromoter tubes are drawn in our

glass-houses. These tubes are chopped into very small pieces of nearly uniform

length on the upright edge of a fixed chisel. Theso elementary cylinders being

then put in a heap into a mixture of fine sand and wootl-ashes, are stirred about

with an iron spatula till their cavities got filled. This curious mixture is now trans-
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forrod to an iron pan suspended over a moderate fire, and continually stirred about

as before, whereby the cylindrical bits assume a smooth rounded form ; so that

Avhen removed from the fire and cleared out in the bore, they constitute beads,

which are packed in casks, and exported in prodigious quantities to almost every

country.

The manufacture of reticulated glass, for which Venice was equally celebrated, was
long lost ; it was at length revived by Pohl, and the crackle-glass was in like manner
reproduced by the late Mr. Apsley Pellatt in 1851.

The reticulated glass is produced by a kind of network, consisting of small bubbles

of air inclosed within the mass, and ranged in regular series crossing and interlacing

each other. To produce this ornamental appearance, hollow glass cones or conical

tube are kept prepared, containing already this network-arrangement of air-bubbles.

These tubes are made by arranging a number of small glass rods round a centre so as

to form a cylinder, and fixing them in this position by melted glass. The cylinder is

then heated until the single rods stick together, when they are drawn out on the pipe

to a long cone, and spirally twisted at the same time, the one half to the right and
the other to the left, when one of these hollow cones is inserted into the other, and the

two are heated until they fuse together ; wherever the little rods cross each other

a bubble of air will be inclosed, and this occurring in a very regular manner, the

reticulated appearance is produced.

The Venetians were also celebrated for their filigree. This glass has of late

years been re-introdiiced in France and in this country. The process of manu-
facture has been thus described by Mr. Apsley Pellatt, in his Curiosities of Glass

Manufacture :

—

'Before ornaments or vessels can be blown, small filigree-canes, with white or

variously-coloured enamels must be drawn. These are first " whetted " off to the

required lengths, and then put into a cylindrical mould with suitable internal

recesses, and both cane and mould are thus submitted to a moderate heat. The
selection of the colour of the canes depends upon the taste of the manufacturer

;

two to four white euamel-canes are chiefly used, alternately, with about half the

number coloured. The blower then prepares a solid ball of transparent flint-glass,

which being deposited in contact with the various canes, at a welding heat, occasions

them to adhere. This solid ball is then taken from the mould, is re-heated, and
" marvered " till the adhei'ing projecting ornamental canes are rubbed into one
uniform mass ; the ball is next covered with a gathering of white glass, which must
then be drawn to any size and length that may be required. Should a spiral cane
be preferred, the " pucellas " holds the apex in a fixed position, while the ornamental
mass, still adhering to the glass-maker's iron, is revolved during the process, till

the requisite twist is given. Where vases are formed of alternately coloured and
enamelled filigree-canes, the above process is repeated, and the usual mode of blowing
is followed.'

The Venetian ball is a collection of waste pieces of filigree-glass conglomerated
together without regular design : this is packed into a pocket of transparent glass,

which is adhesively collapsed upon the interior mass by sucking up, producing out-

ward pressure of the atmosphere.

MUlefiore, or star-work of the Venetians, is similar to the last, only, the lozenges of

glass are more regularly placed.

The Vitro di Trino of the Venetians is similar to the filigree in many respects ; but
by closing an outer on the inner case, each containing filigree-canes, a bubble of air

is inclosed between each crossing of the canes.

The celebrated frosted glass of the Venetians was re-introduced by Mr. Apsley
Pellatt in 1851, who thus describes the process of manxifacture :

—

'Frosted glass, like Vitro de Trino, is one of the few specimens of Venetian work
not previously made by the Egyptians and the Romans ; and not since executed by
the Bohemian or French glass-makers. The process of making it, until recently
practised at the Falcon Glass Works, was considered a lost art. Frosted glass has
irregularly-varied marble-like projecting dislocations in its intervening fissures.

Suddenly plunging hot glass into cold water produces crystalline convex fractures,

with a polished exterior, like Derbyshire spar; but the concave intervening figures

are caused, first by chilling, and then reheating at the furnace, and simultaneously
expanding the reheated ball of glass by blowing ; thus separating the crystals from
each other, and leaving open figures between, which is done preparatory to forming
vases or ornaments. Although frosted glass appears covered with fractures, it is

perfectly sonorous.'

Glass, its physical condition and chemical constitution.—So far as may be inferred,

from the analysis of ordinary commercial samples of window-glass, this substance
has not only a very variable composition, but, worse than this, it is out of all keeping
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with anything like definite proportion. That it should be full of striflft, and, therefore,

refract the rays of light unequally, as it does, so as to produce the most liideous ap-
pearances of distortion, is a mere natural consequence of its mechaniail composition,
which might, and must one day be corrected ; but that whole nations should have
come to view this defect as an unavoidable peculiarity, is precisely one of those sur-
prising facts which demonstrate the influence of habit over the powers of the mind,
and show how easily human reason can reconcile itself to the most gross inconsisten-
cies. If window-glass had one uniform atomic composition, the tendency to form
these striae would nowhere exist in excess ; and, therefore, their production would
diminish as the skill of the workmen increased ; but, with the present variable com-
pound, the glass stretches unequally in different parts, by an equal application of
force, and, in spite of human skill, presents a result alternately thick or thin, as
accident determines. That these striae have not the same composition as the parts
surrounding them is very obvious, from the circumstance that, if striated glass bo cut
to an uniform thickness, and polished on both sides, the optical defects remain but little

changed, and occasionally they are found to be increased. Again, it is known that
the more complex the composition of any glass may be, the greater the liability to this

striated structure—of which flint-glass offers an apposite illustration ; for here, in

addition to the ordinary components of glass, the silicate of lead is superadded. Now
the specific gravity of silicate of lead is very high compared with that of silicate of
soda, potash, or lime ; hence unless employed in the exact quantity to form a
chemical combination with the other silicates, a mere mechanical mixture is produced,
of very different densities throughout ; and the product, under the action of light, dis-

plays, permanently, that peculiar fugitive appearance seen when syrup and water, or
alcohol and water, are mixed together ; that is to say, a series of curved lines are
formed by the unequal refraction of the two fluids, which entirely disappear, so soon
as perfect admixture has taken place, but which remain in the case of flint-glass,

from the utter impossibility of effecting the necessary union between its various parts.

Although, however, this cannot be done mechaniftilly, yet, in a chemical way, nature
performs such operations with ease and unerring fidelity. The French chemist,

13erthier, long ago proved that many neutral salts combine together by fusion in

atomic proportions, and form new and definite compounds. Thus, carbonate of potash

and carbonate of soda when mixed, atom for atom, unite and produce a compound
more easy of fusion than the more fusible of the two ; similarly, either of these car-

bonates will act with carbonate of baryta or stroutia ; and again, fluor-spar and
sulphate of lime, two remarkably infusible substances, when mixed, melt readily, at

a low red heat into a fluid as mobile and transparent as water. It is useless to mul-
tiply examples of this kind, for thousands exist ; and the alkaline and earthy silicates

form no exception to this almost universal rule. A mixture of silicate of potash and
silicate of soda will, if in atomic ratios, fuse much more readily than either of them
alone. But now, let us imagine an attempt to fuse these two bodies together, in any
other proportion than that in which they are naturally disposed to combine ;—say

that the silicate of soda is in excess ; then the silicate of potash would unite with

exactly sufficient of the silicate of soda to produce the extremely fusible compound
above spoken of; whilst the less easily fusible silicate of soda, added in excess, would
form a kind of network throughout the mass. It may be said, that a higher heat

would overcome this difficulty, by thoroughly liquefying the silicate of soda ; and this

is really the plan now used with that view ; but, independent of the fact, that the

mixed silicate of potash and soda would also undergo a corresponding liquefaction,

and, therefore, favour the separation of tlie silicate of soda, yet, as chemical union is

impossible, from the very conditions of the experiment, even the most perfect me-
chanical mixture, under the greatest advantages of fluidity, would never generate a
homogeneous body.' The striae might, indeed, be diminished in size ; but this would

imply a correspopding increase in their number ; and, if carried very far, complete

opacity would result from such an endeavour to subvert the laws of nature. The
power of the workmen to remedy this defect is therefore limited to the capability of

modifying its more salient features ; he can never remove nor destroy it. What
we have here illustrated by the simplest of all assumptions, gathers and accumulates

into a formidable evil when several silicivtes are fused together, having considerable

differences of specific weight. Thus, in the case of flint-glass before alluded to, there

are generally three, and sometimes five, of these silicates fused together, into, pro-

bably, one of the most antagonistic compounds that could be conceived, refracting and
dispersing the ray of light in fifty directions, and demonstrating the unfriendly

nature of its coerced union, by flying in pieces from the most trinal applications of

heat or violence. Yet in flint-glass we are not surpjissed, nor indeed equalled, by
any other nation ; and so thoroughly has tins beautiful subst<ince become associated

with our industrial reputation, that the British name, flint-glass, has been adopted into



I

GLASS 671

several continental languages. Nevertheless, it cannot be doubted that a wide field of

improvement is open in this quarter, and that some more solid foundation is needed by
our manufacturers in this line, than the prestige of a name, or the force of capital.

In France, as in England, the ingredients are mixed with some care, and intro-

duced into a crucible, lieated by a powerful furnace. Those ingredients are sand or

silica, carbonate of soda, and carbonate of lime, with perhaps a little ground felspar in

some cases. The carbonate of soda is first attacked by the silica, and its carbonic acid

. driven oflf, whilst the remaining silica and carbonate of lime become imbedded in the

vitrifying mass. As the heat increases, a more perfect fusion takes place ; and then

the carbonic acid of the carbonate of lime makes its way through the fused materials

by which they are mechanically mingled together during the eflfervescence, which is

technically termed the ' boil
;

' and, provided no after-separation ensues from the

process of ' settling,' the whole crucible or ' pot ' of glass will have a uniform com-

position. But, as we have seen, this depends altogether upon the relative proportion

of the materials towards each other, for an excess of either one or other of the bases

will destroy the homogeneous character of the whole, and introduce a plexus of strise.

Now the plate-glass of St. Gobain is almost exactly an atomic compound, and consists

of one atom of the trisilicate of soda and one atom of the trisilicate of lime, with a

small percentage of alumina. Science must ever take the lead of prejudice and
custom.

The examination of English plate-glass fully corroborates the general result deduced

from the action of light. There is no approach to an atomic arrangement. The
principal constituent is trisilicate of soda, but variable quantities of lime, alumina,

and even magnesia, exist in it. Potash is sometimes present, and oxide of iron is

invariably so ; but in not one single instance, out of 17 samples examined with great

care, could so much as a surmise of the doctrine of combining proportions be gathered

from the result of the analyses. Similarly fruitless was a research instituted upon flint-

glass, both British and foreign. Of 35 samples analysed, no satisfactory evidence

could be adduced to favour the opinion that science had been a helpmate to industry,

or was at all concerned in tliis branch of manufacture. There are, however, some
points of vast interest associated with the practical working out of this matter. Potash
is known to give a more brilliant and harder glass than soda, and alumina seems to

tend in the same direction. The Bohemian glass, so celebrated throughout Europe, is

a glass of this description, and contains silicate of alumina, silicate of lime, and silicate

of potash, but not in chemical proportions. This glass is therefore striated, but it

seems to permit of a more perfect decoration by metallic oxides that can be de-

veloped in glass of lime and soda. This very probably depends upon the alumina
contained in it. From one singular oversight, the use of carbonate of baryta has not

yet found its way into the composition of glass, though Ave can scarcely conceive a
more hopeful material. This substance may be had in large quantity in the North of
England, of great purity, and at a merely nominal cost as compared with its value

for such a purpose as glass-making. That it would fuse readily with a due amount
of soda, and give ' a boil ' as well as chalk, there can be no doubt ; whilst its great

density will certainly improve the refractive power of the resulting product, and thus
rival the brilliancy of lead- or flint-glass, without imparting that softness and liability

to receive scratches which are so objectionable in the la'tter variety. One difficulty

may perhaps reside in the want of information concerning the quantity to be em-
ployed. But this is easily adjusted ; for it has been demonstrated that, during vitri-

fication, the silicic acid unites to bases in the proportion of three atoms to one :

consequently three atoms, or 138 parts, will always require one atom of each base.

Therefore, this weight of good dry sand may be set against 54 of dry carbonate of
soda, 70 of carbonate of potash, 50 of pure marble or chalk, 99 of carbonate of baryta,
and 112 of oxide of leacl or litharge. Suppose, then, that the object is to employ
carbonate of baryta for the first time, here 6 atoms or 276 parts of sand, 1 atom or 54
parts of dry carbonate of soda, and 1 atom or 99 parts of carbonate of baryta, may be
mixed and fused together with every prospect of obtaining a good result ; or 9 atoms
of silica, 1 of carbonate of potash, 1 of carbonate of soda, and 1 of carbonate of baryta,
might be tried without fear of failure. Again, in the case of flint-glass, 112 of
litharge, 54 of soda, and 276 of sand, would probably succeed, or an additional atom
of trisilicate of potash might be used. For many years past, M. Dumas, now, perhaps,
the first chemist in France, has been in the habit of demonstrating to his pupils that
glass of all kinds, when properly made, must necessarily be an atomic compound

;

and yet we scarcely expect to find a single British glassmaker who ^^ill admit that his
art is susceptible of such decisive and beautiful simplification.

To assist as far as we can in the attainment of this end, we shall proceed to describe
a simple means for the analysis of glass, which will enable any person, possessed of
en'en very trifling chemical skill, to determine the composition of any given sample of
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glass in a companitively short time. From tho nature of the material, it becomes
necessary to divide tlio analysis into two distinct portions ; one of which has for its

object the estimation of its alkaline ingredients, the other that of the earthy, metallic,

and siliceous matters. Having heated a suificient quantity of the sample in question
to dull redness, it must be suddenly thrown, whilst still hot, into a basin containing
cold water. In this way it becomes cracked and flawed in all directions, so as to
favour its reduction into powder. Wlien dry it must, therefore, be carefully ground
in an agate or steel mortar, until it has tho appearance of fine flour. Nor is it a
matter of indifference whether this takes place in contjict with water or not ; for glass
in this extreme state of comminution readily gives up a part of its alkali to water

;

and hence, if ground in the presence of that fluid, tho resulting analysis would prove
incorrect. But wo will suppose that a quantity of finely-powdered glass has been ob-
tained as above indicated, and the amount of its alkali is desired ; then weigh out
100 grains of tho glass, and carefully mix with it 200 grains of pure fluor-spar in a
similarly-powdered condition. Place the mixture in a platinum or leaden vessel, and
pour over it 500 grains of strong sulphuric acid, stirring the whole well together

with a silver spoon, but taking care not to remove any portion of the materials.

Next, apply a heat of about 212° Fahr. ; and as the process draws to a conclusion,

this may be raised as high as 300°. When all evolution of gaseous fumes has ceased,

water may be poured on the residuary mass to the extent of four or five ounces, and
the mixture thrown on a filter. After the clear fluid has passed through, a little more
water must be added to the filter, so as to wash out the whole of the soluble matter

;

these washings being joined to the original clear fluid, which consists of sulphate

of soda or potash, or both, with a quantity of sulphate of lime, and perhaps also of

magnesia and alumina. To this an excess of carbonate of ammonia must now be
added, to admit of tlie separation of the earthy salts being effected by filtration. The
clear solution is next boiled down to dryness, and the residue is heated red hot for a
minute or two. This residue is the soda or potash, or both, formerly contained in

100 grains of the glass, but now united to sulphuric acid. Having ascertained its

weight, the relative proportions of potash and soda may be found by testing its con-

tent of sulphuric acid with a barytic solution, and calculating the result by the well-

known Archimedean equation ; or, by dissolving the mixed salt in a small quantity of

water, and after adding an excess of tartaric acid, leaving the whole for a few hours

covered up in a cool place. Almost the whole of tlie potash will separate in this way
as bitartrate of potash. Tho quantity of alkali may be determined from the atomic

constitution of the alkaline salts. Thus, supposing the dry residue altogether com-
posed of sulphate of soda, then as 72 grains of it indicate 32 of pure soda, the result

may be obtained by tho rule of proportion. The amount of alkali being known,
another portion of the powdered glass must be employed for ascertaining the re-

mainder of the ingredients. That is to say, 1 00 grains of the sample must bo mixed
with 200 grains of pure potash, and the whole fused together in a silver crucible, at a

red heat, until perfect liquefaction ensues, when the crucible and its contents may bo

withdrawn from the fire, and, as soon as cool enough, boiled in half a pint of pure

water, so as thoroughly to dissolve the fused mass from the crucible. An excess of

nitric acid being poured into the solution, the mixture is then evaporated to dryness,

by which means the silicic acid is rendered insoluble ; consequently, on the applica-

tion of water, this remains, and may be dried and weighed, whilst the lime, alumina,

and lead of the glass may be separated from the soluble portion by the addition, first,

of sulphuretted hydrogen, which separates the lead, then of ammonia, which throws

down the alumina, and, next, by pouring in carbonate of ammonia, which precipi-

tates the lime as a carbonate. Thus, therefore, the alkaline matters are found by one

process, and the silica, earthy, and metallic constituents by another, both of which may
be conducted at the same time. It has been recommended to employ carbonate of

baryta in the analysis of glass ; but the high temperature required with this sub-

stance dissipates a portion of the alkaline components, and thus leads to serious errors.

Even mere fusion in a glass furnace expels soda from glass, and renders it more and

more infusible ; but this expulsion is much favoured by the presence of baryt;i. The
above method of analysing glass is, therefore, to bo preferred to the baryta plan, by

individuals not habitually engaged in manipulative chemistry.— Urc.

Glass, for horticultural -purposes.—An impression taken up loosely in the first

instance from some experiments on the action of the chemical rays of light, when

made to permeate coloured glass, has led the public frequently to conceive that

glasses which admitted freely the chemical rays were the most adapted to accelerate

the growth of plants. No more misUiken view was over entertained. At different

periods in the life of a plant different influences are necessary ; at one time the

chemical force is required, at another tho luminous power, and at another the calorific

agent. The solar rays, as wc rectivc them direct from the sun, have those forces
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exactly adjusted to produce the best possible conditions ; but under some of the artificial

conditions in which we place plants, it is important to know the conditions of the

solar rays best suited to produce a given effect. This we must attempt briefly to

explain :

—

1. Seeds germinating absorb oxygen, and convert their starch into sugar; this is a
purely chemical process, and demands the full power of the chemical rays {actinism).

2. Wood-forming, from the decomposition of carbonic acid, is a function of the

vital power of the plant, excited by light (luminous force).

3. Flowering and fruiting manifest compound actions, and appear to demand the

combined power of heat (calorific power) and of the chemical rays.

Such are the three chief conditions in the phenomena of vegetable growth. Now
a, a glass stained blue with cobalt admits the permeation of the chemical rays with
great freedom, obstructing both light and heat; h, a glass stained yellow with
silver, will powerfully obstruct the chemical rays, and allow the luminous rays to

pass freely; <?, deep copper or gold red glasses admit the maximum heat rays to

pass freely, and in general allow of the permeation of a small quantity of the chemical

rays.

When seed is placed in the soil to germinate, a blue glass placed above the soil

will greatly accelerate the process; the first leaves will appear above the soil, in

many instances, days before they are seen when the seed is under the ordinary-

conditions in the soil ; but if a plant is allowed to grow under these circumstances,

scarcely any wood is produced, but long succulent stalks are formed, with imperfect

leaves.

After germination has taken place, if the plant is brought under the influence of

the rays permeating yellow glass (light separated to a considerable extent from the

chemical power), wood is formed abundantly, and very healthy plants with dark leaves

are produced. For the production of perfect flowers and fruit, the red glass named
is the most effective. Plants growing in conservatories which have been glazed with
the colourless G-erman sheet-glass, frequently suffer from scorching. To avoid this if

possible, the editor of this volume was consulted on the glass which should be
employed in glazing the great palm-house at Kew, the problem being to avoid the
necessity of blinds, and to secure the plants from the injurious action of the scorching
rays. By a long series of experiments it was determined that glass stained with a
little of the oxide of copper, and from which there was an entire absence of man-
ganese, entirely effected this end. The great palm-house in the Eoyal Botanic
Gardens at Kew was glazed with glass made on this principle, by the Messrs. Chance
Brothers and Co. of Birmingham, and it has now been tested by the sunshine of

six-and-twenty summers (1874); and the plants, as every one may observe, grow
most luxuriantly, and are entirely free from any indications of scorching on their

leaves.

GXiASS, COZiOITRED. Most of the metallic oxides impart a colour to glass,

and some non-metallic, and even some substances derived from the organic kingdom
have the power of imparting permanent colours to the vitreous combinations of
flint and potash. There is much in this subject which still requires examination.
M. Bontemps, at the meeting of the British Association at Birmingham, brought
forward some very extraordinary facts in connection with the colouring powers of
different bodies. Of his communication the following is an abstract :

—

In the first place it was shown, that all the colours of the prismatic spectrum
might be given to glass by the use of the oxide of iron in varying proportions, and
by the agency of different degrees of heat : the conclusion of the author being, that
all the colours are produced in their natural disposition in proportion as you increase
the temperature. Similar phenomena were observed with the oxide of manganese.
Manganese is employed to give a pink or purple tint to glass, and also to neutralise
the slight green given by iron and carbon to glass in its manufacture. If the glass
coloured by manganese remains too long in the melting-pot or the annealing-kiln,
the purple tint turns first to a light brownish-red, then to yellow, and afterwards to
green. White glass, in which a small proportion of manganese has been used, is liable

to^ become light yellow by exposure to luminous power. This oxide is also, in certain
window-glass, disposed to turn pink or purple under the action of the sun's rays.
M. Bontemps has found that similar changes take place in the annealing oven. He
has determined, by experiments made by him on polygonal lenses for M. Fresnel,
that light is the agent producing the change mentioned : and the author expresses a
doubt whether any change in the oxidation of the metal will explain the photogenic
effect. A series of chromatic changes of a similar character were observed with the
oxides of copper, the colours being in like manner regulated by the heat to which
the^ glass was exposed. It was found that silver, although with less intensity, ex-
hibited the same phenomena ; and gold, although usually employed for the purpose

Vol. II. XX
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of imparting varieties of red, was found by varying degrees of heating at a high
tomperaturo, and re-casting several times, to give a groat many tints, varying from
blue to pink, red, opaque yellow, and green. Charcoal in excess in a mixture of
silica-alkaline glass gives a yellow colour, which is not so briglit as the yellow
from silver: and this yellow colour maybe turned to a dark rod by a second fire.

The author is disposed to refer these cliromatic changes to some modifications of
the composing particles rather than to any chemical changes in the materials em-
ployed.

It is not possible in the present essay to enter into the minute details of this

beautiful branch of glass-manufacture. In the following statement the materials
ordinarily employed to colour glass alone are named.
Yellow.—Charcoal or soot is used for producing the commoner varieties of yellow

glass.

The fflass of
^
antimony, which is obtained by roasting sulphide of antimony until

antimonious acid is formed, and melting it with about 5 per cent, of undecomposed
sulphide of the same metal.

The antimonate of potash, a preparation similar to James's powder, is stated to
answer the same purpose. Bohemian glass is coloured yellow with glass of antimony,
minium, and oxide of iron.

Silver imparts a very beautiful yellow colour to glass ; but it requires some caution
in its mode of application. It is believed that the presence of alumina is necessary to
the production of colour, since a fine yellow cannot bo produced unless alumina be
present. A mixtxire of powdered clay and chloride of silver is prepared, and spread
upon the surface of the glass ; the glass is then re-heated, and the silver penetrates to
a certain depth into the glass, before the latter softens. The coating is then scraped
off, and the fine yellow colour appears. If the silver yellow glass is held over the
flame of burning wood, a peculiar opalescence is produced upon the surface, probably
by the oxidation of the silver.

Uranium produces the beautiful canary-yellow, which is found in many articles of
an ornamental kind. This glass possesses the very peculiar property of giving a
green colour when it is looked at, although perfectly and purely yellow when looked
through. This has been attributed to the presence of iron in the commercial oxide of
uranium employed ; but the purer the uranium is, the more beautifully will this

phenomenon be brought out. It depends upon a very remarkable physical peculiarity

belonging to uranium and some other bodies. See Fluorescence.
Eed.—A common brownish-red colour is produced in glass by oxide of iron,

added as ochre, or in the state of pure peroxide. Muller found ancient glass to

contain silicic acid, alkalis, lime, magnesia, alumina, protoxide of iron, and suboxide
of copper.

Copper is more generally employed in colouring glass red. The use of this metal
for such a purpose dates from very high antiquity, and all through the middle ages it

was employed to produce the reds which we see in the fine old windows left by our
ancestors for our admiration. The ancient Hcsmatinone was a copper-red glass. Sub-
oxide of copper is used, either in the state of commercial copper-scale, or it is prepared
by heating copper-turnings to redness. If, during the fusion of the glass in the pot,

the suboxide unites with an additional quantity of oxygen, green and not red is the

result. This is avoided by combining some reducing agent with the melted substance.

Glass thus coloured does not exhibit its red colour on leaving the crucible ; it is

nearly colourless, or with a tinge of green even when cold ; "but if it is then heated a
second time it assumes the red colour. H. Rose supposes that a colourless neutral or

acid silicate of the suboxide of copper is formed at a high temperature, and that the

subsequent softening of the glass at a lower temperature causes the decomposition of

this compound and a separation of a portion of the suboxide. We believe that no
such chemical change takes place, and that the alteration is due merely to a change
in the molecular arrangement of the particles. The suboxide of copper possesses an
intense colouring power, so great indeed that glass coloured with even a very small

quantity is almost impermeable to light ; hence it is usual merely to flash colourless

glass with this coloured glass, that is, to spread a very thin film of it over the colour-

less surface. A process for colouring glass red, after its manufacture, with sulphide of

copper has been introduced by Bedford.

Gold can, according to circumstances, be made to impart a ruby, carmine, or pink
tint to glass. The purple of Cassius was employed ; but Dr. Fuss first showed that

a mere solution of gold without the presence of tin, as in the s.ilt named, is capable

of producing rose and carmine coloured glass.

Similar changes to those already described with copper occur with the ssxlts of

gold. Perhaps the glass is colourless in the pot, and it then remains colourless when
cold

J but when ro-hoated, the glass quickly assumes a light red colour, which rapidly
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spreads from the heated point over the whole glass, and increases in intensity until it

becomes nearly a black-rod. This coloured glass can be again rendered colourless

by fusion and slow cooling ; its colour is again produced by a repetition of the heating

process. If, however, it is suddenly cooled it cannot again be made to resume its

ruby colour. This is also an example confirmatory in the highest degree of the view,

that no chemical change takes place ; but that all the phenomena are due to altera-

tions in molecular structure. The practice of flashing colourless glass with the ruby
glass from gold is commonly adopted. The beautiful examples of the Bohemian glass

manufacture, in which we have a mixture of rich ruby and the purest crystal, are

produced in this way. A globe of hot colourless glass is taken from the pot, and a

cake of ruby glass, prepared with a composition called Schmdze, is warmed and
brought into contact with the melted globe ; this ruby glass rapidly diflfiises itself over

the surface, and the required article is blown or moulded with a coating of glass,

coloured ruby by gold, of any required thickness.

Schmeize is prepared with 500 parts of silica, 800 of minium, 100 of nitre, and the

same quantity of potash. A very small portion of a solution of gold in aqua regia is

intimately mixed with 500 parts of Schmeize, 43 parts of prismatic borax, 3 or 4 of

oxide of tin, and a similar quantity of oxide of antimony. This mixture is heated for

twelve hours in an open crucible placed in a flat furnace, and then cooled slowly in

an annealing oven. A Bohemian rvhy, especially so called, is prepared by melting

together fulminating gold rubbed in with oil of turpentine, quartz powdered, and
fritted minium, sulphide of antimony, peroxide of manganese, and potash. Bohme
has given an analysis of a Venetian ruby glass, in which ^th of a grain of gold is

combined with about 160 of the ordinary ingredients of glass, with some tin and
iron.

Manganese is sometimes employed to give a fine amethystine colour to glass

;

care is however required to prevent the reduction of the peroxide of manganese in

the process.

Green.—Green colours may be obtained by a variety of metallic oxides. 'Protoxide

of iron imparts a dull green ; an emerald-green colour is given by oxide of copper.

Either copper-scales or verdigris dried and powdered are employed, the colour being

much finer with a lead glass, than with one containing no lead. Translucent or dull

glass is converted into a deep blue or turquoise colour by oxide of copper and not

'into a green. An emerald green is also produced by the oxide of chromium. Two
kinds of Bohemian green glass, known respectively as the ancient and modern emerald
greens, are prepared from mixtures of the oxides of nickel and of uranium.

Bi<UE.—The only fine blue is produced by cobalt. The manufacture of smalt or

zajfre is so important that it will be treated of in a separate article. See Smalt and
Cobalt.
Browx.—Peroxide of manganese with zaffre yields a fine garnet-like brown.
Pink or Flesh-Colotjr.—Oxide of iron and alumina, obtained, by heating a mixture

of alum and green vitriol.

Orange.—Peroxide of iron with chloride of silver.

Jasper.—A Bohemian glass, generally black, but of fine lustre, prepared by adding
forge scales, charcoal, and bone ashes to the ordinary materials for glass.

Amongst the different varieties of glass, artificial gems may be enumerated. For a
description of their manufacture, see Gems, Artificial.

CIiASS, STAZITED. See Glass, Coloured.
GKASS CITTTZN'G AITB G-RXXTBUrG, for common and optical purposes. By

this mechanical process the surface of glass may be modified into almost any orna-
mental or useful form.

1. The grinding of crystal ware. This kind of glass is best adapted to receive
polished facets, both on account of its relative softness, and its higher refractive
power, which gives lustre to its surface. The cutting-shop should be a spacious long
i'.partment, furnished with numerous skylights, having the grinding and polishing
lathes arranged right under them, which are set in motion by a steam-engine or water-
wheel at one end of the building. A shaft is fixed as usual in gallewses along the
ceiling ; and from the pulleys of the shaft, bands descend to turn the diflferent lathes,
by passing round the driving pulleys near their ends.
The turning lathe is of the simplest construction. Fig. 1103, d, is an iron spindle

with two well-tiirned prolongations, running in the iron puppets a a, between two
concave boshes of tin or type-metal, which may be pressed more or less together by
the thumb-screws shown in the figure. These two puppets are made fast to the
wooden support b, which is attached by a strong screw and bolt to the longitudinal
beam of the workshop a. e is the fast and loose pulley for putting the lathe into
and out of gear with the driving shaft. The projecting end of the spindle is furnished
with a hoUow bead-piece, into which the rod c is pushed tight. This rod carries the

xx3
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cutting 01* grinding disc plate. For heavy work, tliis rod is fixed into the head by
a screw. "When a conical fit is preferred, the cone is covered with lead to increase

the friction.

Upon projecting rods or spindles of that kind
the different discs for cutting the glass are made
fast. Some of these are made of fine sandstone or

polishing slate, from 8 to 10 inches in diameter,

and from f to ^ inch thick. They must be care-

fully turned and polished at the lathe, not only

upon their rounded but upon their flat face, in

order to grind and polish in their turn the flat and
carved surfaces of glass vessels. Other discs of

the same diameter, but only | of an inch thick,

are made of cast tin truly turned, and serve for

polishing the vessels previously ground ; a third

set consists of sheet iron from ^ to ^ an inch

thick, and 12 inches in diameter, and are destined

to cut grooves in glass by the aid of sand and water. Small discs of well-hammered

copper from ^ to 3 inches in diameter, whoso circumference is sometimes flat, and
sometimes concave or convex, serve to make all sorts of delineations upon glass by
means of emery and oil. Lastly, there are rods of copper or brass furnished with

small hemispheres from ~ to ^ of an inch in diameter, to excavate round hollows

in glass. Wooden discs are also employed for polishing, made of white wood cut

across the grain, as also of cork.

The cutting of deep indentations, and of grooves, is usually per-

formed by the iron disc, with sand and water, which are allowed
constantly to trickle down from a wooden hopper placed right over

it, and furnished with a wooden stopple or plug at the apex, to regu-

late by its greater or less looseness the flow of the grinding

materials. The same effect may be produced by using buckets, as

shown in Jig. 1104. The sand which is contained in the bucket f,

above the lathe, has a spigot and faucet inserted near its bottom,

and is supplied with a stream of water from the stopcock in the

vessel G, which, together, running down the inclined board, are con-

ducted to the periphery of the disc as shown in the figure, to whose
lowest point the glass vessel is applied with pressure by the hand.
The sand and water are afterwawis collected in the tub h. Finer
markings which are to remain without lustre, are made with the

small copper discs, emery, and oil. The polishing is effected by the

edge of the tin disc, which is from time to time moistened with

putty (white oxide of tin) and water. The wooden disc is also em-
ployed for this purpose with putty, colcothar, or washed tripoli.

For fine delineations, the glass is first traced over with some
coloured varnish, to guide the hand of the cutter.

In grinding and facetting crystal glass, the deep grooves are first cut, for example,
the cross lines, with the iron disc and rounded edge, by means of sand and water.

That disc is one-sixth of an inch thick and 12 inches in diameter. "With another iron

disc about half an inch thick, and more or less in diameter, according to the cuTA-a-

ture of the surface, the grooves may be widened. These roughly cut parts must be
next smoothed down with the sandstone disc and water, and then polished with the

wooden disc about half an inch thick, to whose edge the workman applies, from time
to time, a bag of fine linen containing some ground pumice moistened with water.

When the cork or wooden disc edged with hat-felt is used for polishing, putty or

colcothar is applied to it. The above several processes in a large manufactory are

usually committed to several workmen on the principle of the division of labour,

so that each may become expert in his department.

2. The grinding of optical glasses.—The glasses intended for optical purposes being
spherically ground, are called lenses ; and are used either as simple magnifiers and
spectacles, or for telescopes and microscopes. The curvature is always a portion of a
sphere, and either convex or concave. This form insures the convergence or diver-

gence of the rays of light that pass through them, as the polishing does the brightness

of the image.
The grinding of the lenses is performed in brass moulds, either concave or convex,

formed to the same curvature as that desired in the lenses ; and may be worked either

by hand or by machinery. A gauge is first cut out of brass or copper plate to suit

the curvature of the lens, the circular arc being traced by a pair of compasses. In
tUis way both a conyex jind concave circular gauge are obtained.. To these gauges
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the brass moulds atvj turned. Sometimes, also, lead moulds are used. After the two

moulds are made, they are ground face to face with fine emery.

The piece of glass is now roughed into a circular form by a pair of pincers, leaving

it a little larger than the finished lens ought to be, and then smoothed round upon
the stone disc, or in an old mould with emery and water, and is next made fast to a

holdfast. This consists of a round brass plate, having a screw in its back ; and is

somewhat smaller in diameter than the lens, and two-thirds as thick. This is turned

concave upon the lathe, and then attached to the piece of glass by drops of pitch

applied to several points of its surface, taking care, while the pitch is warm, that the

centre of the glass coincides with the centre of the brass plate. This serves not

merely as a holdfast, by enabling a person to seize its edge with the fingers, but it

prevents the glass from bending by the necessary pressure in grinding.

The glass must now be ground with coarse emery upon its appropriate mould,

whether convex or concave, the emery being all the time kept moist with water. To
prevent the heat of the hand from affecting the glass, a rod for holding the brass

plate is screwed to its back. For every six tiirns of circular motion, it must receive

two or three rubs across the diameter in different directions, and so on alternately.

The middle point of the glass must never pass beyond the edge of the mould ; nor

should strong pressure be at any time applied. "Whenever the glass has assumed the

shape of the mould, and touches it in every point, the coarse emery must be washed
away, finer be substituted in its place, and the grinding be continued as before, till all

the scratches disappear, and a uniform dead surface be produced. A commencement
of polishing is now to be given with pumice-stone powder. During all this time the

convex mould should be occasionally worked in the concave, in order that both may
preserve their correspondence of shape between them. After the one surface has
been thus finished, the glass must be turned over, and treated in the same way upon
the other side.

Both surfaces are now to be polished. With this view equal parts of pitch and resin

must be melted together, and strained through a cloth to separate all impurities. The
concave mould is next to be heated, and covered with that mixture in a fiuid state to

the thickness uniformly of one quarter of an inch. The cold convex mould is now to

be pressed down into the yielding pitch, its surface being quite clean and dry, in order

to give the pitch the exact form of the ground lens ; and both are to be plunged into

cold water till they be chilled. This pitch impression is now the mould upon which
the glass is to be polished, according to the methods above described, with finely-

washed colcothar and water, till the surface become perfectly clear and brilliant. To
prevent the pitch from changing its figure by the friction, cross lines must be cut in

it about half an inch asunder, and one-twelfth of an inch broad and deep. These
grooves remove all the superfluous parts of the polishing powder, and tend to pre-

serve the polishing surface of the pitch clean and unaltered. No additional colcotiiar

after the first is required in this part of the process, but only a drop of water from
time to time. The pitch gets warm as the polishing advances, and renders the friction

more laborious from the adhesion between the surfaces. No interruption must now
be suffered in the work, nor must either water or colcothar be added ; but should
the pitch become too adhesive, it must be merely breathed upon till the polish be
complete. The nearer the lens is brought to a true and fine surface in the first grind-
ing, the better and more easydoes the polishing become. It should never be submitted
to this process with any scratches perceptible in it, even when examined by a magnifier.

As to small lenses and spectacle eyes, several are ground and polished together.

The pieces of glass are afiixed by means of a resinous cement to the mould, close to

each other, and are then all treated as if they formed but one large lens. Plane
glasses are ground upon a surface of pitch rendered plane by the pressure of a piece

of plate glass upon it in its softened state.

Lenses are also ground and polished by means of machinery, into the details of
which the limits of this work will not allow us to enter. See Lenses.

(For the Importations of glass see Table at top of next page.)
GKASS PAPER and CKOTH. Paper and cloth being covered with glue,

sand, varying in its degree of fineness, is dusted over it, and of course adheres.
These are used for polishing, or removing the rough surfaces of woods and metals.
GXiASS^ "WATER. The term ' water-glass ' is applied to those alkaline sili-

cates which, by containing an excess of alkali, are soluble in water. A potash water-
glass may be prepared by melting together 45 parts of silica, 30 of potash, and 3 of
carbon, in the form of pulverised wood-charcoal. Soda water-glass may be obtained
by fusing a mixture of 45 parts of silica, 23 of calcined soda, and 3 of charcoal.
Water-glass is used for rendering wood and textile fabrics uninflammable ; it is em-
pbyed in the preparation of Eansome's artificial stone, and was introduced by Von
Fuchs in his stereochromatic wall-painting. See Stebeochbomy ; SioifB, Abtiticial.
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Our I.oiportatiojis of glass have boon us follow in tfie years given :

—

I

Window-glass (not being plate-glass) and
German sheet-glass, including shades and
cylinders :

From Belgium

,, France

„ other countries ....
Total.

Flint-glass

:

From Germany
„ Belgium

„ Franco

„ other countries ....
Total. . .

Plate, silvered or not :

From Holland
„ Belgium.......
„ France

„ other countries ....
Total.

Manvfactures unenumerated :

From Germany
„ Holland

„ Belgium
„ France

„ Italy

„ other countries ....
Total.

1871 1872

Quantities Value Quantities Value

cwts.

413,792
3,226

3,277

£
296,041

13,721

4,420

CWtB.

415,769
10,616

753

£
309,921

58,027
924

420,294 314,182 427,129 368,872

24,798

29,963

10,725

499

164,180

45,039

36,604

2,338

26,559

30,107

4,713

616

194,832

63,222

19,371

3,071

65,985 248,161 61,995 270,496

1,285

28,035
8,452

128

4,226

73,046

34,480

1,001

192

31,898

9,212

900

686
82,336

32,176

3,077

37,900 112,753 42,202 118,175

20,215

4,418

38,787

39,293

1,252

1,328

123,830

18,071

124,380

41,477

9,745

2,289

22,027

9,802

68,416

53,747
986

1,852

116,915

18,341

196,051

107,055

9,173

2,590

105,293 319,792 156,830 449,126

O&AVBER'S SA^TS (the Sal cartharticus Glauben, or Sal mirdbile Glauberi),

Sulphate of soda was discovered by Glauber in 1658. Its composition is : soda, 19*24

;

sulphuric acid, 2476 ; water, 56-00; total, 100-00.

GXiAXTCOSriTE. A mineral occurring generally in the form of dark green
grains, which give a colour to certain rocks, especially to the Cretaceous Greensands.

The grains are said to be, in many cases, casts of Foraminifera. Glauconite is a
hydrous silicate of iron, alumina, potash, &c.

GliAZES. See Potteky.
GliAZZSR, is the workman who cuts plates or panes of glass with the diamond,

and fastens them by means of putty in frames or window casements. See Diamond,
for an explanation of its glass-cutting property.

GIiAZZSTG. The process of giving a hard polished surface to bodies. Paper is

glazed by the use of resins, gelatine, &c. Seo Paper. Pottery is glazed by the use

of certain fusible materials. See Pottery and Porcelain. Some metals are said to

be ' glazed ' when, by means of polishing-wheels, the highest finish is put upon their

surfaces.

GLIMMER. Many talcose and micaceous minerals were so called by the old

miners. Werner applied the term to several varieties of mica ; and Haidinger gave
it to the species known as Muscovite. The terms Glimmer and Glidder are still ap-
plied by Cornish minors to the pearly shining surfaces of several minerals and to clays.

GIiOVE MAZnrrACTURE. In February 1822, Mr. James Winter of Stoke-

under-IIambdon, in the county of Somerset, obtained a patent for an improvement
upon a former patent machine of his for sewing and pointing leather gloves. Fig.

1105 represents a pedestal, upon which the instrument called the jaws is to be placed.
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Fig. 1106 shows the jaws, which, instead of opening and closing by a circular move-

ment upon a joint, as described in the former specification, are now made to open and

shut by a parallel horizontal movement, effected by a slide and screw ; a a is the fixed

jaw, made of one piece, on the under side of which is a tenon, to be inserted into the

top of the pedestal. By means of this tenon the jaws may be readily removed, and

another similar pair of jaws placed in their stead, which affords the advantage of

expediting the operation by enabling one person to_ prepare the work while another is

sewing ; 6 6 is the moveable jaw, made of one piece. The two jaws being placed

together in the manner shown aty^. 1107, the moveable jaw traverses backwards and

forwards upon two guide-bars, c, which are made to pass through holes exactly fitted

to them, in the lower parts of the jaws. At the upper parts of the jaws are what are

called the indexes, d d, which are pressed tightly together by a spring shown at fg.

1108, and intended to be introduced between the perpendicular ribs of the jaws at e.

At/ is a thumb-screw, passing through the ribs ^j^qq

for the purpose of tightening the jaws, and

holding the leather fast between the indexes

while being sewn ; this screw, however, will

seldom, if ever, be necessary if the spring is

sufl&ciently strong
; ^ is an eye or ring fixed to

the moveable jaw, through which the end of

a lever, h in fig. 1105, passes; this lever is

connected by a spring to a treadle i, at the 11^5

base of the pedestal, and by the pressure of the

right foot upon this treadle the moveable jaw
is withdrawn ; so that the person employed in

sewing may shift the leather, and place another

part of the glove between the jaws. The
pieces called indexes are connected to the upper
part of the jaws by screws passing through

elongated holes which render them capable of

adjustment.

The patentee states that, in addition to the

index described in his former patent, which is

applicable to what is called round-seam sewing
only, and which permits the leather to expand
but in one direction, when the needle is passed

through it, namely, upwards, he now makes
two indexes of different construction, one of

which he calls the receding index, and the

other the longitudinally-grooved index. Fig.

1108 represents an end view, and fig. 1109 a
top view of the receding index, which is parti-

cularly adapted for what are called ' drawn sewing,' and * prick-seam sewing.' This

index, instead of biting to the top, is so rounded off in the inside from the bottom of the

cross grooves, as to permit the needles, by being passed backwards and forwards, to

carry the silk thread on each side of the leather without passing over it. Fig. 1110
represents an end view of the longitudinally-grooved index, partly open, to show the

section of the grooves more distinctly ; and fig. 1111 represents an inside view of one

side of the same index, in which the longitudinal groove is shown, passing from k to /.

This index is more particularly adapted to round-seam sewing, and permits the leather

to expand in every direction when the needle is passed through it, by which the

leather is less strained, and the sewing consequently rendered much stronger.

G-IiOVE-SE'ViniXrC* The following simple and ingenious apparatus, invented

by an Englishman, has been employed -extensively in Paris. The instrument is shown
in profile ready for action in fig. 1112. It resembles an iron vice, having the upper
portion of each jaw made of brass, and tipped with a kind of comb of the same metal.

The teeth of this comb, only one-twelfth of an inch long, are perfectly regular and
equal. Change combs are provided for different styles of work. The vice a a is made
fast to the edge of the bench or table b, of the proper height, by a thumb-screw c,

armed with a cramp which lays hold of the wood. Of the two jaws composing the

machine, the one d is made fast to the foot a a, but the other, e, is moveable upon the

solid base of the machine by means of a hinge at the point f. At i i is shown how
the upper brass portion is adjusted to the lower part made of iron ; the two being
secured to each other by two stout screws. The comb, seen separately in fig. 1114, is

made fast to the upper end of each jaw, by the three screws w, n, n. Fig. 1113 is a
front view of the jaw mounted with its comb, to illustrate its construction.

The lever k corresponds, by the stout iron wire l, with a pedal pressed by the
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needlewoman's foot, whenever she wishes to separate the two jaws, in order to insert
between them the parallel edges of leather to be sewed. The instant she lifts her
foot, the two jaws join by the force of the spring g, which pushes the moveable jaw
E against the stationary one d. The spring is made fast to the frame of the vice by
the screw h.

After putting the double edge to
be sewed in its place, the woman
passes her needle successively
through all the teeth of the comb,
and is sure of making a regular
seam in every direction, provided
she is careful to make the needle
graze along the bottom of the
notches. As soon as this piece is

sewed, she presses down the pedal
with her toes, whereby the jaws
start asunder, allowing her to in-

troduce a new seam ; and so on in

quick succession.

The comb may have any desired

shape, straight or curved ; and the
teeth may be either larger or

smaller, according to the kind of

work to be done. With this view,

the combs might be changed as

occasion requires ; but it is more economical to have sets of vices ready mounted
with combs of every requisite size and form.

It is estimated that the value of the gloves manufactured in France is between
1,600,000^. and 2,000,000^., and is still rapidly increasing. The kid and lamb skins

used for glazed gloves are dressed at Paris, Grenoble, Annonay, Romans, and Charle-
mont. The Paris manufacturers whose gloves are most esteemed employ workmen
from Vendome.
GIiXrcZN'A

( Ghicine, Pr. ; Beryllerde, Ger.) is one of the primitive earths,

originally discovered by Vauquelin in 1797 in the emerald of Limoges; he called

it glucina from the sweet taste possessed by its salts. Its existence in several other
minerals has since been proved: viz., in cymophane or chrysoberyl, phenacite, euclase,

gadolinite, leucophane, &c. Its properties have been comparatively little studied,

owing to the tedious and expensive processes required for its preparation.

GliircziririlE, the metal of Glucina, has been obtained by M. H. Debray {Ann.
Chem. et Phys. xliv. 5) by the following process :—Into a wide glass tube are intro-

duced two vessels, one containing chloride of glucinum, and the other sodium,
deprived of the greatest part of the adhering naphtha by compression between two
sheets of blotting-paper. The glass tube is placed in a combustion-furnace. It is

then traversed by a current of hydrogen, passing from the chloride of glucinum to

the sodium. The sodium is not placed in the tube until all the air has been expelled

by the hydrogen. The tube is then heated just where the sodium is placed, which by
this means is deprived of the last particle of naphtha, and fuses. The chloride of
glucinum is then heated. The vapour of chloride driven forwards by the hydrogen
arrives over the fused sodium. It then swells up, and the heat generated by chemical
action is sufficient to raise the contents of the vessel to redness which often breaks the

vessel if made of porcelain. The operation is ended when the chloride of glucinum
sublimes beyond the sodium vessel. "When the tube is cool the vessel is withdrawn,
and in the place of the sodium a large quantity of a blackish substance is found,

composed of common salt and the metal glucinum in brilliant spangles, and some-
times even in globules. This match is quickly detached and fused in a small crucible,

with the addition of some dried common salt, which acts as a flux, and facilitates the

union of the globules of metal.

It is a white metal, whose density is 2-1. It may be foiled and rolled into sheets

like gold. Its melting-point is inferior to that of silver. It may bo melted in the
outer blowpipe flame, without exhibiting the phenomenon of ignition presented by
zinc and iron under the same circumstances. It cannot be set on fire in an atmo-
sphere of pure oxygen, but in both cases is covered with a film of oxide, which seems
to protect it from further action. It is not acted on by sulphur, but readily combines
with chlorine and iodine by the aid of heat. See Watts's ' Dictionary of Chemistry.'
GIiT7COSE. The name given to grape- and starch-sugar by M. Dumas.
CZins {Colle forte, Fr. ; Leim, Tischlerleim, Ger.) is the chemical 8u"bstance gela-

tine in a dry state. The preparation and preservation of the skin and other animal



GLtJE 681

matters employed in the manufacture of glue, constitute a peculiar branch of industry.

Those who exercise it should study to prevent the fermentation of the substances, and
to diminish the cost of carriage by depriving them of as much water as can conveniently

> be done. They may then be put in preparation by macerating them in milk of lime,

renewed three or four times in the course of a fortnight or three weeks. This process

is performed in large tanks of masonry. They are next taken out with all the adhering

lime, and laid in a layer, 2 or 3 inches thick, to drain and dry, upon a sloping pave-

ment, where they are turned over by prongs two or three times a day. The action

of the lime dissolves the blood and certain soft parts, attacks the epidermis, and dis-

poses the gelatinous matter to dissolve more readily. When the cleansed matters are

dried, they may be packed in sacks or hogsheads, and transported to the glue-manu-

factory at any distance. The principal substances of which glue is maSe are the

parings of ox and other thick hides, which form the strongest article, the refuse of

the leather-dresser ; both afford from 45 to 55 per cent, of glue. The tendons, and
many other offals of slaughter-houses, also afford materials, though of an inferior

quality, for the purpose. The refuse of tanneries, such as the ears of oxen,^ calves,

sheep, &c., are better articles ; but parings of parchment, old gloves, and, in fact,

animal skin in every form, uncombined with tannin, may be made into glue.

The manufacturer who receives these materials is generally careful to ensure their

purification by subjecting them to a weak lime steep, and rinsing them by exposure

in baskets to a stream of water. They are lastly drained upon a sloping surface and
well turned over till the quicklime gets mild by absorption of carbonic 'acid ; for, in

its caustic state, it would damage the glue at the heat of boiling water. It is not

necessary, however, to dry them before they are put into the boiler, because they dis-

solve faster in their soft and tumefied state.

The boiler is made of copper, rather shallow in proportion to its area, with a uniform
flat bottom, equably exposed all over to the flame of the fire. Above the true bottom
there is a false one of copper or iron, pierced with holes, and standing upon feet 3 or

4 inches high ; which serves to sustain the animal matters, and prevent them from
being injured by the fire. The copper being filled to two-thirds of its height with
soft water, is then heaped up with the bulky animal substances, so high as to surmount
its brim. But soon after the ebullition begins they sink down, and, in a few hours

get entirely immersed in the liquid. They should be stirred about from time to time,

and well pressed down towards the false bottom, while a steady but gentle boil is

maintained.

The solution must be drawn off in successive portions ; a method which fractions

the products, or subdivides them into articles of various value, gradually decreasing

from the first portion drawn off to the last. It has been ascertained by careful expe-

riments that gelatine gets altered over the fire very soon after it is dissolved, if the
heat of 212° is maintained, and it ought therefore to be drawn offwhenever it is suffi-

ciently fiuid and strong for forming a clear gelatinous mass on cooling, capable of

being cut into moderately firm slices by the wire. The point is commonly determined
by filling half an egg-shell with the liquor, and exposing it to the air to cool. The
jelly ought to get very consistent in the course of a few minutes ; if not so, the boiling

must be persisted in a little longer. When this term is attained, the fire is smothered
up, and the contents of the boiler are left to settle for a quarter of an hour. The stop-

cock being partially turned, all the thin gelatinous liquor is run off into a deep boiler,

immersed in a warm water bath, so that it may continue hot and fluid for several

hours.
^
At the end of this time the supernatant clear liquid is to be drawn off into

congealing boxes, as will be presently explained.
The residue, or undissolved matter in the boiler, is to be again supplied with a

quantity of boiling water from an adjoining copper, and are to be once more subjected
to the action of the fire, till the contents assume the appearance of dissolved jelly, and
afford a fresh quantity of strong glue liquor, by the stopcock. The 'grounds'
should be subjected a third time to this operation, after which they may be put into
a bag, and squeezed in a press to leave nothing unextracted. The latter solutions are
usually too weak to form glue directly^ but they may be strengthened by boiling with
a portion of fresh skin-parings.

Fig. 1115 represents a convenient apparatus for the boiling of skins into glue, in
which there are three coppers upon three different levels : the uppermost being acted
upon by the waste heat of the chimney, provides warm water in the most economical
way

;
the second contains the crude materials, with water for dissolving them ; and the

third receives the solution to be settled. The last vessel is double, with water con-
tained between the outer and inner one; and discharges its contents by a stopcock
into buckets for filling the gelatinising wooden boxes. The last*made solution ha«
about one-five-hundredth part of alum in powder usually added to it, with proper
agitation, after which it is left to settle for several hours.
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Tho three successive boils furnish throo different qualities of glue.

Flanders or Dutch glue, long much esteemed on the Continent, was made in the
manner above described, but at two boils, from animal offals well washed and soaked,

1116

.'o as to need less boiling. The liquor being drawn off thinner, was therefore less

coloured, and being made into thinner plates was very transparent. Tho above two
boils gave two qualities of glue.

By the English practice, the whole of the animal matter is brought into solution at

once, and the liquor being drawn off, hot water is poured on the residuum, and made
to boil on it for some time, when the liquor thus obtained is merely used instead of

water upon a fresh quantity of glue-materials. The first drawn off liquor is kept hot

in a settling copper for five hours, and then the clear solution is drawn off into tho

boxes.

The boxes are made of deal, of a square form, but a little narrower at bottom than
at top. When very regular cakes of glue are wished for, cross grooves of the desired

square form are cut in the bottom of the box. The liquid glue is poured into tho

boxes placed very level, through funnels furnished with filter cloths, till it stands at

the brim of each. The apartment in which this is done ought to be as cool and dry
as possible, to favour the solidification of the glue, and should be floored with stone

flags kept very clean, so that if any glue run through the seams, it may be recovered.

At the end of 12 or 18 hoiirs, or usually in the morning if the boxes have been filled

over-night, the glue is sufficiently firm for the nets, and they are at this time removed
to an upper story, mounted with ventilating windows to admit the air from all quar-

ters. Here the boxes arei inverted upon a moistened table, so that the gelatinous

cake thus turned out will not adhere to its surface ; usually the moist blade of a long

knife is insinuated round the sides of the boxes beforehand to loosen the glue. The
mass is first divided into horizontal layers by a brass wire stretched in a frame, like

that of a bow-saw, and guided by rulers which are -placed at distances corresponding

to the desired thickness of tho cake of glue. Tho linos formed by the grooves in tlio

bottom of tho box define tho superficial area of each cake, where it is to be cut with

a moist knife. The gelatinous layers thus formed, must bo dexterously lifted, and
immediately laid upon nets stretched in wooden frames, till each frame be fille<l.

These frames are set over each other at distances of about three inches, being supportetl

by small wooden pegs, stuck into mortise holes in an upright, fixed round the room ; so

that tho air may have perfectly free access on every side. Tho cakes must more-

over be turned upside down upon tho nets twice or thrice every day, which is readily

managed, as each frame may be slid out like a drawer, upon the pegs at its two

sides.

The drying of the glue is the most precarious part of tho manufacture. The lea.st

disturbance of the weather may injure the glue during the two or three first days of

its exposure; should the temperature of tho air rise considerably, the gelatine may
turn so soft as to become unshapely, and even run through the meshes upon tho

pieces below, or it may get attached to the strings and surround them, so as not to

be separable without plunging tho net into boiling water. If frost supervene, tho

water may freeze and form numerous cracks in the cakes. Such pieces must bo im-

mediately re-melted and rc-formod. A slight fog even produces upon glue newly
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exposed a serious deterioration ; the damp condensed upon its surface occasioning a

general mouldiness. A thunderstorm sometimes destroys the coagulating power in

the whole laminae at once ; or causes the glue to turn on the nets, in the language

of the manufacturer. A wind too dry or too hot may cause it to dry so quickly, as to

prevent it from contracting to its proper size without numerous cracks and fissures.

In this predicament, the closing of all the flaps of the windows is the only means of

abating the mischief. On these accounts it is of importance to select the most tem-
perate season of the year, such as spring and autumn, for the glue-manufacture.

After the glue is dried upon the nets it may still preserve too much flexibility, or

softness at least, to be saleable ; in which case it must be dried in a stove by arti-

ficial heat. This aid is peculiarly requisite in a humid climate, like that of Great
Britain.

"When sufficiently dry it next receives a gloss, by being dipped, cake by cake, in hot

water, and then rubbed with a brush, also moistened in hot water ; after which the

glue is arranged upon a hurdle, and transferred to the stove-room, if the weather be

not sufficiently hot. One day of proper drought will make it ready for being packed
up in casks.

The pale-coloured, hard, and solid article, possessing a brilliant fracture, which is

made from the parings of ox-hides by the first process, is the best and most cohesive,

and is most suitable for joiners, cabinet-makers, painters, &c. But many workmen
are influenced by such ignorant prejudices, that they still prefer a dark-coloured

article, with somewhat of a fetid odour, indicative of its impurity and bad preparation,

the result of bad materials and too long exposure to the boiling heat.

There is a good deal of glue made in France from bones freed from the phosphate
of lime by muriatic acid. This is a poqr article, possessing little cohesive force. It

dissolves almost entirely in cold water, which is the best criterion of its imperfection.

Glue should merely soften in cold water, and the more considerably it swells, the

better, generally speaking, it is.

Some manufacturers prefer a brass to a copper pan for boiling glue, and insist much
on skimming it as it boils ; but the apparatus represented renders skimming of littlo

consequence. For use, glue should be broken into small pieces, put along with some
water in a vessel, allowed to soak for some hours, and subjected to the heat of a
boiling-water bath, but not boiled itself. The surrounding hot water keeps it long in

a fit state for joiners, cabinet-makers, &c.
"Water containing only one-hundredth part of good glue, forms a tremulous solid.

"When the solution, however, is heated and cooled several times, it loses the property
of gelatinising, even though it be enclosed in a vessel hermetically sealed. Isinglass

or fish-glue undergoes the same change. Common glue is not soluble in alcohol, but
is precipitated in a white, coherent, elastic mass, when its watery solution is treated

with that fluid. By transmitting chlorine gas through a warm solution of glue, a
combination is very readily effected, and a viscid mass is obtained like that thrown
down by alcohol. A little chlorine suffices to precipitate the whole of the glue.

Concentrated sidphuric acid makes glue undergo remarkable changes ; during which
are produced sugar of gelatine, leucine, an animal matter, &c. Nitric acid, with the

aid of heat, converts glue into malic acid, oxalic acid, a fat analogous to suet, and into

tannin ; so that, in this way, one piece of skin may be made to tan another. "When
the mixture of glue and nitric acid is much evaporated, a detonation at last takes place.

Strong acetic acid renders glue first soft and transparent, and then dissolves it. Though
the solution does not gelatinise, it preserves the property of glueing surfaces together

when it dries. Liquid glue dissolves a considerable quantity of lime, and also of the

phosphate of lime recently precipitated. Accordingly glue is sometimes contaminated
with that salt. Tannin, both natural and artificial, combines with glue; and with such
effect, that one part of glue dissolved in 5,000 parts of water affords a sensible preci-

pitate with the infusion of nutgalls. Tannin unites with glue in several proportions,

which are to each other as the numbers 1, 1^, and 2 : one compound consists of 100
glue and 89 tannin ; another of 100 glue and 60 tannin ; and a third of 100 glue and
120 tannin. These two substances cannot be afterwards separated from each other by
any known chemical process.

Glue maybe freed from the foreign animal matters generally present in it, by soft-

ening it in cold water, washing it with the same several times till it no longer gives

out any colour, then bruising it with the hand, and suspending it in a linen bag beneath
the surface of a large quantity ofwater at 60° F. In this case, the water loaded with
the soluble impurities of the glue gradually sinks to the bottom of the vessel, while
the pure glue remains in the bag surrounded with water. If this softened glue bo
heated to 92° without adding water, it will liquefy ; and if we heat it to 122'', and
filter it, some albuminous and other impurities will remain on the filter, while a
colourless solution of glue will pass through.
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Experiments have not yet explained how gelatine is formed from skin by ebullition.

It is a change somewhat analogous to that of starch into gum and sugar, and takes

place without any appreciable disengagement of gas, and even in close vessels. Gela-
tine, says Berzelius, does not exist in the living body, but several animal tissues, such
as skin, cartilages, hartshorn, tendons, the serous membranes, and bones, are suscep-

tible of being converted into it. See Gelatine.
GZiUTEir {Colle vegetcde and Gluten, Fr. ; Kleber, Ger.) was first extracted by

Beccaria from wheat-flour, and was long regarded as a proximate principle of plants,

till Einhoff, Taddei, and Berzelius succeeded in showing that it may be resolved by
means of alcohol into three diflferont substances : one of which resembles closely animal
albumen, and has been called Zymome, or vegetable albumen; another has been
called Gliadine ; and a third, Mucine.

Gluten, when dried in the air or a stove, diminishes greatly in size, becomes hard,

brittle, glistening, and of a deep yellow colour. It is insoluble in ether, fat and
essential oils, and nearly so in water. Alcohol and acetic acid cause gluten to swell

and make a sort of milky solution. Dilute acids and alkaline lyes dissolve gluten.

Its constituents are not precisely determined, but nitrogen is one of them, and accord-

ingly when moist gluten is left to ferment, it exhales the smell of old cheese.

Some years since, M. E. M. Martin, of Vervins, proposed to extract the starch

without injuring the gluten, which then becomes available for alimentary purposes.

His process is a mechanical one (resembling that long practised in laboratories for

procuring gluten), and consists in washing wheat-flour, made into a paste, with water,

either by the hand or machinery.

The gluten thus obtained is susceptible of numerous useful applications for alimen-

tary purposes. Mixed with wheat-flour, in the proportions of 30 parts of flour, 10 of

fresh gluten, and 7 of water, it has been employed to produce a superior sort of maca-
roni, vermicelli, and other kinds of Italian pastes ; and MM. Veron Er^res, of Paris,

have made with it a new sort of paste, which they have termed granulated gluten

{gluten granule).

GXi'Z'CSRZXrS is a sweet substance extracted from fatty substances. It may be
prepared in the utmost purity by the following process :

—'If we take equal parts of

olive-oil and finely-ground litharge, put them into a basin with a little water, set this

on a sand-bath moderately heated, and stir the mixture constantly, with the occasional

addition of hot water to replace what is lost by evaporation, wo shall obtain, in a short

time, a soap or plaster of lead. If, after having added more water to this, we remove
the vessel from the fire, decant the liquor, filter it, pass sulphuretted hydrogen through
it to separate the lead, then filter afresh, and concentrate the liquor as much as pos-

sible without burning, upon the sand-bath, we obtain glycerine ; but what remains

must be finally evaporated within the receiver of the air-pump. Glycerine thus pre-

pared is a transparent liquid, without colour or smell, and of a syrupy consistence. It

has a very sweet taste. It specific gravity is 1*27 at the temperature of 60°. When
thrown upon burning coals, it takes fire and burns like an oil. Water combines with

it in almost all proportions ; alcohol dissolves it readily ; nitric acid converts it into

oxalic acid ; and, according to Vogel, sulphuric acid transforms it into sugar, in the

same way as it does starch. By yeast it becomes acid by the formation of formic and
metacetic acids.'

Its constituents are, carbon 40, hydrogen 9, oxygen 61, in 100.

Glycerine is one of the products of the saponification of fat-oils. It is produced in

large quantities in the soap-manufactories in a very impure state, being contaminated

with saline and empyreumatic matters, and having a very strong disagreeable odour.

In order to obtain glycerine from this source, the residuary liquors are evaporated and
treated with alcohol, which dissolves out the glycerine. The alcohol having been

separated by evaporation, the glycerine is diluted with water, and boiled with animal

charcoal. This process must be repeated several times, or until the result is sufficiently

free from smell. It is, however, difficult to obtain pure glycerine from this source, on

account of the nature and condition of the ingredients usually employed in making
soap, which it is almost impossible to deprive of rancid odour.

The compounds of glycerine with the fatty acids constitute the various kind of fats

and oils, but the base does not appear to have the same composition in all. A certain

quantity of water appears to separate, and the equivalent of glycerine to bo in some
fats, but half what it is in others.

Glycerine is now obtained in groat quantities from palm-oil, in the process of puri-

fication for candles. It is employed with much advantage to preserve soft-bodied

animals. It is manufactured into soap, is administered internally, and is supposed to

possess highly nutritive properties. It has been employed in cases of deafness, and in

diseases of the throat. By some it is used to preserve collodion plates in a state of

sensitiveness for many days.
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Glycerine hag many important uses in the arts. The use of it as a soap, glycerine

soap, is now familiar to all. It may be used for preserving articles of food, especially

such as require to be kept moist, as fruits and the like, in tin cases. Meat is said to

keep well in glycerine, and preserve its flavour. It is recommended to modellers for

keeping their clay moist. In the Technologist, January 1858, a process of madder-
dyeing with the aid of glycerine is described. It has been much iised in printing

processes, especially, for printing receipt and postage stamps. Vasseurs and Houbigant
patented an application of glycerine. They dilute it with four or five times its weight
of water ; with this, paper is moistened, and it retains its moist condition for any
length of time. It may be introduced into the paper pulp, or it may be mixed with

the ink. In either case copies can be readily taken by pressure. Glycerine never

freezes ; it is therefore recommended as a lubricant for delicate machinery, and it

has been used for floating ships' compasses, as it will not solidify in cold climates, or

evaporate in hot ones.

Amongst other purposes to which glycerine has been applied, it has been substi-

tuted for lard, as a basis for ointments, by forming a plasnia' of glycerine and starch.

Fifty grains of the Tous-les-mois starch are to be rubbed with one ounce of glycerine,'

and the mixture heated to 240° for a few minutes, or till it becomes translucent. See

Watts's ' Dictionary of Chemistry.*

Klever has estimated the solubilities of a number of substances in glycerine. The
following are his results:—At the ordinary temperature 100 parts of glycerine

dissolve

98 parts of Carbonate of soda. 16 parts of Lactate of protoxide of iron

60 Borate of soda. 16 >» Oxalic acid.

50 , Arseniate of potash. 10 »> Acetate of copper.

60 Arseniate of soda. 10 ,1 Benzoic acid.

60 , Chloride of zinc. 10 Boracic acid.

60 Tannin. 10 » Chloride of barium.

50 Urea. 8 Bicarbonate of soda.

40 Alum. 8 J,
Tartrate of iron.

40 Iodide of potassium. 7-5 M Bichloride of mercury.

40 Iodide of zinc. 6-7 » Sulphate of cinchonine.

35 Sulphate of zinc. 6-5 Tartar emetic.

33 Sulphate of atropine. 6 „ Polysulphuret of calcium.

33 Cyanide of potassium. 4 » Nitrate of strychnine.

30 Sulphate of copper. 35 >J Chlorate of potash.

27 , Cyanide of me^cu^J^ 3 Atropine.

25 , Bromide of potassium. 2-25
>l Brucine.

25 , Protosulphate of iron. 1-90
J> Iodine.

22-5 , , Sulphate of strychnine. 1 » Veratrine.

20 , Acetate of morphine. 0-50
>> Cinchonine.

20 , Acetate of lead. 0-50 M Quinine.

20 Arsenious acid. 0-45 Morphine.
20 Carbonate of ammonia. 0-25 » Tannate of quinine.

20 , Chlorate of soda. 0-25 M Strychnine.

20 Hydrochlorate of ammonia. 0-20 Phosphorus.
20 Hydrochlorate of morphia. 0-10

>> Sulphur.

GXiVCERIirE, XrZTRO. See NiTBO-GLYCEBmE.
GXiTOXXXiIZTE. See Explosive Agents.
GIiYPHOCRAPHT. A process introduced some years since to cheapen wood-

engraving. A metal plate was covered with a thick etching-ground, and an etching
made through to the metal in the usual manner. Several coats of ink were then
applied by means of a small composition roller. This adheres only to the varnish.
When the hollows are deep enough, the plate is placed in connection with a voltaic
battery, and copper is deposited in the usual way ; the result being a plate with the
drawing in relief. See Electbo-Metallttegy.
CITEISS may be called stratified, or, by those who object to that term, foliated

granite, being formed of the same materials as granite, namely, felspar, quartz, and
mica.

—

Lyell.

Gneiss might indeed, in its purest and most typical form, be termed schistose
granite, consisting, like granite, of felspar, quartz, and mica ; but having those
minerals arranged in layers or plates, rather than in a confused aggregation of
crystals.

—

Jukes.

In whatever state of aggregation the particles of gneiss may have been originally
deposited, we know now tha^ it is a ba.rd, tough, prysttkUin© rtK^, exjiibiting curye^
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and twisted lines of stratification, and composed in the main of quartz, felspar, mica,
and hornblende. Mineralogically speaking, it differs from the granite rocks vnth
which it is associated chiefly in this, that while the crystals of quartz, felspar, &c., are
distinct and entire in granite, in gneiss they are broken, water-worn, and confusedly
aggregated. Hence the general belief is, that gneiss or gneissose rocks are but the
particles of granite weathered and worn, carried down by streams and rirers, and
deposited in the seas of that early period.

—

Page.

G-OA7. The waste space left by working a seam of coal, often filled in with
refuse sometimes called Gob.
GOBBXXr or GOAFFZST. The refuse left behind in working coal, and thrown

into the goaf.

GOBEDtXIir lyXAUVFACTORY*. This establishment, which has long been
celebrated for its tapestry, took its name from the brothers Gobelin. Giles Gobelin,
a dyer at Paris, in the time of Francis I., had found out an improvement in the then
usual scarlet dye ; and as he had remarked that the water of the rivulet Bifevre, in the
suburbs of St. Marceau, was excellent for his art, he erected on it a largo dye-house,

which, out of ridicule, was called Folic- Gobelins {Eabelais.) About this period a
Flemish painter, whom same name Peter Koek, and others Kloek, and who had
travelled a long time in the East, established, and continued to his death in 1550, a
manufactory for dyeing scarlet cloth by an improved process. Through the means
of Colbert, minister of Louis XIV., one of the Gobelins learned the process used for

preparing the German scarlet dye from one Gluck, whom some consider to be Gulich

(who was said to have learned to dye scarlet from one Kuffelar, a dyer at Loyden),

and others as Kloek ; and the Parisian scarlet dye soon rose into so great repute that

the populace imagined that Gobelin had acquired the art from the devil. It is known
that Louis XIV., by the advice of Colbert, purchased Gobelin's building from his suc-

cessors in 1667, and transformed it into a palace, to which he gave the name of Hotd
Eoyal des Gobelins, and which he assigned for the use of first-rate artists, particularly

painters, jewellers, weavers of tapestry, and others.

—

BecJcmann.

The national manufactory is now alone remarkable for its production in textile

manufacture of some of the finest works of art ; and not only does it excel in the

high character of its designs, but also in the brilliancy and permanence of its

colours.

GOITRE-STZCBIS. The stems of the Sargassum bacdferum, supposed by
some to be useful in curing goitre, by virtue of the iodine which they contain.

GOKB. (Eng. and Ger. ; Or, Fr.) This metal is distinguished by its splendid

yellow colour; its great density = 19-3, compared to water TO; its pre-eminent

ductility and malleability, whence it can be beaten into leaves only l-282,000th of

an inch thick ; and its insolubility in any acid menstruum, except the mixture of

muriatic and nitric acids, called aqua regia—because gold was deemed by the al-

chemists to be the king of minerals—or in solutions of chlorine.

Gold is almost always found in the metallic state, frequently crystallised in the

cube, and its derivative forms.

Mr. J. Arthur Phillips, in his work on ' The Mining and Metallurgy of Gold and
Silver,' gives the following modes of occurrence of gold :

—

* Native gold.—An alloy of gold and silver, associated with small quantities of

copper, iron, and other metals.
' Palladium gold.—Gold and palladium

;
porpezite.

* Bhodium gold.—Gold and rhodium.
* Gold-amalgam.—A native amalgam of gold and mercury.
* Sylvanite, or Graphic Tellurium.—An ore, being a telluride of gold and silver.

' Nagyagite.—An ore ; telluride of lead, containing gold, silver, and copper.'

In addition to these, gold is found associated with copper and iron pyrites

;

whether in chemical combination, or simply existing in mechanical mixture, does not

appear to have been satisfactorily determined.

Native gold is almost always associated with silver. A few examples will show
how this native alloy varies.

The Electrum of Pliny was not probably found native, although it is often stated to

have been so. It seems to have been an alloy, containing at least 20 per cent, of

silver.

Transylvanian gold

:

Gold Silver

Vorospatak . ... 60-49 38*74

South American gold

:

Antioquia 64-03 35-07

Marmato 73-45 26-48

British Colwmhian aold :

Stephen's Creek . . , . 79-50 19-70
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Gold saver
Welsh gold:

Welsh Gold-mining Co. . . . 76-40 22*70

Scotch gold

:

Sutherland 79-22 20-78

WanlockHead 8660 12-39

Ccdifomian gold:
Mariposa 81-00 18-70

Bussian gold

:

Boriischkoi 83-85 16-15

Australian gold

:

South Australia .... 87*78 6*07

African gold : '

Ashantee 90-055 9-940

Grold occurs in threads of various sizes, twisted and interlaced into a chain of

minute octahedral crystals ; as also in spangled or rounded grains, vrhich, when of a

certain magnitude, are called pepitas. The small grains are not fragments broken

from a greater mass ; but they show by their flattened ovoid shape, and their rounded

outline, that this is their original state. Humboldt states that the largest pepita

known was one found in Peru weighing about 12 kilogrammes (26^1bs.avoird.) ; but

masses have been quoted in the province of Quito which weighed nearly four times

as much. Some of the nuggets ' from Australia have greatly exceeded this. The
specific gravity of native gold varies from 13-3 to 17-7.

The mineral formations in which this metal occurs are the crystalline primitive

rocks, the compact transition rocks, the trachytic and trap rocks, and alluvial grounds.

Sir Eoderick Murchison says, in a chapter On the Original Formation of Gold, in

his ' Siluria '
:

—

' We may first proceed to consider the nature and limits of the rich gold-bearing

rocks, and then offer proofs that the chief auriferous wealth, as derived from them,

occurs in superficial detritus. Appealing to the structure of the different mountains,

which at former periods have afforded, or still afford, any notable amount of gold, we
find in all a general agreement. Whether, referring to past history, we cast our eyes

to the countries watered by the sources of the Golden Tagus, to the Phrygia and
Thrace of the Greeks and Eomans, to the Bohemia of the Middle Ages, to tracts in

Britain which were worked in old times, and are now either abandoned, or very
slightly productive, or to those chains in America and Australia, which, previously

unsearched, have in our times proved so rich, we invariably find the same constants

in nature. In all these lands, gold has been imparted abundantly to the ancient rocks

only, whose order and succession we have traced, or their associated eruptive rocks.

Sometimes, however, it is also shown to be diffused through the body of such rocks,

whether of igneous or of aqueous origin. The stratified rocks of the highest antiquity,

such as the oldest gneiss and quartz rocks (like those, for example, of Scandinavia
and the Northern Highlands of Scotland), have very seldom borne gold ; but the

sedimentary accumulations which followed, or the Silurian, Devonian, and Carbon-
iferous (particularly the first of these three) have been the deposits which, in the

tracts where they have undergone a metamorphosis or change of structure by the

influence of igneous agency, or other causes, have been the chief soxirces whence gold

has been derived.'

Gold is usually either disseminated through the rocks, often in extreme minuteness,

or spread out in thin plates or grains on their surface, or, lastly, implanted in their

cavities, under the shape of fllaments or aborescent crystallisation. The minerals
composing gold-bearing veins are either quartz, calcspar, or sulphate of baryta. The
ores that accompany the gold in these veins are chiefly iron pyrites, copper pyrites,

galena, blende, and mispickel (arsenical pyrites).

In the ores called auriferous pyrites, this metal occurs generally in an invisible

form ; but though invisible in the fresh pyrites, the gold becomes visible by its de-

composition ; as the hydrated oxide of iron allows the native gold particles to shine

forth on their reddish-brown ground, even when the precious metal may constitute

only the five-millionth part of its weight, as at the Eammelsberg in the Hartz. In that

state it has been extracted with profit ; most frequently by amalgamation with mer-
cury, proving that the gold was in the native state, and not in that of a sulphuret.

The iron pyrites of Wicklow and of some of our English mines, contain gold. After
the sulphur of the ore has been separated in the process of manufacturing sulphuric

acid, the residuary mass, called ' sulphur-cake,' is roasted with common salt. This is

thrown into hot water, the copper which is present is dissolved as chloride of copper.

The silver present has been cpnverted by the roasting process into a chloride ; this is
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dissolved out with a strong brine, from which the silver is precipitated by zinc. The
silver cake obtained in this way is sold from prices varying from 65. to 10s. the ounce,

the additional sum, above 55. 6d. the ounce for pure silver, being given for the gold
it contains. See Pyeites,

Principal Gold Mines,

Gkdd exists in the primitive strata, disseminated in small grains, spangles, and
crystals. Brazil affords a remarkable example of this species of gold mine. Beds of
granular quartz, or micaceous specular iron, in the Sierra of Cociies, 12 leagues beyond
Villa Eica, which form a portion of a mica-slate district, include a great quantity of
native gold in spangles, which in this ferruginous rock replace mica.

The auriferous ores of Hungary and Transylvania, composed of tellurium, silver

pyrites, or sulphide of silver, and native gold, lie in masses or veins in a rock of
trachyte, or in a decomposed felspar subordinate to it. Such is the locality of the
gold ore of Konigsberg, of Telkebanya, between Eperies and Tokay in Hungary, and
probably that of the gold ores of Kapnick, Felsobanya, &c., in Transylvania; an
arrangement nearly the same with what occurs in Equatorial America. The auriferous

veins of Giianaxuato, of Keal del Monte, of Villalpando, are similar to those of
Schemnitz in Hungary, as to magnitude, relative position, the nature of the ores they
include, and of the rocks they traverse. Breislak and Hacquet have described the

gold mines of Transylvania as situated in the crater of an ancient volcano. The
trachytes which, in some districts, form the principal portions of the rocks including

gold, are regarded as of igneous or volcanic origin.

It would seem, however, that the primary source of the gold is not in these rocks,

but rather in the syenites and greenstone-porphyries, which in Hungary and Transyl-
vania are rich in great auriferous deposits ; for gold has never been found in the
trachyte of the Euganean mountains, of the mountains of the Vicentin, or those oj
the Auvergne ; all of which are superposed upon granite rocks.

If it be true that the ancients worked mines of gold in the island of Ischia, it

would be another example, and a very remarkable one, of the presence of this metal
in trachytes of an origin evidently volcanic.

Gold, from whatever rocks derived, is common in the alluvial deposits near the

primitive rocks just described. It is found disseminated in the siliceous, argillaceous,

and ferruginous sands of certain plains and rivers, especially in their re-entering

angles, at the season of low water, and after storms and temporary floods. It has
been supposed that the gold found in the beds of rivers has been torn out by the waters
from the veins and primitive rocks, which they traverse. This opinion, suggested
at first by Delius, and supported by Deborn, Guettard, Eobitant, Balbo, &c., appears to

be founded upon just observations : 1. The soil of these plains contains frequently, at

a certain depth, and in several spots, spangles of gold, separable by washing. 2. The
beds of the auriferous rivers and streamlets contain more gold after storms of rain

upon the plains than in any other circumstances. 3. It happens almost always that

gold is found among the sands of rivers only in a very circumscribed space. Thus it

is known that the Oreo contains no gold, except from Pont to its junction with the Po.

The Ticino affords gold only below the Lago Maggiore, and consequently far from the

primitive mountains, after traversing a lake, where its course is slackened, and into

which whatsoever is carried down from these mountains must have been deposited.

The Khine gives more gold near Strasburg than near Basle, though the latter be
much closer to the mountains. The sands of the Danube do not contain a grain of

gold, while this river runs in a mountainous region ; that is, from the frontiers of the

bishopric of Passau to Efiferding ; but its sands become auriferous in the plains below.

The same thing is true of the Ems ; the sands of the upper portion of this river, as it

flows among the mountains of Styria, include no gold ; but from its entrance into the

plain at Steyer, till its embouchure in the Danube, ite sands become auriferous, and
are even rich enough to be washed with profit.

The greater part of the auriferous sands in Europe, Asia, Africa, and America, are

black or red, and consequently ferruginous ; a remarkable circumstance in the geolo-

gical position of alluvial gold. M. Napiono supposes that the gold of these ferru-

ginous grounds is due to the decomposition of auriferous pyrites. The auriferous sand

occurring in Hungary almost always in the neighbourhood of the beds of Ugnite, and

the petrified wood covered with gold grains, found buried at a depth of 66 j'ards in

clay, in the mine of Vorospatak near Abrabanya in Transylvania, might lead us to

presume that the epoch of the formation of the auriferous alluvia is not remote from

that of the lignites. The same association of gold ore and fossil wood occurs in South

America, at Moco, Near the village of Lloro have been discovered, at a depth of 20

feet, large trunks of petrified trees, surrounded with fragments of trap rocks intor-

ppersed with spangles of gold and platinum, But the alluvial soil aflbrds likewise ali
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tho characters of the basaltic rocks ; thus in France, the C^zo and the Garden, auri-

forous rivers, whore they afford most gold, flow over ground apparently derived from

tho destruction of the trap rocks, which occur in situ higher up the country. This fact

liad struck Eeaumur, and this celebrated observer had remarked that the sand which

more immediately accompanies the gold spangles in most rivers, and particularly in

the Khone and the Ehine, is composed, like that of Ceylon and Expailly, of black prot-

oxide of iron and small grains of rubies, corundimi, hyacinth, &c. Titanium has been

observed more recently. It has, lastly, been remarked that the gold of alluvial form-

ations is purer than that extracted from rocks.

Spain anciently possessed mines of gold in regular veins, especially in the province

of Asturias ; but the richness of the Mexican mines caused them to be neglected.

Julius Caesar is said to have paid his enormous debts, and have added largely to the

Eoman treasury, from the wealth which he derived from the Spanish mines. The
Tagus, and some other streams of that country, were said to roll over golden sands.

France contains no workable gold mines ; but it presents in several of its rivers auri-

ferous sands. There are some gold mines in Piedmont
;
particularly tho veins of

auriferous pyrites of Macugnagna, at the foot of Monte Eosa, lying in a mountain of

gneiss ; and although they do not contain 10 or 11 grains of gold in a hundred-weight,
they have long defrayed the expense of working them. On the southern slope of the

Pennine Alps, from the Simplon and Monte Eosa to the valley of Aoste, several auri-

ferous districts and rivers occur. Such are the torrent Evenson, which has afforded

much gold by washing ; the Oreo, in its passage from the Pont to the Po : the reddish

grounds over which this little river runs for several miles, and the hills in the neigh-

bourhood of Chivasso, contain gold spangles in considerable quantity.

In the county of Wicklow, in Ireland, in the year 1796, some fine specimens of

gold were found,—one mass weighing twenty-two ounces. The gold is found in the

debris of the valley at the base of Croghan-Kinshela ; and it would appear to be derived

from the granite of that mountain, or the hornblendic greenstones by which it is tra-

versed. Messrs. Weaver and Mills, however, prosecuted extensive mine-workings in

SKirch of the source of the gold without any success. As we have already stated,

the pyrites of Wicklow contains gold, but no auriferous veins have been discovered.

In Cornwall gold has been found in the tin-streams of Carnon vale, in the Pentuan
stream works at Menaccan, and some few other spots ; and some of the quartz veins

traversing the slate have been found to contain gold. Many of the gossans of the

copper lodes are known to have gold in them ; but it is only in a few rare instances

that the precious metal has been separated.

In Devonshire, near North Molton,—at the Britannia and at the Poltsmore mine,

—

gold has been found in small quantities, associated with the minerals of the district

;

but it has never paid the cost of obtaining it. In Scotland also gold has been found.

Pennant says :
* In the reigns of James IV. and V. vast wealth was procured in tho

Lead Hills, from the gold washed from the mountains ; in the reign of the latter not
less than the value of 300,000^. sterling.' We are told that in another locality a piece

of gold weighing thirty ounces was found ; but we cannot find any good authority for

this statement. The gold-bearing districts of Scotland are described at p. 698.

The Gold Mines of North Wales having acquired a large share of attention, it has
been thought desirable to insert the following notice from the pen of a gentleman who
has most industriously investigated the quartz lodes of Merionethshire.

In North Wales, the older slaty rocks are auriferous. Professor Eamsay has ex-

amined and described the district, and especially the mineral and quartz veins of Cwm-
eisen-isaf and Dol-y-frwynog, which contain gold. At Gogofau, not far from Llan-
dovery, the Eomans worked for gold, the remains of their workings being still to be
discovered. Gogofau has been described by Mr. W. Warington Smyth in the * Memoirs
of the Geological Survey.'

The existence of gold in the British Isles was known at a very remote period of
history, and it is certain that many adventurers, in crazy craft, came to this country
in search of metallic wealth. Julius Caesar, probably, invaded these islands more for

the acquisition of supposed riches than the conquest of a rude and barbarous people.

This opinion is strengthened, if not confirmed, by the expression of Galgacus,
whilst attacking the Caledonians, * Britain produces gold, silver, and other metals, the
booty of victory.' >

A celebrated
|
Triad ' makes three Welsh chieftains the enviable possessors of golden

cars, and Meyrick reasonably infers from this, that gold mines were worked by the
Welsh {Cymri), at a very early period.^

' ' Fert Britannia aurum et argentum et alia metalla, pretium victoriae ; gignit et oceanua
rita sed subfusca et liventia.'—Tacitus, Vita Agricolce, cap. xii.

" ' History and Antiquities of the County of Cardiganshire.' 1810.

Vol. II. Y Y
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Tho style of the golden weapons, torques, bracelets, &c., that have been found at

various times is very simple, and qiiito unlike tho style of ornamentation of the airly

Christian period ; it is therefore naturally inferred that they belonged to a time long
anterior to that.

It is, however, certain that the Romans actually discovered gold in Wales, and
wrought it too : for independently of tho statement of Tacitus, just quoted, there are

evidences, plenty, of Eoman mine-works where gold must have been the principal, if

not the sole object of exploration. One of tho most remarkable is Gogofau, in Caor-
marthenshire.' This gold-mine is situate on the banks of the Cothy, and forms part of

the grounds of Dolau-Cothy. Here a quartz-lode has been 'worked open to the day,'

and levels driven 170 feet through tho slate. Tho officers of tlie Geological Survey
di.scovered gold here, and a Tnetallurgical workshop. Amongst other things a beautiful

gold necklace was found, which is now in the possession of Mrs. Johnnes, tho wife of

tho gentleman to whom the property belongs. Other instances might bo cited, in

proof of the former existence of gold in tolerably large quantities in many parts of

these islands.'

Strabo coincides with Tacitus, as to the precious metals : but Caesar makes no
mention of gold and silver. Cicero (b.c. 106) says: *In Britannia nihil esse audio

nequo auri neque argenti,'-'' and, in another Epistle (ad Attic.) he says, ' it was well

known that not a single grain of silver could be found in the island.' The statements

of Cicero do not, however, tally with subsequent history, and are contradicted by
Camden and other modern authorities. Probably there is not, and never was, gold

'and silver enough discovered in Britain to be, as Tacitus thought, 'the price ot

.victory;' yet the comparative scarcity of precious stones .at the time would tend to

pre-induce a desire to possess in quantity the nezt best representatives of value, the

precious and the baser metals.

Cimboline, prince of the Trinobantes, had a coinage of gold. This was supposed

to be made of British gold, obtained in Essex, but the Essex gold mine is exceedingly

problematical.

An idea appears constantly to have prevailed that the gold of this country was by
no means of insignificant quantity or value. The 'avarice of kings' and the exigencies

of State, as soon'as possible, and as a matter of course, laid claim not only to all the

gold and silver found, but to all the baser metals as well. These pretensions were,

however, subsequently abandoned, and the Crown was divested of all rights in minerals,

except gold and silver ; these precious metals being retained, as it was said, ' for tho

purposes of coinage, and to support the dignity of the Crown.' ^ That great legal

authority, Sir Edward Coke, laid down the law, ' that veyns of gold and silver in the

grounds of subjects belong to the king by his prerogative, for they are Hoyall mines,'"

and the Justices and Barons in the ' Great Case of Mines' (1568) unanimously agreed,'
• That by the law, all mines of gold and silver within tho realm, whether in the lands

of the queen or her subjects, belong to the queen by prerogative, with liberty to dig

and carry it away.' And so firmly was the prerogative of the Crown thus established,

that it was agreed that a royal mine could not bo severed from tho Crown ; but the

judges overruled this. The only doubt existing in the time of Elizabeth was whether,

if gold and silver were found intermixed with the baser metals, the whole became a

royal mine.

Some contended that any quantity of gold or silver so found was sufficient, whilst

others held the opinion that the gold and silver must exceed in value the other metals
;

but the judges decided that even where tho gold or silver in a mine of base metals in

the land of a subject was of less value than the base metal, the mere circumstance of

its existence makes it a royal mine. The uncertainty of tho law, on this decision,

caused general distrust, and destroyed to a great extent this kind of enterprise ; there-

fore, in the first year of William and Mary an act was passed (cap. 30.) wherein it

was declared that no mine of copper, tin, iron, or lead, shall hereafter be adjudged

a royal mine, although gold or silver might be extracted out of the same. This pro-

vinion, also, was soon considered insufficient, and in the fifth year of William and
Mary, an act was passed ^cap. 6.) entitled ' An Act to prevent Disputes and Controversies

concerning Royal Mines, wherein it was enacted, that all persons, being subjects of the

crown of England, owners of mines within the kingdom of England, dominion of

' • Note on the Gogofftu or Ogofau Mine, near Piimpsftnt in Cacrmarthenahlre.' By W. W. Smjrth,

ir.A., 'Memoirs of the Geological Survey of the United Kingdom.'
" See ' Lectnres on (Jold,' delivered in the Museum of Practical Geology.
• Epist. ad Famil.
• Sir John Pettus, Fodince Regales.
• Plowden, 338. Black. ' Com.,' Stephens's edit. 1858, vol. U. p. 656.
• ' Inst.' 132 : 2 ' Inst.' 576, 1861.
' See ' The Law relating to Mines, Minerals and Quarrioa in Great Britain and Ireland.' By

Arundel Rogers, Esq.
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Wales, or Berwick-upon-Tweed, wherein there is copper, tin, iron, or lead, may enjoy

&c. the same, notwithstanding said mines may be pretended, or claimed to be, royal

mines. But by the 2nd statute, the Crown, or any other person claiming royal mines

under the Crown, has the option of purchasing said ores before removal, other than tin

ore, in the counties of Cornwall and Devon, upon payment of a price fixed by the

said act, viz. copper 13/. ; tin, 21. ; iron, 21. ; and lead, 9/. per ton. By the 35 Geo. III.

c. 134, the right of preemption which is given to the Crown, and those claiming under

the Crown, so far as relates to lead, can only be claimed upon payment of 251. per ton

instead of 9/. as previously fixed.

From this it would appear— 1. That the right of preemption given to the Crown is

limited to copper, iron, and lead, wheresoever found, and to tin to be found in England,

other than in Cornwall and Devon, if such ores contain gold or silver. 2. That tho

rights of the Crown to all mines where gold and silver exist intermixed with any

substance whatever other than copper, iron, lead, or tin, remain unaffected by either

of the statutes of William and Mary. 3. That the rights of the subject to all

mines of copper, lead, and tin, even if gold or silver is found therewith, is confirmed

by the said statutes, subject only to the right of preemption just stated.* But, if

any other auriferous ones be discovered, it will be difficult to determine the respective

rights of the Crown and the subject to such a mine, unless the ' Great Case of Mines

'

should be adopted in favour of the Crown. Under any circumstances there is no

provision made for such a discovery. Independently of this, the law is not settled,

that pure gold and silver, wherever found, are the absolute property of the Crown.

It is, however, not a little remarkable, that the Crown has no right of entry upon
private lands to search for its own ; nor has it ever exercised its right of preemption

as regards lead ore containing silver. But, since the gold discoveries in Wales in

1 854, the practice of the office of Woods and Forests has been nearly as follows,

viz. :

—

1. Where the gold is found in combination with other metals, the whole of which,

with the necessary easements'for working, are vested in the Crown, the Crown deals with

the case in the sarne. manner as an ordinary licence to search for minerals ; viz., Zdl.

per annum minimimi rent, and one-twelfth royalty on the gold.

2. Where the gold is found in combination with the minerals specified in the acts

of William and Mary, and which are not vested in the Crown ; the Crown proposes to

accept a royalty in lieu of the right ofpreemption.
3. Where the gold is found in a virgin state, or secreted in rocks, and not in

combination with the ores and minerals specified in those acts, or land where the

minerals are not vested in the Crown—the Crown requires the parties to take a licence

on payment of a nominal annual rent, and a royalty upon the gold raised.

The Clogau (Welsh gold) mines are at present working under a royalty to the Crown.
There is no mine working under the second. The Castell Cam Dochan mine, on the

property of Sir Watkin W. Wynn, Bart, is not working. It is obvious, as a general

rule, that the terms exacted by the Crown are far too burdensome to encourage
persons in this kind of adventure. It is thought that if the Crown would consent to

impose a small annual rental, and, say, a royalty of five per cent, on the net profits, it

would be paid readily, explorations would be made to a larger extent by private

individuals, and the Crown would be a gainer from lands, upon which it has no right

of entry to realise its own.
In England, gold has been said on very doubtful evidence to exist in quantities of

commercial value in the following counties : viz., Cornwall, Devon, Somerset, Glou-
cester, Worcester, Salop, Bedford, Derby, Chester, Lancaster, Westmoreland, Cumber-
land, Northumberland, Durham, and York. The tin-streams of Cornwall have yielded
a little, and very small quantities of gold have been found in North Devon, especially

near North Molton.
In Scotland, it has been found in the following counties : viz., Sutherland, Aber-

deen, Fife, Perth, Stirling, Linlithgow, Lanark, Dumfries, Ayr, Selkirk, and Kirkcud-
bright. Lanarkshire is said by Pennant to have yielded 130,000 ounces.

In Ireland, the gold-bearing countries are Londonderry, Antrim, Wicklow,' Wexford,
and Kildare. A nugget weighing 22 ounces was found in Wicklow, and said to be the
largest ever found in Europe.'

In Wales, the known gold-producing counties are Carnarvon, Flint, Cardigan,
Caermarthen, Pembroke, and Merioneth. Until recently Cardiganshire, probably,
has rendered more service to the State, and profit to the explorers by the production

* Rogers v. Brenton, 10 Q. B. 49.
» See Smyth, ' On the Mines of Wicklow.' Memoirs, Geol. Survey of Great Britain.'
» British Gold, with especial reference to the Gold Mines of Merionethshire.' By R. Hunt, F.R.S.

* Quarterly Journal of Science,' 1866.

yt2
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of gold than any other Welsh county, although Sir H. Middleton, while ostensibly

^vo^king for silver in the time of Charles I. and his ' most loyal chemist and mineralogist

Thomas Bushell,' did not leave on record all their knowledge respecting Welsh ffold

and its associated minerals.' But within the last few years, Merionethshire has taken

golden honours, sufficient, at least, to make them noteworthy. Hence an especial

reference to the gold-mines of that county.

There are several claimants for the honour of having been the earliest of the Welsh
gold-finders of later times. Mr. O'Niell, in 1836, is said to have found it at Cao Mawr,
and Mr. James Harvey, afterwards, at Berthllwyd. Captain Roberts says he dis-

covered it before either. But, undoubtedly, Mr. Arthur Dean must be allowed to

take the lead. In 1843, Mr. Dean discovered some rich gold ores at Cwmheisian, and
bohlly stated, in the face of national disbelief, that ' a complete system of auriferous

veins existed throughout the whole of the Snowdonian or Lower Silurian formations

of North Wales.'

'

Mr. Dean, and after him Mr. Clement, worked about 600 tons of the Cwmheisian
minerals, and obtained at the rate of more than half an ounce of gold to the ton. The
proprietor Mr. Bruin was unable to carry on the works, and then the gold question

slumbered until ten years afterwards, when at the Clogau mine, a pile of ' poor copper

ore ' was found. This grass-grown refuse was carefully examined by Mr. J. C. Good-
man of Dolgelley, who discovered that it really contained less of copper than of gold.

Some of the stones, weighing several pounds, had gold disseminated throughout. In

one beautiful specimen, now in the possession of Mr. Readwin, there is the mark of a

boring-iron, which has passed through the solid gold. Some of this ' poor copper-

ore' was put to the test, and Mr. Goodman obtained Hj ozs. of gold from 100 lbs.

weiglit. A stone weighing 3 cwts. was taken from the lode, stamped and sold for 5s.

per pound weight.'

Such novel and interesting facts as these naturally gave rise to the most extra-

vagant expectations as to the ultimate value of the discovery. The quartz-lodes of

the district were indiscriminately attacked by the hammers of axdent gold-seekers.

The Crown got a small harvest by granting gold-licences, and a good deal of rash

speculation and loss was the necessary consequence.

Much weight was attached to Sir Roderick Murchison's Australian prophecy, and
that recorded opinion of his, in the Siluria, that ' the most usual position of gold is in

quartzose vein-stones that traverse altered palaeozoic states, frequently near their junc-

tion with eruptive rocks, whether of igneous or of aqueous origin.' And it was a

remarkable coincidence, that the gold at Clogau was found at the junction of the

Cambrian sandstones, and the Lingula flags of the Lower Silurian rocks near an
eruptive bar of porphyritic greenstone.

About this time, a valuable paper appeared in the Tramactions of the Geological

Society of London, in which the geology of this problematical district is described at

great length by Professor Ramsay, Director-General of the Geological Survey of

Great Britain.*

Of course, this became an era of joint-stock speculation, and companies were formed
for worldug Clogau, Cwmheisian, and other mines, containing, or supposed to contain,

auriferous minerals.

Eventually, the rich Clogau mine became the subject of two Chancery suits, and the

other mines, one after another, collapsed, after ineffectual attempts to extract gold by
various means of amalgamation.

The vexed question again lay dormant until 1857 and 1858, when the Vigra and
Clogau mines were sold by order of the Court of Chancer}', and bought by Messrs,

Readwin and Williams, who, with a few other enterprising persons, sot them to work
for copper and gold, with Captain John Parry as mine agent. The Dolfrwynog, the

Prince of Wales, and the Cambrian mines wore also started to work for gold.

About this time Professor Ramsay, referring to the discoveries of gold at these

mines, wrote, ' In the Ural Mountains, South Australia, Canada, and other parts of

the world, gold occurs in rocks of the same general age, and apparently under the

same circumstances.' * There was, however, nothing of importance discovered until

the end of 1852, when several bunches of gold were found in the forebroast of a

shallow level, on the south side of the gold-lode at Clogau, and early in the following

year, the gold appeared associated with yellow copper-oro and telluric bismuth,

• ' The Gold Discoveries of Merioneth.' By T. A. Kcadwin, P.O.S. 18G0.
' ' Notice respecting the discovery of (roM Ores in Merionethshire, North Waloe.' By Arthar

Dean, C.E. • British Association Reports,' 1844.
• On the Occurrence of Gold in Merionethshire.' By T. A. Readwin, F.G.8. • British AsBOCiation

Reports,' 1861.
• • On the Geology of the Gold-bearing District of Merionethshire.' By Profewor A. 0. RamBay.
• Monograph in the ' Geologist,' February 1858. By Professor Ramsay, F.R.S., Sic.



GOLD 693

generally diffused throughout the lode, and visible from the top of the level to the

bottom.

This discovery was the signal for the resuscitation of several dormant gold mines,

and the creation of a host of new schemes, all of which have suspended operations,

with the exception of Clogau, which has recently been resumed (1874), not so much on
account of the paucity of gold, as of the difficulty of extracting it by the means at

command.
The neighbourhoods of Dolgelly and Bala at present appear to comprise all the

known Merioneth gold mines, and the following particulars thereof are chiefly

compiled from papers on this subject in the British Association Eeports, by Mr.
Eeadwin, who treats of them as being in the Dolgelley and Bala districts.' According
to tiiis writer, the Dolgelley district is bounded by the river Mawddach, the Great
Llawllech or Merioneth anticlinal range, and the river Camlan, to which may be added
a continuation of three or four miles further NE., following the junction of the Cam-
brian sandstones, and the Lower Silurian Lingula-flags of the Geological Survey, and
included in the Survey-maps, 75 S.E., and the upper part of 59 N.E.
The geological features of the district are now too well known to require more than

a repetition of the general statement, that the rocks are of the Cambrian and Lower
Silurian series, forming a junction in a very sinuous course, and frequently cut through

by narrow bands of porphyritic greenstone. The district is full of faults, and
the metalliferous veins have a general bearing N.E. and S.W., with an underlie to

theN.
There is a continuation of rocks of precisely the same character for a distance of six

or seven miles, running in a N.E. direction to Castell Cam Dochan in the Bala
district-

It may be here noted, that during the various explorations, gold has been found
associated with iron-pyrites, blende, galena, heavy spar, copper-pyrites, clay-slato,

Silurian shale, quartz, telluric bismuth or tetradymite, carbonate of lime, talcose-schist,

iron oxide, grey copper-ore, phosphate and arsenate of lead, and orpiment. It has
also been found in pepitas, and nearly pure in quartz, or alloyed with from 10 to 20
per cent of silver,^ and a little copper and platinum.

A number of specimens were exhibited at the International Exhibition 1862, by the

Vigra and Clogau Company, and by Mr. T. A. Eeadwin.
For convenience, the Dolgelley district is divided into the following sections

:

viz., Cwmheisian, Maesgwm, Berthllwydd, Cambrian, Clogau and Vigra, situate

severally in the parishes of Llanfachreth, Trawsfynydd, Llanddwye, Llaneltyd, and
Llanaber.

Cwmheisian Section. At the Cwmheisian mine, there is a junction of fourteen lodes

nearly forty feet wide, and the whole mass of lode itself is said to contain gold in

small quantities. Blende is occasionally found very rich in gold. Mr. Dean extracted

148 ounces from 157^ tons, and Mr. Clement 170 ounces from 300 tons. Some
specimens have been found by Mr. Eeadwin, containing as much as 87 ounces to the

ton. Almost all the known methods of gold-extraction have been tried at this mine

;

but owing to the great preponderance of sulphides in the mineral, none of them
succeeded. This is a fact to be regretted, since immense quantities of the lode itself

could be actually quarried, and there is plenty of water-power to dress it in-

expensively.

Gwynfynydd mine is opposite Cwmheisian. Galena from this mine, though poor in

silver, assayed 8 ounces of gold to the ton. But some blende in quartz associated

with arsenate and phosphate of lead and orpiment, produced gold at the rate of 156
ounces to the ton. Half-a-ton of mineral from the ^ Dottbt-Tne-not-lode* gave by
amalganiation 9 oz. 13 dwts. of gold. There were a large number of lodes opened
on, varying in width from 1 to 66 feet, and gold could be seen in the lodes at the

surface in different places. This mine is at an elevation of 300 to 400 feet, and
has belonging to it the beautiful waterfalls Pistil-y-Cain and the Ehiadwr Mawd-
dach, one with a fall of 123 feet, the other 87; so that, commanding the water
of the two rivers, the Cain and the Mawddach, with an unlimited quantity of

mineral procurable by means of adits, large operations, at comparatively little cost,

might be carried on here, with the prospect of making a small quantity of gold pay
a profit.

From about five tons of lode stuff, 15f ounces of gold were extracted in 1862.
Gold has also been found in small quantities at the Hafod-y-Bach, Penmaur,

Buarthrae, Doledd, and Penbryn. Tyddynglwadis mine is situate exactly at the junc-

• See 'British Association Reporte,' 1861, 1862. 1863. 1864, and 1865. Papers by T. A. Readwin.
F.G.S.

» See Maps, Geological Survey,' 74 S.W. and 75 S.E.
» List of gold ores from Merionetlisliire, exMbited by Mr. Beadwjn, International Exhibition, 1862,
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tion of tho Cambrian and Lower Silurian rocks, which is distinctly observable at the
top of Pistil-y-Cain. This mining sett is full of faults. The galena averages 50 to 60
ounces of silver to the ton, and from 6 to 1 1 dwts. of gold. A small string of silver-

ore was found in the deep level in 1865, containing 2,200 ounces of silver to the ton.

Some moss pulled from tho river side had specks of gold attached to its roots. It was
at this mine that Mr. Readwin first discovered a fragment of tho trilobite Paradoxides^
many more fragments of which were found afterwards by Mr. E. Williamson and Mr.
Plant. At Cefndwddwr, adjoining Tyddynglwadis, visible gold is found apparently
dispersed throughout a fine quartz lode, and has yielded eight ounces of gold from five

tons of lode-stuff.

At the old DolfrwyTwg mine, specimens of decomposed quartz contained over 400
ounces of gold to the ton. One stone weighing fifteen ounces gave twelve ounces of
gold.

The North Dolfrwynog lode-stuff has assayed 30 dwts. to the ton. About 100 tons

of alluvium from the east bank of the Mawddach, on this mine, was washed with tho

object of ascertaining whether the particles of gold found therein increased in size

from the surface to the bed-rock. This was found to be the case. Several ounces of

gold were obtained, and it is probable that the whole side of this mountain contains

gold, which might be profitably worked on the erection of machinery to economise

labour.

West Dolfrwynog adjoins, and is marked on the Ordnance Map 'Turf Copper
mine,' from tho fact that a few years ago, about 10,000^. worth of copper was sold from
the ashes of peat, there burnt for the purpose. Quariz and yellow and grey copper-ore

from this place have assayed six ounces of gold to the ton, and along the east bank of

the Mawddach the alluvium resembles that of North Dolfrwynog.
The Maesgwm Section is on the western side of the Trawsfynydd road, nearly oppo-

site Tyddynglwadis, and includes Maesgwm, Ganllwydd, and Coed-cy-fair. At
Ganllwydd in 1863, several masses of quartz were found to contain visible gold.

The Berthllwydd Section includes Berthllwydd (Cefn coch), Goitref, Caegwernog,
Caemawr, Benrhos, Tynybenrhos, and Glasdir. Berthllwydd mine is on the summit
of the lofty ridge behind Tynygroes, on the Trawsfynydd road from Dolgelley. Hero
is the ' grand champion lode' of the district, which runs N.N.E. and S.S.W. for about

a mile. Auriferous blende and galena are the chief products, and some very rich

specimens have been found, as well as pepitas and fine gold-dust in the allmaum.
The Welsh Gold Company, to whom this and Goitref and Caegwernog mines be-

long, obtained, in 1866, 666 ounces of gold from 1,982 tons of lode-stuff. At
Caemawr adjoining, the first visible gold of the district is said to have been

discovered. The lode-stuff assays 9 to 11 dwts. of gold to the ton, and the al-

luvium also contains gold. At Benrhos and Tynybenrhos, the alluvium contains

specks of gold. At Glasdir, above 15,000^. worth of copper-ore has been quarried,

and extraordinarily rich specimens of auriferous copper- and iron-pyrites have

been found. At tiie Gam mine rich gold-quartz has been found by Captain John
Parry.

The Cambrian Section includes the Cambrian mine, the Princess Alice, Moel Ispri,

and Cwmabseifian mines, which extend along the road from Dolgelley to Barmouth.

The Carnbrian mine produced some very rich blende ; containing at the rate of

350 ounces to the ton. Specimens of Silurian shale have been found with tho

appearance of having been electro-gilt. This mine has been thoroughly explored,

but vrithout producing gold sufficient to pay for working. At Cwmabseifian, Moel
Ispri, and the Princess Alice mines, gold has been found in the quartzose lode-

stuff, associated with blende and iron-pyrites. At the Prince of Wales mine,

a few large blocks of blende have been broken, containing at tho rate of 466

ounces of gold to tho ton. From 6 cwts. of lode-stuff, 17 oz. of gold were obtained.

The preponderance of sulphides here renders amalgamation at present wholly

inoperative.

The Mawddach river has been examined from Cwmhoisian to Llaneltyd Bridge

by Mr. Readwin, who found grain-gold with platin-iridium in small quantities.

Gold was also previously found by tho lion. F. Walpolo and Sir Augustus Webster.

Professor Ramsay suggests, with much reason, the possibility of gold being found in

the • marine drift.'

The Clogau Section includes Clogau, Oarthgell, Hendreforian, West Clogau,

Maesclawdd, and Tynycomel.

'The Clogau, St. David, No. 1 mine is certainly tho richest gold mine over

worked in the British Islands, and may compare favourably with tho quartz-reefs

of Australia. Taking this lode as a type of tho neighbourhood, .it will be well to

describe it.

'The lode has an average bearing 15° N.E., and is intersected by a very powerful
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cross-course bearing 30'' N.W. and dipping slightly S.W. The lode traverses beds

of indurated Silurian clay-slate, which are interstratified with thick beds of green-

stone. There is also a large greenstone dyke, which is traversed by a portion of

the lode for a length of about 60 fathoms, until they are intersected by a great cross-

course. Behind this cross-course the lode is extremely rich in gold. It should be

stated that the lode is composed almost entirely of quartz, with here and there some
carbonate of lime. Throughout the quartz, yellow copper-ore is in small quantities,

disseminated, as well as gold. Where the gold is most abundant, telluric bismuth

in fine silvery-white grains is generally present, and an opinion prevails that

whenever that mineral is met with, gold is near at hand. It was commonly
supposed that gold is only to be found near the surface. Mr. Dean has favoured

us with some notes on this point, which are exceedingly important if all the con-

ditions have been correctly observed. Without comment Mr. Dean's own words are

given :

—

The opaque white quartz floors, which are comparatively poor in gold, alternate

with others of a greenish white coloiir, very dense, and of a shining conchoidaj

fracture ; the latter are the rich gold-bearing floors : we have, therefore, alternate

rich and poor floors. From the dip of the floors the deposits of gold appear indi-

vidually to dip eastward, but, as the bands of clay-slate forming the walls of the lode

below the greenstone dip westward down to the cross-course, the succession of bunches

of gold in the alternate floors of greenish qiiartz follow the dip of the clay-slate.

This is an important point in the relation to the recurrence of rich deposits of gold

in depth below the present bottom. This quotation sufficiently indicates the hypo-

thesis that, with a recurrence of the same conditions in depth, rich, or perhaps richer,

deposits of gold may be met with. There is a very close analogy between gold and
tin. It was an opinion, held with much obstinacy for a long period, that tin would
never be found deep in the earth. Experience has now proved the fallacy of this, for

the most abundant deposits of tin are now worked at depths of between 200 and 300
fathoms.'

'

The most remarkable item in Welsh gold statistics is the fact of 9,363 ounces of

gold having been obtained from less than 40 tons of quartz. It was here that the
' poor copper-ore ' referred to was found, from which some 20 tons had been picked,

sampled, and sold as * copper-ore,' and probably several thousand ounces of gold

were contained in it. The St. Helen smelters made no report, but offered an
advance of 5s. a ton for as much more of it as could be raised. A discovery of

rich gold in another lode has been made of a similar character to the St. David's

lode.

The gold obtained from this mine to May 30, 1866, was 11,663 ounces from
5,063 tons of quartz, averaging about 42 dwts. to the ton. At Garihgell the

St. David's lode having been thrown, could not be re-traced ; at Tynycorml this lode

has not been opened on ; and at Hendreforian and Maesclawdd, the lode-stuff is

auriferous, but few explorations were made. At West Clogau (Llachfraith), 1 ton of

lode-stuff gave 17 dwts. of gold. Some profitless work has been done here. Mr.
Eeadwin found visible gold here at nearly 150 fathoms lower than the upper level

at St. David's lode.

The Vigra Section includes Vigra, Tyddyndu, North Vigra, Nanteoch, Wellington,
Fachynys, and Llanaber mines. At all these mines the lode-stuff is auriferous, but it

has not been found of commercial value.

Bala district. The gold discovery here was chiefly confined to Castell Cam Dochan
mine, near the beautiful lake of Bala (Llyn Tegid) on land belonging to Sir Watkin
W. Wynn, Bart.

This mine is situated about five miles from Bala, on the N.W. side of the turnpike-
road leading to Dolgelley, and about two miles from the village of Llanuwchllyn.
There is one auriferous lode very remarkable. It runs nearly N.E. and S.W. and
has a dip to the S. This lode is exposed to view for about twelve fathoms, showing
specks of gold nearly the whole distance. The lode-stuff is generally free from
sulphides. The quartz, unlike Merioneth quartz, resembles that at Clunes, in
Australia, and some boulders have been broken up and found to contain specks of

visible gold throughout. The upper portion of the lode appears to have slipped over
the lower, and down the face of the hill, leaving behind it a record of where it had
been, in characters of gold. Large loose masses of greenstone have been found,
having incrustations of quartz spangled with gold. The debris yielded gold of
equal value with the lode-stuff. This mine has been properly opened, improved
reduction machinery erected, and has made regular monthly returns of gold. The

* ' British Gold, with especial reference to the Gold Mines of Merionethshire/ By Robert Hunt, -

F.E.S. * Quarterly Journal of Science,' 1865.
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quantity of lode-stuff reduced was 3,500 tons, and the gold produced 1,606 ounces

(Dec. 1866).

A brief reference to the various modes of gold-extraction used in Merionethshire
will be interesting.

In the earlier stages of gold-mining (1843) at Cwmheisian, the ore was finely

stamped and concentrated by washing apparatus, and afterwards amalgamated by
arrasiras, or smelted. After this the gold-mines lay dormant until the Californian

discoveries in 1853, when rich gold-qmirtz was at the same time found at Clogau.
The amalgamating machines of Britten and Berdan were then introduced ; but it

was soon found impossible to work auriferous sulphides indiscriminately by tri-

turation in quicksilver. A good deal, however, of the rich ore at Clogau was treated

in this way with very profitable results ; but in some cases rich ore yielded only a
small portion of its contained gold, and generally much gold was found in the
' tailings.' Washing apparatus was erected at the Cambrian mine, on the Marmata
plan, but with no satisfactory results. This method was improved by Mr. Bolt

at the Prince of Wales mine by the addition of shaking tables, and troughs of

quicksilver ; but the process only partly succeeded, there being very little gold in

the stuff, and that little associated constantly with heavy sulphides. Barrel amal-
gamation had been previously tried here, at a great cost, but fiiiled for the same
reason.

A mode of triturating the ores in quicksilver, having all the vices of Berdan, and
none of its virtues, was introduced at the old Dolfrwynog mine, together with an old

plan of forcing the ground ore through a body of quicksilver. It is not publicly known
whether this proceeding was a total failure or not. No gold appears to have been
accounted for, although some of the richest ore in Wales was found at this mine at the

time. The sluice-box principle was adopted at North Dolfrwynog on the alluvium,

with the object referred to ; but it was discovered that much more gold was lost than
gained by the pursuit, and it was discontinued.

Mitchell's amalgamators were next introduced at Cwmheisian, which were vessels

of quicksilver, through which the ground mineral was intended to be forced by
means of a succession of screws, in order that the particles of gold might bo

presented to the greatest possible surface of quicksilver, and for a long period

of time. This plan was found utterly useless with minerals containing sulphides in

excess.

Sloper's plan of separating the metals by specific gravity was also tried on the

allu^'ium by the patentee, at North Dolfrwynog, and failed.

In 1862, Mr. Mosheimer introduced his machinery at Garthgell, Clogau, Cwm-
heisian, and Castell Carn Dochan. After stamping the minerals in the usual way,
Mr. Mosheimer at that time proposed to grind them in his horizontal pans with
heated quicksilver, adding chemicals, occasionally, for the purpose of liberating

the gold from the sulphides. At Cwmheisian this plan was useless because of

the sulphides. The quicksilver constantly became 'sick,' dragged in strings after

the mullers, and lost apparently all its natural affinity for gold. Only a very small

portion of the contained gold was extracted, and the rest left in the tailings.

At Clogau and Castell Carn Dochan, however, the results were very different.

The quartz-lodes at these mines are comparatively free from sulphides, there is a little

bismuth sulphide found at Clogau, and a little iron sulphide at Castell Carn Dochan

—

but at both mines, without heating the quicksilver, or introducing chemicals, the gold
was practically all extracted ; from the richer minerals by Britten's and from the bulk
by Mosheimer's machines.

In 1866 the gold reduction works at Castell Carn Dochan were the most complete.

There, the ore-stuff as it comes from the mine was taken direct to the stamps,

reduced very fine, the metalliferous particles concentrated on blankets, the blanket
sand further concentrated, and then amalgamated in the ' Mosheimers ' and 'Brittens ;

'

all the waste water, &c. passed into shaking boxes containing quicksilver, and thence

through a series of Hungarian pans, such as are used at Schemnitz. The gold hero
being all free, scarcely a trace of gold was ever found in the tailings. The same plan,

with some modifications, was successfully used at Clogau.

A long experience has now elicited that sulphides of lead, arsenic, antimony, zinc,

bismuth. &c. will frequently so envelope small particles of gold with a film or tarnish,

that quicksilver cannot touch it. The trituration of such sulphides in quicksilver

generally destroys its fluidity and amalgamating power, or reduces it to minute globules,

which, owing to the tarnish they also have by some means acquired, refuse to re-unite,

and are consequently washed away with the tailings. Hence a great loss of lx)th

quicksilver and gold, because generally these minute globules, so washed away, are

really gold-amalgam. Again, the quicksilver of commerce is very seldom in a fit state

for complete amalgamation, even of free gold, and it is well known also that tho
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slightest quantity of greasy matter -mil tarnish and render useless, until re-distillation,

a largo quantity of quicksilver.

In 1865, Mr. W. Crookes, F.R.S. the discoverer of thallium, proposed to remedy
the enls attendant on the trituration of sulphides and arsenides in quicksilver by the

introduction of sodium.

In laboratory-experiments the eflfects of Mr. Crookes' discovery were very con-

spicuous :

—

1. A small quantity of sodium-amalgam added to ordinary quicksilver greatly in-

creased its brightness and affinity for gold.

2. A bar of gold completely covered with tallow dipped into quicksilver containing

sodium was instantly amalgamated.
3. Greasy (' sickened ') quicksilver was instantly made bright and clear by the ad-

dition of the sodium-amalgam.
4. ' Floured ' quicksilver immediately collected on the introduction of a small quan-

tity of the sodium-amalgam.
These novel facts induced Mr. Readwin to put the invention to a crucial test,

at the Gwynfynydd mine. He thus writes :
* I have made a series of experimental

trials, which have given me some confidence in the utility of Mr. Crookes' invention.

I selected for trial such auriferous minerals from Cwmheisian, Tyddynglwadis, North
Dolfrwynog, Gwynfynydd, Glasdir, and other places, that have always heretofore

either sickened the quicksilver, or refused to give up, by amalgamation, the gold
known to be contained in them by analysis. In no one instance, during these

experiments (some of which were of 48 hours' duration), did I derange the quick-
silver in operation, and in every instance I obtained gold from it, on distillation.

The quantities of gold, of course, varied with the samples of minerals treated, and
did not in any way affect the value of the experiments, the object of which was
chiefly to prove whether heterogeneous minerals coiild be treated by this method,
when they would not submit to other tried methods. The most remarkable, and in

my opinion the most important, effect of the sodium, was seen in an experiment on
56 lbs. of mixed minerals from one of the Gwynfynydd lodes. The gold in this lode
is often visible and associated with sulphides of lead, zinc, and arsenic. Quicksilver
'•n its ordinary state was first used in this experiment, which shortly became com-
pletely ' sickened ' by yellow sulphide of arsenic (orpiment), and completely coated
he * Britten ' machine with arsenic-amalgam. Whilst in this state, sodium-amalgam
of about 3 per cent, strength was introduced ; the quicksilver soon recovered its

fluidity, became quite bright and clear, and on distillation yielded nearly two ounces
of gold. I made many other experiments, and in practice I found that, although I
was always able to obtain gold by the use of sodium when I could not obtain it

otherwise, I discovered that an excess of sodium predisposed the quicksilver to take
up other metals, to the partial exclusion of the one most particularly desired ; but in

all cases the quicksilver was kept quite bright and clear, and on washing out the
machines, the subdivided particles were most rapidly re-united, a circumstance of itself

of the greatest importance.'

Mr. Readwin believes that native lead exists to a considerable extent in some of the
minerals, and he shows that the prevalence of galena, &c., is the greatest hindrance
in amalgamation. If this be so, and the lead can be taken out of the concentrated
ores before amalgamation without losing the gold and silver, the plan may possibly
render amalgamation of the residue practicable. Mr. Peter Spence, of Manchester,
proposed to calcine the sulphides containing galena till completely oxidised ; a portion
of the galena is thus converted into sulphate of lead, and a portion into oxide of lead.

This oxide and sulphate of lead is then washed in a solution of carbonate of soda,
and the sulphate is converted into a carbonate. The calcined ore is then put into a
solution of caustic alkali, the mixture is stirred for a short time, the solution taken
off, and more solution added whilst the oxide of lead remains ; the various solutions
added together are allowed to settle, and, when perfectly clear, drawn off into a vessel
into which carbonic acid can be thrown into the solution and absorbed by it ; as the
carbonic acid becomes absorbed by the solution, the soda becomes carbonated, and
white lead is deposited.

Mr. Spence undoubtedly can convert the sulphide into carbonate of lead, as he
proposes, but the process has not in any way affected the value of auriferous and
argentiferous minerals. Mr. Spence asserts positively that by his process the lead
in any ores can be converted into white lead, leaving the residual and accidental
products for after-treatment, according to their nature and value, and this in a rapid
and inexpensive manner.

' Since the above experiments were tried Mr, Crookes has improved his process, and thus avoids
the ill effects of an excess of sodium ; the improvements met the approval of Dr. W. Allen Miller
and other high authorities.
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As to the profitable working of auriferous minerals in Wales, Mr, Eoadwin
writes :

—

* After several years of experimental effort to work the gold-minerals to a profit, I

am more fixed in my opinion than ever, notwithstanding the equivocal position the

subject holds as a commercial pursuit, that gold-mining can and will bo made remu-
nerative, if certain essential and natural conditions prevail at the respective mines :

first, there must be a largo and continuous quantity of the aiu-iferous mineral
cheaply obtainable by means of adits and tramways ; secondly, there must be efficient

water-power available on the spot ; thirdly, there must be no moro cats about tho

premises than will catch mice. Under such circumstances, provided forty or fifty

tons can be raised per diem, a quarter of an ounce of gold to the ton ought to pay all

costs of reduction, and I think it would. Many of the difficulties of amalgamation
can now be overcome, hy the use of sodium or potassium, in some such way as

patented by Mr. Crookes.' *

It remains to be proved whether, after Mr. Spence's process, the minerals can bo
further utilised. It seems reasonable to suppose this possible. If the ores containing

sulphur are found in quantity, and concentrated so as to lesson the cost of transit,

then calcined, the lead-sulphide converted into carbonate, the sulphur collected, the

zinc-oxide (if any) made into spelter ; the residual products thus obtained at an in-

considerable cost may contain the precious metiils in quantity sufficiently valuable to

amalgamate either with or without the use of sodium, as proposed by Mr. Crookes.

At all events, another step appears to have been gained towards the solution of the

problem, * Can British gold be worked to a profit ?
'

The following returns of gold raised in Merionethshire were approximately correct

up to the end of 1864 :

—

tons cwts. qrs.

1 4 of gold-quartz from River Mawddach gave of gold

„ Alluvium „

„ Cefndwddwr „
Gwynfynydd „

„ Cambrian „

„ Prince of Wales „

„ Dolfrwynog „

„ Clogau (prior to 1860) „

„ Cwmheisian ,,

Cefn Coch (Welsh Gold Co.)

„ Castell Cam Dochan (June 30) 1,606

„ Clogau (since 1860) „

100

5

5 1 3

60
20

812 1 2

60
487

1,982 8 1

3,500

6,140

11,652 14 6

oz. dwts. RT8.

i 2

5

8

15 15 12

30
63

167 5 5

200
334
666 6 2

1,606

11,850

14,947 6 10

The actual returns from these mines from 1861 to the end of 1870 have been as

follow :

—

Year Weight Value

oza. dwts. grs. £ t. d.

1861 2,784 10,816 17

1862 5,299 1 12 20,390 15 5
1863 552 12 19 1,747

1864 2,887 9,991

1865 1,664 11 Value not given

1866 742 16 10 1*

1867 1,520 6 21 »»

1868 435 14 28 »
1869 Nil

1870 191 »»

In 1874 explorations at Vigni and Clogau were again commenced.
TTie Gold-mines of Scotland.—Tho {ollowing remarks on the gold and gold-fields

of Scotland are by Dr. W. Lauder Lindsay :

—

' Before making general observations on the Scottish gold-fields, or comparing them,

as regards their richness or extent, with those of other auriferous countries, which are

* • On the Recent Discovery of Gold at QwyfTnydd.' By T. A. Head^vin, P.G.S, • British Asso-
ciation Beports,' 1865.
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bettor known, I propose giving briefly the principal results of my observations and
inquiries at and concerning what I may safely denominate the Crawford or Leadhilh

gold-field, the whole of that moorland and hill-region of the southern highlands

—

Upper Clydesdale—the southern extremity of Lanarkshire, variously known as

Crawford, or Crawford Moor, or Crawford-Lindsay, which includes the district now
known as the Leadhills, and forms the watershed of the four great southern rivers

(the Clyde, Nith, Tweed, and Annan), has repeatedly, and in various ways, proved to

bo more or less auriferous. Long prior to the modern system of " prospecting,"

some of the Leadhills valleys were the scene of the far-famed alluvial washings, under

Sir Bevis Bulmer in 1578-92, and it was from the produce of such washings that the

Scottish regalia were fashioned in 1542, and Kings James IV. and V.'s celebrated

bonnet-pieces coined. Bulmer's chief washings are said to have been in the valley of

the Elvan, and he is also represented as having washed the whole bed of the Glen-

gonner water. But vestiges of ancient " diggins " are to be met with in many parts

of the LeadhiUs district. For instance, I found the haugh or " flat" on the banks of

the Glengonner water above Abington, and immediately below Glencaple Burn, covered

with a series of quartz-like mounds, exactly resembling those with which I was familiar

in the famous Gabriel's gully at Tuafoka in Otago, and which are said really to mark
the site, or one of the sites, of Bulmer's celebrated workings. It was the gold-

prospecting in this district, it is said, that led to the discovery of the lead, which has

proved so much more permanent a source of prosperity to the district, to which it

has, morever, given its distinctive modern name of late years ; and at present gold is

systematically collected by the Leadhill miners chiefly in certain localities, \az, in the

Windgate or Windygate burn, in Langcleuch burn, in Bellgall burn, in the whole
course of the Elvan and Glengonner, from the Clyde to their source. The gold occurs

chiefly in the gravelly clay, locally known as " till," as this coats the flanks of all the

Leadhills valleys ; but it is also to be found in the shingle, gravels, or clays of the

stream-beds. This gold is invariably what is known as "drift" or "alluvial" gold.

There is no present local evidence of the existence of auriferous quartzites. But in

1803 the late Professor TraiU of Edinburgh found gold in a vein of quartz in situ at

Wanlock-Head. All the gold belonging to this district which I have seen is of a
granular or nuggety character, and quite comparable with the usual produce of Otago,

or other auriferous countries. Some of the *' nuggets " found in former times, and
preserved in the cabinets of local proprietors, are of very considerable size and value.

The cabinet of the late Lord Hopetoun contains two : one of them weighing
2 lbs. 3oz. = 27oz. or 12,960 grs., which at the current price of gold in Australia,

4Z. per ounce, is worth 108^. ; collected, it is said, about 1602, prior to the systematic

workings of Bulmer. The other, weighing 1 oz. lOdwts., or 720 grs. The first

would appear to be by far the largest mass of gold ever found in Scotland. Since,

however, systematic gold-workings on a' large scale were discontinued, the size of the
Leadhills nuggets has been greatly smaller, the largest seldom now exceeding 2 or 3 grs.,

though they are frequently found of that size. Just previous to my visit, in the
autumn of 1863, a nugget of 30 grs. had been foimd, and another single nugget,
whose weight I failed to ascertain, sold for 25s. at Abington. More generally the
gold occurs here as rough granules, coarser and larger than those constituting what
could properly be called " dust," and of this considerable quantities are frequently

collected in limited periods for special purposes, such as marriage-gifts, or jewellery,

to or for the local proprietors. Thus, in a fortnight, in 1862, 975 grs. were collected

for the Countess of Hopetoun ; and on another occasion, 600 grs. in six weeks by
thirty men at spare hours, fifteen working in the forenoon, and the other half in the
afternoon. About Abington, in 1851, similar quantities were collected under similar

circumstances to furnish marriage jewellery for Lady Colebrooke. Between May and
October 1863, three miners, in the intervals of leisure from their usual work, collected

for me 33 grs., whi«h they found in the "till," about forty yards above the bed of the
stream, half-way dovra the Langcleugh burn, between Leadhills and Elvanfoot : their
charge was 20*., that is, at the rate of about \bl. per ounce, or l^d. per grain.

During the last five years the price of crude gold in Australia and New Zealand has
averaged from 3^. 17*. Qd. to U. per ounce, so that the Scottish diggers obtained for

their produce nearly four times as much as the New Zealand or Australian diggers
got for theirs. The price appears at first sight to be extremely and disproportionally
high ; but the cases are by no means parallel, for in the case of the LeadhiUs gold,
the collection is made to meet the demands for cabinet specimens, or for jewellery
materials under circumstances quite exceptional. The Leadhills miners collect their
gold mostly to order ; it is thus at once disposed of, and hence gold is seldom to be
found there for sale, or only in very small quantity. On one occasion I was offered a
sample of 140 to 160 grs. for bl, ; that is, at the rate at which I purchased my smaller
gample, but the miners have rarely so much in their possession unsold. In the
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Bummer of 1862, by way of holid^ work, the miners frequently collected quantities

of 14 to 54 grs. The able-bodied Leadhills miner never, however, gives up his usual
labour, at which he earns 15s. per week, for the more precarious gains to bo derived

from gold-finding. To gold-seeking ho devotes only his spare hours, his holiday
time, or his periods of sickness or debility. The price he generally more or less

readily obtains for his gold varies necessarily with the demand and supply. Some-
times it rises to 7id. per grain, or 15^. per ounce, sometimes it falls to 5d., but the

more common or average price is 6d. per grain, or 121. per ounce, while the average
market-price may be quoted at present at 4Z. per ounce, or 2d. per grain. The
director of the mines at Leadliills estimates gold-washing at these prices as only
capable of yielding, at present wages, Sd. per day, while lead-raining gives upwards
of 2s., or more than eight times as much, with the great additional advantage of a
certain or regular occupation.

• The Scottish gold-fields may be divided geographically or topographically into

three : the Northern, Central, and Southern.
' 1. The Northern comprises the greater part of the counties of Sutherland, Eoss,

Inverness, and Argyle, north of the Caledonian Canal. It occupies the longitudinal

axis of the northern peninsula of Scotland, is second in size only to the Central area,

and has yet almost entirely to be explored.
• 2. The Central lies between the Caledonian Canal and the valley of the Tay

;

includes a great part of the shires of Inverness (southern half), Aberdeen, Banff,

Kincardine, Perth, Forfar, Argyle, Stirling, and Dumbarton. It is by far the largest

of the three areas. Like the Southern gold-field, it forms a transverse belt across

Scotland, and much of it remains to be explored.
' 3. The Southern comprises great part of Dumfries, Kirkcudbright, Wigtown, Ayr,

Selkirk, Peebles, and Lanarkshire, and includes, more particularly, parts of the

districts of Nithsdale, Annandale, Eskdale, Ettrickdale, Tweoddale, and Clydesdale,

and the Lammermuirs (in Haddington and Berwick). It is the smallest of the three

areas, but is the best known, and, so far as ascertained, the richest.

• At many localities throughout the area which I have assigned to the Scottish

gold-fields, actual finds of gold have been made in recent or former times, and this is

one of the strongest arguments for their thorough exploration. Of such gold-finds,

the following will suffice as illustrations :

—

*I. Northern Gold-Field. 1. Sutherlandshire.—Helmsdale water. A nugget found

here in former times weighed 10 dwts., or 240 grs.

*II. Central Gold-Field. 1. Perthshire.—(a.) Breadalbane, area of Loch Tay,

and head-waters of the Tay. A nugget found in former times weighed 2 oz., or

960 grs. Sir James Simpson tells me that he was shown a specimen of gold, with

its matrix (quartz), by the late Marquis of Breadalbane, from Tyndrum. In 1861

Professor Tennent of London found gold in quartz, associated with iron-pyrites at

Taymouth.
' (b.) Ujyper Stratheam^ area of Loch Earn, and the head-waters of the Earn. Glen

Lednoch (Kitchie); streams falling from the north into Loch Earn (Ritchie); Ard-
voirlich (south side of Loch Earn,

• (c.) Glenalmond (Mercer) ; Glenquoich, and other valleys of the Grampians,
' 2. Forfarshire.—Clova district, areas of Angus, Edzell, and Gleiiesk.

• 3. Aberdeenshire, area of the Dee, Braemar, Invercauld, coast about Aberdeen, and
in the sea-sand.

' In New Zealand, and other auriferous countries, gold is very commonly associated

with magnetic iron sand, containing or not titanium, and other minerals, or with iron

sulphides. It is of interest to know that the sands of the Dee, which consist, mainly,

of the debris of granite and gneiss, contain considerable quantities of magnetic iron-

sand and iserine, with which are associated smaller amounts of titanium, uranium,

and firsenic. The gneiss of Braemar often contains much magnetite in place of mica

(Nicol), while iron, or oxides, or sulphides, are common in all the schists and granite

of Aberdeenshire (Nicol),

• 4, Argyleshire, Dunoon.
'III. Southern Gold-Field. 1, Head-waters of the Clyde, including the Ech, Craw-

ford Moor, or Leadhills district ; Elvan water, Glengonner, Gloncaple, Winloch, Short

Clench, Lammington burn.
• 2. Head-waters of the Tweed ; Manor water, which flows north to the Tweed

;

Meggat water, which flows south to St. Mary's loch ; other feeders of the Yarrow
and Glengaber.

'There are traces of prospecting and digging in former days in Meggatt water
valley, similar to those which occur in Leadhills, In the British Museum I saw two
ppocimens of Twoeddalo gold : the one nuggety, and in quartz, a very rich sample ;
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the other granular, rather than nuggety. Griffin prospected St. Mary's loch district,

and found gold in dust or granules everywhere,
' 3. Head-waters of the Annan, Moffatdale ; streams falling into Moflfat water

;

Hartfell range, about DoLbs Linn ; several small finds of gold were made in the

summer of 1863, and one small nugget, weighing about 6 grs., was exhibited in

Moffat;

Sutherland Diggings from 1867 to 1869. In 1867 it was noised abroad that gold

was abundant in Sutherland, and for a period a considerable number of adventurers

were found working, for gold, on the estates of the Duke of Sutherland.

The following are the only returns which have been obtained, as the result of the

workings in this district :

—

ozs dwt grs £ s. d.

1868. Helmsdale : Sutherland . . 677 valued at 2,000

1869. Kildonan „ . . 17 17 8i „ 61 3 9

The monthly returns of gold from the diggers at Kildonan were declared as

follow :—
1869. 0Z8. dwt. grs.

April 5 8 2
May 3 11 17i
June 2 16 18

July 2 3

August 1 8 10

September 1 6 19

October 15 12

November 8 6

December 117

17 17 8^

It is tolerably certain that some gold was obtained, which was not declared by the

, diggers ; but the fact of all the works being abandoned proved that the gold found

was insufficient to pay for the labour bestowed upon it. On April 20, 1869, Mr. J. F.

Campbell, ofIslay, wrote thus in his ' Something from "the Diggins " in Sutherland '
:—

' The Sutherland " diggins " are now established and likely to be worked for some
time to come. More than 280 men are paying a pound a month for leave to camp out

and work like navvies in claims of 40 feet square ; so that they must be earning wages
or going crazy. If many men go away, more diggers arise daily, and gold is almost

daily found at new spots. It is estimated that 6,000/. has been washed from the

shingle of two small burns already.'

At Helmsdale, near the mouth of the river, and in the jaws of the glen, are more
heaps of stufflike Brora moraines, and the Helmsdale leads back to Beinn Ormen and
Clibric again. Gold has been found in burns, which come in from both sides of the

Helmsdale strath, in burns which come from the south, and in those which come from
the Caithness range on the north. The source of the gold has not yet been found in

Helmsdale. The gold is in stuff sorted by modern burns, and it is now worked in

watercourses which come down from the Caithness side of the Helmsdale glen. These
are branch-burns, which arise amongst bare granite and Silurian rocks, and flow down
the side of the main groove towards the main river. These branch-burns have done a
good deal of digging and carving on their own account ; they have done more than the

main river ; so they have worked longer. The Kildonan Burn has carved a trench

in crystalline Silurian rock from the place where the chief diggings are now carried on

down to the farmhouse. It is about 20 feet below the road ; it is about 80 feet deep
behind the new township, which has been christened Baile'-n-oir, or Golden Town. In
this it is like other buAs, and marks a gradual rise of land at this spot. Where the

fall is rapid, this rock-groove is now washed clean, or left with a few large stones on
the bottom. Above this bit of river-cutting is a ' flat,' in which a lot of rolled drift

settled probably long before the rock-cut was deepened by the stream below the flat.

The water in this 'flat' or 'creek' now meanders through rolled drift, washing it,

carrying off the lighter parts and leaving big stones, heavy iron-sand, garnets, and
gold. Little gold has been got out of the actual watercourse, but some was found
there at first, and that find started the diggings. For about a mile, the whole of this

water-worn drift is being turned over and washed in various contrivances, and every-

one of these engines is worked on the same principle as the natural engine which
washed and sorted this drift.

* C)r-mfiin=gold mine.
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The simplest engine is the tin basin. A spadeful of stuff is turned in, and then the

pan is dipped into water ; the washer shakos the pan, and tosses up the mass ; the

stuff, being free to move, falls ; and the heaviest stuflf falls fastest. First, the mud
floats away, and lastly, at the bottom of the pan, a small heavy stratum remains, in

which a lucky man may find a speck or scale of yellow gold, or a nugget as big as the

half of a split pea. The cradle acts on the same principle ; so does Long Tom. Each
is a contrivance for rocking or raking drift in flowing water with a still pool for the

heavy ore to settle in. The long sluice, however, is the best imitation of the burn
itself, and the long sluice does most work. It consists of a long wooden trough with a
smooth bottom, ending in a bit of crossed grating like the floor of a boat. Beyond this

is a longer trough to carry the water down to the burn. A small lead is made, and a

small fall comes in at the head of this wooden model of a Highland strath.

Fig. 1116 represents the section of a 'claim' in the Kildonan Burn, drawn by
J. F. Campbell, Esq., of Islay. Water-worn drift arranged by running water in a

1116

gloove carved in the edges of disturbed metamorphosed bent beds of Silurian rocks.

Most of the gold is found near the rock amongst the biggest stones, and in chinks of

the rock.

Gold in Europe.—There are auriferous sands in some rivers of Switzerland, as the

Kouss and the Aar. In Germany no mine of gold is worked, except in the territory of

Salzburg, amid the chain of mountains which separates the Tyrol and Carinthia.

The mines of Hungary and Transylvania are the only gold mines of any great import-

ance in Europe ; they are remarkable for their position, the peculiar metals that accom-
pany them, and tlieir product, estimated at about 1,430 pounds avoird. annually. The
principal ones are in Hungary: 1, those of the Konigsberg; the native gold is disse-

minated in ores of sulphuret of silver, which occur in small masses and in veins in a

decomposing felspar rock, amid a conglomerate of pumice, constituting a portion of

the trachytic formation ; 2, those of Borson, Schemnitz ; and 3, of Felsobanya : ores

also of auriferous sulphuret of silver occur in veins of syenite and greenstone-por-

phyry ; 4, those of Telkebanya, to the south of Kaschau, are in a deposit of auriferous

pyrites, amid trap rocks of the most recent formation.

In Transylvania the gold occurs in veins, often of great magnitude. These veins

have no side plates or wall stones, but abut, without intermediate gangues, on the primi-

tive rock. They consist of decomposing quartz, ferriferous limestone, heavy spar,

fluor-spar, and sulphuret of silver. The name of Kapnik deserves notice, where the

gold is associated with orpiment, and that of Vorospatak in granite rocks ; those of

Offenbanya, Zalatna, and Nagy-Ag, where it is associated with tellurium. The last

is in syenitic rock on the limits of the trach3rte.

In Italy the only gold mines of importance are in the north of Piedmont. The
principal mines are those of Vallanzasca, Val-Toppa, and Pestarena. In 1866 these

mines produced 5,952 ounces of gold.

In Sweden, the mine of Edelfors in SmSland may be mentioned, -where the gold

occurs native and in auriferous pyrites ; the veins are a brown quarts, in a mountain
of foliated hornstone.

In Siberia, native gold occurs in a hornstone at Schlangeberg or Zmeof, and at

Zmeino-garsk in the Altai Mountains, accompanied with many other ores.
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• The gold mine of Beresow in the Ural Mountains has been long known, consist-

ing of prtr^ia%-cfecowpos<?<f auriferous 'pyrites, disseminated in a vein of greasy quartz.
This is, according to Murchison, 'the only work at which subterranean mining in the
solid rock is still practised ; there the shaft traverses a mass of apparently motimor-
phosedand crystalline matrix, called "beresite" resembling a decomposed granite with

;
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veins of quartz, in which some gold is disseminated.' About 1820, a very rich deposit

of native gold was discovered on the eastern side of the Ural Mountains, disseminated

at some yards deep in an argillaceous loam, and accompanied with the debris of

rocks which usually compose the auriferous alluvial soils, as greenstone, serpentine,

peroxide of iron, corundum, &c. The rivers of this district possess auriferous

sands.

At the Soimanofsk mines, south of Miask, great piles of ancient drift or gravel

having been removed for the extraction of gold, the eroded edges of highly-inclined

crystalline limestones have been exposed, which, from being much nearer the centre

of the chain than the above, are probably of Silurian or Devonian age (Jig. 1117). It is

from the adjacent eruptive serpentinous masses and slaty rocks b, that the gold shingle c,

(usually most auriferous near the surface of the abraded rock a) has been derived.

The tops of the highly-inclined beds a are in fact rounded off, and the interstices

between them worn into holes and ca-\nties, as if by very powerful action of water.

Now here, as at Berezovsk, mammoth-remains have been found. They were lodged
in the lowest part of the excavation, at the spot marked m, and at about fifty feet

beneath the original surface of overlying coarse gravel c, before it was removed by the
workmen from the vacant space under the dotted line. The feeble infl.uence of
the streams n, which now flow, in excavating even the loose shingle is seen at

the spot marked o, the bed of the rivulet having been lowered by human labour
from its natural level o, to that marked n, for the convenience of the diggers.

—

Murchison.
It was from the infillings of one of the gravelly depressions between the eleva-

tions, south of Miask, that the largest lump of solid gold was found, of which at that
time (1824) there was any record. The 'pepita' weighs ninety-six pounds troy,

and is still exhibited in the museum of the Imperial School of Mines at St. Petersburg.
The quantity of gold raised in Russia during five years was as follows :

—

1847 1700 poods.

1848 1660 „
1849 1530 „
1850 1490 „
1851 1266 „

7646

Equal to about 296,932 lbs. troy in five years,—Lectures on Gold, B. Hunt.
The total production of gold in Russia has of late years been as follows :

—

( Uralf Eastern and Western Siberia).

Groverument Mines. Private Mines. Total
OZ. 07.. oz.

I860 111,984 665,986 767,870
1861 105,959 643,159 749,118
1862 102,857 640j885 752,742

oz.

1847 (the year of maximum production) - 961,616
1852 (the year of minimum production) 720,320

The largest single production in 1860 was from the Aurora Steam Works on the
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Ojne river, in the Jenesei district, belonging to Messrs. Bjasonow & Co., namely,
64,020 ounces, ^i to {^ fine; or at 3^. 155. 6d. per ounce, value 203,926^. 10s.

Ill 1823 the sands waslied in the Beresow district yielded

1861

1828 „ Bogalousk (N. Ural)
1830
i860
1861 (first half year) „ Mijask „

The force employed was in 1860 :
—

Men
W. and E. Siberia . . . 31,796
Ural 20,352

Total . . . 52,148 3,100 17,090 4

The average payments for royalties in the private mines is 7 per cent.

In Erman's 'Archives ' we find that in the year 1851, the gold of the Urali.in

washing and amalgamation-works produced 332 poods; the Nertschinsk works, 67
poods; the remaining West and East Siberian washings, 1,107 poods; the produce

of the Altai Mountains and of Nertschinsk Siberian works, 39 poods; making 1,546

poods.

Gold in Asia.—In Asia, and especially in its southern districts, there are many
mines, streams, rivers, and wastes which contain this metal. The Pactolus, a small

river of Lydia, rolled over such golden sands, that it was supposed to constitute

the origin of the wealth of Croesus. But these deposits are now poor and forgotten.

Japan, Formosa, Ceylon, Java, Sumatra, Borneo, the Philippines, and some other

islands of the Indian Archipelago, are rich in gold streams. Those of Borneo .are

worked by the Chinese in an alluvial soil, on the western coast, at the foot of a chain
of volcanic mountains.

Little or no gold comes into Europe from Asia, because its servile inhabitants place

their fortune in treasure, and love to hoard up that precious metal.

Niimeroiis gold mines occur on the two slopes of the chain of the Cailas mountains
in the Omad^s, a province of Little Thibet. The gold lies in quartz veins, which traverse

a very crumbling reddish granite. Gold is said to have been found in tolerable abund-
ance in the sands of some of the tributaries to the Amour river.

Gold in Africa.—Africa was, with Spain, the source of the greater portion of the

gold possessed by the ancients. The gold which Africa still brings into the market is

always in dust, showing that the metal is obtained by washing the alluvial soils. None
of it is collected in the north of that continent ; three or four districts only are remark-
able for the quantity of gold they produce.

The first mines are those of Kordofan, between Darfour and Abyssinia. The
negroes transport the gold in quills of the ostrich or vulture. These mines seem to

have been known to the ancients, who considered Ethiopia to abound in gold. Hero-
dotus relates that the king of that country exhibited to the ambassadors of Cambyses
all their prisoners bound with golden chains.

The second and chief exploitation of gold-dust is to the south of the great desert ot

Zaara, in the western part of Africa, from tlie mouth of the Senegal to the Cape of

Palms. The gold occurs in spangles, chiefly near the surface of the earth, in the beds
of rivulets, and always in a ferruginous earth. In some places the negroes dig pits

in the soil to a depth of about 40 feet, unsupported by any props : they do not follow

any vein, nor do they construct a gallery ; but by repeated washings they separate the

gold from the earthy matters.

The same district furnishes also the greater part of what is carried to Morocco,

Fez, and Algiers, by the caravans which go from Timbuctoo on the Niger, across the

great desert of Zaara. The gold which arrives by Sennaar at Cairo and Alexandria

comes from the same quarter. From Mungo Park's description, it appears that the

gold spangles are found usually in a ferruginous small gravel, buried under rolled

pebbles.

The third spot in Africa where gold is collected is on the south-east coast, between
the twenty-fifth and the twenty-second degree of south latitude, opposite to Mada-
gascar, in the county of Sofiila. Some persons think that this was the kingdom of Ophir,

whence Solomon obtained his gold.

The following account of the Transvaal gold-fields is abstracted from a communi-
cation to the ' Times,' dated December 28, 1873 :—
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' 'It may be well to explain the origin of the word " Transvaal," which, simple as it

is, may not at first be apparent. The " Vaal," which in Boer lingo means, as I under-

stand, " grey," is a magnificent river, taking its rise hundreds of miles away in the

Drakensberg mountains, and falling into the still larger and longer Orange river.

Some dissatisfied Boers, seceded from the Cape Colony and elsewhere, resolved to form

a " South African Eepublic," took possession of the country on the other side of the

Vaal, and christened it the " Transvaal." The river in winter is fordable at frequent

intervals ; but when in summer it rises, or, as the Boers say, *' comes down," it forms

a rapid broad stream, very dangerous to cross.

' Before this letter can reach England you will have published some accounts of the

finds of gold, so that I shall not now go much into detail. The latest news is that

13^ lbs. were found in one hour in a single claim, the largest nugget weighing 4 lbs.

This gold was brought down to Kimberley diamond-fields on Christmas-d^y, and has

excited much admiration. I know, as facts, of the following finds :—In one week a
party dug out 15 oz. ; next week, 34 oz. ; another party 100 oz. in four weeks, and so

on. The present number of diggers is about 500, but fully 800 are now on their

road from Kimberley. I have private letters from "Pilgrim's Kest"—the latest

rush—also of a highly satisfactory character.

'Now, what does all this portend ? The clearest way, perhaps, will be to summarize
the situation, as follows :

—

' The whole of South Africa is at this moment in a highly prosperous condition

;

money is plentiful, and, generally speaking, everyone is well off. Our banks, our

steamship-companies are flourishing ; and although this may not prove to be a second

Australia or California, there is a pretty firm conviction that South Africa is likely to

be a very important appendage to Her Majesty's empire. Everyone is in good spirits,

because it is felt that, at length. South Africa will be better appreciated and under-

stood at home.
' The present diggings at Leydenburg are situated in about lat. 25** S., long. 31° E. j

Cape Town is in lat. 34° S., long. 18° E.; Algoa Bay, lat. 34° S., long. 26° E.

;

Natal, lat. 30° S., long. 31° E. So that the approximate distances from the three

ports are : Cape Town, 1,200 miles ; Algoa Bay, 800 miles ; Natal, 400 miles.

Delagoa Bay must for the present be left out of the question, until the French arbi-

tration is settled, and until a railway is run through the unhealthy belt.'

It is well known that gold is also found in Western Africa, along the ' Gold Coast,^

and some fine examples of nuggets of this gold were brought to this country at the

conclusion of the late war (1874). The nuggets were, in most cases, associated with
a ferruginous earth, giving a ruddy colour to the gold. An analysis of this Ashantee
gold, by Professor Church, is given on p. 687.

Gold in South America.—During the last, and the commencement of the present
century, the richest gold mines were found in South America. It occurs there princi-

pally in spangles among the alluvial earths, and in the beds of rivers ; more rarely in

veins.

The gold of Mexico is in a great measure contained In the argentiferous veins, so

numerous in that country, whose principal localities are mentioned under the article

Silver. The silver of the argentiferous ores of Gruanaxuato contains one 360th of its

Weight of gold ; the annual product of the mines being valued at from 2,640 to 3,300
pounds avoirdupois.

Oaxaco contains the only auriferous veins explored as gold mines in Mexico ; they
traverse the rocks of gneiss and mica slate.

All the rivers of the province of Caracas, to ten degrees north of the line, flow over
golden sands.

Peru is not rich in gold ores. In the provinces of Huailas and Pataz, this metal is

mined in veins of greasy quartz, variegated with red ferruginous spots, which traverse
primitive rocks. The mines called ^acos de oro^ consist of ores of iron and copper
oxides, containing a great quantity of gold.

Most of the gold furnished byNew Grenada (New Columbia) is the product of wash-
ings^ established in alluvial grounds. The gold exists in spangles and in grains, dis-

seminated among fragments of greenstone and porphyry. At Choco, along with the
gold and platinum, hyacinths, zircons, and titanium occur. There has been found, as
already stated, in the auriferous localities, large trunks of petrified trees. The gold
of Antioquia is 20 carats fine, that of Choco 21, and the largest lump or fepita of gold
weighed about 27| pounds avoirdupois. The gold of Chili also occurs in alluvial for-

mations.

Brazil does not contain many gold mines, properly so called ; for the veins containing
the metal are seldom worked. Dr. Walsh says gold was first known to exist in the
Brazils in 1543. The Indians made their fishing-hooks of it, and from them it was
discovered that it was found in the beds of streams, brought down from the mountains.

Vol. it. Z Z
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But tho first oro found by a white man in that country was in the year 1693 ; tliis

discovery led to tho colonisation of tho Minas Geriios, and to all those evils resulting

from • the cursed lust of gold,' with details of which the history of South America
ubouuds.

It was in the sands of the Mandi, a branch of the Rio Dolce, at Catapreta, that tho
auriferous ferruginous sands were first discovered in 1682. Since then they have
been found almost everywhere at the foot of the immense chain of mountains, which
runs nearly parallel with the coast, fx-om the 6th degree south to the 30th. It is par-
ticularly near Villa Rica, in the en>nrons of the village Cocacs, that the numerous
washings for gold are established. The pepitas occur in different forms, often adhering
to micaceous specular iron. But in the province of Minas Geraes, the gold occurs

also in veins, in beds, and in grains, disseminated among the alluvial loams. It has
been estimated in annual product, by several authors, at about 2,800 lbs. avoirdupois
of fine metal.

Almost all the gold formerly brought into the market was from alluvial lands,

and had been extracted by washing ; but now numerous veins of auriferous quartz and
deposits of auriferous pyrites are worked. The Morro Velho mine, l:>elonging to the

St. John del Rey Company, is perhaps the most important Brazilian gold mine.

Gold in North America.—Californian Gold Mines. The accident which first revealed

the golden treasures of the soil of California is thus related by a writer in the
• Quarterly Review ' for September 1862 :

—

Captain Suter, the first white man who had established himself in tho district

where the Americanos joins the Sacramento, having erected a saw-mill on the former
river, whose tail-race turned out to be too narrow, took out the wheel, and let the

water run freely off. A great body of earth having iDeen carried away by the torrent,

laid bare many shining yellow spangles, and on examination Mr. Marshall, his sur-

veyor, picked up several little lumps of gold. He and Captain Suter then commenced
a search together, and gathered an ounce of the ore from the sand without any diffi-

culty ; and with his knife the captain picked out a lump of an ouuce and a half from
the rock. A Kentuckian workman employed at the mill had espied their supposed
secret discovery, and when, after a short absence, the gentlemen returned, he showed
them a handful of the glittering dust. The captain hired a gang of fifty Indians, and
set them to work. The news spread, but the announcement of the discovery was
received with incredulity beyond the immediate neighbourhood. But presently, when
large and continuous imports of gold from San Francisco placed the matter beyond
doubt, there ensued such a stir in the States, as even in that go-ahead region is wholly

without parallel : numbers of every age, and of every variety of occupation, pushed
for the land of promise. Many were accompanied by their families, and most under

the excitement of the hour overlooked their physical unfitness, and their inability to

procure necessaries. The waters of the Humboldt, from their head to their ' sink,' a

space of nearly 300 miles, are in the dry season strongly impregnated with alkali,

and it was here that they first began to faint. Some died from thirst, others from
ague, others fell beneath the burdens they attempted to carry when their last animal

dropped into the putrid marsh, which grew thicker at every step. Beyond the sink

'

the diminished bands had to encounter sixty or seventy miles of desert, whore not a

blade of herbage grew, and not a drop of pure water could be procured ; and those

who pushed safely through this ordeal had still to ascend the icy slopes of Sierra

Nevada, where the rigours of winter were added to all other difficiUties. At different

points, one being almost in sight of the golden land, overwearied groups had formed
encampments, in case perhaps some help might reach them. It is to the credit of the

settlers that, on hearing this, they strained their resources to the utmost to afford

relief Yet, when all was done, a sick, destitute, most wretched horde of stragglers

was all that remained of the multitude who, full of hope and spirits, had commenced
tho prairie journey.

The development of the gold-fields of California has been so remarkable, that it

appears necessary to devote some space to a consideration of the conditions under

which the auriferous treasures are discovered. This cannot be better done than by
quoting Professor Blake's remarks on the • Geognosy of the Gold-Drift of California.'

"With tho exception of the diluvial strata, tho whole geological formation of the

Sierra range consists of igneous and metamorphic rocks ; the former are mostly por-

ph)-ritic in the lower hills, whilst higher up trachytic rocks are more frequently met

with. The metamorphic rocks consist of micaceous schists, slates both talcose and

micaceous, metamorphic sandstones and limestones, with occasional beds of conglo-

merate. The stratified rocks have been much displaced : it is rare to find them with

a dip of less than 70°, and they are generally very nearly perpendicular. The strike

of the beds in that section to which Professor Blake's observations have been confined

(between the Stanislaus and Yuba rivers) is extremely imiform, being from 6° to 10°
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W. of N. and E. of S. The extent of the diluvial deposits is commensurate, or

nearly so, with that of the gold-bearing region, in that part of the country which ho

has examined. They are found in a belt of land from thirty to sixty miles broad,

and running parallel with the axis of the range ; and, from facts that ho has ascer-

tained from others, he states that he has no doubt but that they exist throughout all

the gold-bearing region, both north and south. These diluvial deposits are met "Hath

as we advance towards the lower hills of the Sierra, extending frequently some miles

into the plain. On ascending from the lower hills towards the mountains, the diluvial

beds no longer occupy the same relative position : occasionally deposits of rounded

stones can be found in the valleys and on the sides of the hills, but when this is tho

case, their origin can always be traced to deposits existing on the tops of the sur-

rounding hills, from which Ihey have been brought down by the action of the causes

now at work. As we ascend towards the axis of the chain, these deposits become
more extensive, and at a distance of twenty or thirty miles from the lower hills, they

are found occupying the crests of almost all the highest ridges in the country ; but

besides being found on the crests of the ridges, where their extent frequently does

not exceed a few yards in breadth, they are also met with covering the extensive

elevated flats which exist on the benches between the diJ0ferent watercourses, forming

continuous beds of some miles in extent, which are rarely interrupted by the pro-

trusion of any of the older rocks. Where found in elevated positions, the lower hills

and valleys are entirely free from them ; frequently a large section of the country

will bo enclosed with two high ridges capped by deposits, and diverging from a
common point ; in the intervening space will be seen many secondary ridges, some-
times fifteen or eighteen hundred feet high, formed entirely of the older rocks, no
traces of deposits being found on their surface, nor in the ravines that lead from
them.

The depth of these deposits is extremely variable. Sometimes nothing more than
a trace of them in the presence of a few round pebbles lying on the top of a ridge is

found; .the valleys and ra-vines in the neighbourhood containing their disintegrated

elements in considerable quantities. In other instances, particularly where spread

out over the elevated flats, they are of a moderate and pretty uniform thickness for a
considerable distance, varying from two to three feet to a few inches, and this, too,

in positions where the surface could not have been exposed to any great amount of

denudation. They are again found many hundred feet in thickness, composed of

superimposed strata of different mineralogical constitution, generally horizontal and
conformable with each other.

The localities where the deposits are met with most extensively disclosed, and that

have been worked, are at Nevada and at Mokelumne hill. At the former place they
form the crest of a high mountain, called the Sugar-loaf, full 2,000 feet above the

level of Deer Creek, the upper 600 feet being formed entirely of diluvial strata. At
Mokelumne hill they are also 200 feet deep, forming here also the summit of- a high
and isolated mountain. The elements of which they are composed differ considerably

in different localities, although there are through the whole series many points of

resemblance. In the lower valleys and flats between the ranges of the lower hills,

they appear to consist of beds of gravel, containing occasional boulders of quartz and
the harder rocks. On the elevated flats higher up in the mountains, the surface of

these deposits is generally covered by a reddish loam, mixed with small gravel

;

whilst reposing on the bed-rock, and a few inches above it, is found a stratum con-

taining large boulders and gravel, the boulders being principally quartz. On tho

tops of the hills and the crests of the ridges, where they generally attain their greatest

thickness, we find them composed of many distinct strata lying nearly horizontal and
conformable with each other, and generally also with the surface of the underlying

rocks. In these situations the most superficial stratum is composed of a mass of

extremely hard conglomerate, containing principally trachytic rocks, imbedded in a
hard argillaceous cement. It is this hard stratum that has undoubtedly preserved
the underlying beds from the destructive influence which has so powerfully acted on
the siirrounding rocks.

At other points the whole series consists of conglomerates and soft friable sandstone.

In the lower strata quartzose conglomerates, "with an argillaceous cement, or loose

quartzose gravel, always prevail, with large boulders of quartz, weighing frequently

two or three tons, having their surface worn smooth and the angles rounded. The
deposits of the heavier rocks have been formed on spots which were evidently lower
than the level of the surrounding rocks ; whilst on those parts which were higher at

the time the deposits were formed, the higher trachytic rocks are found. As far as
Professor Blake's researches have extended, the more quartzose conglomerates have
been invariably found on the erupted rocks, whilst the stratified rocks which they
had upheaved were only covered by the trachytic conglomerates. The pebbles of

zz 2
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•which these conglomerates are composed present specimens of all the harder rocks

:

metamorphic sandstones, clinkstone, trap, porphyries, and quartz, make up the larger

part of the mass. They are all perfectly rounded, but in the lower deposits are so

soft that, with the exception of the trap and quartz, they generally fall to pieces on
exposure to the air. The strata, as before observed, are nearly horizontal and con-

formable ; if they have any dip, it appears to have been owing to the slope of the

BUiface of the rock on which they were deposited ; in fact, no displacement seems to

have taken place in this country since the time of their formation. They lie perfectly

horizontal over the almost vertical edges of the upheaved slate-rocks.

As regards the mineral riches of these deposits, it would appear that gold is found
wherever they exist. The ravines coming from the ridges on which they are found
are generally extremely rich, and always contain gold, even in places where the

deposits themselves ha\o been worked without success. In some places where they

have been worked as much as thirty thousand dollars have been taken from a claim of

fifteen feet square ; and there are many instances where ten and fifteen thousand
dollars have been taken from claims of the same size. But few of these rich spots

have, up to the present time, been opened, yet there can be no doubt but that many
still remain to be discovered. "Whore the deposits are found extending over a large

surface on the elevated flats, gold is always met with, generally diffused through the

gravel immediately above the rock on which they rest.

A recent Blue-book gives some important information on the subject of Californian

mines. It states that the short supply of water during the past year has interfered

materially with mining operations, both in Canada and Nevada. Many of the quartz-

mills in this State have been idle for many months, and hydraulic mining has had to

be suspended altogether in many localities, both from want of water for hydraulic use

jand from the accumulation of the ' tailings.' Every year new capital is brought to

bear on mining enterprise ; and it is no longer difficult to find the requisite means to

work a mine, if the prospects are at all encouraging.

During the past year, notwithstanding the limited supply of water, there have been
more enterprises started or increased in magnitude than in any previous year. Hy-
draulic mining is the most attractive, and as the course of the old river-channels are

more surely traced, this interest will be enormously extended. The StJite geologist

has had, during the past two years, some of his staff employed in tracing the course

of these rivers, and the result of these scientific researches will be to facilitate the

action of the mines materially. In a semi-official report he says :

—

' In the prosecution of this work a large amount of valuable information has already

been collected, both of a geogi*aphical and geological character. It is confidently

expected that the working-up of all materials collected, with the accompanying maps
and sections, will exhibit the phenomenon of gravel deposits—in regard to which
there has been so much discussion and such a multiplicity of opinions—in a new
light, and that many difficulties which have hitherto perplexed the miners will be

solved. He desired the work to be continuously prosecuted until a full and detailed

map and report on the whole region have been prepared, which he thought would be

accomplished the next session if the pecuniary means are forthcoming.'

Hydraulic mining is becoming more general through the mining districts. It was
for some years mainly confined to the counties of Yuba, Nevada, Placer. El Dorado,
and Butte, but it is spreading to Mariposa in the south, and Trinitio, Klamath, and
Liskyon counties, in the north. Yuba and Nevada, always the leading counties in

hydraulic mining, still maintain the ascendency. From one small district in the

former county nearly 100,000/. were received, and the yield from the completion of

tunnels will be much greater this year. Tuolumne has added to the counties known
to possess old river-channels. A large ditch is nearly completed to bring water from
the Tuolumne river to a very extensive gravel-deposit near La Grange, which is said to

be unusually rich and free from cement. The great hindrance to the working of these

mines has generally been the want of drainage-capacity, which has compelled the

construction of long and expensive tunnels, a work of great labour and time.

The large ditches now furnishing water for hydraulic purposes supply hydraulic

power from nozzles of 7 inches in diameter, and the force is tremendous. Two or tlirco

years ago a 3-inch nozzle was the largest in use. A great many very fine quartz-

mills have been built, with all the improvements that science and practical experience

have taught ; and though labour has not depreciated sensibly in value, quartz of a

much lower grade can be profitably worked than heretofore.

The two leading quartz-mines of California—the Amador, in Amador county, and
the Eureka, in Nevada county—have paid in dividends respectively 172,000/. (since it

has been an incorporated company) and 364,800/. The total yield of the California

gold mines is estimated at 3,000,000/. Extraordinary developments have been made
\ji the great * Oomstock lead ' of Nevada, and the yield has reached 2,200,000/., fully
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one-third more than the product of 1870. The more recent discoveries have been.

in the 'Crown Point' and 'Belcher' mines, which have proved so flattering as to

send the value of their' stock far above what it has over before reached. The latter

has heretofore paid in dividends but little over the assessment, but it recommenced
paying dividends in January 1871, by one payment of 10 dollars per cent, per share,

equal to 28,000^. The following are the dividends paid by four of the leading mines
of this lode :—ChoUar Potosi, 330,400^. ; Crown Point, 168,000^; Hale and Norcross,

32,000/. ; Yellow Jacket, 88,800^.

The coinage of gold at the San Francisco mint was as follows :

—

1867, 1868. 18fi9, 1870.

Dols. Dol8. Dols. Dol3.

17,370,635 17,366,000 14,36^,550. . 20,366,000

Gold produced in the States and Territories west of the Missouri river (''uring 1871

:

from Kaymond's ' Mining Statistics "West of the Rocky Mountains.' Gold bullion,

amalgam, or dust :

—

Dols.

Arizona 163,739,93
British Columbia 1,349,580,83
Colorado 2,605,681,50
California 16,167,484,05
Idaho 1,471,067,21
Montana 4,031,602,00
Oregon 1,693,602,15
Utah . 221,262,14
Washington 320,107,09

Total .... 28,024,026,90

Professor Eaymond gives his estimate of the gold and silver productions in the
United States for the year 1871 as follows, as compared with former years :

—

1869 1870 1871

dollars dollars dollars

Arizona . . . , 1,000,000 800,000 800,000
California 22,500,000 25,000,000 20,000,000

Colorado

.

4,000,000

»

3,675,000 4,663,000

Idaho 7,000,000 6,000,000 5,000,000

Montana

.

9,000,000 9,100,000 8,050,000

Nevada . 14,000,000 16,000,000 22,500,000

New Mexico . 500,000 500,000 500,000
Oregon and Washington 3,000,000 3,000,000 2,500,000

Wyoming ... 100,000 100,000
Utah . ... 1,300,000 2,300,000

Other sources . .. 500,000 2 525,000 250,000

Total . • 61,500,000 66,000,000 66,663,000

Including Wyoming. Including Utah.

The estimated production of gold and silver for the five years ending 1871 in the

United States, based upon the coinage of the mints and the foreign exports, according

to the commerce and navigation reports, was as follows :

—

Years Gold Silver Total production

'£ £ £
1867 7,700,000 3,800,000 11,500,000

1868 7,000,000 3,000,000 10,000,000

1869 6,500,000 2,800,000 9,300,000

1870 6,000,000 3,200,000 9,200,000

1871 5,600,000 4,400,000 10,000,000
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Staie7nent of Deposits and Coinage at the Mint of the United States and Branches
during the year ended December 31, 1871.

United Statos Mint, Philadelphia

Branch Mint, San Francisco

„ Carson City .

„ Denver.
Assay office, Charlotte

Gold deposits Silver deposits Total deposits

doUr.rs

2,884,645,61

24,960,122,61

2,615,132,79

1,020,223,37

16,122,37

dollars

2,124,924,26

1,247,567,05

2,994,456,17

2,937,67

164,52

dollars

6,009,569,87

26,207,689,66

5,459,597,96

1,023,161,04

16,286,89

Total .... 31,396,246,75 6,320,058,67 37,716,305,42

About one-third of the value of the silver-production is also gold, which should bo
deducted from the second column and added to the first, to show the exact proportion

of each metal produced. The above statement does not embrace the gold and silver

exported in the form of ore.

Gold in Canada.—In the Progress Eoport, Mr. Henry Gr. Vennor of the Geological

Survey of Canada, after referring to notices of gold in former reports, says :

—

The portion of the townships of Madoc and Marmora, in which the only mines now
(1872) being worked for gold are situated, is that immediately surrounding the

granite area known as the Huckleberry Kocks. These rocks occupy a very large part

of the south-western quarter of Madoc and the south-eastern quarter of Marmora,
extending north-westward on the boundary line between these townships as far as the

middle of the eighteenth lot, with a breadth of about four miles, the river Moira, in

Marmora, forming their western limit.

In the talcoid slates are found large bedded quartz-veins, holding sulphurets of

iron and copper, and native gold. A uniform relation between the gold- and iron-

bearing zone is shown as probable. The gold in Madoc and Marmora occurs :

—

1. In bedded metalliferous lodes.

2. In slate bands, impregnated with sulphurets.

3. In nests, or bunches, with quartz and sulphurets in dolomite.

4. In cross or fissure veins (of minor importance).

Seven mines were worked for gold in 1871, in the province of Ontario ; the gold pro-

duced in 1871, being 500 ounces from Cook Mine. Mr. Charles Robb of the Canadian
Geological Survey says :

—
' Within the last three years most important discoveries of

auriferous veins have been made, and operations commenced for developing them on
an extensive scale and with good prospects of success.'

In the Province of Quebec the following quantities of gold were obtained :

—

1869 .... 1050^ ounces, value 18,909^^

1870 .... 581 „ „ 10,467

1871 . . . .115 „ „ 2,070

Gold exportedfrom Canada,

186C' 18C7' 1868" 1869" 1870 »« 1871

Coin and Bullion, 499,498^. 607,507^. 1,013,785^. 878,793?. 1,647,608;. 1,372,292/.

The Gold-Fields of British Columbia.—That the auriferous deposits of this region

are spread over a considerable scope of country is apparent from the fact that paying

diggings have already been found on the Fraser river, extending from Fort Hope
almost to Fort Alexander, a continuous distance of nearly 400 miles. Among the

tributaries of this stream, Thompson and Bridge rivers are known to be auriferous.

Extensive works are established, and large quantities of gold are produced, but returns

of quantities cannot be obtained.

The return of gold mining generally throughout the Province is :—

1869 value 1,824,871;^

1870 , 1,333,745

1871 „ 1,349,581

Gold Mine» of Nova Scotia.-^Tho production of gold in Nova Scotia has boon as

follows :

—

' Years ending June 30.
» Exclusive of exports to other Provinces of the Dominion.
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1862-72.

Annual yield

Declared quantities
Estimated quantities stolen

and not reported

Native From quartz Total Native From quartz Total

ozs. ozs. ozs. ozs. ozs. ozs.

1862 311-000 6,964-000 7,275-000 39-000 686-000 725-000

1863 28-000 13,937-735 13,965-735 22-000 1,376-265 1,398-265

1864 86-631 19,936-296 20,022-927 13-369 1,963-704 1,977-073
1865 112-830 25,341-387 25,454-217 37-170 2,508-613 2,545-783

1866 49089 25,155-565 25,204-654 60-911 2,544-435 2,595-346

1867 84-931 27,229-642 27,314-573 15-069 2,670-358 2.685-427

1868 22-983 20,518-338 20,541-321 27-017 2,031-662 2,058-679

1809 177-923 17,690-117 17,868-040 22-077 1,809-883 1,831-960

1870 176-831 19,689-429 19,866-260 23-169 2,110-571 2,133-740

1871 9115 19,218-243 19,227-358 90-885 1,781-757 1,872-642

1872

1862-73

73-563 13,021-300 13,094-363 26-437 1,278-700 1,305-137

1,132-896 208,702-052 209,834-948 367-104 20,761-948 21,129-052

District yield

Sherbrooke 38-000 57,496-379 57,984-379 2-000 5,763-621 5,765-621

Waverley . 44,523-033 44,523-033 4,451-967 4,451-967

Eenfrew . 26,749-396 26,749-396 2,675-004 2,675-004

Wine Harbour . 20,491-317 20,491-317 2,048-683 2,048-683

Montagu . 13,423-744 13,423-744 1,341-856 1,341-856

Oldham . 13,106-642 13,106-642 1,313-358 1,313-358

Tangier . 208-350 10,241-002 10,449-352 21,650 1,023-998 1,045-648

Otormont . 18-000 10,204-783 10,222-783 2-000 1,020-217 1,022-217

Uniacke . 7,978-937 7,978-937 796-063 796-063

Caribou . 2,329-150 2,329-150 230-850 230-850

Ovens 311-000 131-412 442-412 189-000 18-588 207-588
Unclassified 556-771 1,135-001 1,691-772 143-229 28-999 172-228

Lawrencetown .

Total . .

•775 441-256 441-031 9-225 48-744 57-969

1,132-896 208,702-052 209,834-948 367-104 20,761-948 21,129-052

Grand total

.

... ... ... ... ...

209,834-948

231,065-000

The Gold Produce of Nova Scotia for 1873.

January
February
March .

April .

May .

June
July .

August
September
October

November
December

Total for 1873

ozs. dwts. grs.

1,014 13

1,068 19 16
1,100 10 9
1,167 16 12
1,263 2 2
966 1 18

1,031 1 12
911 4 20

1,053 2 7
965 14 17
704 14 5
605 6 21

11,852 7 19

Australian Gold-Mines.—The discovery of the great gold-field in Australia to the

westward of Bathurst, about 150 miles from Sydney, was officially made known in

Great Britain, by a despatch from Sir C. A. Fitzroy to Earl Grey, on the 18th

September 1851, many persons with a tin dish having obtained from one to two
ounces per day. On May 25th, he writes that lumps have been obtained, varying

in weight from one ounce to four pounds. On May 29th, he writes that gold has
been found in abundance, that people of every class are proceeding to the locality,
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that the field is rich, and, from the geological formation of the country, of immense
area. By assay the gold is found to consist of 91-1 of that metal, and about 8*333 of

silver, with a little base metal; or of 22 carats in fineness. July 17th, a mass of

gold weighing 106 lbs. was found imbedded in the quartz-matrix, about 53 miles

from Bathurst ; and much more, justifying the anticipations formed of the vast rich-

ness and extent of the gold-field in this colony. This magnificent treasure, the
property of Dr. Kerr, surpassed the largest mass found in California, which was
28 lbs. ; and that in Kussia, which was 70 lbs., now in the Museum at St. Petersburg.

One party of six persons got at the same time 400^. in ton days, by means of a quick-

silver machine ; and a party of throe, who were unsuccessful for seven days, obtained
in five days more than 200 ounces.

Numerous claims have been made by persons who have thought that they had given
the first indications of gold in Australia. To the late Sir Roderick Murchison is,

however, due the merit of pointing out that gold might probably be found in Australia,

long before it was known in Europe that gold existed in that important colony. Sir

Koderick Murchison thus gives us the facts :

—

* Having in the year 1844 recently returned from the auriferous Ural mountains, I
had the advantage of examining the numerous specimens collected by my friend

Count Strzelecki along the eastern chain of Australia. Seeing the great similarity of

the rocks of those two distant countries, I could have little difficulty in drawing a
parallel between them ; in doing which I was naturally struck by the circumstance

that no gold had yet been found in the Australian range, which I termed in antici-

pation the * Cordillera,' impressed with the conviction that gold would, sooner or

later, be found in the great British colony. I learnt in 1846 with satisfaction that a
specimen of the ore had been discovered. I thereupon encouraged the unemployed
miners of Cornwall to emigrate, and dig for gold as they dug for tin in the gravel of
their own district. These notices were, as far as I know, the first printed documents
relating to Australian gold.'

August 26th, 1851, Lieutenant-Governor C. J. Latrobe announced to Earl Grey
from Melbourne, the discovery of large deposits of gold in that district of the colony.

In a second Parliamentary blue-book, issued February 3rd, 1 852, it is stated that

79,340 ounces of gold, worth 257,855?. 7s., had been previously forwarded to England
;

and that the gold-fields of the colony of Victoria rival, if they do not exceed in value,

the first-discovered gold-fields of New South Wales ; the total value being then
300,000?. ; and but a little time afterwards about half a million sterling. Mr. E.

Hargreaves, Commissioner for Crown lands, announced from Bathurst, that no part of

California which he had seen had produced gold so generally and to such an extent as

Summerhill Creek, the Turon Eiver, and its tributaries.

For the purpose of conveying a correct idea of the conditions under which the

greatest quantity of the Australian gold occurs, three plans have been selected from
different districts. The fiiat of these (^. 1118) represents a longitudinal section

1118

1. Auriferous drift.

2. Boundary of workings
3. Boundary fence.

4. (Jrcswick's Creek.

along the course of the west quartz-voin in the Clunes gold-mining field. We have

here, as indicated by the darker portion of the woodcut, the quartz-vein shown in

section, with the shafts sunk, and the levels driven upon it. The lighter portions of

the figure resting on the quartzose rock is an auriferous drift ; and on the left of the

section the great basaltic formation is shown.

Fig. 1119 is a section of a portion of the Ballarat gold-field. It is an east and west

section from the Red Streak-lead across Post-Offico Hill, White Flat, the township of

Ballarat West, and the quartz-reef west of the township ; and it shows the auriferous

(Jrift, schist, quartz* and basalt formations of the district.
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In those two sections we have, therefore, all the conditions shoWn of the processes

of mining on the quartz-lodes and in the alluvial deposits.

1119

9 10 11

1. The town of Ballarat East.
2. The main road.

3. The Red-Streak lead.

4. The creek.

5. Old Post-offlce hill, with quartz-reef.

6. Basalt escarpment south of Golden Point.
7. White flat recent auriferous alluvial deposit.

8. Yarrowee Creek.

10. The Gravel-Pits lead.

9 and 11 are two shafts sunk into the "ancient

auriferous alluvial deposit.

12. Quartz-reef beyond the town of Ballarat
"West, shown in the drawing.

B is the remains of a lava stream, interrupted by
the schist and clayrslate hills.

1>D is the gravel strata which invariably rest

on the side of the schist hilla which sur-

round the Ballarat basin.

Fig. 1120 is a section from the Boroondara and BuUeen gold mines, a few miles

from the capital of Victoria, It is the east and west section of the Carlton Estate
quartz-reef, and is mainly given to illustrate the unskilful and dangerous condition of

many of the workings undertaken by men who have no experience in subterrannean
operations. The shaft, if such it can be called, is about 40 feet deep ; and the reef

dips with the solid strata at an angle of about 60 degrees to the horizon.

The wall of the shaft at a is not supported on the footwall by props and proper
timbering, which it should be, as indicated by e e e. The windlass at c, and the
framework at d, are both exceedingly insecure. This is the mode of proceeding in a
very important working, where almost every piece of quartz broken out contains gold,

and also antimony and iron. At the point f the quartz-reef was exceedingly rich,

and there it branches off into small strings, yielding 22 ounces of gold to the ton,

1120

It is not necessary here to trace the progress of gold-mining in .this colony. The
quantity of gold discovered and exported has been enormous. Some exceedingly
large ' nuggets ' have been found ; one in Forest Creek, weighing 27 lbs. 6 oz. 15 dwts.,
and the Welcome Nugget, weighing 2,217 oz. 16 dwts.

The following are the returns made by the inspector to the gOYemmen,t of Victoria
in the years given :

—

:
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1871.

1872.

1873.

1

Quarter ending March 3

1

„ Juno 30 .

„ September 30

.

„ December 31 .

Total of 1871 .

Quarter ending March 31

„ Juno 30 .

„ September 30

.

„ December 31 .

Total of 1872 .

Quarter ending March 31

„ June 30 .

„ September 30

.

„ December 31 .

Total of 1873 .

AUuvIal Quarts Total

ozs.

173,200

180,744

165,909

178,336

iwts.

2

13

ozs.

139,934

174,686

181,788

174,362

dwte.

15

14

18

ozs. dwts.

313,134 17

355,431 7

347,678 4

352,698 1

698,190 1 670,770 7 1,368,960 8

171,851

157,484

164,572

194,321

10

5

3

2

164,670

161,777

172,700

173,242

8

15

10

6

336.521 18

319,262

337,272 13

367,563 7

688,229 672,390 18 1,360,619 18

129,046

123,643

132,354

145,271

2

6

5
2

168,665

159,604

173,405

168,321

5

17

15

297,711 7

283,248 3

305,760

313,592 2

630,314 15 669,996 17 1,300,310 12

Mr. E. Brough Smyth, the Secretary for Mines, remarks in his report that it is

impossible to state wliat quantity of gold is raised in any year ; but the following

figures afford data on which estimates may be founded :

—

Exported according to returns furnished
by the Hon. the Commissioners of Trade
and Customs

Received at the Melbourne Branch of

the Royal Mint
Raised according to the estimates made
by the Mining Registrars

Purchased by the several banks, from
returns made by the managers .

1871

ozs. dwts.grs,

1,355,477 3

1,368,942 D 4

1,290,844 18 1

1872

0Z8. dwts.grs.

1,160,554 19

121,965 17

1,331,377 18

1,218,094 9

1873

ozs. dwts.grs.

1,115,987 14

104,891 6

1,170,397 12

1,162,492 14

From tho first discovery of gold in the colony of Victoria to December 31st, 1872,

the quantity of gold exported and minted was 42,037,326 oz. 5 dwts., at 4/. per ounce

;

this gave the value 168,149,305^.

Exports of Goldfrmn the Colonies named.

ViCTOBIA

:

1867 1868 1869 1870 1871

Gold, exclusive oi specie(7
1,433,687 1,960,713 1,700,973 1,529,821 1,647,389

6,738,993 7,843,197 6,804,179 6,119,782 6,590,962
Specie gold , £ 671,936 607,662 684,819 577,840 847,613

New South Wales :

Geld Coin .
f boxes

• 1 £
453

2,041,383

414

1,771,005

600
2,184,612

296

1,206,569

401

1,724,088

Dust and bar

.

/ozs.

\ £
136,348 98,669 149,094 178,513 156,382

544,661 382,616 578,260 672,254 601,250
New Zealand:

Gold, exclusive of specie {7
686,753

2,724,276

637,474

2,492,721

614,282

2,341,592

644,857

2,163,910

730,023

2,788,368

Qtjeeksland :

Gdd-div^ .

/ozs. 49.092 165,801 138,221 136,773 125,296

189,248 593,516 523,045 489,539 449,170

Tho imports of Australian gold into the United Kingdom in 1873 exhibited a large

Hicreaso as compared with 1872, having amounted to 9,471,601^. as compared with

6,014,621^. in 1872, and 6,919,480/. in 1871.
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Gold in New Zealand.—Dr. Hector in the ' Geological Survey Progress Report ' gives

the following account:—'Gold had been long known to exist at Coromandel, a little

north of the Shortland District, in 1852, and it had been regularly worked there since

1862. Rumours had also long existed that gold was plentiful in the Thames Valley,

and several Maoris and Europeans had brought specimens to Auckland at various

times from 1865. In July 1867, a native chief, named Taipari, stimulated by the

offer of the Provincial Government of a reward of 5,000/. for any one who should dis-

cover a payable gold-field, employed several men, both Europeans and Natives to

prospect his land ; and gold was obtained by sluicing in the Karaka and Hope Creeks.

This was taken to Auckland and shown to the Deputy Superintendent and the Native

Commissioner, and at the same time Taipari offered to throw open his lands as a gold-

field. Satisfactory arrangements having been made with him, the result was that a
block of land from the Hope to the Pukehinau Creeks, known as the Karaka block,was
proclaimed a gold-field on August 1, 1867, and a town was laid out at the mouth of

the Kawaeranga, and named Shortland. Parties at once set to work sluicing on the

Karaka, Waiotahi, and Moauataiari, but with indifierent results ; when on August 17,

four men discovered the gold in si(u in the Kuranni on the face of a waterfall, on

the spot now so well known as Hunt's Reef. This led to further exploration for quartz

veins, and in a month gold had been found in about a dozen places. Further dis-

coveries quickly followed. Sluicing was abandoned, and quartz-mining recognised as

the true industry of the field. So satisfactorily did this turn out that, at the end of

December 1868, or seventeen months after the first proclamation of the field, not only

had two other distinct districts, Tapu and Puriri, been started, but about 1,200 claims

had been taken up near Shortland, between 800 and 850 of which were then actually

working, and probably 600 of the number had seen gold in greater or less quantities.

Twenty-seven crushing machines were on the ground, and thirteen others were going

up. The yield of gold had exceeded 83,000 ounces, valued at more than 200,000/.

;

and the population numbered about 18,000 souls.

* Gold is now being worked' at Puriri—in the district between Shortland and Tararu,

and at Tapu. It has also beeii found in one or two places between Tararu and Tapu ;

and as the same geological structure extends over the whole district, there is every
probability of its existing much more extensively than has yet been discovered.

' The quality of the gold differs considerably in different parts of the field, and even
from the same claim, it often varies a good deal. Out of twenty-eight assays from
various parts of the Shortland District, furnished by the assayer of the Union Bank
of Australia the highest gave 19'5, and the lowest 9*625 carats fine, both being from
the Waiotahi Creek ; while, from the Lord Derby claim, also on the Waiotahi, some
stone yielded nearly pure silver, being only 275 carats fine, and worth only 9s. Sd. an
ounce. The average of the 28 assays is 15 carats fine.

' The following table gives the result of these assays separated into districts ; and
although they are much too few to give any decided results, they show an unmistake-
able tendency towards a poorer goldj that is, one containing more silver, as they go
northward :

—

LocaUty
Highest
carats

Loweet carats
Average
carats

Number of
assays

Karaka 16-094 16-062 16-078 2
Waiotahi 19-500 9-625 16-094 4
Moauataiari .... 17-594 14-687 15-937 8
Kuranni 16-594 13-937 15-000 8
PongaFlat .... 16-656 12-000 14-328 2
Head of Madman's Gully . 14-031 13-656 13-781 3

Tararu ... ... 13-968 1

' The gold is very widely distributed through the district, although certain parts

appear at present to contain it in more considerable quantities than others; but the
mines have not yet been long enougli worked to pronounce with much certainty on
this point. The fact before mentioned, that probably 600 out of 1,200 claims had seen
gold, shows well how widely it is distributed through the country, for it must be
borne in mind that, unlike most quartzrmining districts, the reefs here are not con-

tinuous for far, and that the greater part are but thiu irregular veins ; so that
the country was not taken up along lines of leads only, but en masse, nearly the
whole of the country between the Hope and Tararu being pegged off. It follows from
this, that nearly one-half of the surface of the country contains more or less gold
in situ. Major Heaphy informs me that he has had thirty-one assays made of quartz
from the same number of veins from various localities in the . Opiiomoko and Tararu



m GOLD

Creeks, all of which gave more or less indications of gold. Two only showed a trace

:

while the three highest were 3 oz. 6 dwts. ; and 3 oz. 10 dwts. ; and 3 oz. 18 dwts.

to the ton respectively, the average of the whole being 1 oz. 15 dwts. 8 grs. In none
of them could gold be seen with the naked eye. Out of 1,200 claims that have been
taken up in the Shortland District I estimate that about 150, or 12 per cent., have
found gold in sufficient quantity to justify the expectation that they will turn out per-

manently payable mines, and 1 have no doubt but that, as time goes on, many more
will be added to the number. As nearly the whole of the Shortland District has been
taken up, and more or less proved it follows that about an eighth of its surface, which
is about 2,000 acres, contains payable auriferous qiuirtz-voins.'

• The Report gave tlie following return of the yield of gold from the Thames district

up to March 31, 1869, ttiken from the Customs' Eeturns :

—

Quarter ending March 31, 1869 . , . 41,674 ozs., value 131, 273^.

The yield previous to March 31, 1868 . . 81,035 „ „ 250,405^.

Making a total yield for Thames and Coroman-
del district to March 31, 1869 , . , 122,709 „ „ 381,678/.

The total yield of gold from all parts of New Zealand up to the same date wag
4,549,952 ozs., value 17,674,532^.

The total value of gold exported from New Zealand in 1871 was 2,787,520^., produced
from the several gold-fields to the following amounts. The total value of the gold

exported in 1870 being 2,157, 585^., showing an increase of 629,935^. :

—

1870 1871

The produce of gold-field in Provinces of Auckland £319,146 £1,188,708

i> „ Marlborough , 7,408 7,468

>f „ Nelson . 591,510 439,936
Wellington , 120 .,,

M County of Westland . 678,707 531,648

it Province of Otago, including

Southland , . , 660,694 619,760

The total value of gold exported from New Zealand from April 1, 1857,

December 31, 1871, was 6,272,878 ounces; the total value being 24,352,999/.

The statistics of New Zealand, 1871, give the exports oi gold-dust as follow:

—

To United Kingdom .

New South Wales .

Victoria , . . ,

China ....
Germany. . .

United States of America.

to

ozs. £
185,026 705,257
294,695 748,649
332,150 1,301,839

4,833 18,737
1 83

3,817 13,883

730,023 2,788,868

Value of Total Imports of Bullion and Speciefrom the British Colonial Possessions.

1867 1868 1869 1870 1871

£ £ £ £ £
India, to March 31 . 13,236,904 11,776,373 15,155,953 13,954,806 5,444,822
Straits Settlements . 1,005,011 680,968 761,690 285,377 1,081,482
Ceylon 892,040 999,189 1,227,929 640,690 865,141
Mauritius 127,907 200,028 224,863 134,164 236.865
Labuan 9,582 14,882 .. 12,522 6,917

New South Wales . 1,816,953 1,760,988 849,711 989,885 2,300,423

Victoria 1,083,451 2,159,479 1,708,226 1,994,778 2,608,870
South Australia.... 93,392 64,608 91,500 16,000 90,000
Western Australia . 1,745 .. 6,020 25
Tasmania ., i3,500 36,600 3,000

New Zealand .... 30,000 347,040 139,150 112,690 202,983
Queensland .... 125,802 6,011 6,570 6,586 34,780

Cape of Good Hop© . 10,000 40,462 16,100 150,000 622,435
St. Helena .. .. .. 500 ..

Sierra Leone .... ., .. ., ,. 20,265
Ontario and Quebec, to June 80 1,935,090 1,019,822 884,798 861,077 655,126
Nova Scotia .... .. .. 41 62,168 14,271

British Columbia . .
\

Vancouver's Island . . j
27 16 497 60'

*
' •

West India Islands (Bahamas)

.

833 .. ,. .,

Jamaica ..... ., 61 ,, ..

.Trinidad 68,890 36,522 106,623 166,073 168,360
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The Importations of Gold into iJie United Kingdom, in otlicrforms, aregiven asfollow

:

—

Leaves

From Bolgium ....
„ France ....
„ other countries

.

Total . .

Ore of Gold, or ore of which the greater
pai-t in valno is Gold

From Chili ....
„ Dutch West India Islands

„ other countries

.

Total .

1871 1872

Quantities Value Quantities Value

No.

19,858,000

1,776,400

651,988

&
26,543

4,030
945

No.

18,647,400

3,016,000

490,600

&
32,458

5,985

1,035

22,286,388 31,518 22,154,000 39,478

tons

111

*2()

24,290

1,'338

tons

26*5

65

£

6,7*30

1,084

131 25,628 320 7,814

Gold, Metallurgic Treatment of—The gold found in the sands of rivers, or in auri-

ferous soils, need not be subjected to any metaUurgic process, properly speaking. The
gold seekers separate it from the sands, by washing them first upon inclined tables,

sometimes covered with a cloth, and then by hand in wooden bowels of a particular

form. The methods of working vary in different localities. The people called Bohe-
mians, Cigans, or Tehinganes, who wash the auriferous sands in Hungary, employ a
plank with 24 transverse grooves cut in its surface. They hold this plank in an
inclined position, and put the sand to bo washed in the first groove ; they then throw
water on it, when the gold, mixed with a little sand, collects usually towards the

lowest furrow. They remove this mixture into a flat wooden basin, and by a peculiar

sleight of hand separate the gold entirely from the sand. The richest of the

auriferous ores consist of the native gold quite visible, disseminated in a gangue, but

the veins are seldom continuous for any length. The other ores of this district are

auriferous metallic sulphides, such as sulphides of copper, silver, arsenic, &c., and
particularly iron.

The stony ores are first ground in the stamping mill, and then washed in hand-
basins, or on wooden tables.

The auriferous sulphides are much more common, but much poorer than the former

ores ; some contain only one 200,000th part of gold, and yet they may be worked with
advantage, when treated with skill and economy.

The gold of these ores is separated by two diiFerent processes ; namely, by fusion

and amalgamation.
The auriferous metallic sulphides arc first roasted ; then melted into mattes, whicli

are roasted anew ; next fused with lead, whence an auriferous lead is obtiiined, which
may be refined by the process of cupellation.

When the gold ores are very rich, they are melted directly with lead, without pre-

liminary calcination or fusipn. These processes are however little practised, because

they are less economical and certain than amalgamation, especially when the gold-ores

are very poor.

If these ores consist of coppei^ pyrites, and if their treatment has been pushed to the

point of obtaining auriferous rose-copper, or oven black copper including gold, the

precious metal cannot be separated by the process oflrquatiori, because tho gold ha\'ing

more affinity for copper than for lead, can be but partially run off by the latter metal.

For these reasons the process of amjilgamation is far preferable. This process being

the same for silver, wo reserve its full description for that metal. See Silver.

The rich ores in which the native gold is p-ppareqt, and merely disseminated in a
stony gangue, are directly triturated with quicksilver, without any preparatory opera-

tion. As to the poor ores, in which the gold seems lost amid a great mass of iron,

sulphide of copper, &c., they are subjected to a roasting process before being amal-

gamated. This process seems requisite to lay bare the gold enveloped in the sulphurets.

The quicksilver with which tho ore is now ground seizes the whole of its gold, in how-
ever small quantity this metal may be present.

The gold produced by tlie refining process with lead is free from copper and lead, but

it may contain iron, tin, or silver. It cannot bo separated from iron and tin without
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great difficulty and expense, if the proportion of gold be too small to admit of the

employment of miunatic acid.

By cupellation with lead, gold may be deprived of any antimony united with it.

Tm gives gold a remarkable hardness and brittleness ; a piece of gold, exposed for

some time over a bath of red-hot tin, becomes brittle. The same thing happens more
readily over antimony, from the volatility of this metal. A two-thousandth part of

antimony, bismuth, or lead destroys the ductility of gold. The tin may be got rid of

by throwing some corrosive sublimate or nitre into a crucible, containing the melted

alloy. By the first agent, perchloride of tin is volatilised; by the second, stannate

of potash forms, which is carried oflf in the resulting alkaline scoriae.

Gold treated by the process of amalgamation contains commonly nothing but a little

silver. The silver is dissolved out by nitric acid, which leaves the gold untouched;

but to make this parting with success and economy on the great scale, several pre-

cautions must be observed.

If the gold do not contain fully two-thirds of its weight of silver, this metal, being

thoroughly enveloped by the gold, is partially screened from the action of the acid.

Whenever, tlierefore, it is known by a trial on a small scale, that the silver is much
below this proportion, we must bring the alloy of gold and silver to that standard by
adding the requisite quantity of the latter metal. This process is called quartation.

This alloy is then granulated or laminated ; and from twice to thrice its weight of

sulphuric or nitric acid is to be boiled upon it ; and when it is judged that the solu-

tion has been pushed as far as possible by this first acid, it is decanted, and new acid

is poured on. Lastly, after having washed the gold, some sulphuric acid is to be boiled

over it, which carries off a two or three thousandth part of silver, which nitric acid

alone could not dissolve. Thus perfectly pure gold is obtained.

The silver held in solution by the sulphuric or nitric acid is precipitated in the me-
tallic state by copper, or in the state of chloride by sea-salt. See Silver.

Gold has less affinity for oxygen than any metal. When alone, it cannot be
oxidised at any degree of heat with contact of air, although in combination with other

oxidised bodies, it may pass into a state of an oxide, and be even vitrified. The purple

smoke into which gold-leaf is converted by an electric discharge is not an oxide, for it

is equally formed when the discharge is made through it in hydrogen gas. There are

two oxides of gold ; the first or protoxide is a green powder, which may be obtained

by pouring, in the cold, a solution of potash into a solution of the metallic chloride.

It is not durable, but soon changes in the menstruum into metallic gold and peroxide.

Its constituents are 96*13 metal and 3*87 oxygen. The peroxide is best prepared

by adding magnesia to a solution of the metallic chloride ; washing the precipitite with,

water till this no longer takes a yellow tint from muriatic acid ; then digesting strong

nitric acid upon the residuum, which removes the magnesia, and leaves the peroxide

in the form of a black or dark brown powder, which seems to partake more of the

properties of a metallic acid than a ba«e. It contains 10*77 per cent, of oxygen. For
the curious combination of gold and tin, called the purple precipitate of Cassius, see

Purple of Cassius ; Colours.
GOI.D AM-D SZZiVER RSFnrnOTG. Since the object of this book is to treat

more especially of the application of scientific processes to commercial undertakings,

it will not be out of place to give some account of the processes by which gold and
silver are refined, or rendered free from other metals. In the laboratory, where
chemical manipulation has reached a great way to perfection, the precious metals are

separated by nitric acid and other agents, but the processes are far too expensive and
tedious to admit of being used upon a large scale.

For the purposes of rendering gold containing foreign metals sufficiently pure for

the operations of coining, the late Mr. Warrington described a process by which
fused gold is treated with black oxide of copper, with a view to oxidising those
metals which render gold too brittle for manufiicture into coin. Mr. Warrington
proposed to add to fused gold, which is found to be alloyed with tin, antimony, and
arsenic, 10 per cent, of its weight of the black oxide of copper, which, not being
fusible, is capable of being stirred up with the fused mass of gold, just as sand may
be stirred up with mercury, but with this great advantage, that the oxide of copper
contains oxygen, with which it parts readily to oxidise any metal having a
greater affinity for oxygen than itself. The metals, once oxidised, become lighter
than the^ fused metal, and mixing mechanically, or combining chemically with the
black oxide of copper, fioat to the surface and are removed. In the execution of
Mr. Warrington's proposition, it is imperative to use crucibles free from reducing
agents, such as carbon, and it is found that half an hour is sufficient time to allow
the contact of the oxide of copper with the fused gold.

It has been generally stated by those supposed to be acquainted with the subject,

that gold containing tin, antimony, and arsenic is so brittle as to render it wholly unfit
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for coining. This requires moclific<ation, for although those metals, as well as lead,

render gold so brittle that it will readily break between the fingers, yet it is not true

to say that it renders gold so brittle as to bo incapable of being coined. In June and

July 1859, some brittle gold, to the extent of about 64,000 ounces, passed through

the Mint. The bars were so brittle that they broke with the slightest blow from

a hammer, but by special treatment the gold was coined into the toughest coins ever

produced. It may now be stated that if the system of manufacture bo changed to

suit the requirements of the case, gold cannot be found too brittle for the purpose of

coining. This is simply a matter of fact, but the expense of coining brittle gold is

undoubtedly very great ; it is therefore wise that Mr. Warrington's plan should be

adopted for all gold containing the volatile metals or tin. Osmium-iridium does not

render gold brittle. Dr. Percy and Mr. Smith have demonstrated that all metallic

substances found in commerce contain traces of gold, which can be separated by

carefully-conducted chemical processes, and it is found that silver is peculiarly liable

to be in alloy with gold, and gold with silver ; hence a process of refining which shall

effect the separation of as little as one five-hundredth part of gold from its mass of

silver, is a matter of the utmost commercial importance.

It is with regret that it is stated that the refineries of London are conducted with

such secrecy as to render a full description of any one of them impossible, while the

ignorance which will induce the proprietors of these establishments to attempt such

quietude is much to bo pitied, for, except so far as regards details of interior arrange-

ment, their processes are as well known and understood as it is possible for any

manufacture to be.

In Paris (the London refiners are known to use the ' French process '), the plan

adopted is founded on the fact, that at a high temperature sulphuric acid parts with

one equivalent of its oxygen to oxidise an atom of a metal, while the atom of

oxide so formed at once combines with another atom of sulphuric acid to form a

sulphate. The atom of sulphuric acid which has parted with its atom of oxygen

passes oflf as gaseous sulphurous- acid.

If mercury be boiled with sulphuric acid (commonly called oil of vitriol), it is found

that it entirely loses its metallic existence, and assumes the form of a dense white salt.

This change takes place at the expense of the sulphuric acid, and is shown by the

following equation. For explanation sake, call mercury Hg, and sulphuric acid SO^

;

if now it is assumed that one part or atom of Hg be boiled with two parts or atoms of

SO', we have Hg + SO' + SO', and for elucidation we may write SO' as equal to

SO'^ + ; then we have Hg + + SO' + SO^ which, under the influence of heat,

.become HgOSO' + SO^

a white salt. gas.

If now the mind substitutes silver for mercury, and so writes Ag instead of Hg,
the whole matter will be understood. The silver is dissolved in sulphuric acid just

as sugar would be in water, and in this fact we have a valuable moans of separating

it from gold. If for a moment one imagines a mass of silver alloyed -with gold to be

represented by a piece of sponge filled with water and frozen, it is well known that if

the mass be warmed the ice is melted, and in the form of watxsr filters from the sponge
;

just so, if a mass of the alloy of the precious metals be boiled in sulphuric acid, the

silver is dissolved or washed away, leaving the gold in the form of a sponge, which,
as it becomes exposed to the bubbling of the acid, is detached and falls to the bottom
of the vessel in which it is boiled.

If by assay the silver to bo refined is found to be very rich in gold, it is bettor to
fuse the mass with more silver, so as to produce a mass containing at least 3 of silver

to 1 of gold, and this alloy, in its fiuid state, should be poured into cold water, by
which the falling stream is suddenly chilled, and the particles become what is tech-

nically called • granulated.' The stream should fall some distance (not less than 2
feet) through the air before it reaches the water, that the copper (if any be present)

may be as much as possible oxidised, with a view to saving sulphuric acid.

In all cases the alloyed metals should be granulated, because the extended surface

of metal presented to tho hot acid saves much time.

Silver containing less than ^ part of its weight of gold is found not to pay for

separation, but any which contains this amount or more is treated as follows :

—

Vessels of platinum were formerly used and were deemed indispensal)le, but experi-

ment has proved that these may be safely replaced by cast-iron vessels ; in botli cases

the boilers or retorts are provided with tubes passing from the top into chambers which
receive the acid gases and vapours.

Tlie platinum vessels used by Mr. Mathisonand subsequently by Messrs. Rothschild
for many years are now out of use ; but as sketches of the vessels actually used
cannot be obtained, it is deemed wise to give a sketch of the platinum vessels,



GOLD AND SILVER REFINING 721

"which weigh 323'40 Iroy ounces, and contain, if filled to the neck, 8 gallons of water.
A, the retort or boiler ; b, the head, provided with a tube of platinum, d, to which is

joined at the time of use a long tube of lead, c is a tube terminating on the shoulder
of the boiler, and provided with a lid, and is of service to allow of the occasional
stirring of the silver during solution, and of the addition of the small quantity of
acid at the termination of the chemical action. The vessels became much coated with
gold, which was removed with difficulty and at great risk of attacking the platinum.
The sketches {figs. 1121, 1122, and 1123) are on a scale of 1 inch to a foot.

According to convenience and requirements, the retort or boilers may be multiplied
as to number, but about 5 or 6 would seem to be a convenient set for operations. In-
dependently of the smaller prime cost of cast-iron retorts or boilers (now used in place

1121

of platinum), there is the advantage of being able to use acid which is not free from
impurities, because the cost of the retorts is practically not worth consideration, if

taken in relation to the extra price which must be paid for pure acid. Besides these

facts, it is found that owing to some influence (is it chemical or catalytic ?) which the

iron exerts, less acid is required to be used in proportion to the precious metals than
was used when platinum vessels were believed to be necessary.

A charge for one boiler varies from 1,130 to 1,300 troy ounces of the granulated

mixed precious metals, and is heated with about twice or twice and a half times its

weight of sulphuric acid of sp. gr. 17047. The heat is gradually raised until effer-

vescence takes place, and it is then regulated with care, while at last, the temperature

is raised nearly to the boiling point. As in the case of mercury so in the case of

silver, it is better not to rise quite to the boiling point, else sulphuric acid distils off

with the escaping sulphurous acid. According to the care with which the granulating

has been effected, each charge is heated from 3 to 4 hours. When the elimination of

sulphurous acid ceases, the operation is known to be terminated, and chemical examina-
tion shows that exactly equivalent quantities of sulphate of silver and sulphate of

copper are formed to account for the sulphuric acid. In practice the sulphurous acid

is frequently lost, although in all refineries it should be used for the re-composition of

sulphuric acid.

Leading from the top of the boiler or retort is a horizontal leaden tube from 8 to

10 yards long, terminating in a leaden chamber, in which sulphuric and sulphurous
acids accumulate with some sulphate of silver, mechanically carried over by the
violence of the chemical action. It is found that the acid which accumulates in this

leaden chamber has a sp. gr. of from 1*3804 to 1*4493. The reduced strength of the

acid from 1*7047 to this point is readily understood if the fact be remembered that

sulphuric acid is really a compound of anhydrous sulphuric acid and water, and that

only the anhydrous sulphuric acid is concerned, although the water performs the

friendly part of leading it into action on the silver ; the action having commenced, the

water is done with, and passes off with the sulphurous acid as it is eliminated ; bub
independently of this cause, it is found that sulphuric acid, by boiling, parts with
water, and concentrates itself, until by and by the anhydrous acid itself distils off,

and when this is seen, it is at once known that the operation is carried rather too far.

When the action has quite terminated, it is customary to add to each boiler or retort

from 60 to 80 troy ounces of sulphuric acid of sp. gr. l*66o6, procured from the
liquor which has deposited sulphate of copper (presently described) ; then to pour the

whole into a leaden boiler, and boil it for a few minutes ; afterwards withdraw the fire,

Vol* II, 3 A
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and allow to stand for half an hour, during which time tho gold is precipitated. The
object in adding this amount of sulphuric acid is to form a clear solution, that the

gold may be enabled to settle to the bottom ; water could not bo added, because it

would probably cause an explosion by the heat evolved in its combination, and because
sulphate of silver is not very soluble in water, while it is soluble to a very large

extent in hot sulphuric acid. At tho end of half an hour the clear liquor, containing

in solution the silver and copper as sulphates, is decanted and mixed -with so much
water as shall reduce it to a sp. gr. of from 1-2080 to r2605, and well stirred. Copper
plates are then introduced, while the solution is kept hot or boiling by a jet of steam.

The silver salt is decomposed by the copper plates, and the copper passes into

solution as sulphate of copper, so that at the end of the precipitation the solution con-

tains the copper of the original alloy, as well as the copper which has been used to

precipitate the silver. The silver precipitjites or falls to the bottom in a finely divided

or spongy form, and it is commonly thought that the whole of the silver is thrown
down when a portion of the solution is not rendered turbid by a solution of chloride

of sodium ; but in the presence of a strongly acid solution this test is not to be relied

on for minute quantities ; therefore, in some refineries, the solution is allowed to rest

for days together in leaden cisterns in which copper plates are placed, so that by these

means the last traces of silver are obtained.

If tho amount of gold be very minute, the original solution is well stirred and then
allowed to settle for some time ; when finely-divided gold, mechanically mixed with
crystals of sulphate of silver and crystals of sulphate of copper, is found at the bottom.

This deposit is boiled with water, and is then transferred to a vessel in which it is

kept hot, and is brought into contact with suspended copper plates, by which the silver

is rendered metallic, and falling to the bottom of the vessel, mixes with the gold. Tho
mixed precipitate of silver and gold is then dried, melted, and granulated, and treated

with sulphuric acid, as in the process already described. By this extra process the

gold becomes concentrated by the removal of the silver, and is then thrown down in

larger and more easily collected particles. When the gold is finely divided and
precipitates slowly, the following plan is sometimes adopted :—The whole precipitate,

containing finely-divided gold mixed with sulphate of silver, is washed well with
warm water, and left to rest. The sulphate of silver is dissolved, whilst the gold settles

to the bottom of the vessel, but it is still mixed with a minute quantity of sulphate of

silver. It is drained and placed in the retort or boiler of cast iron, and boiled with
sulphuric acid ; this boiling is twice repeated, and at last a very diluted solution of

sulphate of silver is obtained ; but by the boiling the gold has assumed a form which
enables it to precipitate rapidly ; in fact, the flocculent sponge becomes a mass of dense

particles, which fall readily to the bottom, are collected and well washed, to free them
from silver, and are then dried ready for melting.

The solution of sulphate of silver is evaporated in leaden vessels by the agency of

steam, until it becomes saturated, and is then allowed to stand for an hour that all

the gold may separate, and is afterwards drawn off either by a tap placed about half an
inch from the bottom of the vessel, or by a siphon, and is then treated with copper

plates, as already detailed.

In all cases the precipitated spongy silver is carefully washed to free it from sul-

phate of copper, and dried by heat or by hydraulic pressxire ; but if dried by pressure

the masses obtained are found to contain from 8 to 10 percent, of water, and are

therefore dried by a gentle heat to avoid the breaking-up of the masses, from tho

sudden formation of steam, as well as to save the chance of destroying the pot of

Picardy clay in which the silver is melted when it has been dried.

After melting, the silver is found to retain traces of gold, which are so minute as

to be overlooked, since the cost of recovery would exceed the value of the gold to be

recovered ; but the silver is found to be alloyed with from 5 to 6 thousandths of its

weight of copper, which appears to be left in the form of sulphate, notwithstanding

the washings to which the silver has been subjected. It is practically impossible to

wash away the last traces of sulphate of copper. This small amount of copper is of

little importance, since it amounts to but 6 parts of copper alloyed with 995 parts

of silver, yet this may be removed by fusion and treatment with nitrate of potassa.

During the whole process, even if copper be not present in the original mass of

metal to be refined, it is to be observed that copper plates are used for precipitating

the silver ; therefore sulphate of copper is formed in considerable quantities, and as this

salt has a high commercial value as giving tho base for many colours used in painting

and paper-hangings, as well as for agricultural purposes, it becomes desirable to obtain

this salt in a saleable form. Tho solution is therefore evaporated t« a sp. gr. of

1"3804, and allowed to cool, when crystals deposit ; but since sulphate of copper do-

posited from strongly acid solutions is mixed with the anhydrous salt, the whole mass
of CTystals is re-dissolved in warm water, and allowed to stand in leaden vessels about
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(5 It. long, 3 ft. deep, and 3 ft. \vide, that the crystals may deposit slowly, as slow

formation produces large crystals, which are more easily collected. The sulphate of

copper is represented by CuO,SO',5HO (CuSOSSH^O). The mother-liquors are

evaporated and returned to the works, being in fact free sulphuric acid, with a small

amount of sulphate of copper in solution. The parts of the hydraulic presses which

come in contact with the silver at the time of pressing are coated with a compound of

tin and lead, hardened by mixture with antimony. Cast iron is very little attacked by
concentrated sulphuric acid, but it is necessary to avoid wrought iron in any shape, and
copper vessels would of course be rapidly destroyed.

The floors should be covered with lead of tolerable thickness. The melting-pots

used in France are made of Picardy clay, and hold from 2,200 to 2,600 troy ounces of

silver. The pots cost from 4c?. to 6d. each, and if dried and used with care, very

seldom crack or break.

The total cost of refining silver in Paris, inclusive of the loss by melting, is stated

to be 15 centimes for 32 troy ounces ; but it must be understood that the loss of

silver by melting is absolutely very minute, because the flues are swept, and the sweep-

ings so obtained are made to yield the silver which Jias been volatilised, while the

pots, &c., are groimd and made to yield their absorbed silver.

In the event of the mass containing much copper and little silver, it is usual to

granulate the mass and roast the granulated particles to oxidise the copper ; the oxide

of copper is then dissolved out by diluted sulphuric acid, and the remaining mass of

silver, with a smaller amount of copper, is treated in the ordinary way.

If the gold contains platinxim, it is found that it is apt to retain from 4 ta 5 per

cent, of silver, which must be separated by mixing the precipitated gold with about

a fourth of its weight of anhydrous sulphate of soda (which is preferred to sulphate

of potassa, on account of its greater solubility in water), and to moisten this mass
with concentrated sulphuric acid, using about 6 or 7 parts of acid to every 10 parts

of sulphate of soda. The moistened mass is then heated till sulphuric acid ceases to

distil off, and the heat is then raised till the whole mass melts ; and by extracting

the sulphate of silver and sulphate of soda the gold will be found to contain 99-40 per

cent, of gold ; but if the process be repeated, the gold is obtained of a purity of 99-90.

When the silver has been removed, the gold is fused with nitre, which oxidises

and removes the platinum ; but the potash salt formed is found to contain gold, so

that the gold and platinxmi are obtained from the potash salt mixed with fused nitre

by the process of cupellation, for which see Sixvee.—Gr.F.A.

A simple process of refining gold by means of chlorine gas was introduced a few
years ago by Mr. F. B. lililler, of the Sydney branch of the Eoyal Mint. It consists

in passing chlorine through the melted gold, by thrusting into the molten metal a small
clay tube connected with the stoneware yessel in which the chlorine is generated. The
evolved chlorine combines with the silver in the alloy, and the chloride of silver thus

formed floats on the surface of the purified gold. Miller's processs is now extensively

used, and may always be advantageously applied when the proportion of silver in the

gold does not much exceed ten per cent.

The following remarks on the ' Hall-Marking of Gold ' is from the pen of Mr. Wm.
Chaffers, the author of ' Hall-Marks on Plate.'

The guarantee of the quality of gold and silver as stamped by the Government
Assay Offices is a matter of such great importance to the public that any doubt thrown
upon it ought immediately to be thoroughly investigated.

The standard of the precious metals has been insisted on by the laws of the land
for more than 600 years, and the assaying of them was a privilege conferred, as early
as the year 1300, by Edward I., upon the Goldsmiths' Company, who stamped them
with the Leopard's Head, as a sign to the public that a piece of gold or silver was
actually of the quality thereby signified. It was ordained in 1327 that in all cities

and towns in England where goldsmiths reside, one or two of the craft for the rest of
the trade should come to London and have the stamp of a puncheon of a Leopard's
Head marked upon their work, as of ancient time it has been- ordained, and at that
early date it was enjoined that three stamps should be put upon the plate: 1. The
goldsmith's mark who made it. 2. The mark of the assayer (a letter of the alphabet
denoting the year). 3. The mark of the Goldsmiths' Hall (a Leopard's Head crowned).
Another mark of a lion passant, denoting that the piece was standard, was added about
1545. ... In 1423 other towns were privileged to mark plate ; but as many had dis-

continued, another act was passed in 1700, by which York, Exeter, Bristol, Chester,
and Norwich were formally appointed. In 1702 Newcastle was added to the list, and
in 1773 Birmingham and Sheffield were also privileged to assay and stamp silver

plate, each town placing a stamp of their arms for the purpose of identification.

These two standards of plate—gold of 22 carats, and silver of 11 oz. 2 dwts.—or
sterling have remained unchanged, except for a short period of 25 years, when a purer

3 A 2
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quality of gold was introduced called the new standard, but it was found too soft for
general use.

In 1798 a lower standard of gold, consisting of 18 carats pure gold out of the 24,
was allowed by the Act, indiaited by the stamp of a crown and 18 instead of the lion

passant. In 1854 inferior qualities of gold were legalised to be stamped in figures
setting forth the fineness—viz. 15, 12 and 9 carats pure gold out of the 24.

It may be well to state for the information of the public, and to put people on their
guard in purchasing gold—that whether of the best or worst quality, it is still termed
no and sold as warranted gold, although the value ranges from 855. to 305. per oz.

—

that 24-carat, or pure gold, is worth il. 4.«. ll^d. per oz. ; 22-carat, or standard, is

worth 3^ 175. lOhd. per oz. ; 20-carat (Ireland only) is worth 3/. 105. O^d. per oz. ; 18-

carat is worth 3l. Ss. 8^d. per oz. ; 15-carat is worth 21. 135. Id. per oz. ; 12-carat is

worth 21. 2s. 5^d. per oz. ; 9-carat is worth 1^. Il5. lO^d. per oz.

Hence any purchaser may tell by the stamp the intrinsic value of the article offered

for sale, to which must necessarily be added the cost of manufacturing. The marks
thus affixed to the article by the Government Assay Offices afford the surest guarantees,
and have never before been questioned. It is true a slight variation of a few grains
may be detected in assaying a finished piece such as a watch-case, but this arises

from tlie solder employed in putting the object together.

GOIiB ASSATZXrc—This may be conveniently divided into : 1. The assaying
of gold ores ; 2. The assaying of gold alloys.

1. The Assaying of Gold Ores.—a. Quartz and Earthy Substances containing
Gold.—The ore is reduced to fine powder and passed through a sieve of 80 holes to
the linear inch, and any residual gold is carefully collected, rolled up in a convenient
quantity of lead, cupelled (for a description of the process of cupellation and the fur-

nace employed, see Silver), and the resulting button of metal treated in the same
manner as those subsequently obtained from the assay of the sifted portion. The
total weight of the sample is ascertained in order that the proportion of gold and
silver obtained from the residual metal may be calculated. The sifted portion is well
mixed and submitted to assay as follows:—From 500 to 1,000 grs. of the ore are
weighed out and mixed with from 600 to 1,200 grs. of dried carbonate of soda, 500 grs.

of litharge or red lead, and 20 grs. of charcoal-powder. The mixture is placed in a
Cornish or earthen crucible, and then submitted to a gradually increasing heat in an air-

furnace, heated with coke or other suitable fuel, until fusion is completed in from 20
to 30 minutes. Considerable effervescence will occur at the first part of the operation,

from the escape of carbonic acid gas ; when tranquil the crucible is removed from the
furnace and its contents poured into an iron ingot-mould (Jig. 534, Art. Coppbk),
and when cold the slag is detached from the button of lead. The lead is cupelled
(see Silver), and the button of gold and silver weighed in a balance, turning with
Y^th of a grain. After weighing, the button is rolled up along with 2^ times its

weight or less of silver, in from 10 to 50 grains of lead, re-cupelled, and the alloy

obtained flattened out under a hammer, parted, and the gold weighed. After correc-

tion for the silver contained in the litharge or red lead used for the assay, the amount
of silver present is ascertained by deducting the weight of the gold from the weight of
the silver and gold previously found. For fusion, part of the carbonate of soda may be
replaced by calcined borax; the boro-silicates produced being more fusible than silicates.

b. Auriferous Pyrites with or without Vein-Stuff and Earthy Matters.—1,000 grs. of

the finely-powdered ore are to be taken, and calcined in a roasting-dish in a muffle, or

in an earthen crucible, in an open air-furnace. The heat is carefully regulated at

first to prevent softening of the particles or clotting, and the calcination continued,

with frequent stirring, until the smell of sulphurous acid ceases. When cold, the

calcined ore is mixed with about 500 grs. of dried carbonate of soda, from 300 to 400
grs. of calcined borax, 500 grs. of litharge or red lead, and from 30 to 60 grs. of char-

coal-powder, according to the proportion of oxide of iron present. Fusion is conducted
in an earthen crucible, and the assjiy completed as previously described (a). Sand
may be used in place of borax, and is cheaper. When arsenic is present, it is only
partly expelled by calcination. A piece of iron is therefore added during fusion, and
the speiss obtained detached from the button of lead before cupellation. When copper
pyrites is present the addition of more litharge or red lead is required for fusion to

remove the copper during cupellation. In England and Australia the gold and silver

results obtained from the assay are reported to ounces, pennyweights, and grains troy

upon the statute ton of 2,240 lbs.

c. Assay in the ' Washing-bowl* Tin-dish, or other Vessel.—This method is often

resorted to in prospecting at the diggings, and under other circumstances, to ascertain

the approximate quantity of gold (native gold) present in a sample of quartz or other

ore. The ore is finely powdered, and from 1.000 to 7,000 grs. ( = llb. avoid.) are

thrown upon the washing vessel, and thoroughly wetted with water. The muddy
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portion 18 first removed, and the washing repeated with successive portions of water,

and with a shaking motion, which can only be acquired by practice, so as to finally

collect the gold in the lower part of the vessel. When the earthy matters have been

removed, the gold is carefully dried, collected, and weighed, or in some cases mercury

is added to collect the gold, and the amalgam afterwards heated to drive oflf the

mercury, and the residual gold weighed. When pyrites is present, it remains

for the most part with the gold. To separate it, the residue is roasted or calcined,

and the resulting oxides of iron and copper removed by submitting it to a washing

process, vnth or without the addition of mercury.

2. The Assaying of Gold Alloys.—a. Gold-parting,—Bar-gold, and alloys used

for monetaryand other purposes, are assayed by this method. 1 grs., or other convenient

quantity, of the sample is weighed out on a balance turning with 3^06^^ "^ * grain.

To the weighed metal is added 2^ times its weight, or less of silver, and both are

rolled up in 60 grs. or more of lead-foil, according to the quantity of copper present,

and cupelled, in order to alloy the gold with the silver, and remove the copper or

other metallic impurities. When cold the resulting button is removed from the cupel,

cleansed, and flattened out under the hammer, or rolled out into a riband or fillet of

from 2^ to 3 inches in length. The fillet is annealed by heating it to dull redness, and
then rolled up into a loose coil. The coil is transferred to a parting flask, and boiled

for 15 minutes in nitric acid, of specific gravity 1-2 (about 1 part by measure of acid

to 2 of water). The acid is carefully poured off, the cornet washed with warm distilled

water, and then boiled for 20 minutes in nitric acid, of specific gravity 1*3 (about 1

part by measure of acid to 1 of water), a fire-clay pea, or a small piece of well-burnt

charcoal, being placed in the flask to prevent the ebullition taking place irregularly

and with sudden bursts, which would be liable to break the cornet, or eject a portion

of the liquid from the flask. The acid is poured off, the cornet washed with

water, and the clay pea removed. The cornet is transferred to a small clay crucible,

by dexterously inverting the flask previously filled with water. The water is drained

off from the crucible, and the cornet dried, annealed, or heated to dull redness, and
weighed. A very small portion of silver is retained by the gold. In order to

ascertain the amount of error due to the surcharge or the correction for this silver

when several assays are made, a number of proofs or checks are passed through the

process along with the alloys. These proofs consist of weighed portions of pure gold,

to which is added a proportion of copper equal to that estimated to exist in the alloy

to be assayed. The excess of weight finally obtained in these proofs gives the amount
to be deducted. It generally varies from O'l to O'O in 1,000. The amount oi correction

will depend on the weight of alloy submitted to assay, the proportion of silver added,

the care in firing, the strength of the nitric acid used, and the time employed in the
first and second boilings. The cornets are sometimes boiled a third time in nitric

acid. In accurate assaying of gold bullion and other alloys of gold, it is absolutely

necessary that the acids should be pure, and that the silver used is most carefully

freed from the traces of gold which it usually contains.

The last traces of silver may be removed from the cornet by treating it before the

final annealing with fusing bisulphate of potash in a porcelain crucible. When suffi-

ciently cool, the whole is heated with hot water containing a little sulphuric acid, and
the cornet dried and ignited. By this means gold may be obtained of almost absolute

purity, or i§§^, as it is termed. The following results obtained by the late Mr. T. H.
Henry will serve for illustration :—Ten grains of pure gold, alloyed with three times
its weight of silver, cupelled, and boiled with acid at 22° B., and 32° B., once, weighed
10-016. Ten grains of a half-sovereign, with silver, &c., and acid at 22°, and twice
at 32° B., gave 915'4 ; again, 916'6. With acid, as before, and bisulphate of potash,
915-2; again, 915-2.

Pure gold alloyed with copper, to bring it to standard, cupelled -with silver and
lead, and treated -with acids and bisulphate, gave in one case precisely the same as

was taken originally, or i§g§, and in another 999-98.

The assays are reported on 1,000 parts to ^rd of a thousandth. The assays are also

returned on the 24 parts or carats
;
pure gold is said to he fine. Thus—if 18 parts by

weight of gold are obtained from 24 parts of the alloy submitted to assay, it is said to

be 18-carats fine. For jewellers and others the assays are also reported in relation

to British Standard. Standard gold contains 22 parts of gold in 24. If the assay re-

sult of gold is less than this amount it is said to be worse, or if more is said to be better,

than standard. For example, 23 parts in 24 would be reported 1 carat better, or 21
parts woidd be reported 1 carat worse than standard.
Where a number of assays have to be made, a series of flasks are heated simul-

taneously over a number of gas-burners arranged in rows. In order to save time and
to diminish the amount of manipulation, several methods have more recently been de-
vised. At the Sydney Mint each fillet coil is impressed with a number, and 16 of them
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are boiled with acid in one flask. The plan which is now being gonorally adopted,
consists in placing the lillet coils in a series of platinum cups or thimbles, each cup
being provided with several fine slits. These cups are then arranged in rows in a
perforated platinum tray, and the whole placed in a vessel of platinum or other mater-
ial containing nitric acid. After boiling in acid for a given time, the tray is lifted out,

dipped in water, and then transferred to a vessel containing a stronger acid ; after boil-

ing, the tray containing the gold cornets is then removed, washed in water, dried, and
carefully heated in a muffle. The cornets are then removed and weighed.
The platinum cups are made of various sizes, .according to the quantity of alloy

operated on, and the platinum trays constructed to receive from 16 or more of the

cups as may be desired. A tray to hold 49 cups is about 4 inches square, and each cup

fths of an inch in depth and ^ inch in diameter at the top. The use of platinum cups

is a modification of the plan first introduced by Mr. T. H. Henry and Mr. C. Tookey
in 1854. They constructed glass tubes, provided at the lower part with perforated

discs of platinum, and having a rim near the upper end. In the assay process a fiUet

coil was placed in each tube. A number of these tubes were supported by a porcelain

plate having circular holes, the holes and tubes being numbered. Thus arranged, a
number of them could be boiled at one time in a vessel containing nitric acid, and
readily removed for subsequent treatment. The platinum cups and parting apparatus

were first manufactured and introduced by Messrs. Johnson and Matthey.

At the Mint Conference held at Vienna in 1857 the following process was agreed

upon :—Add to 1 part of gold supposed to be present 2^ parts of silver, wrap up in

paper, and introduce into a cupel in which the requisite amount of lead is just fusing.

After cupellation, the button of gold and silver is flattened out by hammering or roll-

ing, then ignited, and rolled into a coil. The coils are then treated, first, with nitric acid

of 1*2 sp. gravity, afterwards with nitric acid of 1*3 sp. gravity, and lastly it is washed
with water, ignited and weighed.

The process recommended in the old French official report is as follows :—Twelve
grains of the gold intended to be assayed must be mixed with thirty grains of fine

silver, and cupelled with 108 grains of lead. The cupellation must be carefully

attended to, and all the imperfect buttons rejected. When the cupellation is ended,

the button must be reduced, by lamination, into a plate of H inch, or rather more,

in length, and four or fiA^e lines in breadth. This must be rolled up upon a quill, and
placed in a matrass capable of holding about three ounces of liquid, when filled up to

its narrow part. Two ounces and a half of very pure aquafortis, of the strength of 20
degrees of Baume's aerometer, must then be poured upon it ; and the matrass being

placed upon hot ashes, or sand, the acid must be kept gently boiling for a quarter of

an hour : the acid must then be cautiously decanted, and an additional quantity of l^

ounce must be poured upon the metal, and slightly boiled for twelve minutes. This

being likewise carefully decanted, the small spiral pieces of metal must be washed with

filtered river-water, or distilled water, by filling the matrass with this fluid. The
vessel is then to be reversed, by applying the extremity of its neck against the bottom

of a crucible of fine earth, the internal surface of which is very smooth. The an-

nealing must now be made, after having separated the portion of water which had
fallen into the crucible ; and lastly, the annealed gold must be weighed. For the

certainty of this operation, two assays must be made in the same manner, together

with a third assay upon gold of twenty-four carats, or upon gold the fineness of which

is perfectly and generally known.
No conclusion must be drawn from this assay, unless the latter gold should prove to

be of the fineness of twenty-four carats exactly, or of its known degree of fineness

;

for, if there be either loss or surplus, it may be inferred that the other two assays,

having undergone the same operation, must be subject to the same error. The opera-

tion being made according to this process by several assayers, all the assayers must

have obtained an uniform result without communication with each other.

M. Vauquelin recommends to boil 60 parts of nitric acid at 22° Baum6, on the spiral

slip, or cornet of gold and silver alloy, for twenty-five minutes, and replace the liquid

afterwards by acid of 32°, which must be boiled on it for eight minutes. This process

is free from uncertainty, when the assay is performed upon an alloy containing a con-

siderable quantity of copper. But this is not the case in assaying finer gold ; for then

a little silver always remains in the gold. The surcharge which occurs hero is 2 or 3

thousandths. M. Claudet recommends the following process :—Ho takes 0*600 of the

fine gold to be assayed ; cupels it with 1*500 of silver and 1-000 of lead ; forms, with

the button from the cupel, a riband or strip three inches long, which ho roU^s into a

cornet. He puts this into a matrass with acid at 22° B., wliich ho boils for 3 or 4

minutes. He replaces this by acid of 32° B., and boils for ten minutes,; then de-

cants off, and boils again with acid of 32°, which must be finally boiled for 8 or 10

minutes. He washes the cornet, and puts it entire into a small cruciblo permeable
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te water ; heats the crucible to dull redness in the muffle, when the gold assumes the

metallic lustre and the cornet becomes solid. It is now taken out of the crucible and
weighed.

When the alloy contains platinum, the assay presents greater difficulties. In general,

to separate with accuracy the platinum from the gold, we must avail ourselves of a

peculiar property of platinum ; when alloyed with silver, it becomes soluble in nitric

acid. Therefore, by a proper quartation of the alloy by cupellation, and boiling the

button with nitric acid, we may get a residuum of pure gold. If we were to treat the

button with sulphuric acid, however, we should dissolve nothing but the silver. The
copper is easily removed by cupellation.

The examination may also be employed for assay purposes to indicate the quantity

of silver necessary for quartation or parting.

b. Silver Farting.—This method is employed for estimating gold in certain varieties

of silver. When an alloy of silver and gold contains about 65 per cent, or more of silver,

the silver may be completely removed by the action of nitric acid. 20 grs. of the

silver are to be weighed out, transferred direct to the parting flask, and boiled in the

first and second nitric acids for about the same time and in the same manner as for

gold parting. The residual gold, which is generally left in the state of fine powder, is

very carefully washed with water., transferred to a crucible, dried, ignited and weighed.

K the silver under examination contains lead, antimony, and other impurities, it is

first cupelled with lead and the button afterwards cleaned, and flattened out, before

submitting it to the parting process.

c. Assay by the Toibchstone or the Touch.—This method is used by jewellers and
others to ascertain the approximate fineness or quality of gold trinkets, &c., and to

prevent fraud. It depends on comparing the colour and other properties of a minute
portion of the metal tested, with those of small bars of alloys, the composition of which
is known. For this purpose we require a Touchstone of a black colour, consisting of

Lydian stone, pottery, or other substance ; and a series of needles or alloys of gold and
copper, gold and silver, or gold silver and copper, &c. Thus the set of gold and copper

needles may consist of pure gold ; 23^ carats of gold with ^ carat of silver ; 23 carats

of gold with 1 carat of silver ; 22^ carats of gold with 1^ carat of silver; and so on,

till the silver amounts to four carats ; after which the addition may proceed by whole
carats. A Test acid, consisting of nitric acid, or of nitric add with about 2 per cent,

of hydrochloric acid, is used. The examination may be made as follows :—First remove
the superficial coating of gold, by rubbing or otherwise. Then compare the streak pro-

duced by rubbing the article upon the touchstone with those produced from the alloys.

When the one is found which most closely corresponds in colour, both streaks are

tested with the acid, and a judgment formed therefrom.

The attentive assayer compares not only the colour of the stroke made upon the

touchstone by the metal under examination with that produced by the needle, but will

likewise attend to the sensation of roughness, dryness, smoothness, or greasiness, which
the texture of the rubbed metal excites when abraded by the stone. When two strokes

perfectly alike in colour are made upon the stone, the test acid will affect them very
differently if they are not of similar compositions. The stone itself may also be made
red-hot by the fire, or by the blowpipe, if thin black pottery be used ; in which case

the phenomena of oxidation will differ according to the nature and quantity of the alloy.

GOXiS, AI.I.Oirs OP. See Alloy.
GOXiX>-il.MA^GA]»X. See Amalgam.
GOIiD-BEATBRS' SBLIzr. This skin is prepared from the external or peritoneal

coat of the caecum or blind gut of neat cattle. The workman separates and turns
over the portion which encircles the junction of this pouch with the rest of the intes-

tines, and draws it off inverted from the other coats to the length of 25 or 30 inches.

It is then immersed a short time in a weak solution of potash, and is cleaned by
straying upon a board with a knife. When thus well cleaned, and by soaking in

water, the piece is stretched upon a kind of frame from 40 to 50 inches in length and
1 1 inches wide, and made up of two uprights held together by two cross-pieces having
longitudinal grooves two and a half lines in width. The surface of the membrane,
which was outside in the animal, is placed in contact with the upper part of the
frame ; it is stretched in every direction, and is glued to its rim. Another membrane
is then stretched above the first, with its external surface placed upwards, and is at-

tached to it by glueing around the edges. When dry, the membranes are separated by
running a sharp knife along the grooves. Each strip is then glued upon a frame
similar to the first one, but without a groove^ and is washed over with a solution com-
posed of alum, 1 ounce ; water, 2 quarts.
When the surface is dried, a sponge dipped in a concentrated solution of fish-glue

in white wine, rendered aromatic by cloves, nutmegs, or camphor, is passed over it.

When this coating is dried, it is covered with a coat of white of eggs, and the strip is
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cut in pieces 5^ inches square, which are then smoothed out under a press, and made
up into leaves.

A body is given to the pieces of gut ; that is, they are moistened with an infusion

of cinnamon, nutmeg, and other warm and aromatic ingredients, in order to preserve

them : an operation repeated after they have been dried in the air. When the leaves

of skin are dry, they are put in a press, and are ready for use. After the parchment,
vellum, and gut-membrane have been a good deal hammered, they become unfit for work,
till they are restored to proper flexibility, by being placed, leaf by leaf, between leaves

of white paper, moistened sometimes with vinegar, at others with white wine. They are

left in this condition for three or four hours, under compression ofa plank loaded with
weights. When they have imbibed the proper humidity, they are put between leaves

of parchment 12 inches square, and beat in that situation for a whole day. They are

then rubbed over with fine calcined gypsum, as the vellum was originally. The gut-

skin is apt to contract damp in standing, and is therefore dried before being used.

GOZiB-BEATnrc This is the art of reducing gold to extremely thin leaves, by
beating with a hammer. The processes employed for this purpose may be applied to

other metals, as silver, platinum, and copper. The Romans used to gild the ceilings

and walls of their apartments ; and Pliny tells us, that from an ounce of gold forming
a plate of 4 fingers square, about 600 leaves ofthe same area were hammered. At the

present day, a piece of gold is extended so as to cover a space of 661,590 times greater

than its primary surface when cast.

The gold employed in this art ought to be of the finest standard. Alloy hardens

gold and renders it less malleable ; so that the fraudulent tradesman who should

attempt to debase the gold would expose himself to much greater loss in the operations

than he could derive of profit from the alloy.

The average thickness of common gold-leaf is oh^^oo ^^ ^^ i^^^*

Four principal operations constitute the art of gold-beating:—1. The casting of the

gold ingots. 3. The lamination. 2. The hammering. 4. The beating.

1. The casting.—The gold is melted in a crucible along with a little borax. When
it has become liquid enough, it is poured out into an ingot-mould previously heated,

and greased on the inside. The ingot is taken out and annealed in hot ashes, which both

soften it and free it from grease, The moulds are made of cast iron, with a somewhat
concave internal surface, to compensate for the greater contraction of the central parts

of the metal in cooling than the edges. The ingots weigh about 2 ounces each, and
are | of an inch broad.

2. The forging.—^When the ingot is cold, the French gold-beaters hammer it out on
a mass of steel 4 inches long, and 3 broad. The hammer for this purpose is called the

forging hammer. It weighs about 3 pounds, with a head at one end and a wedge at

the other, the head presenting a square face of 11^ inch. Its handle is 6 inches long.

The workman reduces the ingot to the thickness of Jth of an inch at most ; and during

this operation he anneals it whenever its substance becomes hard and apt to crack.

The English gold-beaters omit this process of hammering.
3. The lamination.—The rollers employed for this purpose should be of a most per-

fectly cylindrical figure, a polished surface, and so powerful as not to bend or yield in

the operation. The ultimate excellence of the gold-leaf depends very much on the pre-

cision with which the riband is extended in the rolling press. The gold-beater desires

to h«ave a riband of such thinness that a square inch of it will weigh 6 J grains. Fre-

quent annealings are requisite during the lamination.

4. Beating.—The riband of gold being thus prepared uniform, the gold-beater cuts

it with shears into small squares of an inch each, having previously divided it with

compasses, so that the pieces may be of as equal weight as possible. The squares are

piled over each other in parcels of 150, with a piece of fine calf-skin vellum inter-

spersed between each, and about twenty extra vellums at the top and bottom. These
vellum leaves are about 4 inches square, on whose centre lie the gold laminae, each of

an inch square. This packet is kept together by being thrust into a case of strong parch-

ment open at the ends, so as to form a belt or band, whoso open sides are covered

in by a second case drawn over the packet at right angles to the first. Thus the

packet becomes sufficiently compact to bear beating with a hammer of 15 or 16 pounds

weight, having a circular face nearly four inches in diameter, and somewhat convex,

whereby it strikes the centre of the packet most forcibly, and- thus squeezes out the

plates laterally.

The beating is performed on a very strong bench or stool, framed to receive a heavy
block of marble, about 9 inches square on the surface, enclosed upon every side by

wood-work, except the front, where a leather apron is attached which the workman lays

before him to preserve any fragments of gold that may fall out of the packet. The
hammer is short-handled, and is managed by the workman with one hand ; who strikes

fairly on the middle of the packet, frequently turning it over to boat both sides alike

;
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a feat dextrously done in the interval of two strokes, so as not to lose a blow. The
packet is occasionally bent or rolled between the hands to loosen tlie leaves and secure

the ready extension of the gold ; or it is taken to pieces to finish the gold, and to

shift the central leaves to the outside, and wee ver*^, that everything may be equalised.

Whenever the gold plates have extended under this treatment to nearly the size of the

vellum, they are removed from the packet, and cut into four equal squares by a knife.

They are thus reduced to nearly the same size as at first, and are again made up into

packets, and enclosed as before, with this difference, that skins prepared from ox-gut
are now interposed between each gold-leaf, instead of vellum. The second course of

beating is performed with a smaller hammer, about 10 pounds in weight, and is con-

tinued till the leaves are extended to the size of the skins. During this period, the
packet must be often folded, to render the gold as loose as possible between the mem-
branes ; otherwise the leaves are easily chafed and broken. They are once more
spread on a cushion, and subdivided into four square pieces by means of two pieces of
cane cut to very sharp edges, and fixed down transversely on a board. This rectan-

gular cross being applied on each leaf, with slight pressure, divides it into four equal

portions. These are next made up into a third packet of convenient thickness, and
finally hammered out to the area of fine gold-leaf, whose average size is from 3 to 3^
inches square. The leaves will now have obtained an area 192 times greater than the

plates before the hammering began. As these were originally an inch square, and 75
of them weighed an ounce ( = 6^x75 = 487^), the surface of the finished leaves

will be 192 X 75 = 14,400 square inches, or 100 square feet per ounce troy. This is

by no means the ultimate degree of attenuation, for an ounce may be hammered so

as to cover 160 square feet ; but the waste incident in this case, from the number of

broken leaves, and the increase and nicety of the labour, make this an unprofitable

refinement ; while the gilder finds such thin leaves make less durable and satisfactory

work.
The finished leaves of gold are put up in small books made of single leaves of soft

paper, rubbed over with red chalk to prevent adhesion between them. Before putting
the leaves in these books, however, they are lifted one by one ^vith a delicate pair of
pincers out of the finishing packet, and spread out on a leather cushion by blowing
them fiat down. They are then cut to one size by a sharp-edged square moulding of

cane, glued on a flat board. When this square-framed edge is pressed upon the gold,

it cuts it to the desired size and shape. Each book commonly contains 25 gold-

We must now describe some peculiarities of the French practice of gold-beating. The
workman cuts the laminated ribands of an inch broad into portions an inch and a half
long. These are called quartiers. He takes 24 of them, which he places exactly over
each other, so as to form a thickness of about an inch, the riband being i of a line, or

g^th of an inch thick ; and he beats them together on a steel slab with the round face

(panne) of the hammer, so as to stretch them truly out into the square form. He be-

gins by extending the substance towards the edges, thereafter advancing towards the
middle ; he then does as much on the other side, and finally hammers the centre. By
repeating this mode of beating as often as necessary, he reduces at once all the quartiers

(squares) of the same packet, till none of them is thicker than a leaf of grey paper, and
of the size of a square of 2 inches each side.

When the quartiers are brought to this state, the workman takes 56 of them, which
he piles over each other, and with which he forms the first packet {caucher) in the
manner already described ; only two leaves of vellum are interposed between each gold-

leaf. The empty leaves of vellum at the top and bottom of the packet are called

emplures. They are 4 inches square, as well as the parchment pieces.

The packet thus prepared forms a rectangular parallelopiped ; it is inclosed in two
sheaths, composed each of several leaves of parchment applied to each, and glued at
the two sides, forming a bag open at either end.
The block of black marble is a foot square at top, and 18 inches deep, and is framed

as above described. The hammer used for beating the first packet is called the flat,

or the enlarging hammer ; its head is round, about 5 inches in diameter, and very
slightly convex. It is 6 inches high, and tapers gradually from its head to the other
extremity, which gives it the form of a hexagonal truncated pyramid. It weighs 14
or 15 pounds.

The French gold-beaters employ besides this hammer, three others of the same
form ; namely, 1. The commencing hammer, which weighs 6 or 7 pounds, has a head
4 inches in diameter, and is more convex than the former. 2. Tbe spreading hammer,
{marteau a chasser) ; its head is two inches diameter, more convex than the last, and
weighs only 4 or 5 pounds. 3. The finishing hammer ; it weighs 12 or 13 pounds, has
a head four inches diameter, and is the most convex of all.

The beating processes do not differ essentially from the English described above.
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. OOIiB, CBIiORZBE OF. Trichloride of gold. This salt is formed when gold
is dissolved in nitro-muriatic acid. It is much used in photography.
GOXiB COXXTiLGZ:. Tho current gold coins of the United Kingdom are the

soveroirrn and the half-sovereign. See Mint; Sovereign.
GOXiB IiACE. Gilt silver wire, woven into a lace.

GOXtB-IiEAF. See Gold-Beaxinq.
GOXiB, IMCAXriirHEZlVE. A brass composed of from 3 to 4 ounces of zinc to 1

pound of copper. See Brass.
GOXiD, MOSAIC. A brass of very fine colour used in common jewellery.

Hamilton and Parker's patent Mosaic gold consists of 16^- ounces of zinc to 16 ounces
of copper. It is of a dark colour when first cast, but on dipping assumes a beautiful

golden tint. The patentees say, ' when cooled and broken, all yellowness must cease,

and the tinge vary from reddish fawn or salmon colour, to a light purple or lilac, and
from that to whiteness.' See Brass ; Alloys.

GOXiD-PITRPXiX:. See Purple of Cassius.

GOIiB, SAXiTS or. The bromide, cyanide, iodide, phosphide, sulphide, and
some other salts of gold which are rarely used in the arts, are fully described in

Watts's ' Dictionary of Chemistry.'

GOKB OP PliEASXTRE. A plant cultivated on the Continent for its seeds,

which yield a fine oil, while its fibres can be employed in the manufacture of sail-cloth,

packing, and other coarse articles. It is the Cainelina sativa of botanists. It has not

attracted much attention in this country.

GOXiB TBREAB, or spun gold, is a flatted silver-gilt wire, wrapped or laid

over a thread of yellow silk by twisting with a wheel or iron bobbins. By the aid of

a mechanism like the braiding machine, a number of threads may thus be twisted at

once by one master wheel. The principal nicety consists in so regulating the move-
ments that the successive volutions of the flatted wire on each thread may just touch

one another, and forms a continuous covering. The French silver for gilding is said

to be alloyed with 5 or 6 pennyweights, and ours with 12 pennyweights, of copper in

the pound troy. The gold is applied in leaves of greater or less thickness, according

to the quality of the gilt wire. The smallest proportion formerly allowed in this

country by Act of Parliament was 100 grains of gold to one pound, or 5,760 grains of

silver ; but more or less may now be used. The silver rod is incased in the gold-leaf,

and the compound cylinder is then drawn into round wire down to a certiiin size,

which is afterwards flatted in a rolling mill, such as is described under Mint.
The liquor employed by goldsmiths to bring out a rich colour on the surface of

their trinkets is made by dissolving 1 part of sea-salt, 1 part of alum, 2 parts of nitre,

in 3 or 4 of water. The pickle or sauce, as it is called, takes up not only the copper

alloy, but a notable quantity of gold ; the total amount of which in the Austrian

Empire has been estimated annually at 47,000 francs. To recover this gold the liquor

is diluted with at least twice its bulk of boiling water, and a solution of very pure

green sulphate of iron is poured into it. The precipitate of gold is washed upon a
filter, dried, and purified by melting in a crucible along with a mixture of equal parts

of nitre and borax.

GOIiB-THREAB. The bitter root of the Coptis trifoliata, used in North
America as a tonic.

GOIiB "WIRE is formed by drawing a cylindrical rod of the metal, as pure as may
be, through a series of holes punched in an iron plate, diminishing progressively in

size. The gold, as it is drawn through, becomes hardened by the operation, and re-

quires frequent annealing.

GOlBEZr MARCASZTE. A name given at one time to the metal zinc.

Albertufl Magnus calls it Marchasita aurea. ' This was properly a stone, the metallic

particles of which were so entirely sublimated by fire, that nothing but useless ashes

remained behind. It contained fiied quicksilver, communicated a colour to metals, on
which account it was well known to the alchemists, burned in the fire, and was at

length entirely consumed. It was found in various parts, but that at Goslar was the

best, because the copper it contained seemed to have in it a mixture of gold. To give

this copper, however, a still greater resemblance to gold, some tin was added to it, by

which means it became more brittle. This marchasita also rendered copper white as

silver. Thus far Albertus. It obtained without doubt the name of Marchadta aurea

because zinc communicates a yellow colour to copper ; and for the same reason the

Greeks and the Arabians called Cadmia golden, or aurca^—Beckmann.
GOIiBElU SUIiPHURET OF AZTTZMOIinr. Stibium Sidphuraium Auran-

ticiira. The pentasulphide of antimony, a golden yellow powder, its formula being

SbS* (Sb^S*). See Antimony.
GOWG-GOXTG, or Tam-tam of the Chinese. A kind of cymbal made of a copper-

alloy. See Copper,
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QQNZOIVXSTER. An instrument employed to measure the angles of crystals.

The most perfect instrument is the reflecting goniometer of Wollaston. The angle of

the crystal is measured by determining through what angular space the crystal must

iDe turned so that two rays reflected from two surfaces successively shall have the same

direction. A simpler form of the instrument consists merely of a semicircular gradu-

ated scale of degrees with a moveable and a fixed radius. It is a most important in-

strument to the scientific mineralogist.

GOOSSBERRT. The fruit of the Ribes grossvlaria, a plant belonging to the

natural order Rihesiacea or Grossulariacees.

GOOSEBERRir-GARia'BT. A name for Grossularia. See Gabnbt.
GOSl^ARZTE. Native hydrous sulphate of zinc, named from its occurrence in

the Rammelsberg mine, near Goslar, in the Hartz.

GOSSAN*, a Cornish mining term. An oxide of iron, mixed with other matters.

Gossans are found on the upper portions of lodes, and according to their characters

are regarded by the miners as favourable or unfavourable indications. The gossans

are probably the result of the slow decomposition of the sulphate of iron from the

fluid in which the metalliferous matter, deposited in the lode, has been precipitated,

or of the sulphides which may have been previously formed. The gossans are fre-

quently very rich in silver, and sometimes they contain gold.

GOSSVPItTM. The cotton-tree. See Cotton.
GOI7Z.ARI> IiOTZOXr or 'WATZ;R. A solution of the acetate of lead. See

Lead, Acetate of.

GOURDS. The hard integument of the fruit of several species of cucurbitaceous

plants, used in the East for vessels, musical instruments, &c. See Caxabash.
GOVERXrOR. A mechanical arrangement, usually attributed to Watt, for regu-

lating the motion of a steam-engine.

GRADUATOR. A vessel employed in vinegar-manufacture. See Acetic
Acid.

GRAIliirs OP PARADISE. The fruit of several zingiberaceous plants ; some-

times it is called Mallaguetta pepper. Pereira distinguishes between the two ; but it

appears that they commonly pass for the same in commerce. Grains of paradise are

imported in casks, barrels, and puncheons from the coast of Guinea. They are used

to give a factitious strength and pungency to beer and cordials.

By 56 Geo. III. c. 58, no brewer or dealer in beer shall have in his possession or

use grains of paradise, under .a penalty of 200^. for each offence: and no druggist shall

sell it to a brewer under a penalty of 500^. for each offence.

GRAXXr TZXr. The purest kind of metallic tin. See Tin.

GRAIMCnCATZTE. A variety of Tremolite. See Hornblende.
GRASrZTE, in the common and original acceptation of the term, denotes a rock,

composed of felspar, quartz, and mica. It oftentimes contains, in addition to these,

some other minerals.

These component minerals of granite, both essential and accidental, are united

together by a confused crystallisation, not only mutually penetrating and interfering

with each other, but sometimes the small crystals of one are completely enveloped in

the large crystals of a different kind of mineral, and it is a very common occurrence

for one or even more of these minerals to be developed in large crystals, in a granular

basis of the whole, so as to constitute a porphyritic granite. This character is gene"

rally imparted by the felspar, and rarely by the quartz or mica.

—

Boose.

The chemical composition of ordinary granite is generally as follows :

—

Silica 72-3

Alumina ...... 15"3

Alkalis . . . . . . .7-4
Lime, magnesia and iron . . . .50

This rock consists generally of about 40 per cent, of felspar, 30 or 40 per cent, of
quartz, and from 10 to 20 per cent, of mica.

The granites of Cornwall and Devonshire have been long celebrated for their ex-

ceeding durability. Sir Henry de la Beche thus describes the situation of the work-
able granites :

—

' There is much good granite on Dartmoor, though it is not always sufficiently

accessible to be carried long distances : the chief places where it is worked in large

quantities and afterwards exported are, Hey or High Tor on the east, and near King
Tor on the west. The granite from the former place is conveyed by a tram-road to

the Stover canal, down which it is carried in boats, and afterwards down the Teign
to Teignmouth, to be shipped for its destination. That from the west side of the
moor is conveyed by the Prince's Town and Plymouth tram-road to the latter place

and shipped, . •



• The continuation of the Hingston Down granite is worked up the Tamar near

New Bridge and exported from Morwellham. A very hard yariety is obtained upon
the higher part of the Down, and has been employed advantageously for pavements.

. . . The chief quarries in the eastern or hard part of the Hensborough mass of

granite are those of (the late) Mr. Austin Treffry, up the Par Valley, commonly known
as Lostwithiel granite. Extensive quarries are there worked, and the stone is brought
to the head of the canal near Pons-mill, upon which it is conveyed to Par harbour,

and there shipped. . . . The Carn Menelez mass has furnished the granite most com-
monly known as Cornish. It is nearly altogether shipped at Penryn, where it is

brought variable distances from different quarries in the vicinity, many situated in the

parish of Mabe ;
'—also in Constantine, Budock, and Stithians.

Since the above report was -wTitton, the quarries at Cheeswring near Liskeard have
been opened, and stone of a beautiful quality is raised and exported in large quantities.

The Lamoma quarries have also been worked ; the stone obtained from them is of

excellent quality, and it can be obtained of almost any size.

The following great works, amongst many others, have been constructed entirely, or

in part, of Cornish granites. The Penryn and Lamorna granites have supplied Port-

land Breakwater ; Keyham Docks for the Steam Navy ; Commercial Docks, London

;

the Hull, Great Western, and Birkenhead Docks, and the National Works at Chatham
and Portsmouth, together with the Scutari Monument. The plinth for the railings of

the British Museum was from the Carnsew quarries, and the towers, including the

lodge, for gates, &c., from Constantine. From Lamorna blocks of 12 feet square are

readily obtained ; these quarries produce about 60,000 feet per annum ; some stones

have been raised 25 feet in length and 11 feet in diameter.

The Wellington Memorial, erected at Strathfieldsaye, from the design of the Baron
Marochetti, is constructed of granite entirely from the Constantine quarries. This
monument contains stones of unusual character, the die being a single stone 9 ft.

6 in. high and 7 ft. square, weighing nearly 40 tons. The shaft of the column is 30 ft.

in height in one stone, and some of the mouldings are in stones of nearly 1 1 ft. square.

The whole of the surfaces above the plinth are finely polished, and have all the ap-

pearance of being carved from a single block.

The Cheeswring granite has been used in the London Docks, Westminster Bridge,

the Thames Embankment, Eochester Bridge, the Docks at Copenhagen, the Great
Basses Lighthouse near the island of Ceylon, and for the Tomb of the Duke of Welling-

ton in the crypt of St. Paul's Cathedral. These quarries produce from 8,000 to 10,000

tons of stone per annum, and about a similar quantity is annually shipped from the

quarries near Par.

The granites of Scotland are chiefly produced from the county of Aberdeen.
The granite of Aberdeen, especially from the quarries of Dancing Cairn, Kubislaw,

and Tyrebagger, is much used in the metropolis for kerb and paving stones ; some
red granite is also quarried. Around Peterhead the red granite prevails, hence it is

usually distinguished as the Teterhead granite. The principal quarries are those of

Black Hill, four miles west of Peterhead, belonging to the Governors of the Merchant
Maiden Hospital of Edinburgh ; those on the estates of the Earl of Errol—at Bod-
dam, at Longhaven, at Cairngall, and at Kova. The Sheerness Docks were built

mostly with stone from these quarries. The Stirling Hill quarries, at Boddam, fur-

nished the pillar of the Duke of York's Monument ; the Seafield quarries the abacus.

The beautiful pillars in the library of the British Museum were obtained from Long-
haven ; the cost for transport, at the time they were worked, being something almost

fabulous, so great were the difficulties attending their removal. The pillars in Pish-

mongers' Hall are from the Stirling quarries, as are also the bases of the monuments
of Pitt and Fox ; and the polished pillars of the Carlton Club House, in Pall Mall,

are from the quarries near Peterhead.

Granite of excellent quality is obtained in Argyleshire, especially in the island of

Mull, where it may be obtained in blocks of enormous size. The quarries are situated

on the west side of the island ; a fine pink granite being worked at North Bay, and
a dark red variety at Tormor. The Mull granites are especially adapted, by their

beauty of colour and uniformity of grain, for purposes of ornament ; and have been

largely employed in the construction of the Albert Memorial, recently erected in Hyde
Park,

Granite is also worked to a limited extent in several of the islands round our coast.

In the Isle of Man, the grey granite of South Barrule forms a gigantic boss pene-

trating the surrounding schistose rocks, and furnishing a stone worked for local con-

sumption ; in Lundy Island, which consists almost entirely of granite, quarries hava
recently been opened ; and in the Channel Islands, certain syenitic varieties have long

been worked, and are largely employed as London road-metal.

The granites of Jrcland.^ThQ most extensive granite district in Ireland Btretchei



GRANITE 733

sonth from Dublin, through the counties of Wicklow and Carlcw into Kilkenny ; it

occurs on the south-eastern coast of Down, and around Newiy ; the range of the

Mourne mountains is granite, which again appears in small and isolated protrusions

in Derry and Tyrone, and in Cavan. In the western portion of Donegal there is a

large extent of this rock, which here partakes of a gneissose character ; and again, in

the west of Galway, granite covers a considerable area. The granite of the "Wicklow

range is the most extensively used. It varies in its quality, that near Kingston being

coarse and hard, while that from Ballyknocken, or Golden Hill, is much finer, and

therefore fitted for ornamental work. The granite of Down is of a darker colour and

finely crystallised. It is extensively quarried at Newry, and sent by water to the

north of Ireland.

The Galway granite is of a reddish colour, containing large crystals of flesh-red

felspar. That of Mayo is of a dark bluish grey colour, while that of Tyrone is

reddish.

The Irish granite averages 170 lbs. per cubic foot, its extreme weights being 143 lbs.

and 176 lbs. After 88 hours' immersion in water, it was found that a cubic foot of

the granite of Newry and Kingston absorbed about ^ lb., that of Carlow nearly 2 lbs.,

and the granite of Donegal 4 lbs. of that fluid. These facts are important in con-

nection with the use of these rocks for building purposes.— Wilkinson's Practical

Geology and Ancient Architecture of Ireland.—Sir B. Kane's Industrial Resources of

Ireland.—HulVs Building and Ornamental Stones.

Granite is worked to a small extent at Sliap Fell in "Westmoreland, and at Mount
Sorrell in Leicestershire. The rocks worked as and called the Grooby granite may
perhaps more properly be termed Syenites, in some cases assuming the character of a
syenitic granite, in others of a syenitic greenstone. These are worked extensively for
• pitching' and for macadamising roads.

Until recently it was an opinion almost universal among geologists that granite

had been formed by igneous fusion, and had solidified from a molten condition, under
enormous pressure ; the theory being supported partly by the crystalline and un-
Btratified character of the rock, but chiefly by the fact that almost every large mass
of granite gives off nxmierous ramifications or veins which penetrate the sxirrounding

rocks, and which appear to have been formed by injection of the molten granite into

neighbouring fissures. Evidence has, however, accumulated during the last few years

tending to modify this theory very materially. Thus, it has been found that the

specific gravity of quartz which has undergone fusion is never higher than 2-3, whilst

that of the quartz in granite reaches 2'6 ; but it should be remembered that the

pressure under which granite has evidently been formed must, as Dr. Haughton has
pointed out, tend to increase the density of the silica. Again, many minerals occur-

ring in granite, either as essential or as accessory constituents, are such as could not
have existed at a high temperature ; some of them, indeed, containing a notable pro-

portion of water. Many of these minerals, moreover, are so highly basic that it is

difficult to understand how they could have been fused in the presence of free quartz
without entering into chemical combination with the silica. Finally, the constituent

minerals of granite have, in most cases, not solidified in the order of their relative

infusibility ; the quartz, which is the most infusible, having evidently solidified last,

since it commonly bears the impress of the felspar crystals.

Much light has also been thrown upon the probable origin of granite by the
researches of Mr. H. C. Sorby on the microscopical structure of crystals : a subject

which has been followed up by Dr. Zirkel and other observers. The crystals of many
minerals contain cavities partially filled with liquid, which has evidently been caught
up and mechanically enclosed during the formation of the crystal : a phenomenon
frequently witnessed in the crj'stallisation of artificial salts in the laboratory. From
the nature of their formation, it is evident that such cavities must be entirely filled with
liquid at the temperature at which they have been formed ; any vacuities that after-

wards appear being due to subsequent contraction, resulting usually from a reduction

of temperature. If the crystal, therefore, be exposed to heat until the liquid, by its

expansion, entirely fills the cavity, the temperature at which the crystal was originally

formed will be at once indicated. Such results will, however, require considerable
modification if the mineral should have been formed under the effects of great pressure,

as was certainly the case with granite. As crystals deposited from aqueous solution
contain ^M«^-cavities, so those obtained by sublimation enclose bubbles of vapour,
giving rise to gas- or vapowr-cavities ; whilst substances solidifying from fusion, such
as glass or slag, contain portions of solid matter, in what are termed glass- or
«<o««-cavities, according to the nature of the enclosed solid. Now, when the con-
stituent minerals of granite are subjected to microscopical examination, they exhibit
numerous cavities, of which some contain liquids, others enclose solids, and a few
merely vapour. These cavities are most abundant in the quartz, some varieties of
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which contain more than a thousand millions to the cubic inch. Since the presence'

of fluid-cavities indicates foraiation by the wet way, whilst stone-cavities point to

fusion, and gas-cavities to sublimation, the co-existence of all these varieties in

granite leads Mr. Sorby to believe that this rock has been formed under highly com-
plex physical conditions, ' combining at once both igneous fusion, aqueous solution,

and gaseous sublimation. The proof of the operation of water is quite as strong as
that of heat.'

GRAlffXTZTS. A granite, containing oligoclase, orthoclase, quartz, and a mag-
nesian mica.

GRAHrxriiATIOir is the process by which metals are reduced to minute grains.

It is efiected by pouring them, in a melted state, through an iron cullender, pierced
with small holes, into a body of water ; or directly upon a bundle of twigs immersed
in wat«r. In this way copper is granulated into bean-shot, and silver-alloys are
granulated preparatory to refining. It has recently been proposed to granulate pig-

iron before introducing it into Danks's rotatory puddling-fumace.

GRAPES. The fruit of the grape-vine (Fe^is vm?/era). They are largely used
as fruit, both fresh and dried ; forming, in the latter case, raisins and currants. The
juice of the grape yields wine, brandy, wine-vinegar, &c. The residue of the expres-

sion of the juice is known as marc, and is used in the preparation of verdigris, or

acetate of copper. Oil is prepared from the seed of the grape, whilst the lees are

burnt for the sake of the potash they contain.

CRAPE STTGAR. A sugar so called from its being produced in the grape ; but
it also occurs in many other fruits, and it forms the crystalline portion of honey. A
great quantity of grape-sugar is now prepared from starch. The formula of grape-

sugar is C'2fl»20'2. 2H0 (C«H'20«. H^O).
GRAPHIC GRAirZTE. A peculiar form of granite, in which some of the

crystalline constituents are so disposed in the matrix as to suggest a resemblance to

some forms of oriental characters.

GRAPHIC TEIiXiURIirXMC. A name applied to sylvanite, in allusion to the

curious forms in which its crystals are generally arranged. See Sylvakite.
GRAPHITE, Plumbago, or Black-lead. {Plombagine, Ft. ; Reissblei, Ger.) A

mineral substance of a lead or iron-grey colour, a metallic lustre, soft to the touch,

and staining the fingers with a lead-grey hue. H = 1 to 2. Specific gravity, 2-08

to 2*45. It is easily scratched or cut, and affords a black streak, displaying the

metallic lustre in its interior. B.B. infusible both alone and with reagents ; but
burns with great difficulty in the outward flame without flame or smoke, generally

leaving a residue of oxide of iron. It consists of carbon in a peculiar state of

aggregation, with an extremely minute and apparently accidental impregnation of

iron. Graphite occurs in gneiss, mica slate, and their subordinate clay-slates and
limestones, in the form of masses, veins, and kidney-shaped disseminated pieces.

It has been found also among the coal-strata, as near Cumnock in Ayrshire. This

substance is employed for counteracting friction between rubbing surfaces of wood or

metal, for making crucibles and portable furnaces, for giving a gloss to the surface

of cast iron, &c.

The following report of the late Von Haidinger and others, of Vienna, on the origin

of graphite, contains much that is valuable.

Iron, after long remaining buried in the earth, at last entirely decomposes, leaving

a black, porous, eminently combustible residuum, known as graphite or pure carbon.

Haidinger's report on the ferruginous masses of Kokitzau and Gotta, near Dresden,

masses of uncertain origin, lends support to this general fact.

One word on the formation, still so little known, of graphite. The presence of

graphite in granite, gneiss, and diorite, has renewed the disputes between the Nep-
tunists and Plutonists. Graphite is Avell known to be nearly pure carbon, for it leaves

in burning but a very small quantity of ash. Now. if these primitive crystalline rocks

are of igneous formation, it is impossible to explain how graphite could co-exist wit^i

silicates of protoxide of iron without having reduced these salts. Judging merely by
what takes place in blast-furnaces, carbon reduces all oxides of iron at a high tem-

perature. It must, then, be admitted that granite, gneiss, and diorite did not contain

graphite when the mineral elements of these rocks, such as mica, hornblende, and other

ferrous silicates, were in a state of fusion. Graphite, then, must have been subse-

quently introduced into these rocks, but when and how? Questions such as these are

very difficult to answer satisfactorily. The most plausible hypothesis is that graphite

has been introduced by the wet way into the crystalline rocks, and substituted for

one of the mineral components. Thus in the gneiss of Passau (Bavaria) it takestluj

place of mica.

Graphite is frequently to be mot with in granular limestone, a fact particularly

interesting to geologists. Is limestone a product of eruption, or is it a sediment
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transformed by the action of heat ? The presence of graphite is explicable by neither

hypothesis. For, at a certain temperature, which need not be very high, carbon

decomposes carbonate of lime. This salt may, no doubt, under strong pressure, be

heated to the melting-point without losing its carbonic acid ; this is a laboratory

experiment often cited by the Plutonists. But it is quite a different thing with a

mixture of carbon and carbonate of lime at a high temperature. If we reject the

Neptunian origin of granulated limestone, we must then, as with crystalline rocks,

suppose that graphite has been introduced by the wet way at a more recent period.

The same remark applies to magnetic pyrites (sulphide of iron), often very rich in

plumbago kerns.

Does graphite, like all carbon, belong to the organic kingdom ? It is certain that

anthracite, lignite, and coal are the result of a slow decomposition of an enormous
quantity of vegetables, the impressions found on them often indicate the kind of

vegetables, most of them extinct, which have contributed to these carbonaceous for-

mations. Graphite, if not formed in precisely the same way as coal and anthracite,

nevertheless bears signs of an organic origin. The formation of nuclei and veins of

graphite in crystalline rocks is sufficiently explained by the decomposition of car-

buretted hydrogen gas at a high temperature ; this gas, disengaged from organic

matters, and penetrating the fissures of the burning rock, would undergo decomposition

into hydrogen and carbon.

It is this deposited carbon which forms graphite. If in our laboratories we do not

obtain exactly the same product, it must be remembered that Nature has means at her

command which escape our researches. "We find it impossible to make coal from
wood. The wood may be carbonised by the dry or by the wet way. In the first

case the carbonisation is very rapid ; in the latter it is extremely slow, as is shown
by the blackened points of piling sunk in water.

Finally, graphite has been found in meteorites and aerolites. Attempts have been
made to explain its presence here by the continuance of these stones in soil more or

less rich in carbonised principles. But with regard to newly-fallen stones, this ex-

planation is inadmissible. If it be maintained that graphite is an organic product,

it must be admitted that in the case of newly-fallen meteorites it can proceed only

from organic matters belonging to another world than our own.
In his report on Alibert graphite, M. Dumas presents some considerations on the

probable origin of graphite and of the diamond. M. Despretz and others ascribe to

fire the change of carbon into diamond. Newton ascribed it to the coagulation of a
fatty or oily body ; Liebig says the diamond is slowly formed by processes which
determine the prolonged putrefaction of a liquid body rich in carbon and in water

;

then, contrary to M. Despretz's method, a high temperature would be unfavourable
to a successful attempt. Adopting Newton's hypothesis, M. Goppert states, in a
• Memoir on the solid bodies entering into the composition of the diamond, and con-

sidered with regard to their organic or inorganic origin,' that he is disposed to class

the diamond among the produce of the decomposition of organic matters. All these

hypotheses M. Dumas rejects ; according to him the diamond is crystallised carbon,

at the moment of its production, and in the midst of a mass which has been exposed
merely to the heat necessary to soften it, provided this condition is sufficiently pro-
longed.

Finally, M. Dumas frankly admits that nothing positive is known as to the true
origin of the diamond, though the substance most allied to it, silicium, is perfectly

known, and very beautiful crystals of it are obtained.

However, it is positively ascertained that the diamond and graphite have not the
same origin, and that the residue of every carboniferous substance, treated at a high
temperature, proves to be but a variety of graphite. The graphite found by
M. Alibert in the mines of Marinski, situated at the summit of Batougol, on the
Siberian frontiers, is, then, a graphitoid carbon of the most T^eautiful kind, formed
by volcanic phenomena. M. Jaquelain, after carefully comparing the external charac-
teristics of Alibert graphite with that obtained by his process, concludes that the
conditions under which they are produced must be analogous.

In fact, on comparing the texture of the two carbons, they will be found sometimes
of a metallic, mirror-like lustre ; at another time the surface will be of shining steel-

grey, mammillated as if it had been half fused, and had passed through a pasty stage.
This appearance is similar to that of oxide of iron, nodular, brilliant, with mammil-
lated surface, known by the name of brown hematite.
M. Jaquelain is inclined to admit that tarry and pyrogenated products, transformed

in immense proportions into carbon and hydrogen under the influence of igneous rocks,
beconie accumulated in rents and excavations, causing an aggregation of carbon and
inducing^ a fusion analogous to that of carbon in retorts for lighting gas, and of
graphitoid carbon destined to form the pencils used for the electric light. •
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On this point M. Jaquelain narrates one of his own recent experiments. On de-

composing some sulphide of carbon in a porcelain tube in presence of pure copper,

heated to about 800°, sulphide of copper and graphite were formed, the latter exter-

nally similar to natural graphite.

—

Cosmos, 1864, pp. 720, 725.
Some of the latest researches of Gustav Rose, published just before his death in

1873, were directed to the natural forms of carbon, including graphite. For those

the reader may be referred to the * Proceedings of the Berlin Academy of Sciences.'

GRAPHOTYPZi. By this new process of engraving (discovered in the summer
of 1860 by Mr. De Witt Clinton Hitchcock) the artist becomes his own engraver, and
thus overcomes the difficulties met with in most other processes, arising from the
impossibility of two individuals working out the same idea in exactly the sjime way.
A short description of the circumstance which led to this discovery will give a good
idea of the nature of the new method called ' Graphotype.' Mr. Hitchcock was
engaged in making a drawing on boxwood, and finding it necessary to erase a portion

of his work and re-whiten his block, he took a visiting-card (the white material used

for the surface of the wood engraver's block being of the same composition as the

enamel of the said card) and commenced rubbing off the enamel with the aid of a
brush and water, when, to his astonishment, he found the printed letters remained in

relief. The ink in combining with the enamel had become sufficiently hard to resist

the action of the brush, and thus he had accidentally prepared a sort of block upon
which the letters stood out. This circumstance led him to the discovery that by
tfiking a slab of chalk, reducing its surface to as smooth a condition as possible, draw-
ing on it with an ink composed of silicate of potfish (water-glass) and indigo, then,

when the sketch was dry, by brushing away the surface with a dry brush (the lines

of the drawing being virtually converted into stone, they will withstand the friction

of the brush, while the intervening particles are easily removed), and saturating the

mass of chalk with liquid glass, he had a block ready for printing from in the ordi-

nary way of burnishing.

This experiment was successful, and after several trials the following method has
been adopted as the most perfect :—A chalk surface upon a metallic plate is now
adopted. Erench chalk is ground to the finest powder, then the coarser particles sepa-

rated from the finer by being thrown into water, the sedimeAt which first subsides

is removed and ground again ; this is repeated several times. Next, the powder is

repeatedly passed through a wire cloth which contains 10,000 holes to the square inch,

and is then laid between a smooth metallic (zinc) plate and a smooth steel plate, and
submitted to intense hydraulic pressure, then, after the chalk-siirface is sized, it is

ready for the artist. The pencils employed by the artist are of sable-hair, and the ink

is composed of lamp-black and glue. When the drawing is finished the surface

is gently rubbed with silk velvet, or fitch hair-brushes, until the chalk between the

inked lines is all removed to the depth of about the eighth of an inch. After this the

block has only to be hardened, which is done by soaking it into a solution of an

alkaline silicate (water glass) ; by this means the whole of the chalk is converted into

stone.

This petrified block is not used to print with, as it would not stand the wear and tear

it would be subjected to in the printing press, but a mould is taken of it, from which
a type-metal cast (a stereotype) is made, and it is this stereotype from which the im-

pressions are taken.

One of the great merits of this new process is the extreme delicacy and precision

with which the finest lines are produced, and the accuracy and rapidity of production

are the two great recommendations of the graphotype. A sketch made in the morning
may be multiplied by thousands by the evening. The graphotype is a most valuable

invention ; and it seems probable that it will supersede the old wood-engraving to a
considerable extent : it is cheaper, more accurate, and more rapid of production, but

still it possesses all the advantages of the ordinary block.

GRASS-OZIL. A fragrant oil which is extracted from a peculiar Indian grass

;

it is generally called the grass oil of ^emaur. Grass-oil, on account of its odour, is

often termed lemon-grass or verbena ; it is derived from the Andropogon Nardu^, a

species of grass which is now regularly cultivated in Ceylon for the sake of the essen-

tial oil which it yields by distillation, about 10,000 lbs. of which are imported

annually. A. citratum has been considered to be the source of the oil of lemon-

i, a mining term. A metal plate pierced with small holes : it is fixed in

front of the stamps in which the ore is pounood, and through the holes the finely-

divided matter makes its escape.

O&ATTWACXB or GRETWACXS. (Gratt, grey; wacke,c\Aj.) A German
name, often adopted by geologists for some of the most ancient fossiliferous strata.

The rock is often of a grey colour, hence grau, German for grey; wacki being a prp-



GREEN IRON ORE 737

rincial miner's term. Although at one period, the term grauwacM or greywacTce, was
employed to include the Cambrian and Silurian slates, the term has now nearly dropped

out of tho geological nomenclature.
GRAVS-'WAX. A familiar term for adipocere. See Adipocere.
GRAVITY. The term usually applied to the action of the earth's gravitation.

GRAVXTT, SPSCIFIC. The specific gravity of a body is represented by the

ratio wliich the weight of a given volume of the body bears to the weight of an equal

volume of a certain substance chosen as a standard of comparison. Water is the

standard for solids and liquids, and air the common standard for gases, but modern
chemists frequently refer the specific gravity of gases to hydrogen as unity. If, there-

fore, the specific gravity of platinum is stated to be 19*5 (water = 1), or 19500 (water

= 1000), it is simply meant that a given bulk—say a cubic inch—of platinum will

weigh 19^ times as much as a cubic inch of water weighs. In like manner the specific

gravity o"f oxygen is said to be 1-1056 (air= l), or 16 (hydrogen = 1 ), by which is

meant that a certain volume of oxygen weighs 1^|^ times greater than the same
volume of air, or 16 times as much as an equal bulk of hydrogen; all the weights

being determined under like conditions of temperature and pressure. Specific gravity

is sometimes called ' relative weight,' and is commonly regarded as the same thing as
' density.' For a description of the several methods by which the specific gravity of any
body, either solid, fluid, or aeriform, may be determined, we must refer to Watts's
' Dictionary of Chemistry,' or to any works treating of the manipulatory details of

physics or chemistry. The following Table may be found useful :

—

Table of Specific Gravities.

Metals Stones, Earths, &c.

"Weight,:Number Weight Weight, Number Weight

Names
water of cubic of acnb- water of cubic of acubic
being inches ic inch. Names being feet in a foot, in

1000 in a lb. in lbs. 1000 ton lbs.

Platinum . 19500 1-417 •7053 Marble, average 2720 13 170-00

Pure gold . 19258 1-435 -6965 Granite „ 2651 13A 165-68

Mercury . 13560 2-038 -4904 Purbeck stone . 2601 13| 162-56

Lead. 11352 2-435 •4105 Portland „ . 2570 14 160-62

Pure silver 10474 2-638 •3788 Bristol „ 2554 14 159-62

Bismuth . 9823 2-814 •3552 Millstone . 2484 14i 155-25

Copper, cast 8788 3-146 -3178 Pa\ang stone 2415 14f 150-93

„ sheet . 8910 3-103 -3225 Craigleith „ 2362 15 147-62

Brass, cast 7824 3-533 •3036 Grindstone 2143 16f
12|

133-93

sheet 8396 3-293 -3037 Chalk, British . 2781 173-81

Iron, cast . 7264 3-806 -263 Brick 2000 17 125-09

„ bar . 7700 3-592 •279 Coal, Scotch 1300 27^ 81-15

Steel, soft

.

7833 3-530 -2833 ,, Newcastle 1270 28i 79-37

„ hard 7816 3-537 -2827 „ StJiffordsh. 1240 29 77-50

Tin, cast . 7291 3-790 •2636 „ Cannel 1238 29 77-37

Zinc, cast . 7190 3-845 •26

GREBB. A water-bird, Podiceps cristatus, the great crested or tippet grebe.

It is about the size of a goose, and a native of England, being found in the fens of

Shropshire, Cheshire, and Lincolnshire, where they are called gaunts. The bird, which
is valued for the plumage of its breast, so much admired by ladies for muffs, and
used for trimmings, is a large Swiss and Central European species.

GRESXr EARTH. An earthy mineral occurring in cavities in amygdaloidal
melaphyres, especially at Monte Baldo, near Verona, whence it is procured for use as

a pigment, being sold under the name of Terre verte de Verone.
GREBXr EBOWS* of Jamaica. This is a wood of a brown-green colour. It is

derived from the Ameinmnum Ehenus, and is used in turnery and for marquetry-work.
See Marquetry ; Parquetry.
GREEXTHEART. A wood brought from Jamaica and Guiana, the produce of

the Laurus chloroxylon. It is used in shipbuilding. Bancroft, in his ' Guitxna,' thus
describes it :

' The Sipiera or Greenheart tree is in size like the locust-tree, about 60
or 70 feet high ; there are two species, the black and the yellow, differing only in the
colour of their bark and wood.'
GREEXr ZROir ORE. A native phosphate of iron. See Dufbenitk,
Vol. II. 3 B
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GASEir XiEAD ORE. An arsenio-pliosphato and chlorido of load. See
Pyhomouvuitk.
GREEXr ItZM'IO'ETS. A miner's name for green lead-ore or pyromorphito.
GREEirOCXZTE. Native sulphide of cadmium. It occurs in small, but very

perfect and brilliant, short hexagonal crystals, in a porphyritic greenstone, on preh-

nite, and associated with f<alcite. It has been found in a railway-cutting at Bishops-
town, near Paisley, and at Bowling, near Old Kirkpatrick. It was first observed by
tlio late Lord Greenock, afterwards Earl Cathcart, hence its name. See Cadmium.
GRBEXr Pil.mrTS. {Conleurs vertes, Fr. ; Grune Pigmente, Ger.) Green,

which is so common a colour in the vegetable kingdom, is rare in the mineral. There
is only ono metal, copper, which affords in its combinations the various sliades of

green in general use. The otlier metals capable of producing this colour are, chro-

mium in its s6squioxide, nickel in its hydrated oxide, as well as its salts, the selcnate,

arsenate, and sulphate ; titanium in its prussiate ; and some of the salts of uranium.
GRESIT PIGMEirTS. Under the name of * green cinnabar,' Vogel described a

new colour. Prussian blue is dissolved in oxalic acid, chromate of potash is added to

this solution, which is then precipitated with acetate of lead. The precipitate, well

washed, dried and levigated, gives a fine green powder. By varying the proportions

of the three solutions, dijBferent shades of green may be produced. Another method
has been given by Dr. Eisner. Make a sohition of yellow chromate of potash and
another of yellow prussiate of potash ; then mix the two, dissolve separately in water
some acetate of lead and iron, and add this solution to the others. By precipitating

the first two solutions by the third, a green deposit is obtained, the tint depending on
the proportions employed.

Green pigments are prepared also by the mixture of yellows and blues ; as, for ex-

ample, the green of Einman and of Gellert, obtained by the mixture of cobalt-bluo

and flowers of zinc ; that of Barth, made with yellow lake, prussian blue, and clay
;

but these paints seldom appear in the market, because the greens are generally extem-
poraneous preparations of the artists.

Mountain green consists of the hydrate, oxide, or carbonate of copper, either

fictitious or as found in nature.

Bremen or Brunswick green is a mixture of carbonate of copper with chalk or lime,

and sometimes a little magnesia or ammonia. It is improved by an admixture of

Avhite lead. It may be prepared by adding ammonia to a mixed solution of sulphate

of copper and alum.
Frise green is prepared with sulphate of copper and sal-ammoniac.
Mittis green is an arsenate of copper, made by mixing a solution of acetate or sul-

phate of copper with arsenite of copper. It is in fact Scheele's green.

Sap green is the inspissated juice of buckthorn berries. These are allowed to fer-

ment for 8 days in a tub, then put in a press, adding a little alum to the juice, and
concentrated by gentle evaporation. It is lastly put up in pigs' bladders, where it

becomes dry and hard. See Colours, Table of.

GREEN'SAWD. The term ' Greensand' applies to the strata lying between the

Chalk and the Wealden deposits. They are of marine origin, as is denoted by the

presence throughout their entire thickness of sea-shells, and are divided into an upper
and lower series, separated by a stratum of clay, called gault. The Upper Greensand,
which underlies the Chalk Marl, is composed chiefly of calcareous sand in the lower,

and of sandstone and layers of chert (a compact flinty rock) in the uppermost part.

The sandstone affords a good and durable building stone. The chert is well adapted
from its toughness for making roads, and the sandy portion, in addition to its useful-

ness as a component of mortar, furnishes an excellent agricultural soil, from the calca-

reous matter it contains, in addition to the large percentage of soluble silica entering

into its composition, which sometimes amounts to more than 40 per cent. In
Sussex, Surrey, and Kent, the land based upon the Upper Greensand is known by
the name of malm, and produces the greater part of the hops for which those counties

are celebrated. In the neighbourhood of Godstono and Merstham, in Surrey, ex-

tensive quarries are driven into the hills, at the base of the chalk downs, for the

purpose of procuring the soft and chalky stone which occurs there in the higher
portion of the Upper Greensand, for which there is a large demand in London,
for cleaning door-steps and stonework in the fronts of houses, under the name of

hearthstones. A plentiful supply ofpure water is borne up by the impermeable strat^i,

forming the uppermost part of the Upper Greensand, which finds its way out of the

ground near the base of the Chalk, and forms the sources of many streams and
rivers.

The Lower Greensand consists of alternations of sands, sandstones, and clays, which
are often very ferruginous, so much so sometimes as to constitute a siliceous ore of

iron, as is the case of Seend in Wiltshire, and Shotover in Oxfordbhire. The
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ferruginous sands form the iron-sand of Dr. Smith, The Lower Greensand, also, con-

tains beds of Fuller's Earth, which are worked at Reigato, and they furnish a durablo

and useful building stone, known by the name of Kentish Bag, and quarried exten-

sively in the neighbourhood of Maidstone.

The term ' Greensand,' though applied to deposits of considerable thickness, is, in fact,

only strictly applicable to certain minor portions of them, which are marked by the

presence of minute grains of green silicate of iron (the glauconite of American mine-

ralogists). These impart a colour to the beds in which they occur, which has given

the name to the entire formation.—H.W.B. See CHEax ; Firestone ; Gault.
GRESir, SCUZ:z::LZ:'S. An arsenite of copper. See Copper.

GSEEN' SIiOXE. XJlva latissima, the broad green laver. See Alg-E.

GREElN'STOIigrE. * Greenstone is a dark and heavy blackish green or brownish
rock, consisting of felspar and hornblende ; it usually has a crystalline textiire, but is

sometimes compact.'

—

Dana. The term has been loosely applied by geologists to a
number of rocks of similar general appearance, but of different mineralogical composi-

tion. See Diabase ; Diorite.

GREEir ir^TRAnXARXZrS. This is artificially prepared in France and Ger-

many, and employed, instead of the arsenical greens, for printing upon cotton and
paper. See Ultramarine.
GREEir VZTRIOXi. Sulphate of iron, or copperas. See Iron, Sulphate of.

GRSZSES7. A rock composed of a granular mixture of quartz and mica—gene-

rally lithia-mica—in fact, a granite without felspar, or a mica-schist in composition,

but -without foliation. It is frequently associated with tin-ore in the mining districts

of Saxony and Bohemia.
GREN-ADjA. COCUS or G^ENJLHIImJmO. This wood, imported from the

West Indies, is called red ebony by the French cabinet-makers.

GRETT AXTTXIMCOIVSr. The native trisulphide of antimony. See Antimony.
GREV COPPER. A native disulphide of copper. See Copper.
GREV I>YE. {Teinture grise, ^T. • Graufdrbe, Ger.) The grey dyes, in their

numerous shades, are merely various tints of black, in a more or less diluted state,

from the deepest to the lightest hue.

The dyeing materials are essentially the tannic and gallic acid of galls or other

astringents, along with the sulphate or acetate of iron, and occasionally wine-stone or

crude tartar. Ash-grey is given for 30 pounds of woollen stuff, by one pound of gall

nxits, \ lb. of wine-stone, and 1\ lbs. of sulphate of iron. The galls and the wine-stone

being boiled with from 70 to 80 pounds of water, the stuff is to be turned through the

decoction at a boiling heat for half an hour, then taken out, when the bath being re-

freshed with cold water, the copperas is to be added, and, as soon as it is dissolved, the

stuff is to be put in and fully dyed.. Or, for 36 pounds of wool ; 2 pounds of tartar,

\ pound of galls, 3 pounds of sumach, and 2 pounds of sulphate of iron are to be
taken. The tartar being dissolved in 80 pounds of boiling water, the wool is to be
turned through the solution for half an hour, and then taken out. The copper being
filled up to its former level with fresh water, the decoction of the galls and sumach is

to be poured in, and the wood boiled for half an hour in the bath. The wool is then
taken out, while the copperas is being added and dissolved ; after which it is replaced

in the bath, and dyed grey with a gentle heat.

If the grey is to have a yellow cast, instead of the tartar, its own weight of alum
is to be taken ; instead of the galls, one pound of old fustic ; instead of the copperas.

\ of a pound of Salzburg vitriol, which consists, in 22f parts, of 17 of sulphate of
iron, and 5g of sulphate of copper ; then proceed as above directed. Or the stuff

may be first stained in a bath of fustic, next in a weak bath of galls with a little

alum ; then the wool being taken out, a little vitriol (common or Salzburg) is to be
put in, previously dissolved in a decoction of logwood ; and in this bath the dye is

completed.

Tcarl-grey is produced by passing the stuff first through a decoction of sumach and
logwood (2 lbs. of the former to 1 of the latter), afterwards through a dilute solution

of sulphate or acetate of iron ; and finishing it in a weak bath of weld conta.ining a
little alum. Mouse-grey is obtained when, with the same proportions as for ash-grey,

a small quantity of alum is introduced.

For several other shades, as tawny-grey, iron-grey, and slate-grey, the stuff

must receive a previous blue ground by dipping it in the indigo vat ; then it is

passed first through a boiling bath of sumach with galls, and lastly through the
same bath at a lower temperature, after it has received the proper amount of solution
of iron.

For dyeing silk grey, fustet, logwood, sumach, and elder-tree bark, are employed
instead of galls. Archil and annotto are frequently used to soften and beautify the
tint.

3b 2
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The mode of producing grey dyes upon cotton has been explained in the articles

Calico-Printing and Dyeing.
GREirWACXE, GrauwacJce. A German term, used to designate the coarse

slaty strata of the transition rocks. It is now employed to designate the brecciated

beds vrliich occur in those formations.

GRINDXN'G ii.nrD CRUSHIxrC MACHZM-£R-S'. See DRESSING of Ores.
GRXSTDSTONS. Grinding-stones or grit-stones are varieties of sandstone, most

of those which are celebrated being obtained from the sandstones and millstone grits

of the eoal-moasures. Mr. Knight describes the best known varieties, which are the

following :

—

Newcastle Grindstones.—These abound in the coal districts of Northumberland,
Durham, Yorkshire, and Derbyshire, They are selected of different degrees of coarse-

ness and density, according to the work for which they are required.

Bilsion Grindstone is a similar description of stone, of great excellence, of a lighter

colour, much finer, and of a very sharp nature, and at the same time not too hard.

It is confined to a small spot of limited extent near Bilston in Staffordshire, where it

lies above the coal.

Wickersley Grindstones.—These are obtained from a village about nine miles east

of Sheffield, and are much used for the finer description of edge-tools.

Sheffield Grindstone.—A hard, coarse gritstone, used for grinding large files and
the like ; it is obtained from Hardsley, about fourteen miles north of Sheffield.

Devonshire Baits are obtained near Collumpton.
Yorkshire Grit and Congleton Grit are other varieties from which grindstones are

manufactured.
Burr Stones.—These are very celebrated ; they are found at La Fert^-sous-jouarre

(Seine et Maine), and are said to be unequalled for grist-mills. The combined rough-

ness and hardness of this tertiary quartz-deposit give it immense advantages. The
stones formed of this rock are usually pieced, which renders them very expensive.

Artificial grindstones have been successfully made of late by Ransome's method of

manufacturing artificial stone. They are said to form excellent and economical sub-

stitutes for the natural grindstones.

GRIS-PER£E. The name given by the French dyers to a grey produced by
the action of sulphuric acid on aniline violet. It is much used in dyeing silk. See

Aniline.

GRIT. A peculiar hard sandstone. See Millstone Grit.

GROATS, EMBBEXr. When oats are deprived of their integuments, they are

called groats, and when these are crushed, they are known as Embden groats. Oat-

meal is prepared by grinding the grains.

GROS DE XTAPIiES. A plain silk fabric woven of organzine silk, prepared

with much neatness and care.

GROSSITIiARZA. Gooseberry-garnet. See Garnet.
GROITXTB rVTT. Nepeta Glechoma. The leaves of this plant were formerly

thrown into a vat with ale, to clarify it and give it a fiavour.

GROVE or GROOVE. A mining term in Derbyshire. • The mine, or work
that a man is employed in. Hence it is, if a question be asked. Where is Tom to-

day ?—He is gone to the groove, he is at the groove. Sometimes it is used for the

shaft, and mines are commonly called groovers.^—Hooson^s Miner's Dictionary.

GROlXTAlir. A local term applied in Cornwall to granite in an imperfect state,

either through decomposition, or irregular formation. It is said that the term is some-

times applied to the solid granite. We have never heard it so used, and the miners

and the quarrymen draw a well-defined line between a granite and a growan.
GT7AZACITXMC. (Gdiac, Fr. ; Guajaharz, Ger.) Both the wood and resin are

imported ; they are used medicinally. It is known that, after the discovery of the

New World, when the first syphilitic diseases showed themselves in Europe, the

origin of which was erroneously ascribed to Santo Domingo, the guaiacum wood was
considered as specific against this disense. The historian Herrera informs us that

one pound of the wood was at that period paid in Spain with seven piastres. The
gum which exudes from the wood, and possesses, as it may be conceived, tiie medi-

cinal qualities in a much higher degree, is now valued at Td. per pound.

GTrAXarzirE. C'^H^N^O' (C*H*»r^O). An organic base, found by Unger in guano.

Guano contsiins about 6 per cent of it.

GVAlsrO. This extraordinary excromentitious deposit of certain sea-fowls, which

occurs in immense quantities upon some parts of tlio coasts of Peru. Bolivia, and

Africa, has lately become an object of great commercial enterprise, and of intense

interest to our agricultural world. More than thirty yeirs ago it was exhibited and

talked of merely as a natural curiosity, but the quantity imported into England
alone rose from 30,000 to 350,000 tons (in 1868), the value of which was csti-
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mated at no less than 3,000,000^. But during the last few years the quantity

imported has somewhat diminished, and hence the rise in price from 11^. to 14Z. per

ton.

Our importations of guano since 1868 have been as follow :

—

1868 1869

1

1870

From

Imports Value Imports Value Imports Value

tons £ tons £ tons £
Portugal: Azores 1,381 6,905 ... ... ... • ...

Western Coast ofAfrica,

not particularly de-

signated . 1,859 11,619 3,220 20,126 2,980 19,370

Islands in Pacific 8,397 48,283 368 2,116 13,616 78,294

Hayti and St. Domiugo 4,329 17,316 ... ... 6,721 40,326

Peru .... 155,766 1,890,219 199,122 2,581,024 243,434 3,248,293

Bolivia 4,025 26,393 1,612 11,284 ... ...

Chili . 3,198 20,788 830 5,810 3,594 27,854

Uruguay 825 6,600 ... ... ... ...

Tortola ... ... 2,292 9,168 ...

Australia ... ... ... ... 5,905 35,430

Other parts 2,563 11,355 2,566 11,455 4,061 27,113

Total 182,343 2,039,478 210,010 2,640,983 280,311 3,476,680

From

1871 1872

Imports Value Imports Value

tons £ tons £
Portugal : Azores ... ... ... ...

Western Coast of Africa, not particularly

designated 2,445 29,805 3,201 37,641

Islands in Pacific 9,893 77,032 17,475 113,073

United States of America 3,024 17,337 458 3,546

Dutch West India Islands ... ... 1,562 9,012

Peru 142,365 1,711,176 74,401 875,882
Bolivia . 10,045 75,033 14,068 108,150

ChiU 2,370 26,500 503 4,259

Brazil . ... ... 1,232 9,721

St. Helena ... ... 981 8,155

Australia . 3,873 24,657 1,168 8,595

British West Indies . ... ... 1,050 6,974

Other parts 4,793 25,449 2,545 16,034

Total. 178,808 1,986,989 118,764 1,201,042

The conditions essential for the preservation of these excrement s appear to be the

existence of a soil consistin£'of a mixture of sand and clay, in iI country where the

birds are allowed to live for ages undisturbed by man or man's works, and where,

moreover, the climate is very dry, free not only from rain, but also from heavy dews.

These conditions appear to have been combined to a remarkable extent on the coasts

of Peru and Bolivia, between latitudes 13° north and 21° south of the equator, for

although beyond this region the flocks of cormorants, flamingoes, cranes and other sea-

fowl, appear to be equally nxmierous, yet the excrement is rapidly carried away by the

rain or dew.

It is then the dryness of the climate chiefly which has permitted the guano to accu-

mulate on these coasts, for, says Mr, Darwin '—
' In Peru real deserts occur over wide

tracts of country. It has become a proverb that rain never falls in the lower part of

Peru.' And again:—'The town of Iquique contains about 1,000 inhabitants, and
stands on a little plain of sand at the foot of a great wall of rock, 2,000 feet in keight,

the whole utterly desert. A light shower of rain falls only once in very many
years,' Indeed, since three-fifths of the constituent parts of guano are sohifeld in

in Geology and Natural History,' p. 421.
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cold water, Prof. Johnstone very justly observes ' that, • A single day of English niin

would dissolve out and carry into the sea a considerable portion of one of the largest

accumulations ; a single year of English weather would cause many of them entirely

to disappear.'

Such being the case, we might expect to find similar accumulations in other hot and
dry climates, as in Egj-pt, and in Africa, e. g. in the neighbourhood of the Great
Desert ; and only a few years since a considerable deposit of guano was found in the
Kooria Mooria Islands.

In Peru the natives have employed it as a manure from the remotest ages, and have
by its means given fertility to the otherwise unproductive sandy soils along their coasts.

While Peru was governed by its native Incas, the birds were protected from violence

by severe laws. The punisliraent of death was decreed to the persons who dared to

land on the guaniferous islands during the breeding period of these birds, and to all

persons who destroyed them at this time. Overseers were appointed by the Govern-
ment to take care of the guano districts, and to assign to each claimant his due share

of the precious dung. The celebrated Earon Von Humboldt first brought specimens

to Europe in 1804, which he sent for examination to Fourcroy, Vauquclin, and
Klaproth, the best analytical chemists of the day ; and he spoke of it in the following

terms:—'The guano is deposited in layers of 50 or 60 feet thick upon the granite of

many of the South-sea islands off the coasts of Peru. During 300 years the coast

birds have deposited guano only a few lines in thickness. This shows how great must
have been the number of birds, and how many centuries must have passed over in

order to form the present guano beds.'

There appear to be three varieties in Peru : the white, grey, and red, the first being

the most recent, and the last the oldest; and in the midst of the great accumulations of

the last kind, bones and feathers of birds are found (Frezier), as if to remove any
doubt which might still remain as to its origin.

Cincha Island Guano.—Much of the so-called Peruvian guano is exported from the

Cincha Islands. They are three in number, and lie in one line from north to south

about half a mile apart. Each island is from 5 to 6 miles in circumference, and con-

sists of granite covered with guano in some places to a height of 200 feet, in successive

horizontal strata, each stratum being from 3 to 10 inches thick, and varying in colour

from light to dark brown. No earthy matter whatever is mixed with this vast mass of

1124

excrement. At Mr. Bland's visit to these islands in 1842, he observed a perpendicular

surface of upwards of 100 feet of perfectly uniform aspect from top to bottom. In some

* * On Guano.' • Journal of the Agricultural Society of England,' vol. ii. p. 316.
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parts of these islands, however, the deposit does not exceed 3 or 4 feet in thickness.

In several places, where the surface of theguano is 100 feet or mere above the level of

the sea, it is strewed here and there with masses of granite, like those from the Alpino
mountains, which are met with on the slopes of the Jura chain. These seem to indi-

cate an ancient formation for the guano, and terraqueous compulsions since that period.

No such granite masses are found imbedded within the guano, but only skeletons of
birds.

The accompanying wood-cut, /<7. 1124, shows the nature of the formation.
The export of the guano has not increased during the last few years: between

200,000 and 400,000 tons are the annual amount, which is eflfected by the aid
of 900 working hands, 320 of them being Chinese, who enter into contracts to
serve their employer (the Government contractor), for about 4 dollars a month,
renewing it, if they choose, with the increase of 4 dollars monthly, and a bonus
of 120. Those who work on their own account are paid 8 and 10 rials, 4 and 5
shillings, for each cart that they load. They live in a collection of dirty huts made
of bamboo and mud ; they, nevertheless, appear to be happy and contented, and in
general are well conducted. The men with pickaxes work their way into the guano,
leaving a sort of wall on either side ; here it is so hard that it requires a heavy blow
to remove it. It is then conveyed in wheelbarrows, either direct to the mouths of

1125

the shoots on the edge of the cliffs, or to the huge carts running on tramways for the

same purpose. The colour varies very much—in some parts being as dark as warm
sepia, and in others as light as that of a Bath brick.

The smell of ammonia is said to be very powerful, so much so, in fact, as to affect

the eyes of the workmen ; crystalline deposits of various ammoniacal salts are also

found amongst the guano. The guano heaps are surrounded by a high fence to pre-

vent its being blown away by the wind, near the mouths of the canvas tubes or shoots,

which are sometimes 70 feet long, through which it is conducted to the boats. See
jig. 1125.

As in Peru, the surface of the guano is covered with skeletons of birds and bones
of seals. It is also perforated by numberless holes, running in every direction, like a
rabbit-warren. These are made by a bird about the size of a pigeon, which remains
hidden during the day, sallying forth at dark to fish. Gold and silver ornaments are
also discovered occasionally, having been buried by the ancient inhabitants more than
three centuries ago.

It is quite unnecessary here to insist on the value of guano as a manure. This is

a point established beyond all question by nearly every agriculturist in the kingdom;
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and recorded by «ill classes of writers on agriculturjil subjects. It has been the means,
moreover, of converting the sandy desert around Lima into a soil capable of raising

abundant crops of maize ; hence the Peruvian proverb, * Huano, though no saint,

works many miracles.'

Commercial varieties.—The following appear to be the chief:

—

1. Peruvian. 6. Saldanha Buy.
2. Augamos. 6. Kooria Mooria.
3. Ichahoe. 7. African.

4. Patagonian. 8. Indian.

Chemistry.—Guano being an article of so great value to the agriculturist as a manure,
and being liable not only to adultemtion to a very great extent, but also varying when
genuine considerably in quality, it is highly important to have some moans of ascer-

taining its value. This cannot be done satisfactorily by ever so experienced a dealer

by mere inspection, and therefore, both for the buyer and the seller, resort is necessary,

for a knowledge of its compound parts, to the analysis of the chemist.* Such being the

case, we must tirst ascertain the composition of genuine guano, and then inquire upon
which of its several constituents its value as a manure depends.

The following is one of the earliest analyses by Fourcroy and Vauquelin, of a sample
of guano presented to them by Baron Von Humboldt, showing the composition in 100
parts:

—

Urate of ammonia Q'O

Oxalate of ammonia 10-6

Oxalate of lime 7*0

Phosphate of ammonia 6*0

Phosphate of ammonia and magnesia . . .2*6
Sulphate of potiish . , . , , . .5-6

„ soda 3-3

Sal-ammoniac 4-2

Phosphate of lime 14-3

Clay and sand 4-7

"Water and organic matter 32-2

But perhaps the constitution of guano is better exhibited by the following analysis

of three sorts by Denham Smith :

—

American Guano.—Analysis of three sorts by Denham Smith.

1. Constituents soluble in hot water {in 100 parts of Guano).

Phosphate of lime ....
„ soda ....
„ ammonia and magnesia .

Uric acid

Urate of ammonia ....
Organic matter .....

I. II. III.

0186
0-120

0-564

2-516

15-418

1-180

0-7'84

o-s'eo

0-110

0-133

...

0-756

2. Constituents soluble iin cold water (in 100 parts).

Water

I. II. III.

22-200 20-420 7-700

Sulphate of potash 8-00 ... ...

„ soda ... 23-944 19-177

Phosphate of potasli . ... 7-732 4-947

„ soda ... ... 3-60

„ ammonia 6-33 6-124 ...

lime . ... ... ...

Oxalate of ammonia .
7-40 9-39 ...

„ soda .
... ... 10-563

Chloride of potassium ... ... 4lfe3

„ sodium . ... ... 28-631

„ ammonium 2-55 ... 3-030

Organic matter .
1-500 0-668 2-663

Liebig's • Chemistry in Its Applications to Agriculture and Physiology,' p. 272.
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3. Constituents insoluble in water {in 100 parts).

745

.

I. II. III.

Phosphate of lime

„ magnesia
Oxalate of lime .

Sand, &c. ....
Peroxide of iron and alumina
Humus ....
Organic matter .

Water ....
Loss

19-760

2-030

2-560

15-60

2-636

3-466

0-044

6-270

0-874

10-958

0-720

0-862

4-974

0-498

13-113

2-580

0-420 1

0-150

0-826

We may also quote tho following analysis by Dr. lire, of guano, imported from
Bolivia, by the * Mary Anne,' being the first cargo thence imported.

It was of a pale yellow-brown colour, dry, partly pulverulent, partly concreted, in

small lumps. Its mean specific gravity was 1-63.

The soluble portion was found to contain :

—

Urea 6-0

Sulphate of potash 7*9

Chloride of sodium 5-0

Phosphate of ammonia .6-5
Oxalate of ammonia . . . , . . .0-6

24-0

The insoluble portion contained :

—

Silica ....,,,,,. 2-25

Phosphate of lime 9-00

Phosphate of magnesia and ammonia .... 1-25

Urate of ammonia 15-27

Undefined nitrogenised organic matter, yielding by
combustion with soda-lime 17'05 parts of ammonia . 41-73

69-50

The total quantity of ammonia yielded by it was 20-95 per cent.

Analysis of Cincha Island Guano. ( Ure.)

Matter soluble in water 4 7 00
consisting of

—

Sulphate of potash, -with a little sulphate of soda . . 600
Muriate of ammonia 3-00

Phosphate of ammonia 14*32

Sesquicarbonate of ammonia ..... 1-00

Sulphate of ammonia . . . . . . , . . . . . 2*00

Oxalate of ammonia 3*23

Water . 8-50

Soluble organic matter and urea , . . . .8-95

47-00

Matter insoluble in water • 53*00

consisting of

—

Silica 1-25

Undefined organic matter 9-62

Urate of ammonia 14*73

Oxalate of lime '. I'OO?
Subphosphate of lime '

. 22-00

Phosphate of magnesia and ammonia . . . . 4-50

Ammonia

0-95

4-62

0-34

0-50

0-89

1-23

0-32

63-00 8-35
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Valuable as these elaborate analyses are in a scientific point of view, they are quite

uniKcessary for practicjvl purposes in ascert^iininp; the value of any given sample, for

on whicli of tliese various constituents does the eliief efficacy of guano depend ?

Ammonia.—Undoubtedly one of the most, if not tJie most, important constituents of

guano is the ammonia. Authors differ as to the precise manner in which ammonia
and its salts act in promoting the growth, and especially in the development of the

nitrogenised compounds of plants ; but the fact is placed beyond dispute, whether it

be that the ammonia contiinod iu the air is decomposed by the leaves, or that the salts

of ammonia are absorbed by the spongioles of the roots in solution in water. Now. it

is quite possible that, in the mysterious economy of the life of the plant, the ammonia
may perform a slightly different function when in different states of combination,

either with hydrochloric, sulphuric, nitric, phosphoric, carbonic, uric, humic, or oxalic

acids ; and although, as a general rule, we should be inclined to yield the palm in point

of utility to the more soluble combinations, yet all experience goes to show that the

value ofan ammoniacal manure may be measured chiefly, if not entirely, by the quantity

of that compound present, and is in a great measure independent of its state of

combination.

The amount of ammonia corresponding to the total quantity of nitrogen in the

several varieties ofguano ranges as follows:

—

Maxi- Mini- Mean

1. Peruvian.

mum mum

(From 9 analyses by Way') of samples imported in

1847-8 18-94 16-40 17-67

From Mr. Way's analyses of 10 samples imported in

1848-9
_

.

17-81 15-98 16-189

From Mr. Way's analyses of 14 samples imported in

1849 18-94 16-82 17-88

Mean ... 17-246

So that the average quantity of ammonia, either exist-

ing in, or capable of being yielded by genuine Peruvian
guano, may be estimated at about 17 per cent.

2. Ailfjamos guano.

Ammonia (actual and potential) from two analyses by
Dr. Ure .

•20-89 20-40 20-64
" So that this variety is slightly richer in ammonia and

nitrogenised compounds than the Peruvian.

3. Ichahoe guano.

Aminonia (actual and potential) from 11 analyses by
Dr. Ure and Mr. Teschemacher .... 9-.> 4-5 7-3

Showing that this variety, as for as regards nitrogenised

compounds, is far inferior to the preceding; and the

same remark applies to the succeeding varieties, e.g.

:

—
4. Patagonian guano.

From analyses of 14 samples by Dr. Uro and Mr.
Teschemacher 4-68 1-60 2-54

5. Saldanha Bay guano.

From results of analyses of 9 samples by Mr. Way .
2-49 0-94 1-68

From results of 9 analyses by Dr. Ure and Mr.
Teschemacher 2-10 1-25 1-56

6. Kooria Mooria.

From results of 3 analyses by Mr. Nesbit .
0-34 017 0-25

From results of 3 analyses by Mr. Apjohn 0-318 0127 0-22

So that the average quantity of ammonia in the several varieties is—

Peruvian
Angamos
Ichaboe

17 per cent.

20 „

7 ..

Patagonian .

Saldanha Bay
Kooria Mooria

2-5 per cent.

1-5

0-25 „

* "On the Composition and Money Value of the different kinds of GttQno.'

&c. • Journal of the Agricultural Society of England,' p. 202, &c.
By S. Thomas Way,
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Dr. Ure drew a distinction between what he called the actual and potential ammonia,

i. e. between ammonia and ammoniacal salts ready formed, and compounds, such as

uric acid, which during their decay are gradually converted into ammonia. It appears

that recent guano contains from 3 to 5 per cent, of uric acid, whilst the older deposits

contain generally less than 1 per cent. No doubt the guano at the time of its depo-

sition consisted chiefly of uric acid ; and it is this uric acid which has become con-

verted into salts of ammonia ; for the excrements of birds which live chiefly on fi:sh

are found to contain from 60 to 80 per cent, of uric acid. It is also an established

truth in agricultural chemistry that a manure which contains bodies capable of gra-

dually yielding up any valuable compound, such as ammonia, are more useful than

those which contain that compound ready formed, and in the state of soluble combi-

nations, which the first storm of rain may wash away from the roots of the plants,

where they are required. Nevertheless, admitting the truth of all this, the -writer is

of opinion (and he believes this is the general experience of agriculturists) that the

importance of this distinction between actual and potential ammonia has been rather

exaggerated; and that generally it is enough for all practical purposes, in estimating

the value of a guano, to determine the total quantity of nitrogen present in every form,

and to consider it as representing an equivalent quantity of ammonia ' in esse ' or

• in posse.'

Potash.—Of the two alkalis, potash and soda, the soil usually contains more than

sufficient soda for the supply of vegetation ; it is therefore chiefly potash which it is

necessary to add in the form of manure.

Besides, even the best guano always contains a considerable quantity of common
salt, -dz. from 1*0 to 2*5 and even 5 per cent.

Mr. Way, in his valuable paper, ' On the Composition and Value of Gruano,' only

gives the quantity of alkaline salts, not having determined the potash ; but the average

quantity of potash in genuine guano may be seen by referring to the analyses before

given in detail, and will be found to vary from 3 to 4 per cent.

However, in estimating the value of guano the knowledge of the quantity of potash

is by no means of the same importance as of the ammonia, or of the phosphoric acid.

Phosphoric acid.—The phosphoric acid is second in importance to no other consti-

tuent than the ammonia ; being essential for the development of the seeds and all those

parts of the vegetable organism which serve as foods in the production and restoration

of the flesh and bones of animals. It exists in the guano (as is shown by the pre-

ceding detailed analyses) in combination with ammonia, potash, soda, and lime.

In most analyses the quantity of phosphate of lime, 3CaO,PO*, is given instead of

phosphoric acid, PO^ or 3H0,P0'' ; but 156 parts of phosphate of lime (3CaO,PO=')

correspond to 72 of phosphoric acid (PO*), or as 13 to 6.

The amount of phosphate of lime in the several varieties of guano is as follows :

—

Peruvian.

From analyses of 9 samples by Way, imported in 1847-8
From Mr. Way's analyses of 10 samples, imported in

1848-9 .... . . . .

From Mr. Way's analyses of 14 samples, imported in

1849 . . .
'

Angavios.

From 2 analyses by Dr. Ure
Ichahoe.

From 1 1 analyses by Dr. Ure and Mr. Teschemaclier
Patagonian.

From analyses of 14 samples by Dr. Ure and Mr. Tesche-

macher • . .

Saldanha Bay.
From analyses of 9 samples by Mr. Way
From analyses of 9 samples by Dr. Ure and Mr. Tesche-

maclier .........
Kooria Mooria.

From analyses of 3 samples by Mr. Nesbit
From analyses of 3 samples by Mr. Apjolm .

Maxi.
mum

Mini-
mum Mean

34-45

25-30

28-98

22-00

3700

65-5

60-96

62-5

25-50

28-50

19-46

21-31

21-28

18-50

2600

29-3

4901

51-0

2-80

5-84

26-95

23-30

25-13

20-25

31-50

47-4

54-98

56-7

14-15

17-17

1

So that the average quantity of phosphate of lime in the several specimens is as

follows :

—
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Peruvian . 25-12 Patagonian . 47-4

Angamos . 20-25 SaldanhaBay . . 55-84

Ichaboe . 31-50 Kooria Mooria . . 15-66

These facts are very suggestive as showing how guano, by exposure to air and
moisture, has the ammoniacal salts washed out, at the same time, as a consequence,

increasing the ratio of phosphates.

Organic Matter.—The amount of organic matter in guano, other than ammonia and
its salts, is of no great importance in estimating its value as a manure. Not unfro-

quently the amount of organic matter, containing uric acid or ammoniacal salts, is

stated in analyses, as organic matter ' rich in ' or * containing ammonia ;
* but it is

obvious such analyses are nearly worthless, the value of the guano depending essen-

tially on the quantity of nitrogen, either existing as ammoniacal salts or capable of

being converted into them. Good guano contains on an average about 50 per cent, of

ash (mineral matter) and 50 per cent, of combustible (organic) matters.

Sand.—The knowledge of the proportion of sand in a guano is of some importance

as determining its purity or otherwise. It is easy to understand how a deposit like

guano, existing often near the sea-shore, and frequently on a sandy soil, should con-

tain a certain admixture of sand. Some specimens are almost free from it, and few
genuine specimens contain more than from 1 to 2 per cent.

Common salt.—The presence of common salt in a guano need not surprise us. It

is doubtless derived from the sea, partly through the medium of the birds themselves,

and partly from the evaporation of the salt spray continually driven upon the coasts

by the wind. It is variable in quantity, as we should expect from a knowledge of its

origin, ranging in samples of genuine guano from 1 to 5 per cent. Although common
salt has been shown ' to possess a certain power of absorbing ammonia, yet this is

but transient, and the efficacy of guano cannot be said to depend to any extent upon
the sea-salt present in it. The knowledge of its amount is of great importance, since

the guano is not unfrequently adulterated with salt.

Water.—Obviously the greater the amount of water present in guano, the smaller

will be the proportion of valuable constituents in a given weight. Genuine guano
contains on an average from 10 to about 20 per cent, of water. Many of the salts in

guano are likewise deliquescent, so that it has a tendency to become moist by ex-

posure to the air : and this tendency to absorb moisture is an element of value in the

manure, especially in dry seasons.

Calculation of the money value of guano from the results of analyses.—In a most
important and interesting paper ' On the Value of Artificial Manures,' - Mr. Way
arrives at certain money values for ammonia, phosphoric acid, and the various con-

stituents of guano and other manures, by a comparison with the cost of these several

compounds in their ordinary commercial salts. These numbers will be found most
valuable to the agriculturist in drawing his own conclusions respecting the value of

a guano or other manure from the results of analysis furnished to him by the chemist.

They are as follows :

—

£
Ammonia 5& per ton.

Potash 31 „

Phosphate of lime (insoluble) 7 „
Phosphate of lime (soluble) 32 „

Organic matter 1 ?>

and the following example of their application may prove useful.

Calculation of the money value of guano, as deducted from the cost of its several

constituents in their commercial salts, applied to the mean composition of Peru-

vian guano deduced by Mr. "Way jfrom 78 analyses :

—

100 tons contain

Ammonia .

Organic matter

.

Potash ....
Insoluble phosphate of lime

Soluble phosphate of lime

Value of 100 tons . . £1,476

Or, per ton . .14/. 155.

£ £
. 16-5 at 66 per ton . . 930
. 52-0 „ 1 .. . 62
. 3-5 „ 31 „ . 108

. 230 „ 7 „ . 161

. 70 „ 32 „ . 224

A. B. Northcote, on the Function of Salt in Agriculture, Phil. Mag. z. 170,

Agricultural Journal, xvi. 533.
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Hence it is obvious that whilst guano was selling at 111. per ton, it was more eco-

nomical and convenient to employ it than to make an artificial mixture of its chemical

constituents ; but now that the price has risen, it becomes a question whether it

will not be possible to produce an artificial compound having equal value as a

manure which will compete in price with the guano.

Jmpicrities and adtdterations.—In consequence of the high price of guano, the

great demand for it, and the ease with which the unwary farmer may be imposed
upon, guano is adulterated with various substances, and to a great extent. Impo-
sitions even have been practised by selling as genuine guano artificial mixtures,

made to look so much like guano that the farmer would scarcely detect it. The
writer recollects examining a guano which contained 50 per cent, of sand, and no less

than 25 per cent, of sea-salt ; and Dr. Ure gi^^es the following analysis of an article

sent to him, which had been offered to the public by advertisement as Peruvian guano,
which contained

—

Common salt 32-0

Sand 28-0

Sulphate of iron . ....... 5*2

Phosphate of lime 4*0

Organic matter (from bad guano, to give it smell) . . 23*3

Moisture 7'5

1000

In fact, so numerous and various are the tricks played with guano, that unless a
sample is submitted to a skilful chemist for analysis before purchase, we would
strongly recommend the agriculturist to purchase of no one but dealers of unquestion-
able honour.

Professor Johnstone observes :—
' Four vessels recently sailed hence for guano

stations, ballasted with gypsum, or plaster-of-Paris. This substance is intended for
admixture with guano, and will enable the parties to deliver from the vessel, a nice-

looking and light-coloured article. The favourite material for adulterating guano
at the present moment is umber, which is brought from Anglesea in large quantities.

The rate of admixture is, we are informed, about 15 cwts, of umber to about 5 cwts.
of Peruvian guano, from which an excellent-looking article, called African guano, is

manufactured.'

Analysis of Guano.

The following is Dr. lire's method for the complete analysis of guano :

—

1. In every case I determine, first of all, the specific gravity of the guano ; which I
take by means of spirits of turpentine, with a peculiar instrument contrived to render
the process easy and precise. If it exceeds 1*75 in density, water being 1*0, it must
contain sand impurities, or has an excess of earthy phosphates, and a defect of azotised
animal matter.

2. I triturate and digest 200 grains of it with distilled water, filter, dry the in-
soluble matter, and weigh it.

3. The above solution, diflFiised in 2,000 gr. measures, is examined as to its specific
gravity, and then with test-paper, to see whether it is acid or alkaline.

4. One half of this solution is distilled along with slaked lime in a matrass con-
nected with a small quintuple globe condenser, containing distilled water, and immersed
in a basin of the same. As the condensing apparatus terminates in a water-trap, no
part of the ammonia can be lost ; and it is all afterwards estimated by a peculiar
meter, whose indications make manifest one hundredth part of a grain.

5. The other half of the solution is mixed with some nitric acid, and divided into
three equal portions :

a, the first portion, is treated with nitrate of baryta, and the resulting sulphate of
baryta is collected, ignited, and weighed.

^ b, the second portion, is treated with nitrate of silver, and the resulting chloride of
silver ignited and weighed.

c, the third portion, has a certain measure of a definite solution of ferric nitrate
mixed with it, and then ammonia in excess. From the weight of the precipitated sub-
phosphate of iron after ignition, the known amount of oxide used being deducted, the
quantity of phosphoric acid in the soluble portion of the guano becomes known.

d, the three above portions are now mixed, freed by a few drops of dilute sulphuric
and hydrochloric acids from any baryta and silver left in them, and then tested by
nitrate of lime for oxalate of anunonia. The quantity of oxalate of lime obtained de-
termines that point.
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6. The last liquor filtered, being freed from any residuary particles of lime by oxa-
late of ammonia, is evaporated to dryness and ignited, to obt;iin the fixed alkaline

matter. This being weighed, is then dissolved in a little water, neutralised with acid,

and treated with soda-chloride of platinum. From the quantity of potash -chloride of
platinum, which precipitates, after being filtered, dried, and weighed, the amount of
potash present is deducted ; the rest is soda. These bases may be assigned to tlio

sulphuric, hydrochloric, and phosphoric acids, in proportions corresponding to their

respective affinities.

7. The proportion of organic matter in the above solution of guano, is deter-

mined directly by evaporating a certain portion of it to diynoss, and igniting. The
loss of weight, minus the ammonia and oxalic acid, represents the amount of organic
matter.

8. A second portion of a solution of ttie guano is evaporated to dryness by a gentle

steam heat, weighed, inclosed in a stout well-closed phial along with alcoliol of 0'826,

and heated to 212°. After cooling, the alcoholic solution is decanted or filtered clear,

evaporated to dryness by a gentle heat, and weighed. This is xirea, which may be
tested by its conversion into carbonate of ammonia, when heated in a test-tube or small
retort. In this way I have obtained from Bolivian guano 5 per cent, of urea ; a certain

proof of its entire soundness.

9. Analysis of the insolnhle matter.—One third of it is digested with heat in abun-
dance of borax-water, containing ^i^ of the salt, filtered, and the filter dried by a steam
heat. The loss of weight indicates the amount of uric acid, which is verified by super-

saturating the filtrate with acetic or hydrochloric acid, thus precipitating the uric acid,

throwing it upon a filter, drying, and weighing it. This weight should nearly agree
with the above loss of weight, the small difference being due to soluble organic matter,

sometimes called geine and ulmic acid. The uric acid is evidenced, 1, by its specific

gravity, which I find to bo only 1*25, as also that of the urate of ammonia ; 2, by its

affording fine purple murcxide when heated in a capsule along with nitric acid, and
then exposed to the vapour of ammonia from a feather held over it ; 3, by its dissipa-

tion when heated, without emitting an empyreumatic odour.

10. Another third of the solid matter is distilled along with half its weight of slaked

lime, and 10 times its weight of water, in the apparatus already described, and the

ammonia obtained from it estimated.

11. The remaining third having been ignited, is digested with a gentle heat in weak
hydrochloric acid, and the undissolved silica and alumina washed on a filter, dried, and
weighed. To the hydrochloric solution, dilute sulphuric acid is added, and the mixture
is heated till all the hydrochloric acid be expelled, with the greater part of the water.

Alcohol of 0'850 is now poured upon the pasty residuum, and the whole, after being

well stirred, is thro-\vn upon a filter. The phosphoric acid passes through, as also the

magnesia in union with sulphuric acid. The sulphate of lime, which is quite insoluble

in spirits of wine, being washed with them, is dried, ignited, and weighed. From the

weight of sulphate of lime, the quantity of phosphate of that earth that was present

becomes known.
12. Ammonia in excess is now added to the filtrate, which throws down the granular

phosphate of ammonia and magnesia. After washing and drying this powder at a
heat of 150°, its weight denotes the quantity of that compound in the guano.

13. To the filtered liquor (of 12), if a little ammonia be added, and then chloride

of magnesium be slowly dropped in, phosphate of ammonia and magnesia will pre-

cipitate, from the amount of which the quantity of phosphoric acid may be estimated.

14. The proportion of oxalate of lime is determined by igniting the washed residuum
(of 9), and placing it in an apparatus for estimating the quantity of carbonic acid

given off in dissolving carbonate of lime. I have rarely obtained more than h gr. of

carbonic acid from the insoluble residuum of 100 gr. of good guano, and that corre-

sponds to less than 1^ per cent, of oxalate of lime in the guano. Sometimes no
effervescence is at all to be perceived in treating tlie washed residuum with acid after

ignition.

16. The carbonate of ammonia in guano is readily determined by filtering the solu-

tion of it in cold water, and neutralising the ammonia witli a test or alkalimotrical acid.

16. Besides the above series of operations, the following researches must be made
to complete our knowledge of guano. The insoluble residuum (of 10), which has

been deprived by two successive operations of its uric acid and ammonia, may
contain azotised organic matter. It is to bo therefore well dried, mixed with 5 times

its weight of the usual mixture of hydrate of soda and quicklime, and subjected to

gentle ignition in a gbiss or iron tube closed at one end. and connected at the other

with an ammonia-condensing apparatus. The amount of ammonia, being estimated by
a proper ammonia-meter, represents the quantity of azote, allowing 14 of this element

for 17 of ammonia, being the potential ammonia corresponding to the undefined
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animal matter. In a sample of Peruvian guano I obtained 5 per cent, of ammonia
from this source.

17. The whole quantity of ammonia producible from guano is to be determined by
gently igniting 26 gr. of it well dried, and mixed with 10 times its weight of the

mixture of hydrate of soda and quicklime (2 parts of the latter to 1 of the former).

The ammonia disengaged is condensed and measured, as described above.

18. The ready-formed ammonia is in all cases determined by distilling a mixture of

100 gr. of it with 50 gr. of slaked lime, condensing the disengaged ammonia, and
estimating it exactly by the meter.

19. The relation of the combustible and volatile to the incombustible and fixed

constituents of guano, is determined by igniting 100 gr. of it in a poised platinum

capsule. The loss of weight denotes the amount of combustible and volatile matter,

including the moisture, which is known from previous experiments.

20. The insoluble matter is digested in hot water, thrown upon a filter, dried, and
weighed. The loss of weight is due to the fixed alkaline salts, which, after concen-

trating their solutions, are investigated by appropriate tests : 1, nitrate of baryta, for

the sulphates ; 2, nitrate of silver, for the chlorides and sulphates ; and 3, bichloride

of platinum, for distinguishing the potash from the soda salts.

21. The insoluble matter (of 20) is digested with heat in dilute nitric or hydro-

chloric acid, and the whole thrown upon a filter. The silica which remains on the

filter is washed, ignited, and weighed. The lime, magnesia, and phosphoric acid may
be determined as already pointed out.

If, however, the remarks made in an earlier part of this article be correct, it is

altogether unnecessary, in order to ascertain the commercial value of a sample of

guano, to perform so elaborate a series of operations as that described above.

The following points are all that are required to be investigated :

—

The amount of water ; organic matter ; nitrogen
;
proportion of ash ; analysis of

the ash as to phosphoric acid and alkalis—potash and common salt ; sand.

1. Water.—The most delicate and troublesome operation is perhaps the determina-

tion of the amount of water. If the substance be dried in the water-oven, as is the

usual practice, at 212° F., a very large quantity of ammonia is expelled : so that it

becomes necessary to desiccate by protracted exposure under a bell-glass, over a vessel

of sulphuric acid. Even in this manner, the error is not entirely eliminated, and Mr.
Way suggests treating the specimen in a shallow platinum dish, with a few drops of

hydrochloric acid, which is allowed to soak through the whole : he states, that it may
then be dried at 212° F., without loss.

2. Organic matter.—The proportion of organic matter is determined in the usual
way, by burning it off in an open platinum crucible, until nothing is left but the white
or brownish white ash, which is then weighed.

3. Determination of nitroffen.—This is best performed by Will and Varrentrapp's
process. See Watts's ' Dictionary of Chemistry.'

4. Phosphoric acid.—The phosphoric acid in the ash of the guano is determined by
conversion into perphosphate of iron, and then separation as ammonia -magnesia
phosphate, in the usual way. Under the head of Ash of Organic Bodies, in Watts's
' Dictionary of Chemistry,' will be found the general method for the complete analysis

of the ashes of organic bodies, which, if it be thought desirable, may be carried out,

in ejctenso, in the case of the ash of guano.

5. Alkalis.—This is, however, scarcely necessary, so long as the alkalis are deter-

mined to ascertain the amount of the valuable alkali potash, and the extent of con-
tamination with common salt.

6. Sand.—The quantity of sand is determined by treating a poTtion of the dried
guano with hydrochloric acid and water, till nothing more is dissolved, then igniting,

and weighing the residue.

Statistics of the guano trade at Peru.—^We extract the following from an article

published in the official journal at Lima :—The exportation of guano began in

1841, und6r the contract with the house of Messrs. Quiros, Allier, and Co. Up to the
end of 1856, the exportation from the Cincha Islands has been 1,967,079 tons, of
which 1,626,405 tons were sold, and 23,885 were lost at sea. The stock in hand of
the company was 316,789 tons. The gross proceeds of all these sales came to

^100,263,518; the charges amounted to ^^ 61, 008,881, leavingnet proceeds,;^ 39,254,647;
say at 1^. per $ 5—7,850,927^. In the year 1857 the exportation amounted to

472,965 tons, which, added to 316,789 tons, left on hand in the previous year, gives

789,754 tons; of these 304,589 tons were sold, and 19,156 were lost at sea, leav-
ing 466,009 tons. The net profit that year was 12,531,016, or at ;g' 5 per 1^.—
2,507,703/.

In addition to the importation of guano already given on p. 741, the Trade and
Navigation Eetums for 1872 give the following statement under the head of 'Manures
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uneniimerated,' which will evidently comprehend some guanos—the remainder being
chiefly phosphates of lime :

—

Value
Tons £

From Germany 38,592 102,737
„ France . . 13,905 52,641

„ Portugal, Azores, and Madeira 15,656 61,498
„ Spain 1,649 5,894
„ United States of America 35,446 88,811

„ Dutch West India Islands 3,131 12,080

„ Hayti and St. Domingo . 11,269 41,241

„ British West India Islands . 8,305 33,173

„ Other countries 3,983 22,664

Total . 131,936 420,739

GUARAirziir. In the preparation of caffeine from guarana, an alkaline com-
pound was obtained, to which this name was given. See Caffeine.
GTTAVA. This fruit is a native of the two Indies and the Brazils. There are two

well-known varieties, the Psiditwi pomiferum, or apple-fruited guava ; and the P. p2/ri-

ferum, the pear-fruited variety. The pulpy fruits of these trees make, with sugar,

excellent preserves, which are imported as Guava jelly.

GTriGXTET'S GRSEXr. A basic hydrate of chromium, used as a pigment. See
Chromium.
GITZSrSA CORXr. The grain of Holcus Sorghum,
GUZM'EA PEPPER. Another name for the Grains of Paradise.

GUIPURE. A lace made at Limerick by cutting out the pattern from cambric
;

the flowers and ornamental parts being formed of the cambric, and the open part of

stitches which resemble the antique lace.

G17M (Gomme, Fr. ; Gummi, Pflanzenschleim, Ger.) is the name of a proximate
vegetable product, which forms with water a slimy solution, but is insoluble in

alcohol, ether, and oils. It is converted by strong sulphuric acid into oxalic and mucic
acids.

There are six varieties of gum: 1, gum arabic; 2, gum Senegal; 3, gum of the

cherry and other stone-fruit trees ; 4, gum tragacanth ; 5, gum of Bassora ; 6, the

gum of seeds and roots. The first five spontaneously flow from the branches and
trunks of their trees, and sometimes from the fruits in the form of a mucilage which
dries and hardens in the air. The sixth kind is extracted by boiling water. In com-
merce, under the name of gum, very different substances are confounded ; thus we
have gum elemi and gum copal, which are true resins ; and gum ammoniacum, which is

a gum resin ; and gum elastic (caoutchouc), which is a peculiar body, differing from
either.

Gum arabic and gum Senegal consist almost wholly of the purest gum called

arahine by the French chemists ; our native fruit-trees contain some cerasine, along

with arabine ; the gum of Bassora and gum tragacanth consist of arabine and
bassorine.

Gicm arabic, flows from the Acacia arahica, and the Acacia vera, which grow upon
the banks of the Nile and in Arabia. It occurs in commerce in the form of small

pieces, rounded upon one side and hollow upon the other. It is transparent, without

smell, brittle, easy to pulverise, sometimes colourless, sometimes with a yellow or

brownish tint. It may bo bleached by exposure to the air and the sunbeams, at the

temperature of boiling water. Its specific gravity is 1-355. Moistened gum arabic

reddens litmus-paper, owing to the presence of a little supermalate of lime, which

may be removed by boiling alcohol ; it shows also traces of the chlorides of

potassium and calcium, and the acetate of potash. 100 parts of good gum con-

tain 70'40 of arabine, 1760 of water, with a few per cents, of saline and earthy

matters. Gum arabic is used in medicine, as also to give lustre to crapes and other

silk-stuffs. See Acacia.

Gum Senegal is collected by the negroes during the month of November, from the

Acacia smegal, a tree 18 or 20 feet high. It comes to us in pieces about the size of a

partridge's egg, but sometimes larger, with a hollow centre. Its specific gravity is

1-436. It consists of 81*10 arabine ; 16-10 water ; and from 2 to 3 of Siiline matters.

The chemical properties and uses of this gum are the Kime as those of gum arabic.

It is much employed in calico-printing.

Cherry-tree gum consists of 5210 arabine; 34-90 cerasine; 12 water ; and 1 saline

matter. It is used by hatters for smoothing the nap.
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Gum tragacanth is gathered, about the end of June, from the Astragaltis froffocaniha

of Crete and the surrounding islands. It has the appearance of twisted ribands ; is

white or reddish; nearly opaque, and a little ductile. It is difficult to pulverise,

without heating the mortar. Its specific gravity is 1-384. When plunged in water,

it dissolves in part, swells considerably, and forms a very thick mucilage. 100 parts

of it consist of 53*30 arabine ; 33*30 bassorine and starch; 11-0 water; and from
2 to 3 parts of saline matters. It is employed i"n calico-printing, and by shoe-

makers.

Chim of Bassora. See Bassokine.
Gum of seeds, as linseed, conBists of 52*70 atabine ;

28*9 of an insoluble mattet ;

10-3 water; and 7*11 saline matter. Neither bassorine nor cerasine seems to be pre-

sent in seeds and roots.

GJJn/tt BRZTZSB. SeeDBXTHiNE.
GT7XMC EliASTZC. See Caoutchouc.
CTTM IiAC. See Lac.
GTTM-'RSSZXrs.

( Gomme-resines, Fr. ; Schleimharze, Ger.) When incisions are

made in the stems, branches, and roots of certain plants, a milky juice exudes, which
gradually hardens in the air ; and appears to be formed of resin and essential oil, held

suspended in water charged with gum, and sometimes with other vegetable matters,

such as caoutchouc, bassorine, starch, wax, and several saline matters. The said con-

crete juice is called a gum-resin ; an improper name', as it gives a false idea of the

nature of the substance. They are all solid ; lieavier than water ; in general opaque
and brittle ; may have an acrid taste, and a strong smell ; their colour is very vari-

able.
^

They are partially soluble in water, mostly soluble in alcohol ; and the solu-

tion in the former liquid seldom becomes transparent. Many of the gum-resins are

medicinal substances, and but little employed in the arts and manufactures. The fol-

lowing is a list of such :—assafoetida
;
gum ammoniac ; bdelliimi ; euphorbium

;
gal-

banum
; gamboge ; myrrh ; olibanum or firankincense ; opoponax ; and scammony. The

gum-resins which are employed in the arts or manufactures are described in this work
jinder their peculiar names. •

- -

The following Tables give our importations of Gum and Gum-Ke«ns from 1868 to

1870:—

1868 1869 1870

Gum

Cwts. Value Cwts. Value .
Cwts. Value

£ £ £
Animi 527 4,030 3,048 29,930 857 9,715
Copal. 10,415 40,451 21,738 74,383 20,507 67,902
•Arabic , . . 59,324 249,805 67,989 300,433 71,963 264,590
Kowrie 45,904 101,601- 45.352 122,176 54,248 146,769
Lac dye . , 11,441 78,489 14,275 102,376 14,131 103,919
Shellac . . . 30,589 114,411 46,180 179,875 31,912 146,452
Benzoin , . 3,102 24,400 2,914 24,193 4,310 31.208
Mastic 56 2,254 318 12,021 661 24,986
Other kinds 30,563 114,740 34,913 125,815 34,905 167,025

•

1871 1872
Gums and Gum-Resln8 Imported In 1871-1872

Quantities Value Quantities Value

(htm Arabic : cwts. £ cwts. £
From France ...»,. 1,409 7,318

„ Austrian Territories

„ Turkey
3,737

2,779

19,969

11,399

3,159

774

15,6*02

3,520
. M Egypt .'..... 58,939 184,588 30,131 81,255

„ Morocco.,..,, 2,775 7,137 3,140 7,ft92

„ United States of America 1,026 5,175 ... ....

,, British India . . . . . 2,696 8,584 1,821 e,746;

„ Other countries ...
Total. . . .

2,876 5,954 3,812 Mao

76,136 250,088 42,873 123,080

Vol. II. 3 C
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1871 1872

Gums aud Gum-Resins imported in 1871-1872

Quantities Value Quantities Value

Kowrk Gum: cwts. £ cwts. £'

From Australia 85,779 155,190 49,675 03,572

„ Other countries . . ; .

Total.

Lac, Seed, Shell, Stick, and Lye :

... ... 73 132

... ... 49,748 93,704

From British India 59,353 343,224 72,180 434,542

„ Straits Settlements.... 788 2,612 2,363 9,042

„ Other countries ....
Total.

Gums Unenumeratcd

:

524 2,853 1,165 6,415

60,665 348,689 75,698 449,999

From Germany 1,094 10,991 326 2,464

„ Holland 2,168 9,486 5,639 12,294

„ France 7.553 24,894 6,300 24,360

„ Portugal 2,173 7,520 3,249 8,789

,, Austrian Territories. 1,416 6,000 2,376 10,657

„ Turkey 2,976 25,388 2,272 16,677

M Egj-pt 19,130 63,612 20,243 66,810

„ Morocco 5,147 17,306 5,927 20,430

„ East Coast of Africa : Native States 972 6,855 3,033 22,475

„ Philippine Islands .... 12,362 22,690 9,593 16,055

„ Borneo 2,670 7,310 ... ...

„ Australia^ ... ... 2,552 6,124

„ United States of America 730 3,155 ... ...

„ Sierra Leone ..... 5,121 12.588 4,768 12,463

„ British India 13,625 47,142 16,501 51,081

„ Straits Settlements .... 12,903 44,794 13,901 40,250

„ Other countries . . . .

Total.

5.116 14,498 6,891 19,241

95,426 324,229 103,571 330,170

CS-XTZMC-WOOD. Eucalyptus piperata, or blue-gum tree of New South Wales. The
%vood is sent over in large logs and planks; the colour of dark Spanish mahogany,

Avith a blue and sometimes a greyish cast. See EtJCALYPTUs.

GXrxJ BARREZiS. See Fire Arms.
GUir COTTOir. (Syn. Pyroxyline ; Fidmicoton,Vv.) In 1833 M. Braconnot

discovered that starch, by the action of monohydrated nitric acid, became converted

into a peculiar substance which dissolved in excess of the acid, and was re -precipitated

in a gramilar state on the addition of water. This substance, known as xyloidine,

when washed and dried, was found to explode on contact of a light, and even if heated

to 356°. It also exploded if subjected to a smart blow. The subsequent researches of

M. Pelouze indicated this singular body to be starch, C'H'oO'" (CH'"©*), in which

one equivalent of hydrogen is replaced by peroxide of nitrogen, or hyponitric acid.

The formula of xyloidine would consequently be ^"^q* }^'" [C''H"(iro')0»]. On

the supposition of this being the correct formula, 100 parts of stirch should yield 127*7

of xyloidine, and M. Pelouze ol)tainod from 128 to 130. About thirteen years subse-

quently to the discovery of-xyloidino, M. Schonbein announced his discovery of gun-

cotton. Chemists immediately saw the analogy between the two substances, for while

xyloidine appears to bo 'derived from starch by the substitution of one equivalent of

hyponitric acid for one of hydrogen, gun-cotton is derived from cellulose, CH'^O'"
(C**H'"0*), isomeric with starch, l^y the substitution of two or three equivalents of

hyponitric acid for the same number of equivalents of hydrogen.

\\ ounces pure dry nitre in fine powder.

30 drams (fluid measure) sulphuric acid, sp.gr. 1*846.

120 grains of well-carded cotton.

Tlic cotton is to be well pulled out and immersed in the mixture of the nitre and
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sulphuric acid. The contact with the acid, &c., is to be insured by stirring and
pulling out the cotton with two glass reds. As soon as perfect saturation is eflfected,

which, with good management, will be in about a minute, the cotton is to be thrown

into a largo pan of M'ater, and well rinsed. The vessel is to bo continued under a tap

iiutil litmus-paper is no longer reddened. The cotton is to be squeezed in the folds

of a clean towel, and exposed (after being again well pulled out) to a gentle heat to

dry. It is curious that the most soluble cotton is often the least explosive, although

there is reason to believe that the most soluble cotton is that which nearest approaches

in constitution to tri-nitro-celluloso.

M. Schonbein recommends a mixture of one measure of nitric acid with three

mciisures of sulphuric acid as the best bath for the cotton. The liquid is to be
allowed to cool previous to its immersion. He also saturates the cotton with nitrate

of potash, by immersing it in a solution of that salt before drying. Cotton prepa-red

in this manner is not adapted for photographic purposes, but it is highly explosive,

and therefore well fitted for blasting rocks.

The true constitution of gun-cotton is by no means well established. It appears

to be very liable to differ in composition according to the method of preparation.

According to M. Bechamp it is essential, in order to obtain a cotton both fulminating

and soluble in ether, to operate upon the mixture of nitre and sulphuric acid before

the temperature (which rises on the ingredients being mingled) has fallen. If cooling

has taken place previous to the immersion of the cotton, the resulting pyroxyline is

fulminating, but insoluble in ether.

The analyses of MM.. Domonte and Menard, and also of M. Bechamp, agree best

with bi-nitro-cellulose ; while those of Gladstone, Vankerchoff, and Renter, Schmidt,

and Hecker, and Pelouze are more in accordance with a tri-nitro-cellulose. To add to

the difficulty of forming a conclusion on the subject, M. Peligot's analyses agree best

with the expression /'jtq4N2 \
0''» "W'hich is that of bi-nitro-glucose.

According to M, Bechamp xyloidine and pyroxyline are acted on by protoaeetate of

iron, the original substance being regenerated. Thus xyloidine affords starch, and
pyroxyline cotton. The regenerated cotton was analysed with the following result :

—

Experiraent Calculation

Carbon .

Hydrogen
Oxygen .

. 43-35

. 6'31

. 50-34

C»2= 72 44-44

H'» 10 6-17
O'o 80 49-39

100-00 162 100-00

I

Bechamp (and others) regarded gun-cotton as containing nitric acid. The former

supported his views with numerous experiments ; but there are several disturbing in-

fluences preventing the products of the decomposition of gun-cotton by alkfilis, &c.,

being regarded as sufficiently known to enable us to express a decided opinion as

to its true constitution. It may be mentioned in evidence of this that during the

action of caustic potash upon gun-cotton, M. Bechamp observed sugar to be produced.

The latter chemist, in common with many others, doubles the formula which we,

following M. Gerhardt, have provisionally adopted for cellulose ; he, moreover, formu-
lates the latter substance and its nitro-derivatives thus :

—

C2iH»^0'',5NO»,2HO =pentanitric cellulose.

C2<H'«0'«,4N05, HO = tetranitric cellulose.

C«H»"0",3N0* = trinitric cellulose.

C^H^oO"^ cellulose.

Explosive substances analogous to gun-cotton may be prepared from many organic
bodies of the cellulose kind, by immersing them in the same bath as for gun-cotton.
Among these niay be mentioned paper, tow, sawdust, and calico.

When collodion is wanted for an application to cut surfaces, and the cotton is with
difficulty soluble in alcoholic ether, a solution may easily be obtained if the cotton be
first moistened with acetic ether, and the alcoholic ether be afterwards added.

Several of the nitro-derivatives of starch and cellulose undergo spontaneous decom-
position when kept for some time in stoppered bottles (Gladstone).—C. G. W.
When cotton wool is immersed in a mixture of strong nitric and sulphuric acids,

substitution takes place immediately, and the product has only to be freed from
adliering acid by washing with water, and then dried. But in order to insure the
uniform production of the most highly nitrated compound, Von Lenk adopts several
precautions, the most important of which are :

—

3c2
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' 1. The cleansing and perfect desiccation of the cotton priDviously to its immersion
in the mixed acids.

2. The emplo}'ment of the strongest acids procurable in commerce.
3. The steeping of the cotton in a fresh strong mixture of acids after the first

immersion and partial conversion into gun-cotton.

4. The continuance of the steeping for forty-eight hours.

6. Tlie thorough purification of the gun-cotton thus produced from every trace of
free acid, by washing the product in a stream of water for several weeks ; subse-
quently a weak solution of potash may be used, but this is not essential.

The prolonged application of these processes is absolutely necessary to ensure the
thorough nitration of the cotton, and the subsequent purification of the product ; for
each cotton fibre is a long narrow tube, often twisted and even doubled up, and the
acid has first to penetrate to the inmost depths of these tubes and afterwards to bo
soaked out of them ; hence the necessity of time.

Sometimes, to render the gun-cotton less spontaneously explosive, and to remove the

last lingering traces of free acid, it is impregnated with a solution of silicate of soda
(soluble glass) which is forced into it by means of a centrifugal machine, having a
central tube for supplying the solution. It is then dried by exposure to the air,

whereby carbonate of soda is formed, and silica separated', and the carbonate of soda is

afterwards washed out with water while the silica remains attached to the fibres.

Sometimes, again, to render the fibres soft, and diminish the dfinger of explosion

from violent friction, the gun-cotton, after being treated with soluble glass, is im-

mersed in a soap-ley, the excess of which is then squeezed out, and the gun-cotton

finally dried.

Gun-cotton was prepared on a large scale by a process essentially the same as

that of Von Lenk, at the manufactory of Messrs. Prentice at Stowmarket, previous to

its destruction by fire. Preparations are now (1874) being made for resuming the

manufacture in this place.

Grun-cotton prepared by Von Lenk's process is not liable to explosion by percussion
;

it may detonate between iron and iron if a hea-\7' blow be struck, but only that part

explodes which is hit, without communicating ignition to the surrounding particles.

If a heavy blow be struck on gun-cotton with an iron hammer, upon bronze or any
other comparatively soft metal, no detonation takes place. Otto found, on the other

hand, that pyroxyline, prepared with nitric acid ^alone, explodes like fulminating

mercury when struck with a hammer.
The tomperatiire at which gun-cotton explodes has been very acciirately determined

by Baron von Ebner, who fixes the lowest temperature al 136" C. (2770° Fahr.); but

the heat required is usually stated to be greater than this. According to Melsens,

gun-cotton which has been washed with soda and retains a small quantity of the

alkali, does not explode till heated to 180° C, and similar observations have been

•made by Payen, Pelouze, Piobert, Vankerchoflf, and others.

Von Lenk's system of manufacturing gun-cotton is briefly as follows :

—

• 1. The carded cotton is spun into a loose yarn, varying in size and strength

according to the applications it is to receive ; and the yarn is made up into hanks of

convenient size (weighing about three ounces).
* 2. The cotton is submitted to preliminary purification, by boiling it for a few

minutes in a solution of potassic carbonate, of specific gravity 1*02, separating the

alkaline liquid by means of -a centrifugul extractor, and washing the cotton thoroughly

in water.
' 3. Tho cotton is perfectly dried by artificial heat, immediately before its treatment

with acid.

' 4. Tho acid used for the production of the gun-cotton is prepared by mixing one

part by weight of nitric acid (of specific gravity 1 "52) with three parts of sulphuric acid

(of specific gravity 1*84). This mixture is .allowed to become perfectly cold before use.

* 6. The dry cotton is immersed by small quantities (about six ounces, or two hanks

at one time) in a bath of tho mixed acids, which is kept as cool as possible. When
the cotton has become thoroughly saturated, and has been moved about in the acid

for a few minutes, it is removed from the bath to a ledge placed over it, where a

portion of the acid absorbed is separated by gentle pressure. The hanks are then

transferred to small covered stoneware vessels, in which they are presorvod for forty-

eight hours ; the proportion of acid with which they are allowed to remain saturated

for that period being 10-5 parts by weight to 1 of the original cotton. The vessels

containing the gun-cotton and acid are kept as cool as possible by being surrounded

with water.

6. The acid removed from the bath by each successive quantity of cotton immersed

is replaced by the addition of a corresponding quantity of the fresh mixture, before

another quantity of cotton is treated.
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' 7. After the lapse of forty-eight hours, the acid is separated from the gun-cotton»^

as completely as possible, by mechanical moans (i. e., by means of the centrifugal

extractors). The expressed acids are not employed again.

.
' 8. The hanks are then drenched with water, singly, as rapidly as possible ; they

are afterwards washed by hand till no longer acid to the taste, and are afterwards

placed in crates or perforated boxes, and kept immersed in flowing water for about

three weeks.
* 9. At the expiration of that time, the water is separated mechanically from tho

gun-cotton, and the moist skeins are boiled for fifteen minutes in a solution of potassic

carbonate (of specific gravity 1*02). When the alkaline liquor has been expressed,

the skeins are once more immersed, in flowing water, for a few days. The flnished

gun-cotton, is then dried by exposure to air.

• 10. It is afterwards allowed to soak for about one hour in a cold solution of sodic

silicate (of specific gravity r072). The liquid is then expressed from tho hanks in

the usual manner ; after which they are allowed to dry thoroughly, again washed, for

five or six hoiirs, in running water, and finally by hand. The thorough desiccation

of the gun-cotton then completes its manufacture.
' The employment of the cotton in the form of hanks of loosely-spun yarn, instead

of simply in the loose carded condition, considerably facilitates its conversion and
purification. The proper impregnation of the cotton by the acids is more rapidly

accomplished with the hanks ; such manipulations as attend the separation of the

main quantity of acid from the converted material, and its first rapid and complete

immersion (while still saturated with the concentrated acids) into water, and are

much more readily carried out with the cotton in the spun form ; and, again, the

exposure of the letter to the full purifying effects of a current of water, is much more
simply and perfectly effected than if carded cotton be used, while the mechanical loss

of wool and of gun-cotton, in the several operations of washing and expressing, is

much reduced.'
. ...

Professor Abel perfedtly satisfied himself of the advantages just pointed out, by
operating upon considei*able quantities of carded cotton wool. 'In these experiments

it was found impracticable, moreover, ' except by application of very powerful pres-

sure, to reduce the proportion of the acid which the wool retained after immersion
(and which had to be left in contact with it, as prescribed) below that of fourteen parts

to one of cotton ; whereas with the yam there is no difficulty in reducing the quan-

tity, by moderate pressure, to ten parts, or even lower. The consumption of acid is

therefore economized by using the cotton in a spun form.
' The preparation of the mixture of nitric and sulphuric acids, as directed by Von

Lenk, involves no important point of novelty. The necessity of employing the mixture
cold, and therefore of either submitting it to refrigeration before use, or of preparing

a stock of the mixture some time before it was required, was well known to the earliey

operators.'
' In the treatment of the cotton with the mixed acids., the following precautions,

namely, the immersion of uniform (Quantities <5f the' perfectly dry cotton in the bath of

acid, the adherence to a fixed proportion in -v^eight between the cotton and the acid

uith which it is left in contS,ct, ahd the regular 'replacement of the acids removed
from the bath at each successive inimersion of the eotton; by 3 corresponding quantity

of fresh mixture, combine to fexert ' no afnimpbrtant influence' upon the uniformity of

the product. That such is the cdse has been established by manufacturing experi-

ments. For example, on on6 occasion 'some* hanks of cotton were immersed in the

bath of acids without addition to the latter, of the quantity offresh acid proportionate

to the amount removed in the previous operation of immersion. The resulting jwo-

duct, which was in all other respects treated as usual, exhibitod a decided difference,

both in its composition and its explosive powers, when compared with gun-cotton

previously produced, strictly according to rule, in the same bath of acids.'

Effects of heat upon gun-cotton.—The behaviour of gun-cotton under exposure,

* An observation made by B&hamp, in his Papers on Pyroxylin, that the production of a soluble

or insoluble product was determined simply by conditions of temperature when the conversion was
effected by means of sulphuric acid and saltpetre, induced me to ascertain by experiment whether
the solubility, in alcohol and ether, of the product obtained with the employment of the prescribed
mixture of nitric and sulphuric acids, Increased, if the temperature of the latter was raised to about
70° C. That temperature was fixed upon for the experiment as being the average of the freshly-pre-
pared mixture of nitric and sulphuric acids, usually employed for producing gun-cotton for photo-
graphic piu-poses, and which, in experiments instituted, furnished soluble gun-cotton, yielding
transparent collodion. The products obtained by the action of the warm mixture upon the cotton
wool exhibited no difference as regards its insolubility from the ordinary products furnished by the
cold mixture. Neither was insoluble gun-cotton rendered at all soluble by being submitted to treat-
ment with the warm mixture. Hadow has shown that a more dilute mixture of acids, which when
cold, furnishes an almost insoluble product, will, if employed at a temperature of 55° C, yield
perfectly soluble gun-cotton, giving a fluid transparent collodion.
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even to comparatively high temperatures, is subject to very considerablo modifications,

which may be in great measure determined by the conditions of troatmoiit. Illustra-

tions of this were obtained at an early period of these investigations, in experiments

instituted with the view to ascertain the average temperature at wliich gun-cotton

explodes.

The following is a summary of the observations made on this head by Mr. Abel.

Exploding-point of gun-cotton.—The apparatus employed in the experiments on this

subject consisted of a small air-bath, fitted with a thermometer, and closed with a
mica-plate, having a circular opening in the centre, through which the gun-cotton

might be introduced, and which was kept closed, when not in use. The mode of opera-

ting was modified in various ways. In the first instance, the gun-cotton was combed out

into a very loose condition, and allowed to rest upon metal in the air-bath. The tem-

perature of the latter was then raised very gradually from 15° C. to 204° or 205° C.

When the time occupied in the passage to the maximum temperature was two hours

and upwards, the gun-cotton did not explode at all (in six experiments), but gradually

became dark brown, quite friable, and deprived of <all explosive properties. When a

considerably shorter time (about one hour) was occupied in the attainment of the maxi-

mum temperature, the gun-cotton exploded on one or two occasions, but not until its

temperature had reached 205° C.

In the next experiments, the gun-cotton was employed in very small compact
masses, and resting upon a wooden support, was exposed to a continuously-increasing

temperature. The passage from 1 5° C. to the exploding-point ranged in these experi-

ments from 45 minutes to 2 hours.

Temperature at commencement of experiment = 20° C.

). of Experiment Time occupied Exploding-Point

8 . 45 minutes . . , , 137°-5 C.

9 . 1 hour 25 minutes . 136°.

10 . , 1 hour . 137°-5C.
11 . . 1 hour . 138°'5C.
12 . , 2 hours . 138°.

Another series of experiments was instituted for ascertaining in what particular

mechanical condition the gun-cotton exploded most readily, and at most uniform tem-

peratures ; and ultimately the material was employed in the form of pieces of loosely-

twisted strand about 20 millimeters long, and its exploding-point was determined by
first raising the atmosphere of the air-bath to 105° C, then allowing the specimen to

fall upon a diaphragm of wire gauze in the air-bath, at once increasing the temperature

as rapidly as possible ; and carefully reading the thermometer until the explosion

occurred. The results of eight observations thus conducted were as follow :

—

No, of Experiments Exploding-Point

13 151°'5C.
14 . 151°

15 151°

16 150°-5 C.

17 150°-5 C.

18 148°-5C.
19 . • 161*>

19a 147°

These last experiments, which appear the most trustworthy, indicate that the aver-

age temperature at which the gun-cotton explodes, when in a condition most favour-

able to its rapid heating, is about 150° C. For two observations, in which the gun-
cotton was in a very open condition, the temperature being raised more rapidly

than usual, the explosions occurred when the thermometer indicated 145° and
143°-5 C. ; and in the experiments preceding these, which were differently conducted,

compact gun-cotton being exposed to heat for a considerable time, the point of ignition

ranged between 136° and 138°*5 C. Schrotter, Redtenbachor, and Schneider, in

their report upon Von Lenk's gun-cotton, mention that 13G° C. is the lowest tempera-

ture fixed by Von Ebner, at which this material explodes.

Action of light on gun-cotton.—The following are the results obtained up to the

present time by exposure to light, under various circumstances, ofgun-cotton prepared

and purified, according to Von Lenk's directions.

Exposure to strong daylight and to sunlight, either in the open air, or in confined

spaces for a few days (two or four), developes in the gun-cotton a very faint

aromatic odour ; and if litmus-paper be allowed to remain in close contfict with the

confined material, it acquires a rose-coloured tinge similar to that produced by carbonic
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acid, and recovers its original colour after brief exposure to air. If, after exposure to

light in open air for some days, the gun-cotton be placed in the dark, in cases which
are not air-tight, the odour becomes gradually fainter, and the effect upon litmus-paper

slighter ; if the packages containing the gun-cotton are air-tight, the odour and action

upon litmus do not increase during storage for several years (the actiml experience

gained at Woolwich extends over nearly four years).

If the gun-cotton be exposed for protracted periods to daylight with free access of

air, it speedily loses all odour and power of affecting litmus. If exposure to diffused

daylight in confined spaces be continued, the first results of the action of light are, of

course, retained ; but up to the present time no single indication of their increase has
boon observed ; indeed, the very faint acid reaction described, which was developed

at first, has frequently disappeared, probably in consequence of the neutralising

action of small quantities of earthy carbonates contained in the gun-cotton.

But if the material be exposed continuously in a perfectly confined space to the

action of sunlight or strong daylight, it furnishes, after a time much greater evidence

of change than that already described. The acidity grjidually becomes more mani-
fest ; the odour increases, and becomes in time somewhat pungent, and indicative of

the presence of very small quantities of nitrous acid ; and litmus-paper, if confined

in a vessel with gun-cotton thus exposed, becomes entirely bleached after two or three

months. Although specimens of gun-cotton always undergo some spontaneous change
under these very special circumstances, the decomposition proceeds with extreme slow-

ness ; and the results of the observations are, therefore, in this respect quite at vari-

ance with those recently published by De Luca, who states that the specimens operated
upon by him decomposed upon exposure to sunlight, some on the first day of the
experiment, others after several days' exposure.

The advantages arisingfrom the rcdttction of gun-cotton fibre to a state of fine divi-

sion are thus explained by Mr. Abel :

—

Abundant proofs have been obtained that the long-continued wasting apd the treat-

ment with an alkaline liquid to which gun-cotton is submitted, do not completely
separate from it products of the partial oxid.ation of organic impurities retained by
the cotton up to the time of its conversion. This is unquestionably due in great mea-
sure to the tubular structure of the fibre. If the impurities were merely upon the
surface of the fibre, their perfect removal b}' the action of solvents should be accom-
plished without difficulty ; but it does not appear that even long-continued digestion
of gun-cotton in alcohol has the effect of completely freeing it of the impurities soluble
in that liquid which are locked within the fibre. The action of a warm or cold alkaline
liquid upon the material might perhaps eventually result in the complete removal of
these bodies ; but the loss of product and destructive effect upon the fibre, resulting
from any other than a brief digestion in a very dilute alkaline bath, are too consider-
able to admit of such a treatment. The following experiments may be quoted in
illustration of this :

—

_
A quantity of gun-cotton, which had already been submitted to the usual purifica-

tion with water and a hot alkaline bath, was boiled for ten minutes in a solution of
potassic carbonate, of the strength usually employed (of specific gravity 1-02). By
this treatment the material sustained a loss of 3*7 per cent. ; the bath having as-
sumed an amber colour. Upon being again boiled for twenty*minutes in the same
alkaline bath, which thereby became considerably deepened in colour, the sample sus-
tained a further loss of 12-09 per cent. The strength of the fibre had been consider-
ably reduced by this treatment.

6'5 grms. of gun-cotton and 0*4 grm. of sodic carbonate were placed together with
50 cubic centims. of water in a flask, to which a vertical condenser was attached,
and were heated to 100° for twelve hours. The alkali was then found to have become
nearly neutralised, and the dark brown liquid contained sodic nitrate in abundance.
The gun-cotton was washed and twice treated in the same manner, the alkali being
neutralised on each occasion, as in the first instance.
But though it is evident that the treatment of gun-cotton with warm alkaline baths

cannot be advantageously extended, satisfactory proof has been obtained that the
stability of gun-cotton which has been purified as far as is possible by the present
system, may be importantly increased by submitting the material to a special process
of washing.

In the experiments instituted upon the application of gun-cotton as a substitute for
gunpowder, some very advantageous results have attended the conversion of the
material into homogeneous masses of a'ny desirable form or density by preparing it
according to the method commonly employed for converting rags into paper. In re-
ducing the material to a very fine state of di\asion by means of the ordinary beating
and pulping machines, the capillary power of the fibres is nearly destroyed, and the
gun-cotto^ is for a considerable period very violently agitated in a large volume of
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water. It would be very difficult to doviso a more perfect cleansing process than that

to which the gun-cotton is thus submitted ; and the natural result of its application

is that the nuiterial thus additionally purified acquires considerably increased powers

of resisting the destructive effects of heat. Samples of the pulped gun-cotton, even in

the most porous condition liave been found to resist change perfectly upon long-con-

tinued exposure to temperatures, which developed marked symptoms of decomposition

in the gun-cotton purified only as usual.

The pulping process applied to gun-cotton affords, therefore, iraportiint additional

means of purifying the material, the value of which may bo further enhanced by em-
ploying a slightly alkaline water in the pulping machine.

Shortly after the discovery of gun-cotton in 1846, attempts were made to increase

the explosive force of that substance by impregnating it with a solid oxidising agent

such as saltpetre. The preparations of gun-cotton were saturated in a solution of the

salt, and the water was subsequently evaporated, but tlie quantity of the ' nitrate' or
' chlorate ' which could bo introduced by this, the only practical mode of trwitment,

was so small as to bo of little value. The system of reducing gun-cotton to a fine

state of division by the pulping process has, however, afforded the means of readily

incorporating tliis substance with an agent suflficiently rich in oxygen to oxidise the

wliole of the carbon in the gun-cotton preparation. This requires a comparatively

large proportion of saltpetre, or other analogous salt, and Mr. Abel succeeded in ob-

taining some very promising results in this direction.

The general mode of producing * nitrate ' or • chlorate ' preparations of gun-cotton

may be briefly described as follows :

—

The requisite proportion of the oxidising agent, such as saltpetre, is reduced to a

very fine powder, and is then intimately mixed with the finely-divided or pulped gun-
cotton, by steeping the latter in a saturated solution of the salt. The mixture is then

granulated or compressed into any desired form by the usual method employed in ttio

preparation of Abel's compressed gun-cotton.

The products obtained in this way, especially in the disc or compressed state, possess

several important advantages over ordinary compressed gun-cotton. The nitrated

material forms very hard masses, which are much less liable to break up or give off

dust when roughly handled than the ordinary substance. This comparative hardness

is probably due to the particles of the mass becoming firmly cemented together by the

crystallisation of the salt on the evaporation of the water during the process of drying.

Indeed, it has been found that the application of considerably less pressure than is

required to produce very compact cakes of ordinary gun-cotton suffices to furnish

masses decidedly superior both in hardness and compactness. Moreover, the cakes,

or discs, of the nitrated preparation, when dry, are found to have become coated with

a hard film of the salt, which acts as an additional protective against mechanical

injury and renders the surface less dusty, and thus less readily inflammable, than tlie

ordinary kind.

Again, it has been conclusively demonstrated by several experiments, continued for

considerable periods, that the nitrated preparation is more stable when exposed to the

action of high temperatures than the unimpregnated gun-cotton.

So far, therefore, as concerns the question of storage and transport, the nitrated

material possesses several important advantages over ordinary compressed gun-cotton,

but, on the other hand, it has two drawbacks.
It has now been decided—wisely, we think—to store all large supplies of gun-cotton

in the wet state, in which condition the material is perfectly uninflammable by ordinary

heat. For this purpose the discs of gun-cotton are packed in large wooden waterproof

tanks, fitted with means of drainage. A tank holds a ton of gun-cotton discs, each

disc being three inches in diameter by about two inches in depth, and the ortlinary

material is wetted by simply filling the tank with water, and allowing the latter to

drain off.

With die nitrated preparation, however, it is desirable that a weak solution of salt-

petre instead of pure water should be used in wetting the gun-cotton.

"We do not urge this as a serious drawback ; but it is evident that the process of

wetting, and re-wetting when necessary, a store of ordinary gun-cotton is a compara-

tively simple process, whereas the same operation might, in the case of nitrated

gun-cotton, be attended with more or less difficulty under certain circumstances of

storage.

Again, the wet nitrated preparation does not dry so readily as the ordinary material

;

but, on the other hand, this objection is almost negatived by the fact that wot gun-

cotton, whether nitrated or not, can be detonated, and made to produce equal, if not

superior, effects to the substance in the dry state. Gun-cotton has been detonated with

,
most destructive effect under water, by simply filling a bag net -with discs, and explod-

ing them by means of one dry disc enclosed in a waterproof envelope. The detonating
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fuse is inserted in the dry disc, and its detonation determines that of all the remaining
discs, although the latter are absolutely immersed in, and in contact with, the water.

In comparing the explosive action of equal weights of compressed gun-cotton and
of the ' nitrate ' mixture, it must be borne in mind that a considerable percentage of

the total mass of the latter is formed of a material of about one-sixth the cost of pure
gun-cotton. Thus a • nitrate ' mixture, prepared with the full theoretical proportion

(about 38 per cent, by weight) of the oxidising agent, will not quite equal the effects

obtained from the same total weight of ordinary compressed gun-cotton. In other

words, the force of the explosion of, say, 100 lbs. of a material which consists of 38
lbs. of nitre and 62 lbs. of gun-cotton will not equal that of 100 lbs. of pure gun-cotton.

Here the loss of force due to the replacement of about one-third of the gun-cotton by
the salt used is not fully compensated for by the extra work obtained from the com-
plete oxidation of the remaining two-thirds of gun-cotton. If, however, about three-

fourths of the theoretical amount of the salt be employed, the mixture will, weight for

weight, equal ordinary compressed gun-cotton in explosive effect, although, as we have
said, a considerable proportion of the gun-cotton has, in the nitrated preparation, been
replaced by a comparatively inexpensive substance. Thus the use of nitrated gun-
cotton will be attended by material advantage in point of economy.

But if equal volumes of highly-compressed gun-cotton, and of the * nitrate * or
* chlorate ' mixture, similarly compressed, are compared, the explosive force of the

latter will be found to be much greater. Chlorated gun-cotton is decidedly more
violent in its action than the nitrated mixture, but it is more costly to manufacture,

and more dangerous to store and use. The 'chlorate' salt is comparatively high in

price, and more of it is required to furnish the requisite amount of oxygen ; it is,

moreover, very susceptible of ignition by friction or percussion, and is, therefore, com-
paratively dangerous. For these reasons it does not compare favourably with the
' nitrated ' preparations. Of the latter the best is that in which saltpetre is used. It

is the most readily prepared, and its tendency to absorb moisture is not appreciably

greater than that of ordinary compressed gun-cotton.

Important experiments have been instituted jointly by the Special Committee on
Gun-cotton, the Torpedo Committee, and the Eoyal Engineers Committee, on the com-
parative explosive properties of ordinary gun-cotton, both in the dry and wet states,

and of nitrated gun-cotton under similar conditions.

Some of these experiments are made by exploding under water equal weights of the

several substances under identical circumstances, and registering the resulting pressure

or blow by a ' crusher ' gauge somewhat similar to the pressure gauge used by the

Committee on Explosives in determining the explosive force of gunpowder in the

chamber of a gun.

Experiments have also been made to ascertain the rapidity of detonation ; in other

words, the rate at which a string or row of gun-cotton discs placed close to one another
will successively explode if detonated at one extremity. For this purpose the beautiful

clironoscope invented by Captain Andrew Noble, F.E.S., has been successfully em-
ployed. This instrument is designed to measure very minute portions of time, and by
arranging the primary conducting wires at equal intervals along a long row of gun-
cotton discs a register is obtained of the time occupied in successively breaking the

wires as the explosive wave flashes along the row. It has thus been ascertained that

the rapidity of the detonation of gun-cotton is about 20,000 feet per second.

The expansive velocity of the gases generated by the explosion of gunpowder has
been reckoned at about 7,000 feet per second, so that, according to this estimate, gim-
cotton has about three times the explosive rapidity of gunpowder. It is probable that
the destructive force of an explosive substance bears a close analogy to the rapidity

with which the explosion is transmitted, and the experiments we allude to may furnish

most interesting and valuable results. But, whatever may be the method followed in

experiments, the considerable advantage which the nitrated gun-cotton possesses, both
in point of cost and power, added to the fact that it is so readily susceptible of igni-

tion by detonation, renders it highly probable that this preparation of gun-cotton will be
largely substituted for the ordinary compressed material in many of its applications.

Moreover, the circumstance that carbonic oxide, a poisonous gas which is produced
in considerable amount upon the explosion of ordinary gun-cotton, is present in the
products of explosion of nitrated gun-cotton in scarcely higher proportion than in those
of gunpowder, appears likely to remove that objection to the employment of guut
cotton in military mines, which arose from the large quantity of carbonic oxide deve-
loped when heavy charges of gun-cotton were exploded.

Abel has made a series of ingenious experiments on the combustion of gun-cotton.
He finds that when quantities of gun-cotton, varying from one to two grains, in the
form of a loose twist laid double, are ignited by means of a platinum wire in highly
rarefied atmospheres, they burn very slowly, presenting by daylight an appearance as
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if they smouldered. The pressure in the case described must not exceed 8 inches of
mercury, but the rarefaction necessary for the result varies with the quantity of gun-
cotton, its mechanical condition, its position with reference to the source of heat, the
quantity of heat applied, and the direction of its application.

Crun-cotton, when ignited in small quantities in rarefied atmospheres, may exhibit
during its combustion three distinct luminous phenomena. In the most highly rare-

fied atmospheres, the only indication of combustion is a beautiful green glow, or phos-
phorescence, which surrounds the extremity of the gun-cotton, as it is slowly
transformed into gases or vapours. When the pressure of the atmosphere is increased
to one inch (with the proportion of gun-cotton indicated), a faint yellow flame appears
at a short distance from the point of decomposition ; and as the pressure is increased,

this pale yellow flame increases in size, and eventually appears quite to obliterate the
green light. Lastly, when the pressure of the atmosphere and consequent proportion
of the oxygen in the confined space is considerable, the cotton burns with the ordinary
bright yellow flame. There can be no doubt that this final result is duo to the almost
instantaneous secondary combustion, in the air supplied, of the inflammable gases

evolved by the explosion of the gun-cotton. The pale yellow flame will take place in

rarefied nitrogen.

In a series of experiments made under gradually-diminished pressures, oxygen being
used, instead of air, it was found that the gun-cotton exploded instantaneously with a
bright flash until the pressure was reduced to 1-2 inch; from this pressure to that of
0'8 inch, it still burned with a flash, but not instantaneously, and at pressures below
O'S inch, it no longer burned with a bright flash, but exhibited the comparatively slow
combustion, accompanied by the pale yellow flame. In atmospheres of carbonic
anhydride, carbonic oxide, hydrogen, and coal-gas, this pale yellow flame is seen as in

nitrogen ; but the two latter gases have a great tendency to extinguish the combustion,
doubtless on account of their high cooling power by convection.

The slow kind of combustion of gun-cotton, in the form of twist, may be obtained
also in a powerful current of atmospheric air, if the thread of cotton bo placetl in a
somewhat narrow glsiss tube. Indeed, it was found that if, even for the briefest space

of time, the gases resulting from the first action of heat on gun-cotton upon its ignition

in open air are impeded from completely enveloping the burning extremity of the gun-
cotton twist, their ignition is prevented, and the gun-cotton continues to burn in the

slow and imperfect manner, undergoing a transformation similar in character to de-

structive distillation. By proper arrangements, these gases may be burnt at the mouth
of a tube while the gun-cotton is burning in the interior. There is little doubt that

these products of decomposition vary as greatly as the phenomena themselves ; thus,

in the instance of the most imperfect metamorphosis of gun-cotton, the products in-

cluded a considerable proportion of a white vapour, slowly dissolved by water, as also

email quantities of nitrous acid, and a very large proportion of nitric oxide ; cyanogen,

too, is always found. This contrasts strongly with the simpler products of decom-
position found by Karolyi when the gun-cotton was exploded under the pressure of a
confined space.

Abel considers that the remarkable facility with which the combustion of gun-
cotton in the air or other gases may be modified, might be taken advantage of to

produce a variety of mechanical effects ; and he states, that by enclosing in suitable

cases solid cords made up of two or more strands of gun-cotton more or less com-
pactly twisted, he has succeeded in producing fuses and slow-matches, the time

of burning of which may be accurately regulated. See Watts's • Dictionary of

Chemistry.'

GVia'-METAZi. The Austrians introduced a gun-metal, called, from its in-

ventor, Aich metal. It is composed of copper, 600 parts ; zinc, 382 parts ; iron, 88

parts. Its tenacity is said to be excessive ; it is easily forged and bored : when cold,

it may be bent considerably without breaking, and we are told its resistance is far

greater than iron of the best quality. See Buass and Coppkr.

GTrmtHIfYm Under the heads of Artillery and Fire-arms, wo have included

all which appears necessary in a work of this description.

GXrmtnr Cl^OTBSor bags. The coarse sackingmade in India, which is used

for wrapping rice, spices, &c. The Bengal gunny cloth is made of the fibre of a species

of Corchorus, while that of Bombay and Madras is manufactured from different kinds

of sunn fibre, the Crotolariajuncea.—Simmonds.

GVirPO'WBSR. The discovery of gunpowder has been claimed for Roger Bacon
and Schwartz. The ground for this appears to be no more than this. In their writings

the earliest recorded mention of the discovery is made in any European langunge.

Koger Bacon, unquestionably antecedent to his German rival, was born 1214 and died

1292 ; and his work, *De Nullitate Magia?,' appears to have been writen about 1270,

while Kircher's account gives 1364 as the date of the discovery by Scjiwartz, It ap-
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pears, however, that an Arabic manuscript exists in the collection oftheEscurial which
unmistakcivbly describes gunpowder and its properties, the date of which is anterior

to 1250.—Mallei.
This-well known composition is employed for charging the numerous varieties of

fire-arms. Its use depends upon the fact that, at the moment of ignition, violent

deflagration takes place, accompanied by the evolution of a large volume of gas. It is

evident that if the explosion occurs in a limited space, a vast pressure accumulates and
becomes a propulsive force. The gas produced by the explosion of good gunpowder
occupies nearly 900 times the volume of the powder itself; but, owing to the high
temperature, the space occupied by the gas at the moment of formation is probably
nearly 2,700 times greater than the volume of the powder. One of the most popular

errors regarding the projectile force of explosive substances arises from the extremely

vague meaning generally attached to the words strong, powerful, and other equivalent

terms. It is this which leads so many to imagine the possibility of attaining

marvellously long ranges by means of the various fulminating substances known
to chemists. The latter are unfit for use in fire-arms, owing to a variety of circum-

sUmces. One of them is the extreme rapidity of their explosion. The Mhole mass ap-

pears to be converted into gas at once, whereas in gunpowder the ignition proceeds from
particle to particle. The action of fulminates is also too local ; if a portion of any of

the more violently explosive substances be fired on a piece of metal, the latter will be
perforated or depressed exactly at the spot occupied by the substance, and if it be
attempted to use it to charge fire-arms, they will be destroyed, and yet, in all proba-

bility the bullet not projected. Moreover, it is impossible to use fulminates success-

fully for charging shells, because the latter, instead of being blown into pieces of

moderate size, capable of inflicting largo wounds and throwing down buildings,

become converted into fragments go small as to be far less destructive.

It has been found that no composition fulfils so many requisites for charging fire-

arms as a mixture, in due proportions, of sulphur, nitre, and charcoal. It is this

composition which, in the form of small grains, more or less polished, constitutes

gunpowder. The latter should possess several properties which, although sometimes
tending in opposite directions, are not entirely incompatible, and may therefore be
nearly attained in practice. Some of the principal of these are the following :

—

1. The proportions should be so adjusted that the combustion may be complete, and
little residue be left after explosion. 2. The powder should be as little hygrometric

as possible. 3. It should be sufficiently, but not too explosive. 4. It should be hard
and dense enough to bear carriage without breakage of the grains.

Too great a proportion of carbon and sulphur will cause rapid fouling of the gun,

and the explosive force will be less than it should be ; too small a proportion of

sulphur will render the powder too hygrometric. The presence of soda Or chloride of

potissium in the nitre will lead to the same fault. The powder must be sufficiently

stamped, or it will not possess the fourth requisite.

The history of gunpowder may be conveniently studied under the following

heads :

—

Preparation of the ingredients.

Mixture and granulation.

Modes of estimating projectile force.

Analysis of gunpowder,

Pbepabation of the Ingbedients.

Preparation of the Nitre.—The nitre employed for powder is always in a state of
almost absolute purity, especially as regards the presence of the chlorides of potassium
or sodium. The crude nitre of commerce contains several impurities, among which
are found nitrates of soda and lime, chlorides of potassium and sodium, and sulphates
of potash and soda. They are all removed by crystallisation. The principal impurity
is common salt. The process of purification is founded on the fact, that the latter

substance is almost equally soluble in hot or cold water, whereas nitre is far more
soluble in hot than in cold water. The following is the French mode of refining

saltpetre :— 1,200 kilogrammes are gently heated with 600 litres of water in a copper
boiler. The solution is constantly stirred and skimmed, and more nitre is addetl,

until the total quantity is 3,000 kilogrammes. As soon as the whole is added, and it

is presumed that all the nitre is dissolved, the common salt is removed from the
bottom of the boiler. The solution is now to be clarified with glue. For this pur-
pose 400 litres of water are added by small portions, and then 1 kilogramme of the
glue dissolved in hot water. The scum, which soon rises, is removed, and the fluid is

boiled until clear. The whole is then allowed to cool to about 194°, and the solution

of nitre is carefully decanted from the layer of common salt into the crystallising
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vessel. The latter is a large shallow pan -with sloping sides. The fluid is constantly

stirred as it cools, in order that the crystals formed may bo very small ; this is done
in order to facilitate the washing process, and also becsvuso the fino powdery crysUils

are well adapted for admixture with the other ingredients. When the crystallising

solution is cold, the nitre is removed to boxes contfvining false bottoms, pierced with
holes. The aperture in the bottom of the box (below the false bottom) being close<l,

a saturated solution of pure nitre is poured on the crystals to dissolve out the chloride

of sodium. Being already saturated, it is evident it cannot dissolve any of the nitre.

After remaining two hours in contact with the nitre, the solution is allowed to run off,

and when the dropping has almost entirely ceased, the process of washing is repeated,

substituting pure water for the solution of nitre. The product is dried at a gentle

heat, being constantly stirred to enable it to retain the pulverulent form. The power
(above alluded to) possessed by a saturated solution of nitre, of dissolving other suits,

has been taken advantage of in one of the processes for analysing saltpetre. Some
manufacturers fuse the nitre after it has been purified by crystallisation ; this process

has several disadvantages, among others that of necessitating machinery to reduce it

again to a pulverulent state.

Preparation of the Sulpliur.—Sulphur may be purified for the gunpowder-maker by
two processes. In the first the crude article is fused in an iron pot, so contrived that

the fire does not play directly on the bottom, but only round its sides. The lighter

impurities are to be removed by skimming, while the heavier sink to the bottom.
The temperature should not be allowed to rise much above 232°, for it then bo-

comes sluggish, and at 320° it is so thick as to prevent the impurities from being
removed.

, Sulphur may be more readily and economically purified, by distillation. The appa-
ratus for the purpose is exceedingly simple in principle ; but the process requires care,

and is not entirely free from danger. As it is not intended to obtain the sulphur in

the state of flowers, the apparatus for condensation is not required to be kept cold
;

in fact, the still is purposely placed so near to the chamber of condensation that the

sulphur may be received in the fluid state. There are several points which must be
attended to in the construction of an apparatus for the distillation of sulphur ; they
are as follow :—1. The crude sulphur must be capable of being introduced, and the

refined product removed easily, without air being, at the same time, permitted to

enter the still or condenser. 2. Free means of egress for the heated air must be
provided. 3. The contrivance for the latter purpose must not allow fresh air to return.

4. The process must be continuous. The still and condenser employed in France for

the purification of crude sulphur fulfils all these conditions. The still is in the form
of a very wide-necked tubulated retort, made of cast iron. It is set in brickwork over

a furnace, and opens into a square brick chamber surmounted by a dome. The latter

has a rather short chimney over it, containing a valve opening upwards to permit

escape of the heated air, but not allowing anything to return. Over what may be

termed the tubulature of the retort or still, is placed an iron pot witJi a tube commu-
nicating with it. The pot is heated by the same fire that works the still. The crude

sulphur is placed in the pot, where it melts, and by. raising a plug, which closes the

tubulature, may be made to enter the still. The pipe forming the tubulature rises a

short distance above the bottom of the iron Sjupply-pot.. This is in order that any
heavy mechanical impurities may sink to the bottom, an4 not enter the still, and
unnecessarily clog it. If the pot be always kept full of melted sulphur, and tlie latter

is permitted to enter by raising the plug, it is evident that no air will find its way
into either the retort or condenser. It is exceedingly important that this should bo

the case, because violent explosions are liable to occur if the highly-heated vapour of

sulphur comes in contact with an oxidising medium, such as atmospheric air, which
would convert it into sulphurous acid. The melted sulphur which collects on the

floor of the chamber is allowed to flow out when desired, by moans of an iron plug

attached to a rod of the same metal. The sulphur is not allowed to run out entirely,

so as to permit air to enter, for the reason st^itod above. The loss occurring during

the purification is owing partly to oxidation, resulting in the formation of sulphurou*

acid, and partly to the fixed impurities contained in the crude material. See also thft

article Sulphub.
Preparatuytk of the Charcoal.—Of the three ingredients of gunpowder, tlio most

important is generally considered to bo the charcoal. Unfortunately the woods which
Jire best adapted for the production of pyroligneous acids are not fitted for the manu-
facture of gunpowder ; the charcoal must, therefore, bo prepared specially. The
following are the essential properties of good charcoal fur powder :— 1. It should be

I'i^lit and porous. 2. It should yield little ashes. 3. It should contain little moisture.

The woods yielding good powder-charcoals are black alder, poplar, spindlo tree, black

dogwood, and chestnut, Hemp-stftlks are said to yield good charcoal for gunpowder.
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The operation of preparing the charcoal naturally divides itself into three processes :

—

1. The selection of ^e wood. 2. Preparation of the wood previous to carbonisation.

3. The carbonisation.

In selecting the wood, care is to bo taken to avoid the old branches, as the charcoal

made from them would yield too much ashes. The bark is to be rejected for the same

reason. The wood is then cut into pieces from 4^ feet to 6 feet long. If the branches

used are more than | of an inch in diameter, they are to be split. If the wood be

too large, great difficulty will be found in uniformly charring it.

There are two methods employed in the charring of wood for gunpowder. In one,

the operation is conducted in pits ; but the process more commonly resorted to is

distillation in cylindrical iron retorts. There are certain advantages in the pit-pro-

cess, but they are more than counterbalanced by the convenience and economy of

distillation. The stills used are about 6 feet long and 2 feet 9 inches in diameter.

The ends of the cylinders are closed by iron plates, pierced to admit tubes of the

same metal. Some of the latter are for the introduction during the carbonisation of

sticks of wood, which are capable of being moved to indicate the stage of the de-

composition, while another communicates with the condenser. The more freely the

volatile matters are allowed to escape, the better the quality of the resulting charcoal.

If care be not taken in this respect, especially as the distillation reaches its close, the

tarry matters become decomposed, and a hard coating of carbon is deposited on the

charcoal, which greatly lowers its quality. The process of burning in pits is consi-

dered to jriold a superior coal, owing to the facility with which the gases and vapours

fly off. . .

The degree to which the burning distillation is carried, materially influence* the

nature of the resulting powder. If the operation be arrested before the charcoal

becomes quite black, so that it may retain a dark brownish iiue, the powder ^yill be

more explosive than it would be if it were pushed until the charcoal had attained a

deep black colour. When it has been found that no more volatile products are being

given off, the fire is damped, and in a few hours the contents of the cylinders are

transferred to well-closed iron boxes to cool. See Cabbon.

Mixture and Geanulation.

A very considerable number of methods have been employed at various times, for

effecting that thorough incorporation of the ingredients necessary for the production

of a good powder. The oldest method consists in stamping the materials in wooden
mortars. The pestles are square shafts of wood ending in brass beaters. The
mortars are of wood, and so shaped that any of the composition which may be forced

upwards by the blows of the stampers, falls back to the bottom. In order to prevent

fracture of the mortars, a piece of wood of the toughest kind should be let in on the

spot where the pestle falls. The pestles are raised by means of cogs fixed on a shaft,

driven by a water-wheel or steam-engine.
One of the many methods adopted to mix the nitre, sulphur, and charcoal, is by

moans of drums containing metallic balls ; but this arrangement is inferior to that
where edge-stones are employed. This last is superior to all others, the product being
not only very dense and, therefore, capable of enduring, without becoming pulverulent,
the motion unavoidable in carrying it about ; but it is also thoroughly incorporated. It

is, of course, essential that the stones, and the bed on which they work, should not strike

fire diiring work. To secure this, they are sometimes made of calcareous stone, and
sometimes of cast iron. Previous to being subjected to the action of the mill, the in-

grediente must be pulverised and mixed. The pulverisation may conveniently be
effected in wooden drums, containing metallic balls.] The pulverised materials, after
being sifted or bolted, and weighed out in the proper proportions, are to be inserted
in a mixing drum, containing on its inside pieces of^wood projecting inwards, so that,

as it revolves, complete admixture gradually takes place. The product of the last

operation is now ready to be laid on the bed of the mill. During the grinding, the
cake is kept moist by the addition, at proper intervals, of enough water to make it

cohere. As the stones revolve, a scraper causes the material to take such a position
that it cannot escape their action. The cake produced by the action of the stones is

ready for graining or corning. For this purpose the cake is subjected to a powerful pres-
sure, by means of a hydraulic press. The mass is then broken up and transferred to
a species of sieve of skin or metal pierced with holes. A wooden flail is placed on the
fragments, and the sieves are violently agitated by madiineiy. By this means the
grains and dust produced by the operation fall through the holes in the skin or metal
discs, and are afterwards separated by sifting. Sometimes the machinery is so arranged
that the graining and separation of the meal-powder are effected at one operation.
The meal powder is re-worked, so as to convert it into grains. The next operation
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to whicli the powder is subjected is glazing. Its object is to render it less liable to
injury, by absorption of moisture or disintegration during its cairifigo from place to

place. The glazing is effected by ciusiiig the grained powder to rotate for some
time in a wooden drum or cylinder, containing rods of wood running from end to end.
The grains as they rub against each other and against the wooden ribs, have their

angles and asperities rubbed off, and at the same time the surface becomes harder and
polished. It is finally dried by exposure to a stream of air, heated by means of
steam.

A vast number of experiments have been made, at various times, to discover the
proportions of nitre, sulphur, and charcoal best adapted for the production of
gunpowder. It has been found, as might have been anticipated, that no geneml rule
can be given, no admixture can bo made which shall fulfil every requirement.
Those powders which contain the largest quantities of charcoal arc, it is true, as
powerful as others in projectile force ; but they have the disadvantage of attracting

more humidity from the air. It is very singular that all nations appear to have found,

by trial, the proportions most generally useful for ordinary purposes, and it is worthy
of remark, that they all approximate to the percentages required by the very simple
formula, KO,NO* + S + 30. In fact, the Prussian powder approaches so closely

the theoretical numbers, that they fall within the limits of the errors of analysis,

thus :

—

Prussian powder. Tlicoretical proportions.

Nitre .

Sulphur
Charcoal

75-0

11-5

13-5

KO.NO^ 93 or 1 equivalent 74-8

S . 16 „ „ 11-9

C . 18 or 3 equivalents 13'3

lOO'O 127 100-0

When a powder constituted as above is fired, the decomposition is probably as
follows (represented in symbols) :

—

KO,NO» + S + 3C = 3C0= + N + KS.

[2(XWO») + S + 3C = 3C02 + 2M + X^S]

That is to say, the explosion of one equivalent of powder results in the formation of
three equivalents of carbonic acid, one of nitrogen, and one of sulphide of potassium.

It is evident that these theoretical relations are not absolutely the true expression of
the phenomena ; because, in the first place, gunpowder is merely a mechanical mixture,

and not a definite chemical compound ; and, in the next, the charcoal is repre-

sented by the symbol C as if it were pure carbon, whereas, in fact, even the purest
and best-made charcoals contain variable amounts of hydrogen, ashes, and oxygen.
The hydrogen is partly converted into water and partly into hydrosulphuric acid

(sulphuretted hydrogen).

The following are the proportions of the ingredients used in various countries :

—

Tabic of the Composition of various Gunpowders.

English war-powder ....
Nitre Sulphur Charcoal

75 10 15

„ sporting ditto . , 77 9 14

French war-powder ....
„ sporting ditto.... 75 12-5 12-5

76-9 9-6 13-5

„ blasting ditto.... 62 20 18

„ „ ditto (another kind) . 65 20 15

United States war-powder . 75 12-6 12-5

Prussian war-powder.... 75 11-6 13-5

Eussian „„.... 73-8 12-6 13-6

Austrian „ 75 10 15

Spanish „„.... 76-6 12-7 10-8

Swedish „ , 75 16 9

Chinese „ ,
75-7 14-4 9-9

1

Blasting powders contain less nitre than others, the combustion is therefore less

perfect, and if used for artillery or small arms, not only is the piece very soon ren-

dered foul, but the ball is projected to a much less distance than is required in prac-
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tice. In France, whoro a heavy tax is laid on sporting powders, this difference of

composition prevents the cheap blasting powder from being used in fowling-pieces.

Modes of estimatino the Pbojectilb Force op Gunpowdeh.

The usual mode of determining the propulsive force of powder is by ascertaining

the distance to which it can throw a ball of known weight. The instrument used

in this country for this purpose consists of an 8-inch mortar charged with 2 ounces of

powder, the balls being in each case of the same size and weight. The French use

for the purpose an iron mortar, elevated at an angle of 45°. The mortar is 7*5 inches

in diameter. The ball is of bronze, and is only 0-067 inch smaller than the bore

of the gun ; the windage is, consequently, very small. The charge of powder being

3-2 ounces, and the weight of the ball 66 lbs., the latter should be thrown not less

than 437*5 yards.

The force of powder may also be estimated by means of an instrument, called a

pendulum-gun. It consists of a gun-barrel hung at the lower end of a pendulum, so

arranged that the amount of angular deviation caused by the recoil may be measured

;

the balls may also be fired into a cup suspended to a similiar pendulum. The data ob-

tained serve to enable the rapidity of motion of the ball, at the moment of discharge,

to be calculated by means of formulae contrived for the purpose.

On the Analysis of Gunpowder.

Several methods have been given by various chemists for the analysis of gun-

powder : the following, on the whole, appears the most effective :—The percentage of

water is, in the first place, to be determined by drying in vacuo over sulphuric acid,

until no more diminution of weight occurs. The dried powder, or a fresh quantity,

is then to be washed on a filter with boiling water, until nothing more is dissolved out.

The residue is to be dried below 212° and weighed ; the loss is the nitre. If pre-

ferred, the solution of the nitre may bo evaporated to drj'ness, and the residue

weighed. The mixture of charcoal and sulphur is then to be digested in a stoppered

flask, with bisulphide of carbon ; this will dissolve out the sulphur, and leave the

charcoal. The loss of weight of the dry mixture of sulphur and charcoal will enable

the percentages of sulphur and charcoal to be calculated. If it be desired to know
the quality of the charcoal, a combustion of it may be made with a mixture of chro-

mate of lead and bichromate of potash. Ordinary charcoal contains from 69 to 74 of

carbon, 3*9 to 5*5 hydrogen, 0-5 to 3*0 per cent, ashes. It has been attempted to dis-

solve out the sulphur with sulphite of soda, or caustic potash ; but tliese methods in-

volve several sources of error.

Good gunpowder should not lose more than 1 per cent, of moisture on drying. It

should not leave alkaline globules, when exploded on a clean metallic plate. The
specific gravity of a good powder should not be less than l*75o ; it is sometimes as

high as 1*840. The denser the powder the better it endures transportation. As the

density cannot be taken in water, owing to the solubility of tlie nitre, turpentine or

benzole must be substituted, a correction being made for the difference in density of

the fluid medium.
Horslcy's and ErJiardt's Gunpowder.—In the * Chemical News,' August 16, 1862, we

find a short paper ' On an Explosive Compound,' by John Horsley, F.C.S. ' If nine
parts of well-dried and finely-powdered chlorate of potash be mixed \n\h. three parts

of fine powdered galls, a highly explosive compound is formed, which needs no granu-
lation. As it will not admit of trituration in a mortar, the mixture should bo made
on paper by means of a bone spatula, or by passing it through a fine brass sieve. Tlie

strength of common gunpowder may be increased by working up with the powdered
meal about 12 per cent, of powdered galls, and regranulating it. I have been ac-

quainted with this for several years, but never published it before.'

Dr. Erhardt has yet more recently patented a^ powder, the peculiarity of which is

that the ingredients are kept apart until they are required for use. This appears to

be in one packet (clilorate of potash), and in the other, tannin. These are mixed
together in certain proportions, and diluted with powdered anthracite, according to

the purpose for which it may be required. As a blasting powder in quarries. Dr.
Erhardt's powder is said to possess extraordinary power.

Schidtze's Whits Chmpowder is a tri-nitro-cellulose, prepared from sawdust by the
following process. The sawdust is first boiled for three or four hours with a weak
solution of soda, and then boiled a second time with a fresh lot of the same solution.

It is then washed in running water, afterwards steamed for fifteen minutes, and then
again washed in running water for twenty-four hoiu-s. It is now bleached with
chlorine or chloride of lime, boiled in water, once more washed in a stream, and then
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dried. The sawdust is now ready to bo treated with nitric acid, for tliis purpose a'
mixture of 40 parts strong nitric acid (1-48 to 1-50) is mixed with 100 parts of
sulphuric acid (1'84); and the mixture is allowed to stand two hours to cool. One
hundred parts of this mixture are then placed in an iron vessel, around which a stream
of cold water circulates, and six parts of the sawdust are gradually added, stirring all
the time. Tlie sawdust is allowed to remain in the acid two or three hours, the
stirring being continued. After tliis time the whole is transferred to a centrifugal
machine, and the acid separated. The wood is then washed for two or three days in
cold water, afterwards boiled in a weak soda solution, again well washed in cold
water, and then dried. It is now ready for the final operation, which consists in
soaking it for ten or fifteen minutes in a solution of 26 parts of nitrate of potash in
220 parts of water. After this it is carefully dried at a temperature not exceeding
44° C. ; the very fine dust is then separated by means of a drum sieve, and the
remainder is ready for market.— ' Chem. Central Blatt.,' No. 44, p. 704.
About six years since, M. Hochstadter made a comparatively safe application of

chlorate of potash to explosive purposes. Unsized paper was thoroughly soaked in,

and coated with, a thin paste consisting of chlorate of potash, finely-divided charcoal,
a small quantity of sulphide of antimony, and a little starch, gum, or some similar
binding material, water being used as the solvent and mixing agent. The paper was
rolled up very compactly, and dried in that form. In this manner very firm rolls of

:

an explosive material are obtained, which burns with considerable ^nolcnce in the
open air, and the propelling effect of which in small arms, has occasionally been
found greater than that of a corresponding charge of rifle-powder. Moreover, the
material, if submitted in small portions to violent percussion, exhibits but little

tendency to detonation. But as no reliance can be placed on a sufficiently uniform'
action of these explosive rolls in a fire-arm, this alone sufficed to prevent their com-
peting with powder. The same description of explosive preparation, differing only
from that of Hochstadter in a trifling modification of its composition, has recently been
brought forward in this country by M. Eeichen and Mr. Melland.
An explosive composition was patented in this country, in which spent tan broken

into small fragments was saturated with the oxidising agents, nitrate and chlorate of
potash, and then dusted over with sulphur. This composition deflagrates slowly when
Ignited in the open air, but when confined in blast holes it exhibits sufficient explosive
force to do good work.—See Abel's Lecture ' On Kecent Progress in the History of
Proposed Substitutes for Gunpowder,' Eoyal Institution, May 4, 1866, and Watts's
•Dictionary of Chemistry.'

Gunpowder rendered non-explosive : Mr. Gale's Patent. The rapidity of burning of
gunpowder—which is only another name for its degree of explosiveness—depends,
ccBteris paribus, upon the facility afforded to the propagation through the mass of the
heated gases generated by the first ignited portion. The requisite facility is afforded

in ordinary gunpowder by breaking it up into grains, thus creating a number of

crevices through which the gases can pass from grain to grain with a rapidity pro-

portioned to the size and number of the interstices. Mr. Gale's process—which is not,

we believe, employed in any country—consisted merely in filling up these crevices

with finely-powdered glass or other suitable substances, thus shutting off the com-
munication between the grains, and destroying the explosive character of the powder.
Ho diluted the powder with so much incombustible dust as may bo required to prevent
the gunpowder from burning ; and he restored its explosive character by simply sifting

out the diluent and once more opening the pores of the powder.

Considering that nobody acquainted with the nature of gunpowder was ignorant

of the simple facts upon which Mr. Gale's process was based, and that these facts were
experimentally proved on a large scale by M. Piobert as far back as 1835, and by the

Kussian chemist Fadeieff between 1841-4 ; that the results of these experiments aro

detailed in Piobert's Traite d^Artillerie, and that similar experiments have been made
more recently in this country, Mr. Gale could hardly claim for this proposition tho

originality which was at first popularly supposed to attach to it. Indeed, it seems
that his process differed from that of Piobert and Fadeieff only in tho emploj-ment of

a different quality and larger quantity of protective powder. But tho question of the

probable value of the process is distinct from that of its originality. While hesititing

to pronounce an opinion as to its possible occasional value for the storage of merchants'

or mining powder, we may confidently assert what we believe to be the opinion of the

majority of naval and military men, that for military purposes or for the treatment of

powder on board our ships of war, the discovery had no practical value. It was at once

open to the very definite objection that it entiiilcd an increase of storage room to three

and a half times that ordinarily required, while the transport of so much additional

dead weight, whether on sea or on land, Mas rog-arded as absolutely impracticable.

Such experiments as were made, moreover, exhibited a decided tondoncy to unmix
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in travelling; in other words, a tendency on the part of the powder, resulting

from the different size of its grain as compared with the grains of glass-dust, to resume

to a dangerous extent its explosive character; and there is little doubt that the

delicate surface of powder is liable to be sensibly affected and fouled by the protective

medium, while strong doubts are expressed as to the keeping qualities of the mixture,

which lengthy and careful experiments alone could solve. It would always be neces-

sary also, on service, to keep so large a supply of powder ready for immediate use as

to render quite insignificant the degree of additional security which might be afforded

by having the remainder non-explosive. The formidable objection to the process on
the score of its entailing a considerable amount of extra manipulation of gunpowder,
which would always be attended with more or less danger, delay, and uncertainty,

has never, that wo are aware, been satisfactorily disposed of; and officers whose
opinions are entitled to every consideration object generally to a system which tends

to establish in men's minds a feeling of security about a substance which, however
harmless it may temporarily be rendered, must finally and frequently be handled in

its explosive form.

How far, or how many of, these objections may apply to the process for civil use

cannot be decided without reference to the particular circumstances of each case ; but,

together, they certainly appear sufficiently formidable to preclude the employment of

the process for military or naval powders, either in transport or in store.

An experiment made in 1866 in a martello tower near Eye, with five tons of
gunpowder rendered non-explosive by the process proposed by Mr. Gale, attracted

sufficient attention to render acceptable these few words on the rationale of this so-

called discovery and its probable value for military or other purposes.

The magnitude of the Eye experiment gave it a specious importance, to which it

had no real claim. But when five tons of gunpowder are seen slowly burning away
without any explosive effect, it is difficult to make people understand that a great

practical result has not been achieved. And this was the sight by which visitors

to Pett Level near Eye were rewarded. Five tons of cannon powder had been
mixed with twenty tons of glass-dust, and stowed in barrels in the magazine and
on the basement-floor of a martello tower. An attempt was first made to cause an
explosion or a conflagration by firing one barrel, and when this failed, a sort of bonfire

was ignited within the tower, which rapidly communicated from barrel to barrel, and
burnt steadily, with a dense acrid smoke from the door and windows of the tower.

But there was no explosion—nothing more than an occasional dull, muffled puff as the
contents of a fresh barrel caught fire.

The experiment placed beyond doubt the efficiency of the method of protection pro-

posed, even for a large mass closely stowed in a confined space ; but it left the

question of the wisdom of adopting that particular method precisely where it was
before.

The above remarks, which completely embrace the question, are borrowed from an
excellent article in the * Pall Mall Gazette.' Little need be added to them. It will

be gathered from the first paragraph that the gunpowder is not rendered really non-
explosive, but that its rate of combustion is retarded. Confined in a cask or any
vessel preventing the escape of the gases formed, the result would be, after a little

time, an explosion.

This mixture of powdered glass with gunpowder has been recommended also for
protecting gunpowder from damp ; it having been forgotten that all porous bodies,

and powdered glass especially, have the property of condensing moisture from the
atmosphere within their pores.

Our gunpowder Exjports have been as follow:

—

Years Lbs. Value

1868
1869
1870
1871
1872

16,721,002

15,453,576

17,357,668

18,678,487

19,889,628

£
394,458
368,320
427,229

438,782
485,434

GmrPCWDER, GERMAir. See Explosive Agents.
OUUPO'WPER, IXTHZTS. See Explosive Agents.
OBrTTA-PERCHA. Although the trees yielding this substance abound in the

forests of the Indian Archipelago, the first notice taken of it appears to have been
by Dr. W. Montgomerie, in a letter to the Bengal Medical Board, in the beginning of

Vol. II. 3D
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1843, wherein he recommends the substance as likely to prove useful for some surgical

purposes, and supposes it to belong to the fig-tribe. In April 1843 the substance
was taken to Eiu'ope Ijy Dr. D'Almeida, who presented it to the Society of Arts of
London, but it did not at first attract much attention, as the Society simply acknow-
ledged the receipt of the gift ; whereas, its value becoming known, they awarded a
gold medal to Dr. W. Montgomerie.

The gutta-percha tree, or gutta turban, as it ought more properly to be called,

according to Mr. Oxley, belongs to the natural family Sapotem, but differs much
from all described genera, having alliance with both Achras and Bassia, yet differing

in some essentials from both. It is the Isonandra gutta of Hooker, and is described

in the 'London Journal of Botany,' 1848, where it is figured, and in Pereira's Materia
Medica.

The tree is of a large size, from 60 to 70 feet in height, and from 2 to 3 in dia-

meter. Its general appearance resembles the genus Durio, or well-known Doorian, so

much so as to strike the most superficial observer. The under surface of the leaf,

however, is of a more reddish and decided brown than in the durio, and the shape is

somewhat different.

Only a short time ago the gutta-percha tree was tolerably abundant on the island of
Singapore ; but already all the large timber has been felled, and few, if any, other

than small plants, are now to be found. The range of its growth, however, appears to

be considerable, it being found all up the Malayan Peninsula, as far as Penang. The
tree also occurs in Borneo, and, there is little doubt, is to l)e found in most of the
islands adjacent.

The localities it particularly likes are the alluvial tracts along the foot of hills, where
it flourishes luxuriantly, forming, in many spots, the principal portion of the jungle.

But, notwithstanding the indigenous character of the tree, its apparent abundance and
wide-spread diffusion, the gutta will soon become a very scarce article, if some more
p^o^ideut means be not adopted in its collection than those at present in use by the
Malays and Chinese.

Montgomerie says, ' a magnificent tree of 50, or more probably 100 years' growth,
is cut down, the bark stripped off, and the milky juice collected and poured into a
trough formed by the hollow stem of the plantain-leaf ; it quickly coagulates on ex-

posure to the air ; but from one tree I am told not more than 20 lbs. or 30 lbs. are

pi'ocured.'

The mode in which the natives obtain the gutta is by cutting down the trees of

full growth, and ringing the bark at distances of about 12 to 18 inches apart, and
placing a cocoa-nut shell, spathe of a palm, or such like receptacle, under the fallen

trunk, to receive the milky sap that immediately exudes upon every fresh incision.

This sap is collected in bamboos, taken to their houses, and boiled, in order to drive

off the watery particles and inspissate it to the consistence it finally assumes. Although
the process of boiling appears necessary when the gutta is collected in large quantities,

if a tree be freshly wounded, a small quantity allowed to exude, and it be collected and
moiilded in the hand, it will consolidate perfectly in a few minutes, and have all the

appearance of the prepared article.

When it is quite pure the colour is of a greyish white ; but, as brought to market, it

is more ordinarily found of a reddish hue, arising from chips of bark that fall into the
sap in the act of making the incisions, and which yield their colour to it. Besides
these accidental chips, there is a great deal of intentional adulteration by sawdust and
other materials. Some specimens brought to market do not contain much less than

\ lb. of impurities : and even in the purest specimens, one pound of the substance
yielded, on being cleansed, one ounce of impurities. Fortunately, it is not difficult

to detect or clean the gutta of foreign matter, it being only necessary to boil it in

water until well softened, roll out the substance into thin sheets, and then pick out all

impurities, which is easily done, as the gutta does not adhere to anything, and all

foreign matter is merely entangled in its fibres, not incorporated in its substance.

The quantity of gutta-percha obtained from each tree varies from 5 to 20 catties, so

that, taking the average at 10 catties, which is a tolerably liberal one, it will require

the destruction of ten trees to produce one picul. How much better would it, there-

fore, be to adopt the method of tapping the tree, practised by the Burmese in obtaining

tlie caoutchouc from the Ficus clastica (viz. to make oblique incisions in the bark,

placing bamboos to receive the sap which runs out freely). True, they would not at

first get so much from a single tree, but the ultimate gain would ])o incalculable,

particularly as the tree seems to be one of slow growth ; by no means so rapid as the

Ficus elastica.

Properties of the Gutta-percha.—This substance, when fresh and pure, is of a dirty

white colour, and of a greasy feel, with a peculiar leathery smell. It is not affected

by boiling alcohol, but dissolves readily in boiling spirits of turpentine, also in naplitha
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and coal-tar. A good cement for luting bottles and other purposes is formed by
boiling together equal parts of gutta and coal-tar and resin. When required for use,

it can always be made plastic by putting the pot containing it over the fire for a. few

minutes. The gutta-percha itself is highly inflammable ; a strip cut off takes light,

and burns with a bright flame, emitting sparks, and dropping a black residuum in the

manner of sealing-wax, which in its combustion it very much resembles. But the

great peculiarity of this substance, and that which makes it so eminently useful for

marly purposes, is the effect of boiling water upon it. When immersed for a few

minutes in water above 150° Fahr. it becomes soft and plastic, so as to be capable of

being moulded to any required shape or form, which it retains upon cooling. If a strip

of it be cut off and plunged into boiling water, it contracts in size both in length and
breadth.

It is this plasticity when plunged into boiling water that has allowed of its being

applied to so many useful purposes, and which first induced some Malays to fabricate

it into whips, which were brought into Singapore, and led to its further notice. The
natives subsequently extended their manufactures to buckets, basins, and jugs, shoes,

traces, vessels for cooling wines, and several other domestic uses. Its easy plasticity

and power of retaining any shape given to it when cool, at once pointed it out as

suitable for the manufacture of bougies; and accordingly Dr. W. Montgomerie
availed himself of this, made several of the above instruments, and recommended the

use of it to the Bengal Medical Board. It also answers very well for the tubes of

syringes, which are always getting out of order in hot climates, when made of

caoutchouc.

Mr. T. Oxley, surgeon, Prince of Wales Island and Malacca, whose remarks
are of much value from his acquaintance with the production of which he writes,

says :

—

'I observed in the " Mechanics' Maga2dne " for March 1847, a notice of several

patents taken out for the working of this article by Mr. Charles Hancock, in which an
elaborate process is described for cleaning the gutta, as also mention of its having a

disagreeable acid smell. The gutta, when pure, is certainly slightly acid, that is, it will

cause a very slight effervescence when put into a solution of soda, but is unaffected

by liquor potassae. The smell, although peculiar, is neither strong nor unpleasant, so

that the article experimented on must have been exceedingly impure, and possibly

derived a large portion of its acidity from the admixture and fermentation of other

vegetable substances. Again : it appears to me that, if the gutta be pure, the very
elaborate process described as being necessary for cleaning it, is superfluous. The
gutta can be obtained here in a perfectly pure state by simply boiling it in hot water
until well softened, and then rolling it out into thin sheets, when all foreign matter
can be easily removed. I would recommend that the manufacturers at homo should
offer a higher price for the article if previously strained through cloth at the time of

being collected, when they will receive the gutta in a state that will save them a vast

deal more of trouble and expense than the trifling addition necessary to the original

prime cost.'

In February 1847, Mr. Charles Hancock obtained a patent for improvements in

the manufacture of gutta-percha. In the first place, for the construction of a slicing

machine, consisting of a circular iron plate, formed with three radial slots, in which
knives are fixed in a similar manner to the irons of an ordinary plane or spoke-

shave ; the shaft which carries the plate is caused to rotate by steam or other power.
The lumps of gutta-percha drop against the knives, by which they are cut into

slices, of a degree of thickness corresponding to the projection given to the knives.

These slices are then soaked in a vessel of hot water till they become pliable. Instead
of a circular revolving cutter, a vertical cutter or chopper may be used ; curved knives
may be had recourse to for refractory lumps. The softened slices are next subjected
to the action of breakers or rollers with serrated blades, which are mounted trans-

versely over the tank. In front of each breaker there is a pair of fluted feeding-
rollers

; and the pieces of gutta-percha are passed to the rollers of the first breaker.
There is an inclined endless web mounted upon two rollers, the front one of which is

immersed in the water, and the other is situated opposite the space between the
feeding-rollers of the second breaker. There is a second inclined web placed before
the third breaker. There is also a mincing-cylinder, with radial blades working
partly in the water. The feeding-rollers, and the carrying-rollers of the endless webs,
are made to revolve in a forward direction, while the breakers, the mincing-cylinder,
and the agitator, are made to revolve in the opposite direction. The breakers and
mincing-cylinder should revolve at the rate of from 600 to 800 revolutions per minute,
but the feeding-rollers and endless webs need not move faster than about one-sixth of
that rate. Thus, the substance is reduced to fragments and washed in the water, the
heavy impurities falling to the bottom of the tanks, and the light purer matter

3d2
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floating. The water should bo used cold. When the gutta-percha has a fetid smell,

it is treated -with carbonate of soda or chloride of lime. The same apparatus may bo

used for purifying caoutchouc.

Mr. Hancock combined sulphur with gutta-percha in the following manner :—Ho
found that if a minute portion of sulphur be used along with a sulphide, the best

result is obtained ; the proper proportions being 6 parts of sulphide of antimony,

or hydrosulphide of lime, and 1 part of sulphur to 48 parts of gutta-percha. When
these materials have been mixed, the compoiind is put into a boiler and heated under
pressure to a temperature of from 260° to 300° Fahr., and it is to be left in this

state for a period varying from half an hour to two hours, according to the thickness

of the materials. He prefers, for effecting the union of the sulphurous constituent,

the following method to the masticating machine :— 1. He subjects the purified gutta-

percha to the combined action of steam and the fumes of orpiment and sulphur mixed
in the proportions stated, in a metal chamber, provided with a steam-tight cover

secured by screw-bolts. There is also a steam-boiler connected therewith, and when
the heat in it is raised to about 280° Fahr., a fire is lighted beneath the pot contain-

ing the sulphurising materials. But the gutta-percha, &c., should be heated with the

steam before it is sulphurised. In from half an hour to two hours the sulphurising

is finished. Or, the gutta-percha may be rubbed strongly over with the sulphurous

mixture and then heated, either dry or with the aid of steam, or it may be coated in

the form of a paste.

Another ofMr. Hancock's inventions is to expose the gutta-percha to the deutoxide of

azote (nitric oxide), or to chloride of zinc, concentrated and boiling hot, and then wash-
ing with an alkaline solution or mere water. Gutta-percha thus treated by the action of

the gas, as it is evolved from nitric acid and copper, iron, or zinc, becomes exceedingly

smooth, and of a lustre approaching to metallic ; the same effect is produced upon
common unsulphurised caoutchouc. Gutta-percha is thus also freed from all sticki-

ness ; and if sulphurised it acquires under this treatment the downy softness of velvet.

Chloride of zinc and nitrous gas remove the smell of vulcanised caoutchouc in a great

measure, especially if it be afterwards washed.
Another invention is that of masticating gutta-percha in the proportion of 6 parts

with 1 of chloride of zinc ; which compound may be afterwards sulphurised. A
further modification consists in producing a spongy gutta-percha for stuffing sofas, &c.

48 parts of it moistened with oil of turpentine, coal-naphtha, bisulphide of carbon,

or other proper solvent ; 6 parts of hydrosulphide of lime, sulphide of antimony, or

other analogous sulphide ; 10 parts of carbonate of ammonia, carbonate of lime, or

other substance that is either volatile or capable of yielding a volatile product ; and 1

part of sulphur. Mr. Hancock mixes these materials together in a masticator, and
then subjects them to a high degree of heat, observing the same conditions which
are stated in the former description, except only that the heat may be pushed with
advantage several degrees higher, say from 260° to 300°.

Various articles are manufactured of ordinary gutta-percha, such as single and
double texture waterproof fabrics, boots, galoshes, belts, bandages, trowsers and other

straps, capes, life-preservers, tubes, knapsacks, caps, cups and other vessels of capacity,

hammer-cloths, cotton-spinning rollers, backs of cards for carding wool, pianoforte-

hammers, paper-holders, springs, trusses, &c. By taking the gutta-percha after it

has been sulphurised, and brushing it with a solution of resin in boiling oil (linseed?),

placing it in a chamber heated to from 7o° to 100° Fahr., and afterwards polishing

it by the means usually employed by the japanneirs, it acquires the lustre of japanned
wares.

Mr. Hancock has also contrived a machine for cutting gutta-percha into strips or

riband, threads, or cord of any required shape. It consists of two grooved rollers of

iron or steel, mounted in a suitable framework. The grooves of each roller are semi-

circular, and the projecting divisions between the grooves are made with knife-edges,

so as to divide readily any sheet or mass of gutta-percha presented to them. The
under roller is flanged at both ends, and the upper roller is made to fit inside of those

flanges, in order to keep the cutting-edges from shifting or being damaged. To cut

thin slieets of gutta-percha with this machine into strips or ribands, the material is

passed through it in a cold state, and only the cutting-edges are brought into opera-

tion. To make round cord or throjid by means of it, either a sheet of gutta-percha of

a thickness equal to the diameter of the holes formed by the grooves, and at a tem-

perature of 200° Fahr. (produced by supplying it from a feeding-chamber heated to

that degree) is passed through the machine, and the threads or cords are received in

a tank of cold water, from which they are led away to be wound on reels or drums

;

or the gutta-percha is employed in a plastic state, and passed under a gauge before it

enters the machine. If it be desired to produce a cord of a semicircular form in the

transverse section, a plane-roller is substituted for the lower grooved-roller ; or should
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cord of a square, triangular, or hexangular, or any other form, be required, the two
rollers must be shaped to suit.

Gutta-percha Tubes.—A series of interesting experiments have been made at the

Birmingham Waterworks, relative to tlie strength of gutta-percha tubing, with a
view to its applicability for the conveyance of water. The experiments were made
(under the direction of Henry Kose, Esq., engineer), upon tubes, | and |th of an inch

diameter, of gutta-percha. These were attached to the iron main, and subjected

for two months to a pressure of 200 feet head of water, without being in the slightest

degree deteriorated. In order to ascertain, if possible, the maximum strength of the

tubes, they were connected with the "Water Company's hydraulic proving-pump, the

regular load of which is 250 lbs. on the square inch. At this point the tubes were
unaflfected, and the pump was worked up to 337 lbs., but to the astonishment of every

one the tubes still remained perfect. It was then proposed to work the pump up to

600 lbs., but it was found that the lever of the valve would not bear this weight. The
utmost power of the hydraulic pump could not break the tubes.

The gutta-percha being somewhat elastic, allowed the tubes to become slightly

expanded by the extraordinary pressure which was applied, but on its withdrawal
they resumed their former size.

This tubing is such an extraordinary conductor of sound, that its value, not only

to deaf persons, but to the public generally, has been fully appreciated. It has been
fitted up in dwelling-houses, in lieu of bells. As speaking-tubes for giving and
receiving messages in mines, railway stations, prisons, workhouses, hotels, and all

large establishments, it is invaluable.

Properties of Common Gutta-percha.—The gutta-percha, purified for manufacturing
piirposes, is of a reddish brown colour ; it readily becomes electrical by friction and
is a bad conductor of both electricity and heat. At the ordinary temperature of our
climate, say from 32° to 77°, it possesses about as much tenacity as thick leather, with
rather less flexibility ; it softens and becomes sensibly doughy towards 120°, although
still very tough. Its ductility is such, at a temperature of from 110° to 241°, that it

is readily extended into thin sheets, or drawn into threads or tubes ; its flexibility and
ductility diminish as the temperature becomes lower. It does not possess at any tem-
perature the peculiar elastic extensibility which characterises caoutchouc. Exposed
for an hour to a temperature of 14°, its flexibility is slightly diminished.

In its various forms, gutta-percha possesses a peculiar porosity, as may be shown
in the following manner :—A drop of its solution in sulphuret of carbon is to be
placed on a glass slip ; the spontaneous evaporation soon reduces this solution to a
whitish plate ; if it be then examined with the microscope, the numerous cavities with
which it is pierced may be distinctly perceived. These cavities may be rendered
still more visi ble by means of a drop of water ; the liquid gradually insinuates itself,

the mass appears more opaque, and by means of the microscope the cavities are seen
to be enlarged.

Similar results are obtained by keeping thin transparent laminae, obtained by the
evaporation, by heat, of a solution of gutta-percha, immersed in water for a considerable
time.

The preceding observations lead us to think, that this substance retaining, in con-
sequence of its porosity, a great many minute particles of air, owes to this circum-
stance its appearance of possessing a less density than that of water, namely 0"979.

In fact, on stretching gutta-percha under strong pressure, and immediately cutting
the strips thus produced into very small pieces under water, the greater part of the
fragments fall to the bottom of the vessel—some immediately, others after absorbing
a certain quantity of water. The same result is also obtained by keeping very thin
leaves of gutta-percha, prepared by different methods, immersed for a month in water
deprived of air : their pores becoming gradually filled with the liquid, they became
heavier than the water, and then ceased to float. Gutta-percha is also heavier in
proportion to the length of time it has been exposed to the air, particularly in thin
leaves.

The porous structure of gutta-percha becomes changed into a fibrous texture when
it is drawn out so as to double its length : then retaining but little extensibility, it

supports, without breaking, the action of a force equal to double that required for its

elongation in the first instance.
Common gutta-percha resists cold water, damp, and also the various influences

which excite fermentation
; but it can be softened, and it experiences a sort of superficial

doughy fusion by the action of the solar rays in summer.
It is not attacked by alkaline solutions, even when caustic and concentrated ; am-

monia, saline solutions, water containing carbonic acid, the various vegetable and
mineral acids, do not act upon it ; the weaker alcoholic liquors (wines, beer, &c.) do
iiot touch it ; and even brandy scarcely dissolves a trace of it. Olive-oil does not
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appear to attack gutta-percha when cold ; when hot, it dissolves a small portion of it,'

which is again precipitated on cooling. •

Sulphuric acid with one equiv. of water colours it brown, and disintegrates it with a
sensible evolution of sulphurous acid.

Muriatic acid, in its saturated solution in water at a temperature of 68° F., attacks

gutta-percha slowly, and gives it a more or less deep brown colour, at length rendering
it brittle.

Monohydrated nitric acid attacks it rapidly, with effervescence and an abundant
evolution of fumes of hyponitrous acid ; the substance is decomposed, and coloured of
a brownish orange-red : it becomes doughy, and afterwards solidifies by degrees and
remains friable.

In the cold, and even by heat, only a part of the gutta-percha (0"15 to 0-22) is dis-

solved by anhydrous alcohol or other. Benzine and spirits of turpentine dissolve it

partially when cold, but nearly completely if aided by heat. Sulphide of carbon and
chloroform dissolve gutta-percha when cold ; the solutions may be filtered beneath a
bell-glass to prevent evaporation ; the filter retains the foreign matters of a reddish
brown colour, whilst the solution passes perfectly clear, and almost colourless. The
filtered liquid, exposed to the air in a saucer, allows the solvent to escape, and deposits

the white gutta-percha in a plate of greater or less thickness, which shrinks gradually
in proportion to the evaporation of the liquid.

Except the colour, which has disappeared, the gutta-percha then offers the characters

and properties mentioned above as belonging to the commercial substance. Submitted
to a gradually-raised temperature, it softens and melts, and may be made to boil with-

out acquiring a sensible colour ; the transparent fluid gives offabundant vapours, which
are condensible into a nearly colourless oily liquid. The portions last distilled have a
brownish orange colour, and a thin layer of carbonaceous deposit remains adherent to

the sides of the vessel.

Analysis.
—

"We have said above that alcohol and ether can dissolve only a portion of

gutta-percha ; this is because that substance consists, in fact, of three proximate prin-

ciples, the separation of which has required very delicate observation, although they
are very clearly distinguished by several of their properties.

When gutta-percha in thin leaves is brought into contact, in a close vessel, with 15
to 20 vols, of cold anhydrous alcohol, and the temperature raised slowly by means of

the water-bath to the point of ebullition (172° F.), and kept at this point during
several hours, the liquid, if filtered whilst boiling and left in a closed flask, will, at the

end of from 12 to 36 hours, begin to deposit on the sides of the vessel and on the sur-

face of the solution white opaline granules, distant from one another, but some of them
in groups ; their size will gradually increase for some days. These granules, carefully

examined under the microscope, will be found to have the form of spherules truncated

by the sides of the vessel. Their surface is either smooth, or bristling with very small

transparent, elongated, lamellar crystals. Some superficial fissures appear to indicate

that these spherules are formed of a sort of transparent yellow kernel covered with a

white pellicle.

Perhaps no other example is known of this singular crystalline structure. In fact,

cold anhydrous alcohol dissolves the whole of the yellow spheroidal substance, whilst

the superficial pellicle, in the interior of which the alcohol has substituted itself for

the solid globule, appears whiter and less transparent.

The alcoholic solution, which has been for some days depositing this complex sphe-

roidal crystallisation, can again take up by heat a portion of the two proximate prin-

ciples remaining in the substance, allowing a fresh quantity to crystallise on cooling.

The extraction is completed by returning the boiling alcohol several times upon the

gutta-percha until it no longer dissolves anything.

The solid substance which has resisted the action of the solvent, possesses, with

some modifications, the principal properties of crude gutta-percha; we shall lu-ro

call it jpure gutta. As to the two other organic principles, one is a yellow resin, which

is much more soluble in cold alcohol than the other, the white crystalline resin.

By taking advantage of these different degrees of solubility, we are enabled with

time and patience to effect the complete purification of these three principles. The
separation may also be effected by treating finely-divided gutta-percha with cold ether,

which dissolves the mixture of the two resins more abundantly than alcohol ; they are

afterwards separated from one another by tho same treatment already described for

alcohol.

Tho tendency of the white resin to form itself into radiated groups is manifested in

a rather remarkable circumstance, which it is easy to reproduce. Narrow ribands

cut from a thin leaf of ordinary gutta-percha are to be placed in a tube, and immersed

in anhydrous alcohol. The tube is then closed, and left for twenty or thirty days,

when a few whitish points appear here and there on tho ribands, and afterwards on
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the sides of the tube. These points, -which become gradually larger, are formed of

crystalline tufts of the white resin. Thus this proximate principle is separated directly,

and in the cold, even when the atmospheric temperatiire is gradually rising, for in-

stance during the spring or early summer.
The crystalline white resin, when completely purified by washings with alcohol, and

then redissolved in anhydrous alcohol, is deposited by slow spontaneous evaporation in

the air, in radiated crystals, forming sometimes symmetrical tufts arranged in stars,

and then presenting the appearance of a sort of efflorescence.

Distinctive characters and properties of the three proximate principles which con-

stitute common Gutta-percha.—The most abundant of these three principles, forming

at least from 75 to 82 per cent, of the whole mass, is the pure gutta-percha, which
presents the principal properties of the commercial substance ; it is white, transparent

at a temperature of 212° F., when all its parts are melted together ; opaque or semi-

transparent when cold, from its then acquiring a structure which causes the inter-

position of air, or of a liquid possessing a different refraction from its own. This

structure appears still more distinct than in the natural substance containing all three

principles.

In thin sheets, and at a temperature of 50° to 68° P., it is supple, tough, extensible,

but not very elastic. At 112° F., it softens and turns back upon itself, and becomes

more and more adhesive and translucent in proportion to the elevation of temperature,

undergoing a sort of doughy fusion, which becomes more distinct towards 212° to

230°. Heated beyond this point, it melts, boils, and distils, furnishing a pyrogenous

oil and carburetted gases.

Soubeiran believes the composition of perfectly pure gutta-percha to be C'^H*", cor-

responding to 87"8 carbon and 12*2 hydrogen. Faraday found caoutchouc to contain

87"2 carbon, 12'8 hydrogen; hence their chemical composition is identical.

Pure gutta-percha, like the other two proximate principles, is quickly rendered elec-

trical by friction, and is a bad conductor of heat ; it generally floats on water, but

sinks to the bottom as soon as its pores are filled with this liquid. It is insoluble in

alcohol and ether, almost completely insoluble in benzine at 32° F, ; it is soluble at

77°, and becomes more and more so in proportion as the temperature is raised. The
saturated solution at 86^ forms itself into a semi-transparent mass when cooled below
32° ; alcohol precipitates the pure gutta-percha from its solution in benzine.

At 82°, spirits of turpentine dissolves very little gutta-percha, whilst it disinte-

grates and dissolves it readily when hot.

Chloroform and sulphide of carbon dissolve gutta-percha in the cold.

After the extraction by means of ether of the two resins interposed in the thin

leaves of the white gutta-percha, leaving the last portion of ether with which they were
impregnated to evaporate in the open air, these leaves, enclosed in a flask, experienced,

after remaining there for two months at a temperature of from 68° to 82° F., an
alteration which appeared to depend on their porosity, the action of the air, and per-

haps the ether retained in their pores. However it be, these leaves had then acquired

new properties ; they were brittle ; exhaled a very distinct sharp odour ; brought into

contact with an excess of anhydrous ether, thdy wefe partially dissolved ; the soluble

portion, obtained by the evaporation of the ether and dessication at 194° F., was gluti-

nous and translucent ; it became opaque and hard by cooling down to 14° F.

Sulphide of carbon, renewed three times in six days, and evaporated each time after

two days' contact, left as residue a white flexible leaf. The portion not dissolved,

swelled and transparent, did not appear to undergo'any change when left in sulphide
of carbon for ten days. '

"

This kind of spontaneous transformation wt)uld perhaps become complete if more
prolonged ; its study will require much time ; it will perhaps put us in the way of as-

certaining the causes of certain changes observed in some small objects formed of gutta-

percha. It has already been ascertained, that thin leaves, exposed for eight consecutive

days to the action of the sun in moist air, were discoloured, and that their substance
had become in great part soluble in ether.

Monohydrated sulphuric acid disintegrates, and communicates a brown colour to the
pure gutta, with evolution of sulphurous acid; after eight days' contact, the deep
brown liquid, on dilution with water, becomes turbid, and furnishes a brown flocculent

precipitate. Nitric acid, with a single equivalent of water, attacks the pure gutta with
a lively effervescence, and the evolution of orange-vapours of hyponitrous acid. Mu-
riatic acid, in its saturated solution, slowly attacks the thin leaves of gutta, giving
them a deep brown colour ; at the end of eight days it becomes friable. The reaction

of muriatic acid establishes an additional distinctive character between this proximate
principle and the two others.

M. Payen has carefully examined the chemical and physical peculiarities of the
three principles which he has discovered in gutta-percha. These have, however,
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no interest for the manufacturer, and we refer the chemical atudont to M. Payeu's

Memoir,
The juice of Muddar has been proposed as a substitute forgutta-pcrclia, but wo are

not aware that it has in any manufacture taken its place. Dr. Falconer describes a
new kind of gutta-percha, which grows in the most southern British possession of the

Merguin Islands, Indian Ocean.
If a solution of gutta-percha in chloroform be mixed with 3 parts of ether, and ex-

posed for some time to a temperature below 15°, the gutt<a-percha is precipitated as a
white powder, forming when washed and dried a soft white mass. On spreading this

solution on a plate of glass, a skin is formed, resembling kid-glove leather, which
becomes transparent on the application of he«at. These films are beautifully white, if

carefully prepared, and they have been employed in the manufacture of the finest

kinds of artificial flowers.

In 1848, Dr. Faraday drew the attention of experimentalists to the highly insulating

power of gutta-percha, which not only possesses this property under ordinary cir-

cumstances, but likewise retains it under atmospheric conditions which would make
the surface of glass a good conductor. This has led to its almost universal adoption

as the insulator for the wires of the electrical telegraph. When buried in the earth,

unless it is attiicked by insects, or by a fungus, it retains its highly insulatory power,

and we have every reason for believing that gutta-percha does not undergo a change

when immersed in sea-water. It has, however, been found, that when it has been

exposed to the intense sunshine of India, it undergoes a remarkable change ; oxygen

is absorbed, the gutta-percha loses its coherence, and at the same time its powers of

insulation.

Some idea of the progress made in the applications of gutta-percha will be found

by the following Table of Imports. The demand for this substance is still increasing,

audit is to be feared that a destructive process is adopted in collecting the juice from
the trees to meet the demand :

—

1850
1851
1852
1853
1854
1855
1856
1857

cwts.

11,130

10,778
13,652

21,792
24,696

23,535

15,557

17,420

1858
1859
1860
1861
1862
1863
1864
1865

The gutta-percha imported in 1871 and 1872 was from the fol

cwts.

. 19,641

. 18,593

. 21,321

. 19,749

. 18,284

. 21,655

. 35,636

. 36,760

lowing countries

:

Quantities Value Quantities Value

Raw

:

cwts. £ cwts. £
From Holland...... 1,498 10,749 5,202 51,432

„ France 346 3,377 621 5,416

„ Egypt 778 6,601 9,814 69,745

„ Madagascar 482 4,700

„ British India : Bengal and Burmah ... ... 2,892 31,000

„ China 1.068 11,031 1,660 18,951

„ Straits Settlements.... 21,227 153,999 23,487 225,789

„ Other countries .... 812 8,880 921 7,622

Total. 26,211 199,337 45,597 399,955

Manufactures of:

From all countries 145 1,235 488 3,445

Substitutes for Gutta-percha.—^\v William Holmes forwarded to the Council of

the Society of Arts from Demerara, some other specimens of a gum termed « Balata,'

the produce of the bullet-tree {Sapota MulleH) which grows in that colony, and which,

he states, possesses the properties of gutta-percha, and may be used as a substitute

for it Sir William Holmes says in his communication : 'I was Commissioner, repre-

senting the colony of British Guiana, at the International Exhibition of 1862. Among

the varied contributions from the colony was a specimen of the dried milk of the bullet-

tree ; it weighed perhaps half a pound. Amongst the numerous individuals who

Aisited the Guiana department was Mr. Charles Hancock, who is well known in the

gutta-percha trade. This gentleman was struck with the appearance of the specimen.
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and obtained a portion for experiment. He reported most favourably as to its utility

and value, a result most gratifying to me, as I had received adverse opinions from less

experienced persons. This happened, I think, in July 1862 : from that time to the

present, I have been engaged in investigations how to produce the material cheaply,

and how to dry or coagulate it rapidly. In both particulars I believe I have suc-

ceeded so far as to warrant the importation of steam-machinery to be applied to its

extraction ; and by a fortunate accident I have discovered how to dry or coagulate it,

preserving the characteristic of elasticity, at a single operation, by the addition of a

simple ingredient not very costly
' Amongst the useful properties of the Batata, I believe the fresh milk of the bullet-

tree to be the best waterproofing material yet discovered. The bullet-tree is a magni-

ficent timber-tree, often squaring 30 to 40 inches, and is much used, especially in

Berbice, for building purposes. The milk, when quite fresh, is so bland that it is

sometimes used as a substitute for cows' milk, and the fruit is delicious.'

Mr. Ondaatjie, surgeon, forwarded to the same Society, from Ceylon, a specimen of

the Alstonia scholaris, which he supposes may be used as a substitute for gutta-percha.

The tree abounds with milky juice like the gutta-percha, has a fleshy bark and porous

wood, and belongs to the natural order A'pocynm. The natives believe that the tree is

poisonous, but Mr. Ondaatjie has proved it not to be so.

GTZiX:. A brewer's vat or utensil. The vinegar-maker's fermented wort.

GYPSTTIM;. This natural production, which in its varieties is known as dahasier,

selenite, and satin spar, is a sulphate of lime, containing sulphuric acid, 46-61 ; lime,

32-56 ; water, 20*93.

The anhydrite from Derby is a mineral like gypsum, but, as its name indicates, con-

taining no water; its composition being, lime, 41*2; sulphuric acid, 68-8; this is

also called muriacite and tripe-stone. It absorbs moisture and changes to gypsum.
When gypsum is carefully burnt, it loses its water of composition, and forms the well-

known plaster-qf-Paris.

The transparent varieties of gypsum are called selenite; its fine massive varieties

are alabaster, and its fibrous kinds satiii spar. There is another variety in small scales

of a pearly lustre, known as Schaumkalk.

The fibrous forms of gypsum are cut and polished for small ornamented objects, and
are sometimes known as satin spar.

The gypsum of ovx own country is found, in apparently inexhaustive quantities, in

the Eed Marl formation in the neighbourhood of Derby, and has been worked for

many centuries. The great bulk of it is used for making plaster-of-Paris, and as a
manure ; and it is the basis of many kinds of patented cements, as Keene's, Martin's,

and others.

To get it for these purposes, it is worked by mining underground, and the stone is

blasted by gunpowder ; but this shakes it so much as to render it unfit for working into

ornaments, &c ; to procure blocks for which it is necessary to have an open quarry.

By removing the superincumbent marl, and laying bare a large surface of the rock,

the alabaster being very irregular in form, and jutting out in several parts, allows of its

being satim out in blocks of considerable size, and comparatively sound (as is illus-

trated by the large tazza in the Museum of Practical Geology). This stone, when
protected from the action of water, is extremely durable, as may be seen in churches

all over the country, where monumental effigies, many centuries old, are now as

perfect as the day they were made, excepting of course wilful injuries ; but exposure
to rain soon decomposes the stone, and it must be borne in mind that it is perfectly

unsuited for garden vases or other out-door work in this country.

In working, it can bp sawn up. into slabs with toothed saws, and for working
mouldings and sculptures, fine chisels, rasps, and files are the implements used ; the

polishing is performed by rubbing it with pieces of sandstone, of various degrees of

fineness, and water until it is quite free from scratches, and then giving a gloss by
means of polishing powder (oxide of tin) applied on a piece of cloth, and rubbed
with a considerable degree of friction on the stone. This material gives employment
in Derby to a good'many hands in forming it into useful and ornamental articles, and
is commonly called Derbyshire Spar ; most of the articles are turned in the lathe, and
it works something like very hard wood.

Another kind of gypsum also found in Derbyshire is the fibrous or silky kind; it

occurs in thin beds, from one to six inches in depth, and is crystallised in long needle-
like fibres; being easily worked, susceptible of a high polish, and quite lustrous, it is

used for making necklaces, bracelets, brooches, and such like small articles.

Gypsum is commionl-y found in this country, in irregular deposits, in the New Eed
Marls, especially at Chellaston in Derbyshire, Fauld in Staflfordshire, and Newark in
Nottinghamshire. A deposit of white crystalline gypsum has been recently discovered

in the prosecution of the experimental boring at Netherfield, near Battle in Siissex,
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undertaken by the Sub-Wealden Exploration Committee. The gypseous deposits are

upwards of fifty feet in thickness, and occur in beds, which are probably of Purbeck
age. No gypseous deposits of eqtial extent, on this geological horizon, had been previously
known in this country. The great deposits of gypsum worked at Montmartre and
elsewhere in the neighbourhood of Paris—from which ' Plaster-of-Paris ' borrows ita

name—occur in the Eocene beds of the Paris basin, equivalent to certain stnita re-

presented in this country in the Isle of Wight. See Alabastbk ; Plastee-of-Pauis.

H
BABAl^A BROWW. Tliis name has been given to aniline-brown. See

Anfline-Brown.
BACXIiS. A flax comb. See Flax.
HAI>3>OCX. The Morrhua cBglefinus, one of the Gadida, or cod tribe.

HADE. A miner's term, used in Derbyshire and some of the northern counties,

signifying the inclination or deviation from the vertical of any mineral vein or lode.

Hadings signify that some parts of the veins incline, while others are vertical.

HJEMATZXr. A product of the decomposition of hcBmoglohin, or the red-colouring

matter of the blood. The name hcsmatin was also given by Chevreul to a crystalline

substance, of a pale pink colour, and brilliant lustre when viewed in a lens, which he
extracted from logwood. See H-ematoxyxin.

Scientific terms with prefixes similar to that of hcematin are derived from the Greek
atfia, blood.

HJEMATZXroXTE. A kind of glass used by the ancients for making ornamental
vessels, mosaics, &c. It is described by Pliny, and has been found pretty abundantly
in the excavations of Pompeii. This glass is of a beautiful red colour, but the colour

disappears on melting. Von Pettenkofer obtained a similar glass, which he has called

astraiite, by melting a mixture of silica, lime, calcined magnesia, litharge, soda, copper-

hammerings, and smithy-scales. See Astkalite.
HJBIMEATZTE. Native peroxide of iron. In true haematite, sometimes willed for

distinction's sake red hcBmatite, the oxide is anhydrous, whilst in the so-called brown
hsmatitc it is hydrated.

The haematite proper occurs in a remarkablemanner in irregular deposits in carboni-

ferous limestone, at Whitehaven in Cumberland, and at Ulverstone in Lancashire.

The following analysis of the Whitehaven ore of Cleator Moor by Mr. A. Dick, shows
its peculiar character :

—

Peroxide of iron 95' 16

Protoxide of manganese 0*24

Lime 007
Phosphoric acid trace

Sulphuric acid trjico

Bisulphide of iron trace

Insoluble residue ....... 6*68

101-15

Iron, total amount ....••. 66-60

The following analysis of the Ulverstone ore is by the same chemist :

—

GUlbrow Ore,

Peroxide of iron 86'50

Protoxide of manganese 0*21

Lime 277
Magnesia r46
Carbonic acid 2*96

Phosphoric acid trace

Sulphuric acid <)*11

Insoluble residue •..*•.. 6*55

100-56

Iron, total amount ..••*•« 60*55
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Another ore, that of Lindalo Moor, near Ulverstone, was analysed by Mr. J,

Spiller, with tho following results :

—

Peroxide of iron 9123
Protoxide of manganese 0-23

Alumina 051
Lime 005
Magnesia trace

Phosphoric acid minute trace

Sulphuric acid 0*09

Bisulphide of iron 0-03

Water, hygroscopic 039
„ combined ....... 0*17

Insoluble residue ....... 5*18

100-88

Iron, total amount 65*98

The production of the red haematite in Cumberland and Lancashire has been during

the last few years as follows :

—

1868 1869 1870 1871 1872
Tons Tons Tons Tons Tons

Whitehaven ore . . 725,248 848,974 1,014,143 976,874 954,505
Furness ore > . . 767,625 784,507 871,938 931,048 909,077

Some of the Furness ore is smelted with charco.al at furnaces in the district,

and in 1872 about 600,000 tons were used at the Barrow Haematite Works.
The Cleator Moor, Workington, and other Cumberland furnaces, in 1872, used

672,329 tons of the Whitehaven iron-ore.

All the remainder was sent into the other great iron-making districts for mixing with
the argillaceous carbonates, and other ores of iron. Haematite is highly valued for

making pig-iron well adapted for conversion into steel by the Bessemer process. See

Iron.
HJEAIATOGIiOBUZiZXr. Synonym of Hemoglobin.
HJBI^ATOSZSr. A substance at one time regarded as the red-colouring matter

of the blood.

laxvfLA.TOX.'YlMlir, The colouring matter of logwood, the HcBmatoxylon Cam-
pecAiawww of botanists. It is, in fact, the characteristic principle of this dye-wood. To
procure haematoxylin, digest, during a few hours, ground logwood in water heated to a
temperature of about 130° Fahr. ; filter the liquor, evaporate it to dryness by a steam-
bath, and put the extract in alcohol of 0*835 for a day. Then filter anew, and after

having inspissated the alcoholic solution by evaporation, pour into it a little water,

evaporate gently again, and then leave it to itself in a cool place. In this way nume-
rous crystals of haematoxylin will be obtained, which may be purified by washing with
alcohol and drying.

W^hen subjected to dry distillation in a retort, haematoxylin affords all the usual
products of vegetable bodies, along with a little ammonia ; which proves the presence

of azote. Boiling water dissolves it abundantly, and assumes an orange-red colour,

which passes into yellow by cooling, but becomes red again with heat. Sulphurous
acid destroys the colour of solution of haematoxylin. Potash and ammonia convert

into a dark purple tint the pale solution of haematoxylin ; when these alkalis are

added in large quantity, they make the colour violet-blue, then brown-red, and lastly,

brown-yellow. ^^ this time the haematoxylin has become decomposed, and cannot be
restored to its pristine state by neutralising the alkalis with acids.

The waters of baryta, strontia, and lime exercise an analogous power of decomposi-

tion ; but they eventually precipitate the changed colouring matter.

A red solution of haematoxylin subjected to a current of sulphuretted hydrogen
becomes yellow ; but it resumes its original hue when the sulphuretted hydrogen is

removed by a little potash.

The protoxide of lead, the protoxide of tin, the hydrate of peroxide of iron, the

hydrate of oxides ofcopper and nickel, and oxide of bismuth, combine with haematoxylin
and colo^lr it blue with more or less of a violet cast.

Haematoxylin precipitates glue from its solution in reddish flocks. This substance
has not hitherto been employed in its pure state ; but as it constitutes the active prin-

ciple of logwood, it enters as an ingredient into all the colours made with that dye-
stuff.

V . These cdours are principally violet and black, See Logwood,
.
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RJBMOOZiOBnr. The red-colouring matter of the blood. See Blood.
HAZSHTGERXTS. A hydratcd arsenate of lime, named after the late Von Hai-

dinger, of Vienna.
HAZR {Cheveu, Crin, Fr. ; Haar, Ger.) is of all animal products the one least

liable to spontaneous change. It can be dissolved in water only at a temperature
somewhat above 230° F., in a Papin's digester ; but it appears to be partially decom-
posed by this heat, sincesome sulphuretted hydrogen is disengaged. By dry distilla-

tion, hair gives off sulphuretted gases, while the residuum contains sulphate of lime,

common salt, much silica, with some oxide of iron and manganese. It is a remarkable
fact that fair hair affords magnesia, instead 6f these latter two oxides. Horse-hair
yields about 1 2 per cent." of phosphate of lime.

We have no recent analysis of hair. Vauquelin found nine diflferent substances in

black hair ; in red hair, Jt red oil instead of a greenish black one.

Hairs are tubular, their cavities being filled with' a fat oil, having the same colour

with themselves. Hair plunged in chlorine gas is immediately decomposed and con-

verted into a viscid mass ; but when immersed weak in aqueous chlorine, it undergoes
no change, except a little bleaching.

Living hairs are rendered black by applying to them for a short time a paste made
by mixing litharge, slaked lime, and bicarbonate of potash, in various proportions,

according to the shade of colour desired. The ordinary mode of dyeing human hair is

first to saturate the hair with the sulphide of potassium in solution ; then, when this

has been well absorbed and is partially dry, a solution of nitrate of silver is to be ap-

plied. By varying the proportions of the sulphide, and the strength of the silver solu-

tion, almost any tone of colour, from a brown to a black, can be produced.
The salts of silver, mercury, lead, bismuth, as well as their oxides, blacken hair,

or make it of a dark violet, by the formation, most probably, of metallic sulphurets

(sulphides).

Hair as an object of manufacture is of two kinds, the curli/ and the straight. The
former, which is short, is spun into a cord, and boiled in this state, to give it the

tortuous springy form. The hairs of rabbits and hares are prepared for the hatraaker

by a process called secrefaqe, so as to render them fit for felting. The skins with the

hair still upon them are laid upon a table, and with a brush, made from the bristle of

the wild boar, a solution of nitrate of mercury is applied many times in succession, till

every part of the fur be equally touched, and till about two-thirds ofthe length of the

hairs be moistened. The skins are then placed together to complete the impregnation,

and put into a store-room. In drying there is a retraction of the hairs, and the re-

quired curling is produced. The long straight hair is woven into cloth for sieves, and
also for ornamental purposes, as in the damask hair-cloth of chair-bottoms. For this

purpose the hair may be dyed in the following way :

—

Forty pounds of tail hair, about 26 inches long, are steeped in lime-water during

twelve hours. Then a bath is made with a decoction of 20 lbs. of logwood, kept

boiling for three hours, after which time the fire is withdrawn from the boiler, and
10 ounces of copperas are introduced, stirred about, and the hair is immersed, having

been washed from the lime in river-water. The hair should remain in this cooling

bath for twenty-four hours, when the operation will be finished. Hair used for weav-

ing is obtained principally from South America and from Kussia. All the black and
grey hair is dyed for the manufacture of black hair-cloth for covering furniture.

White only can be dyed so as to produce what are called fancy colours, and great care

is required in the process.

The quality of hair-cloth, as well as the brilliancy and permanency of the colours,

depend in a great degree on the nature of the warp, which may be either of cotton,

linen, or worsted. Coloured hair-cloth is made at Worcester, Sheffield, and Paris, and
used for covering sofas and chairs, and for railway carriages.

The looms for weaving hair differ from the common ones, only in the templet and
the shuttle. Two templets of iron must be

^^^^
^ used to keep the stuff equably but lightly"

stretched. These templets, of which one

is represented in Jig. 1 1 26, are constructed in

the shape of flat pincers ; the jaws, cc, being

furnished with teeth inside. A screw, d,

binds the jaws together, and hinders the

selvage from going inwards. Upon the side

cross-beam of the loom, seen in section at

I, a bolt is fixed which carries a nut f

at its end, into which a screwed iron rod e enters, on one of whose ends is the handle

B. The other extremity of the screw b is adapted by a washer and pin to the back of.

the pincers at the point h, so that by turning the handle to the right or the left, wo
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draw onwards or push backwards the pincers and the stuff at pleasure. The warp of

the web is made of black linen yarn. The weft is of hair, and it is thrown with a
long hooked shuttle, or a long rod, having a catch hook at its end. The length of this

shuttle is about three feet ; its breadth half an inch, and its thickness one sixth. It

is made of boxwood. The reed is of polished steel ; the thread warps are conducted

thiough it in the usual way. The workman passes this shuttle between the hairs of

the warp with one hand, when the shed or shuttle way is opened by the treddles ; a
child placed on one side of the loom presents a hair to the weaver near the selvage,

who catches it with the hook of his shuttle, and by drawing it out passes it through
the warp. The hairs are placed in a bundle on the side where the child stands, in a
chest filled with water to keep them moist, for otherwise they would not have the
suppleness requisite to form a web. Each time that a hair is thrown across, the

batten is driven home twice. The warp is dressed with paste in the usual way. The
hair-cloth, after it is woven, is hot calendered to give it lustre. In the Great Exhibi-
tion of 1851, J. Bardoffsky (Russia) exhibited a collection of bowls, dishes, plates,

&c., formed of the hair of the rabbit, hare, and other animals, which were felted and
afterwards varnished. They had tlie appearance of papier-mache, and were very
light.

The chief kinds of hair used in the arts are horse-hair, used for stufl&ng seats and
for hair-seating ; cow-hair, for making felt and for mixing with mortar ; goats'-hair,

mohair, &c., for weaving into textile fabrics ; camds'-hair, mohair, &c., for artists'

pencils ; hog-hair and other coarse kinds for common brushes ; and human hair for

wigs, chignons, and other articles of head-dress.

Hair imported in the years 1871 and 1872 :

—

Cow, ox, bull, or elk . • . .

Groats' hair or wool, lbs

Horse
Unenumerated......
Manufactures of, not being of goats' hair

or wool
Manufactures of goats' hair or wool .

1871 1872

Cwts. £ Cwts. £

87,492

8,815,364

21,365

188,154

1,055,248

202,103

187,701

14,020

28,616

98,231

6,404,490

15,830

270,322
762,364

188,726

238,2u5

6,798

44,310

HAZR B&TTSHES. The hair brushes are manufactured with coarse hair, as that

of the swine, the wild boar, the dog, &c., and these are usually attached, by binding

with cord or by securing them with a piece of tin plate, to a wooden handle. The
manufacture of hair brushes, clothes brushes, tooth and nail brushes, is necessarily

very large, and of considerable importance. The technical details of this manufacture
would occupy space to the exclusion of more important matter.

HillR PEXrCZXiS, for artists. Hair pencils are composed of very fine hairs, as

those of the sable, the miniver, the marten, the badger, and the polecat. These are

usually mounted in a quill, but sometimes they are secured as in the former case with
tinned iron.

The most essential quality of a good pencil is to form a fine point, m that all the

hairs without exception may be united when they are moistened by laying them upon
the tongue, or drawing them through the lips. When hairs present the form of an
elongated cone in a pencil, their point only can be used. The whole difficulty consists,

after the hairs are cleansed, in arranging them together so that all their points may
lie in the same horizontal plane. We must wash the tails of the animals whose hairs

are to be used, by scouring them in a solution of alum till they be quite free from
grease, and then steeping them for twenty-four hours in lukewarm water. We next
squeeze out the water by pressing them strongly from the root to the tip, in order to

lay the hairs as smooth as possible. They are to be combed in the longitudinal direc-

tion, with a very fine-toothed comb, and finally wrapped up in fine linen, and dried.

When perfectly dry, the hairs are seized with pincers, cut across close to the skin, and
arranged in separate heaps, according to their respective lengths.

Each of these little heaps is placed separately, one after the other, in small tin pans
with flat bottoms, with the tips of the hair upwards. On striking the bottom of the

pan slightly upon a table, the hairs get arranged parallel to each other, and their deli-

cate points rise more or less according to their lengths. The longer ones are to be
picked out and made into so many separate parcels, whereby each parcel may be com-
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posod of equally long hairs. The perfection of the pencil depends upon this equality •>

the tapering point being produced simply by the attenuation of the tips.

A pinch of one of these parcels is then taken, of a thickness corresponding to the
intended size of the pencil ; it is set in a little tin pan, with its tips undermost, and
is shaken by striking the pan on the table as before. The root end of the hairs being
tied by the fisherman's or seaman's knot, with a fine thread, it is taken out of the pan,
and then hooped with stronger thread or twine ; the knots being drawn very tight by
means of two little sticks. The distance from the tips at which these ligatures are
placed is of course relative to the nature of the hair, and the desired length of the
pencil. The base of the pencil must be trimmed flat with a pair of scissors.

Nothing now remains to be done but to mount the pencils in quill or tin-plate tubes,
as above described. The quills are those of swans, geese, ducks, lapwings, pigeons,
or larks, according to the size of the pencil. They are steeped during twenty-four
hours in water, to swell and soften them, and to prevent the chance of their splitting

when the hair-brush is pressed into them. The brush of hair is introduced by its tips

into the large end of the cut quill, having previously drawn them to a point with the
lips, when it is pushed forwards with a wire of the same diameter, till it comes out at
the other and narrower end of the quill.

The smaller the pencils, the finer ought the hairs to be. In this respect the manu-
facture requires much delicacy of tact and experience.

HAXiZOTZS. The sea ear-shell. A genus of molluscous animals belonging to the
class Gasteropoda. These shells, possessing a fine nacre, are extensively used in tho
ornamentation of papier-mach6 articles, and mother-of-pearl ornaments.
HAIiZTE. A mineralogical name for rock-salt.

HAXiXiEFIiXN'TA. An old Swedish name still retained for certain felstones.

See fELSPATHic Rocks.
HAIiIiOYSZTZ:. An earthy hydrated silicate of alumina, closely related to clay.

HAZiOGEXr, is a term employed by Berzelius to designate those substances which
form compounds of a saline nature by their union with metals ; such are chlorine,

iodine, bromine, fluorine, and cyanogen ; the salts thus formed being called halo'id

salts, from their resemblance to common salt (NaCL), (^\s, sea salt, and c^fSos, form).

Since the discovery of the compound halogen, Cyanogen, some chemists have been led

to view all salts as under the type of haloid salts ; assuming in the different acids

certain compound halogens, as in sulphuric acid the halogen (SO*), in nitric acid the

halogen (NO"), &c. ; which in combination with hydrogen form the acids ; the different

salts being formed by the displacement of the hydrogen by the metal, as follows

:

sulphuric acid (HSO*), sulphate of potash (KSO*); nitric acid (HNO*), nitrate of

soda (KaNO«), &c.—H.K.B.
HAZiOZBS. Salts formed by combination of a metal with a radical, or halogen.

Modern ideas on the constitution of salts have greatly tended to weaken the old dis-

tinction between haloid salts and oxysalts.

HA]LOTBZCHZTE. A hydrous sulphate of alumina and sesquioxide of iron.

See Alum, Feathek.
HAITBSPZKE. A strong wooden bar, used as a lever to move the windlass and

capstan in heaving the anchor, or raising any heavyweights aboard ship. The handle

is round, smooth, and somewhat taper. The other end is squared to fit the holes in

the head of the capstan or the barrel of the windlass.

BAIO'GZM'G-'WAK^. In mining, the upper wall of an inclined vein ; the rock

which hangs over the lode.

HARBZlDrzirG. The processes by which metals are rendered harder than they

are when they flrst leave the hands of the workman.
Some metals are hardened by hammering or rolling ; but care is required not to

carry this too far, as brittleness may be induced. Sudden cooling is had recourse to

with some metals. Pure hammered iron appears after annealing to bo equally soft,

whether suddenly or slowly cooled ; some of the impure kinds of malleable iron harden

by immersion. Steel, however receives by sudden cooling that extreme degree of

hardness combined with tenacity, which places it so incalculably beyond every other

material for the manufacture of cutting-tools.

In hardening and tempering steel there are three things to bo considered, namely,

the means of heating the objects to redness, the means of cooling the same, and the

means of applying the heat for tempering, or ' letting them down.'

Steel pens are hardened by being heated in large quantities in iron trays within a

furnace, and then plunged into a oily mixture
;
generally they are likewise tempered

in oil, or a composition, the boiling-point of which is tho same as the temperature

suited to ' letting them down.'

Saws and springs are hardened in various compositions of oil, suet, wax, and other

ingredients, 'which however lose their hardening property after a few weeks' constant
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use.' Steel plates are hardened occasionally by allowing water to fall on them when
hot

Case-hardening is the process by which wrought iron is first converted exteriorly

into steel, and is subsequently hardened to that particular depth, leaving the central

parts in their original condition of soft and fibroxis iron. The principal agents used

for case-hardening are animal matters, as the hoofs, horns, bones, and skins of animals.

The prussiate of potash, which contains a compound of carbon and nitrogen, is also

employed for case-hardening. In principle its action is the same as that of the animal
substances. The iron is heated in the open fire to a dull red, and the prussiate is

either sprinkled upon it or rubbed on in the lump ; it is returned to the fire for a few
minutes, and immersed in water. In the volxmie of Lardner's ' Cyclopaedia,' on Iron

and Steel, edited by Kobert Hunt, the subjects of hardening and tempering are treated

in a practical manner. See Ibon.

HARDXrESS. {Durete, Fr. ; Hdrte, Festigkeit, Ger.) A hard body will scratch

one that is softer than itself. This method of determining the hardness of minerals

is employed by mineralogists. A good steel file is commonly used for trying the re-

spective hardness of minerals.

Mohs introduced a scale of hardness which shows the gradual increase in hardness

through 10 minerals :

—

1. Talc ; common laminated light green

variety.

2. Gypsum ; crystallised variety.

3. Calcite ; transparent variety.

4. Fluor spar ; crystalline variety.

5. Apatite ; transparent variety.

6. Feldsp&r (orthoclase ; white cleav-

able variety).

7. Quartz; transparent.

8. Topaz; ditto.

9. Sapphire ; cleavable varieties.

10. Diamond.

The following table, compiled by Dr. Ure for the early editions of his Dictionary,

will still be found very useful as representing, relatively, the hardness of the mineral
named, although the numbers which express the degree of hardness do not agree with
the scale of Mohs :

—

Substances Hardness Sp. grav. Substances Hardness Sp. grav.

Diamond, from Ormus 20 3-7 Sardonyx . 12 2 6
Pink diamond . 19 3-4 Occidental amethyst . 11 2-7

Bluish diamond . 19 3-3 Crystal . 11 2-6

Yellowish diamond . 19 3-3 Carnelian . 11 2-7

Cubic diamond . 18 3-2 Green jasper 11 2-7

Kuby. . 17 4-2 Reddish-yellow ditto

.

9 2-6

Pale ruby, from Brazil 16 3-5 Schorl 10 3-6

Deep blue sapphire . 16 3-8 Tourmaline 10 30
Ditto, paler 17 3-8 Quartz 10 2-7

Topaz 15 4-2 Opal. . . . 10 2-6

Whitish topaz . 14 3-5 Chrysolite

.

10 3-7

Ruby spinel 13 3-4 Zeolite 8 21
Bohemian topaz . 11 2-8 Fluor 7 3-5

Emerald . 12 2-8 Calcareous spar

.

6 2-7

Garnet 12 4-4 Gypsum . 5 2-3

Agate 12 2-6 Chalk . . 3 2-7

Onyx. 12 2-6

One of the most ready means of discriminating between different kinds of precious

stones is to be found in their different degrees of hardness, coupled with their specific

gravities. These are given in the article on Gems. In many of the mineralogical

articles in this Dictionary, the letter H is used as an abbreviation of ' hardness.'

BARB'WiLRS. Under this term are comprehended the articles manufactured of
any of the baser metals. See these respectively.

BARE. The common hare {Lepus timidus) not only furnishes an article of food,

but the skin is used as a fur, and was formerly employed to a lai^e extent in making
the felt bodies of hats.

BARE "WOOD. See Sycamobe.
BARXCOTS. The seeds of certain species of Phaseolus, or beans.
BARlWCAIiA REB. A red-colouring matter, obtained from the seeds of

Peganum HarTnala, a plant found in the Crimea. It is obtained by digesting the seed
in alcohol for some days. This colouring matter unites with acids, forming red-salts.

I
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and dyes wool or silk mordanted -vrith the salts of alumina a light rose-red or a deep
scarlet. The colours are sjiid to be fugitive.

Hii.RnXAIiZM'S. An organic alkaloid extracted from tlie seeds of the Teganum
Harmala. A base obtained by the o.xidation of harmaline has been ciiUed harmine.

HARMOTOnxz:. A hydrous silicate of alumina and baryta. This zeolite crys-

tallises in the rhombic system, often in twins crossing each other, whence the common
name ' Cross -stone.'

It accompanies lead-ore at Strontian in Argyleshiro, and at Andreasberg in the
Hartz. It is also found, with other zeolites, in cavities in amygdaloidal rocks.

HARRZSZTS. A variety of copper-glance, with cubic cleavage ; supposed to be
a pseudomorph after galena.

HilRTITZ:. A hydrocarbon, found in brown-coal near Vienna.
HARTSHORSr, SPIRIT OP, is the old name for the solution of ammonia in

water, the weak Liquor ammonia of the London Pharmacopoeia.
HASSOCK. A term given to a kind of sandstone occurring in the quarries of

Kentish Eagstone in Kent. When of good quality, it is employed in building the
interior walls of churches. The following is an analysis of hassock, by Dr. Plomby,
of Maidstone : carbonate of lime, 53 ; alumina, 4 ; oxide of iron, 8 ; silica, 32

;

small quantities of phosphate of lime, soda, magnesia, chlorine and sulphuric acid, 3 :

= 100.

KATCHETTmrE. One of the native hydrocarbons. It occurs in the crevices of

septaria of clay-ironstone from the coal-measures at EbbwVale, in masses resembling
wax. It is also found in Argyleshire. According to Johnston its composition is :

carbon, 86"91
; hydrogen, 14:-()2 : = 100'53. It is also known as mineral tallow.

HAT XMCAinTFAGTirRE. {Lart de chapelier, Fr. ; Hutmacherkunst, Ger.)

Hat is the name of a covering for the head worn by both sexes, but principally by
men.
As the art of making hats does not involve the description of any curious machinery,

or any interesting processes, we shall not enter into minute details upon the sub-

ject. It will be sufficient to convey to the reader a general idea of the methods
employed in the manufacture of beaver and silk hats.

The materials used in making stuff hats are the furs of hares and rabbits freed

from the long hair, together with wool and beaver. The beaver is reserved for the

finer hats.

The_ fur is first laid upon a hurdle made of wood or wire, with longitudinal

openings ; and the operator, by means of an instrument called the bow (which is a
piece of elastic ash, six or seven feet long, with a catgut stretched between its two
extremities, and made to -vnbrate by a bowstick), causes the vibrating string to strike

and play upon the fur, so as to scatter the fibres in all directions, while the dust and
filth descend through the grids of the hurdle.

After the fur is tlius driven by the bow from one end of the hurdle to the other, it

forms a mass called a bat, which is only half the quantity sufficient for a hat. The
bat or capade thus formed is rendered compact by pressing it down witli the hardening
skin (a piece of half-tanned leather), and the union of the fibres is increased by cover-

ing them with a cloth, while the workman presses them together repeatedly with his

hands. The cloth being taken off, a piece of

paper, with its corners doubled in, so as to give

it a triangular outline, is laid above the bat.

The opposite edges of the bat are then folded

over the paper, and, being brought together

and pressed again with the han^ds, thev form
a conical cap. This cap is next laid upon
another bat, ready hardened, so that the joined
eges of the first bat rest upon the new one.

This new bat is folded over the other, and its

edges joined by pressure as before ; so that
the joining of the first conical cap is opposite

to that of the second. This compound bat is

now wrought with the hands for a considerable
time upon the hurdle between folds of linen

cloth, being occasionally sprinkled with clear

water, till the hat is basoned, or rendered
tolerably firm.

The cap is now taken to a wooden receiver,

like a very flat mill-hopper, consisting of eight wooden planes, sloping gently to the
centre, which contains a kettle filled with water acidulatetl with sulphuric acid. The
technical name of this vessel is the battery. It consists of a kettle a. Jig. 1127 ; and
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of the planks, b, c, -vrhich are sloping planes, usually eight in number, one being

allotted to each workman. The half of each plank next the kettle is made of lead,

the upper half of mahogany. In this liquor the hat is occasionally dipped, and

wrought by the hands, or sometimes with a roller, upon the sloping planks. It is

thus fulled or thickened during four or five hours ; the knots or hard substances

are picked out by the workman, and fresh felt is added by means of a wet brush to

those parts that require it. The beaver is applied at the end of this operation. In

the manufacture of beaver hats, the grounds of beer are added to the liquor in the

kettle.

Stopping, or thickening the thin spots, seen by looking through the body, is per-

formed by daubing on additional stuff with successive applications of the hot aciduloiis

liquor from a brush dipped into the kettle, until the body be sufficiently shrunk and
made uniform. After drying, it is stiffened with varnish composition rubbed in with

a brush ; the inside surface being more copiously imbued with it than the outer

;

while the brim is peculiarly charged with the stiffening.

When once more dried, the body is ready to be covered, which is done at the battery.

The first cover of beaver or napping, which has been previously bowed, is strewed

equably over the body, and patted on with a brush moistened with the hot liquor,

until it gets incorporated ; the cut ends towards the root being the points which

spontaneously intrude. The body is now put into a coarse hair-cloth, then dipped

and rolled in the hot liquor, until the root ends of the beaver are thoroughly worked
in. This is technically called rolling off, or roughing. A strip for the brim, round
the edge of the inside, is treated in the same way ; whereby everything is ready for

the second cover (of beaver), which is incorporated in like manner ; the rolling, &c.,

being continued till a uniform, close, and well-felted hood is formed.

The hat is now ready to receive its proper shape. For this purpose the workman
turns up the edge or brim to the depth of about 1^ inch, and tiien returns the point

of the cone back again through the axis of the cap, so as to introduce another inner

fold of the sanie depth. A third fold is produced by returning the point of the cone,

and so on till the point resembles a flat circular piece having a number of concentric

folds. In this state it is laid upon the plank, and wetted with the liquor. The work-
man pulls out the point with his fingers, and presses it down with his hand, turning

it at the same time round on its centre upon the plank, till a flat portion, equal to the

crown of the hat, is rubbed out. This flat crown is now placed upon a block, and, by
pressing a string called a commander, down the sides of the block, he forces the parts

adjacent to the crown, to assume a cylindrical figure. The brim now appears like a
puckered appendage round the cylindrical cone ; but the proper figure is next given

to it, by working and rubbing it. The body is rendered waterproof and stiff by being

imbued with a varnish composed of shellac, sandarach, mastic, and other resins dis«

solved in alcohol or naphtha.
The hat being dried, its nap is raised or loosened with a wire brush or card, and

sometimes it is previously pounced or rubbed with pumice, to take off the coarser

parts, and afterwards rubbed over with seal-skin. The hat is now tied with pack*
thread upon its block, and is afterwards dyed.

The dyed hats are now removed to the stiffening shop. Beer-grounds are next
applied on the inside of the crown, for the purpose of preventing the glue from
coming through ; and when the beer-grounds are dried, glue (gum Senegal is some-
times used), a little thinner than that used by carpenters, is laid with a brush on the
inside of the crown, and the lower surface of the brim.
The hat is then softened by exposure to steam, on the steaming-basin, and i8

brushed and ironed till it receives the proper gloss. It is lastly cut round at the
brim by a knife fixed at the end of a gauge, which rests against the crown. The
brim, however, is not cut entirely through, but is torn off so as to leave an edging
of beaver round the external rim of the hat. The crown being tied up in a gauze
paper, which is neatly ironed down, is then ready for the last operations of lining and
binding.

The furs and wools of which hats are manufactured contain in their early stage of
preparation, hemps and hairs, which must be removed in order to produce a material
for the better description of hats. This separation is effected by a sort of winnowing
machine, which wafts away the finer and lighter parts of the furs and wools from the
coarser.

The annexed figures represent Mr. Ollerenshaw's machine, generally employed for

ironing hats. Fig. 1128 is the framework or standard upon which three of these
lathes are mounted, as a, b, c. The lathe a is intended to be employed when the
crown of the hat is to be ironed. The lathe b, when the flat top, and the upper side

of the brim is ironed, and lathe c, when its imder side is ironed ; motion being given
to the whole by moans of a band passing from any first mover (as a steam-engine,
Vdl. II. 3 E
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water-wheol, &c.) to the drum on tho main-shaft a a. From this drum a strap

passes ovor the rigger b, which actuates tho axle of the lathe a. On to this lathe

1130

a sort of chuck is screwed, and to the chuck the block c is made fast by screws,

bolts, or pins. This block is represented in section, in order to show the manner
in which it is made, of several pieces held fast by the centre wedge-piece, as seen
at^. 1129.

The hat-block being made to turn round with the chuck, at the rate of about twenty
turns per minute, but in the opposite direction to the revolution of an ordinary turning
lathe, the workman applies his hot iron to the surface of the hat, and thereby smooths
it, giving a beautiful glossy appearance to the beaver ; he then applies a plush cushion,

and rubs round the surface of the hat while it is still revolving. The hat, with its

block, is now removed to the lathe b, where it is placed upon the chuck d, and made to

turn in a horizontal direction, at the rate of about twenty revolutions per minute, for

the purpose of ironing the flat top of the crown. This lathe b moves upon an upright

shaft e, and is actuated by a twisted band passing from the main-shaft round the

rigger /. In order to iron the upper surface of the brim, the block c is removed from
the lathe, and taken out of the hat, when the block, /^, 1130, is mounted upon the

chuck d, and made to turn under the hand of the workman, as before.

The hat is now to be removed to the lathe c, where it is introduced in an inverted

position, between the arms g g supporting the rim h h, the top surface of which is

shown at fig. 1131. The spindle i of the lathe turns by similar means to the last,

but slower : only ten turns per minute will be sufficient. The workman now smooths
the under side of the brim, by drawing tho iron across it, that is, from the centre

outwards. The hat is then carefully examined, and all the burs and coarse hairs

picked out, after which tho smoothing process is performed as before, and tho

dressing of the hat is complete. This description of the manufocture of the beaver

hat has been retained, though it is now but little practised, tho silk hat having taken

its place.

Silk hats, for several years after they were manufactured, were liable to two objec-

tions : first, tho body or shell over which the silk covering is laid, was, from its

hardness, apt to hurt the head ; second, the edgo of the crown being much exposed

to blows, the silk nap soon got abraded, so as to lay bare tho cotton foundation, which
is not capable of taking so fine a black dye as the silk ; whence the hat assumed a
shabby appearance. Messrs. Mayliew & "White, of London, proposed to remedy these

defects, by making the hat-body of stuflf or wool, and relieving the stiffness of tho

inner part round the brim, Ijy attaching a coating of beaver upon the under side of

the brim, so as to render the hat pliable. Round the edge of the tip or crown, a

quantity of what is called stop-wool is to bo attached by tho ordinary operation of

bowing, which will render the edge soft and elastic. Tho hat is to be afterwards dyed

of a good black colour, both outside and inside ; and being then properly stiffened

and blocked, is ready for the covering of silk.

The plush employed for covering silk hats is a raised nap or pile woven usually

upon a cotton foundation ; and the cotton, being incapable of recei>nng the same
brilliant black dye as the silk, renders tho hat apt to turn brown whenever the silk

nap is partially worn off. To counteract tliis evil, tho foundation of the plush is now
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frequently made entirely of silk. To these two improvements, now pretty generally

introduced, the present excellence of the silk hats may be ascribed.

Fig. 1132 is a side view of the carding-engine, employed in preparing the silk for

hats, with a horizontal plan or view of the lower part of the carding-machine, showing
the operative parts of the winding-apparatus, as connected to the carding-engine. The
doflfer-cylinder is covered with fillets of wire-cards, such as are usually employed in

carding-engines, and these fillets are divided into two, three, or more spaces, extending

round the periphery of the cylinder, the object of which division is to separate the

sliver into two, three, or more breadths, which are to be conducted to and wound
upon distinct blocks, for making so many separate hats or caps.

The principal cylinder of the carding-engine is made to revolve by a rigger upon its

axle, actuated by a band from any fixst mover as usual, and the subordinate rollers or

cylinders belonging to the carding-engine, are all turned by pulleys, and bands, and
gear, as in the ordinary construction.

The wool or other material is supplied to the feeding-cloth, and carried through the

engine to the doflfer-cylinder, as in other carding-engines ; the doflfer-comb is actuated

by a revolving crank in the common way, and by means of it the slivers are taken

1132

from the doflfer-cylinder, and thence received on to the surfaces of the blocks e e.

These blocks, of which two only are shown to prevent confusion, are mounted upon
axles, supported by suitable bearings, in a carriage //, and are made to revolve by
means of a band g g, leading from a pulley on the axle of a conical drum beneath.

The band g passes over a pulley h, aflBLsed to the axle of one of the blocks, while
another pulley i, upon the same axle, gives motion, by means of a band, to as many
other blocks as are adapted to the machine.
As it is necessary in winding the slivers on to the blocks, to cross them in different

directions, and also to pass the sliver over the hemispherical ends of the blocks, in

order that the wool or other material may be uniformly spread over the surface in

forming the cap or hood for the shell or foundation of the intended hat, the carriage

/, with the blocks, is made to traverse to and fro in lateral directions upon rollers at
each end.

This alternating motion of the carriage is caused by a horizontal lever 1 1 (seen in

the horizontal view fig. 1132), moving upon a fulcrum-pin at m, which lever is

attached to the carriage at one extremity n, and at the other end has a weighted cord
which draws the side of this lever against a cam-wheel o. This cam is made to

revolve by means of a band and pulley, which tiirns the shaft and endless screw g',

3£2
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and this endless screw, taking into a toothed •wheel r, on the axle of the cam 6,

causes the cam to revolve, the periphery of which cam running against a friction-

roller on the side of the lever I, causes the lever to vibrate, and the carriage //,
attached to it, to traverse to and fro upon the supporting-rollers, as described. By
these means the slivers are laid in oblique directions (varying as the carriage traverses)

over the surface of the blocks.

The blocks being conically formed, or of other irregular figures, it is necessary in

order to wind the slivers with uniform tension to vary their speed according to the

diameter of that part of the block which is receiving the sliver. This is effected by
giving different velocities to the pulley on the axle of the conical drum s, corre-

sponding with e. There is a similar conical drum t, placed in a reverse position in

the lower part of the frame, which is actuated by a band from any convenient pai't of

the machine passing over a pulley u, upon the axle of t. From the drum t, to the

drum 5, there is a band v, which is made to slide along the drums by the guidance of

two rollers at the end of the lever I.

It will now be seen that when the larger diameter of the cam-wheel o forces the

lever outwards, the band v will be guided on the smaller part of the conical drum t,

and the larger part of s, consequently the drum s will at this time receive its slowest

motion, and the band g will turn the blocks slower also ; the reverse end of the lever

Z, having by the same movement slidden the carriage into that position which causes

the slivers to wind upon the large diameter of the blocks.

When the smaller diameter of the cam is acting against the side of the lever, the

weighted cord draws the end of the lever to the opposite side, and the band t; will be
guided on to the larger part of the cone t, and tlio smaller part of the cone s ; conse-

quently, the quicker movement of the band g, will now cause the blocks e c to revolve

with a corresponding speed. The carriage / will also be moved upon its rollers to

the reverse side, and the sliver of wool or other material be now wound upon the

smaller parts and ends of the blocks, at which time the quicker rotation of the blocks

is required. It may be here observed, that the cam-wheel o should bo differently

formed according to the different shaped blocks employed, so as to produce the requi-

site movements of the lever and carriage suited thereto.

It only remains to state that there are two heavy conical rollers, w w, bearing upon
the peripheries of the blocks e e, which turn loosely upon their axles by the friction

of contact, for the purpose of pressing the slivers of wool or other material on the

blocks as it comes from the doffer-cylinder of the carding-engino, and when the blocks

have been coated with a sufficient quantity of the sliver, the smaller end of the

pressing-rollers is to be raised, while the cap is withdrawn from the block. The
process being continued as before, the formations of other bodies or caps is effected in

the manner above described.

After the caps or bodies of hats, &c., are formed in the above described machine,
they are folded in wet cloths, and placed upon heated plates, where they are rolled

under pressure, for the purpose of being hardened. Fig. 1133 represents the front of

three furnaces a a a, the tops of which are covered with iron plates b bh. Upon these

plates, which are heated by the furnace below, or by steam, the bodies wrapped in

the wet cloths c c c, are placed, and pressed upon by the flaps or covers d d d, sliding

upon guide-rods, to which flaps a traversing motion is given, by means of chains

attached to an alternating bar e e. This bar is moved by a rotary crank /, which has

its motion by pulleys from any actuating power. AVhen anyone of the flaps is turned

up to remove the bodies from beneath, the chains hang loosely, and the flap remains
stationary.

These caps or hat-bodies, after having been hardened in the manner above de-

scribed, may be felted in the usual way by hand, or they are felted in a fulling-mill

by the usual process employed for milling cloths, except that tlie hat-bodies are

occasionally taken out of the fulling-mill, and passed between rollers, for the purpose

of rendering the felt more perfect.

Mr. Carey, of Basford, obtained a patent in October 1834 for an invention of certain

machinery to be employed in the manufacture of hats, which is ingenious, and seems

to bo worthy of notice in this place. It consists in the adaptation of a system of

rollers, forming a machine, by means of which the operation of roughing or plaiting

of hats, may be performed ; that is, the beaver or other fur may be made to attach

itself, and work into the felt or hat-body, without the necessity of the ordinary manual
operations.

The accompanying drawings represent the machine in several views, for the purpose

of showing the construction of all its parts. Fig. 1134 is a front elevation of the

machine
; fig, 1135 is a side elevation of the same

; fig. 1136 is a longitudinal section

of the machine ; and fig, 1137 is a transverse section : the similar letters indicating

the same parte in all the figures.
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Upon a brick or other suitable base, a furnace or fireplace a, is made, having a
descending flue b, for the purpose of carrying away the smoke. A pan or shallow
vessel c c, formed of lead, is placed over the furnace ; which vessel is intended to

contain a sour liquor, as a solution of vitriolic acid and water. On the edge of this

pan is erected a wooden casing d d d, which encloses three sides. Leaving the fourth

open for the purpose of obtaining access to the working apparatus within. A series

of what may be termed lantern-rollers, e e e, is mounted on axles turning in the

side casings ; and another series of similar lantern-rollers, ///, is in like manner
mounted above. These lantern-rollers are made to revolve by means of bevel pinions,

fixed on the ends of their

axles, which are turned by ^^^^ ^^^^

similar bevel-wheels on the

lateral shafts,
ff
and k, driven

by a winch, i, and gear, as

shown in /^5. 1135 and 1136.

Having prepared the bodies

of the hats, and laid upon
their surfaces the usual coat-

ings of beaver, or other fur,

when so prepared they are to

be placed between hair-cloths,

and these hair-cloths folded

within a canvas or other suit-

able wrapper. Three or more
hats being thus enclosed in

each wrapper, the packages
are severally put into bags or

pockets in an endless band of
sackcloth, or other suitable

material ; which endless band
is extended over the lantern-

rollers in the machine.
In the first instance, for the

purpose of merely attaching

the furs to the felts (which
is called slicking, when per-

formed by hand), Mr. Carey
prefers to pass the endless

band k k k, with the covered
hat-bodies, over the upper
series ///, of the lantern-

rollers, in order to avoid the
inconvenience of disturbing

the fur, which might occur
from subjecting them to im-
mersion in the solution con-
tained in the pan, before the
fur had become attached to
the bodies.

After this operation of
slicking has been effected, he
distends the endless band,
k k k, over the lower series of
lantern -rollers eee, and round
a carrier-roller I, as shown in

fig. 1137; and, having with-
drawn the hat-bodies for the
purpose of examining them, and changing their folds, he packs them again in a
similar way in flannel, or other suitable cloths, and introduces them into the pockets
or bags of the endless bands, as before.

On putting the machine in rotatory motion in the way described, the hats will be
carried along through the apparatus, and subjected to the scalding solution in the pan,
as also to the pressure, and to a tortuous action between the ribs of the lantern-rollers,

as they revolve, which will cause the ends of the fur to work into the felted bodies of
the^ hats, and by that means permanently to attach the nap to the body : an operation
which when performed by hand, is called roUing-oflf.

A varnish made by dissolving shellac, mastic, sandarac, and other resins in alcohol,

1137
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or tlio naphtha of -vrood-vinegar, is gonorally employed as the etiffoning and water-
proof ingredient of hat-bodies. A solution of caoutchouc is often applied to whale-
bone and horsehair hat-bodies.

The following recipe has been prescribed as a good composition for stififening hats

:

4 parts of shellac ; 1 part of mastic
; ^ part of turpentine ; dissolved in 5 pirts of

alcohol, by agitation and subsequent repose, without the aid of heat. This stiffening-

yarnish should bo applied quickly to the body or foundation with a soft oblong brush,
in a dry and rather warm workshop ; the hat being previously fitted with its inside

turned outwards upon a block. The body must be immediately afterwards taken off,

to prevent adhesion.

Another method of proceeding is, first to dissolve the gums by agitation in twice
the due quantity of spirits, whether of wood or wine, and then, after complete solu-

tion, draw off one half the spirit in a still, so as to bring the stiffening to a proper
consistency. No sediment subsequently appears on diluting this solution, however
much it may be done.

Both the spirit and alkali stiffenings for hats made by the following two recipes,

have been tried by some of the first houses in the trade, and have been much ap-
proved of :

—

Spirit-Stiffening,

7 lbs. of orange shellac.

2 lbs. of gum sandarac
4 oz. of gum mastic.

^ lb. of amber resin.

1 pint of solution of -copal.

1 gallon of spirit of wine or wood-naphtha.

The shellac, sandarac, mastic, resin, are dissolved in the spirit, and the solution of
copal is added last.

Alkali-Stiffening.

7 lbs. of common block shellac.

1 lb. of amber resin.

4 oz. of gum thus,

4 oz. of gum mastic.

6 oz. of borax.

^ pint of solution of copal.

The borax is first dissolved in a little warm water (say 1 gallon) ; this alkaline

liquor is now put into a copper pan (heated by steam), together with the shellac, resin,

thus, and mastic, and allowed to boil for some time, more warm water being added
occasionally until it is of a proper consistence.

Hat-Byeing.—The ordinary bath for dyeing hats employed by the London manu-
facturers consists, for 12 dozen, of—

144 lbs. of logwood.

12 lbs. of green sulphate of iron, or copperas.

7^ lbs. of verdigris.

The copper is usually made of a semi-cylindrical shape, and should be surrounded
with an iron jacket or case, into which steam may be admitted, so as to raise the tem-
perature of the interior bath to 190° F., but no higher, otherwise the heat is apt to

affect the stiffening varnish, called the gum, with which the body of the hat has been
imbued. The logwood having been introduced and digested for some time, the
copperas and verdigris are added in successive quantities, and the above proportions,

along ^vith every successive two or three dozens of hats, suspended upon the dipping-

machine. Each set of hats, after being exposed to the bath with occasional airings

during 40 minutes, is taken off the pegs, and laid out upon the ground to be more
completely blackened by the peroxidation of the iron with the atmospheric oxygen.

In 3 or 4 hours the dyeing is completed. When fully dyed, the hats are well washed
in running water.

Mr. Buffum states that there are four principal objects accomplished by his patent
invention for dyeing hats :

—

1. In the operation

;

2. The production of a better colour

;

3. The prevention of any of the damages to which hats are liable in the dyeing

;

4. The accomplishment of the dyeing process in a much shorter time than by the
usual methods, and consequently lessening the injurious effects of the dye-bath upon
the texture of the hat.
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Fig, 1138 shows one method of constructing the apparatus, a a is a semi-cylindrical

shaped copper vessel, with flat ends, in which the dyeing process is carried on. bh b

is a wheel with several circular rims mounted upon arms, which revolve upon an axle

c. In the face of these rims a number of pegs or blocks are set at nearly equal dis-

tances apart, upon each of which pegs or blocks it is intended to place a hat, and as

the wheel revolves, to pass it into and out of the dyeing liquor in the vat or copper.

This wheel may be kept revolving with a very slow motion, either by gear connecting

its axle, c, with any moving power, or it may bo turned round by hand, at intervals of

ten minutes ; whereby the hats hung upon the pegs will be alternately immersed for

the space of ten minutes in the dyeing liquor, and then for the same space exposed to

the atmospheric air. In this way, the process of dyeing, it is supposed, may be greatly

1138 1139

facilitated and improved, as the occasional transition from the dye-vat into the air,

and from the air again into the bath, will enable the oxygen of the atmosphere to

strike the dye more perfectly and expeditiously into the materials of which the hat
is composed, than by a continued immersion in the bath for a much longer time.

A variation in the mode of performing this process is suggested, and the apparatus

fig. 1139 is proposed to be employed, a a is a square vat or vessel containing the dye-

ing liquor ; 6 6 is a frame or rack having a number of pegs placed in it for hanging
the hats upon which are about to be dyed, in a manner similar to the wheel above
described. This frame or rack

is suspended by cords from a 11*2 1140 1141

crane, and may in that way be
lowered down with the hats into

the vat, or drawn up and ex-

posed in the air; changes which
may be made every 10 or 20
minutes.

Mr. William Hodge's patent
improvements in hat - dyeing,

partly founded upon an inven-

tion ofMr. Bowler, consist, first,

in causing every alternate frame
to which the suspenders or
blocks are to be attached, to

slide in and out of grooves, for

the purpose of more easily re-

moving the said suspenders
when required. Fig. 1140 re-

presents the improved dyeing
frame, consisting of two circular

rims, a a, which are connected
together at top and bottom, by
three fixed perpendicular bars
on the frame-work b b b. Two
other perpendicular frames, c c,

similar to the former, slide in grooves, d d d d, fixed to the upper and lower rims.
These grooves have anti-friction rollers in them for the purpose of making the frames
c (?, to slide in and out more freely. The suspenders or substitutes for blocks, by
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these means, may be more easily got at by drawing out the frames c <?, about half

way, when the suspenders, which are attached to the frames with the hats upon thom,
may bo easily readied, and either removed or altered in position ; and when it is

done on one side, the sliding-frame may bo brought out on the other, and the remain-
ing quantity of ' suspenders ' undergo the same operation.

The patentee remarks, that it is well known to all hat dyers, that after the hats

have been in the dyeing liquor some timo, they ought to bo taken out and exposed
to the action of the atmospheric air, when they are again immersed in the copper, that

part of the hat which was uppermost in the first immersion being placed downwards
in the second. This is done for the purpose of obtaining an uniform and regular dye.

The patentee's mode of carrying this operation into effect is shown in the figure : e e

are pivots for the dyeing-frame to turn upon, which is supported by the arms /, from
a crane above. The whole apparatus may be raised up or lowered into the copper by
means of the crane or other mechanism. When the dyeing-frame is raised out of the

copper, the wliole of the suspenders or blocks are reversed, by turning the apparatus

over upon the pivots e e, and thus the whole surfaces of the hats are equally acted

upon by the dyeing material.

It should be observed, that when the dyeing-frame is raised up out of the copper,

it should be tilted on one side, so as to make all the liquor run out of the hats, as also

to cause the rims of the hats to hang down, and not stick to the body of the hat, or

leave a bad place or uneven dye upon it. The second improvement described by the

patentee, is the construction of ' suspenders,' to be substituted instead of the ordinary

blocks.

These * suspenders * are composed of thin plates of copper, bent into the required

form, that is, nearly resembling that of a hat-block, and made in such a manner as

to be capable of contraction and expansion to suit different sized hats, and keep them
distended, which may be altered by the workman at pleasure, when it is required to

place the hats upon them, or remove them therefrom. The dyeing-frame at^. 1140,

is shown with only two of these ' suspenders,' in order to prevent confusion. One
of these suspenders is represented detached at^_^. 1141, which exhibits a side view

;

{ind Jig. 1142, a front view of the same. It will be seen by reference to the figure, that

the suspenders consist of two distinct parts, which may be enlarged or collapsed by a
variety of means, and which means may be suggested by any competent mechanic.

The two parts of the suspenders are proposed to be connected together by arms g g,

and at the junction of these arms a key is connected for turning them round when
required. It will be seen on reference to the front view, Jig. 1 142, that the ' suspenders

'

or substitutes for blocks aro open at the top or crown-part of the hat ; this is for the

purpose of allowing the dyeing liquor to penetrate.

Hats Iir Bonnets imported.

Straw :

1871 1872

£ lbs. £

From Belgium .... 41,466 27,163 60,035 12,138

„ France 30,177 12,150 94,711 28,670

, Italy . . 34,286 15,697 6,226 2,966

, Philippine Islands ... ... 3,411 3,357

, Egypt .

, China . •

4,623 3,615 ... ...

... ... 8,954 1,797

, Ecuador . . 2,310 2,180 1,907 2,966

„ Straits Settlements 1,606 3,301 1,130 2,275

,
, Other countries 23,966 8,813 29,197 11,481

Felt:

138,334 72,819 196,577 66,660

No. No.

From Belgium .... 61,539 10,770 23,096 4,966

„ France .... 99,465 20,798 124,943 24,787

„ Other countries

Other materials :

21,433 4,055 24,685 3,432

172,437 35,623 172,724 33,186

From all countries . • • 11,489 2,378 18,376 6,640
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From the mixture of copperas and verdigris employed in the hat-dye, a vast quan-
tity of an ochroous muddy precipitate results, amounting to no less than 25 per cent,

of the weight of the copperas. This iron mud forms a deposit upon the hats, which
not only corrodes the tine filaments of the beaver, bu causes both them and the felt-

Btuflf to turn speedily of a rusty brown. There is no process in the whole circle of our
manufactures so barbarous as that of dyeing stuff hats. No ray of chemical science

seems hitherto to have penetrated the dark recesses of their dye-shops. Some hatters

have tried to remove this corrosive brown ochre by a bath of dilute sulphuric acid, and
then counteract the evil effect of the acid upon the black dye by an alkaline bath ; but
with a most unhappy effect. Hats so treated are most deceptive and unprofitable

;

as they turn of a dirty brown hue when exposed for a few weeks to sunshine and air.

HAirERXTE. A bisulphide of manganese, occurring at Kalinkain Hungary. It

is named after the eminent Austrian geologist, Von Hauer.

BAirsxMCAlinirZTE. Native proto-peroxide of manganese. See Manganese.

SHXTTNE, A mineral occurring in blue or green crystals and crystalline masses,

belonging to the cubic system, and presenting a complex constitution ; they consist of

a silicate of alumina, lime, soda, and potash, with sulphate of lime.

HAVrXHORXr. {Epine blanche, Fr. ; Weissdom, Ger.) Cratcegus Oxycantha,

Linn. This shrub has a hard whitish wood, but as it is small and difficult to work, it

is not much used,

BATESnrs. A borate of lime, which is found abundantly on the western coast

of South America, so called from its discoverer. It has been introduced for use in our
glass manufacture, and is used by our potters. See Bobacic Acid.

BA7TORZTE. A pseudomorph of quartz after datholite, found at Hay Tor in

Devonshire.

HAZEK. {Noisetier, Fr. ; Haselstaude, Ger.) The Coryhts Avdlana, a small under-

wood, used a little in turnery and for the maniifacture of toys. The nuts are eaten.

HAZEK. A North of England term for a hard grit.

BAZE£ MOTTIiD. The name given in Hampshire to a light loamy soil.

BEARTB {Foyer, Fr. ; Heerde, Ger.) is the flat or hollow space in a smelting
furnace upon which the ore and fluxes are subjected to the influence of flame.

BEARTHSTODTE. A soft stone employed for whitening door-steps, &c. A
large quantity of hearthstones are brought to London from the quarries in the Upper
Greensand at Godstone in Surrey. See Geeensand.
BEAT. The Force or Principle upon which the conditions, relatively, of solid,

fluid, and aeriform states depend. That which produces the sensation of warmth.
The discussion of the habitudes of heat with the different kinds of matter belongs to

physico-chemical science, and is treated of in Watts's * Dictionary of Chemistry.' It

will suffice, in this place, to state succinctly those laws which have, more directly, a
bearing on any of our manufacturing processes.

Heat and motive power are mutually convertible, and heat requires for its production,

and produces by its disappearance, motive power in the proportion of ^^2 foot-pounds for
each Fahrenheit unit of heat.—BanJcine.

This unit of heat has been established by Dr. Joule to be the amount of heat re-

quired to raise the temperature of one pound of liquid water by one degree of Fahren-
heit. A falling weight, or any other mode of motion, produces a definite quantity of
heat according to this law.

If the total actual heat of a homogeneous and uniformly hot substance be conceived to

be divided into any numbers of equal parts, the effect of those parts in causing work to be

performed will be equal.—Eankine.
Or, in other words, of a given equivalent of heat, from whatever source produced,

the work which it can effect is always an equal and constant quantity.
Heat may be produced by friction, as we see in the development of it powerfully,

in the axles of railway carriages insufficiently lubricated. By the attrition of two
pieces of wood ignition can be obtained.

Heat is developed in the mixture of bodies of different densities, such as spirits of
wine and water, or sulphuric acid and water, there being a diminution of volume in
each case.

Heat is produced by many conditions of chemical combination, in numerous cases
so energetically as to produce intense combustion and even explosion.
Heat is obtained by combustion for our ordinary manufacturing processes, and

domestic uses. This is a chemical union of one body with another, as carbon with
oxygen ; but to effect this, an excitant appears necessary or a continually increasing
excitement of the energy upon which heat depends, as, the application of flame in
one case and the phenomena of spontaneous combustion in another.

Electricity by its disturbing power, developes heat, and this all-important force is
also rendered manifest by the processes of vitality (vital or nervous force).
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Dr. Joule has clearly shown, that whatever may be the source of heat, a certain

fixed elevation of temperature is produced by a given amount of mechanical, chemical,

electrical, or vital disturbance, and that the mechanical value of the cause producing

the heat is exactly represented by the mechanical effect obtained.

For a full discussion of this important point, see the Memoirs of Joule, of Thomfjon,

and of Rankine, in the * Philosophical Transactions ' of London and Edinburgh. The
applications of heat will be found under the proper heads. The reader should also con-

sult the article HEATin Watts's 'Dictionary of Chemistry.' See also Spheroidal State.

BfiAT-RBGDXATOK, or Thermostat. The name given by M. Bonnomain to

an ingenious apparatus for regulating the temperature of his incubating stove-rooms.

See Incubation, Artificial, for the manner of applying the Heat-Regulator.

The construction of the regulator is founded upon the unequal distillation of different

metals by the same degree of heat. A rod of iron x,Jiff. 1143, is tapped at its lower
end into a brass nut y, enclosed in a leaded box or tube, terminated above by a brass

collet z. This tube is plunged into the water of the boiler, alongside of the smoke-
pipe. Fig. 1144, is a bird's-eye view of the dial, &c. The expansion of the lead

being more than the iron for a like degree of temperature, and the rod enclosed within

the tube being less easily warmed, whenever the heat rises to the desired pitch, the

elongation of the tube puts the collet z in contact with the heel, a, of the bent lever

a, h, d; thence the slightest increase of heat lengthens the tube anew, and the collet

lifting the heel of the lever, depresses the other end d through a much greater space,

on account of the relative lengths of its legs. This movement operates near the axis

of a balance-bar e, sinks one end of this, and thereby increases the extent of the move-
ment, which is transmitted directly to the iron skewer v. This, pushing down a swing-

register, diminishes or cuts off" the access of air to the fire-place. The combustion is

thereby obstructed, and the temperature falling by degrees, the tube shrinks and
disengages the heel of the lever.

1143 1144 The counterpoise g, fixed to the

balance-beam e, raises the other

extremity of this beam by raising

the end, d, of the lever as much
as is necessary to make the heel

bear upon the collet of the tube.

The swing-register acted upon
by this means presents a greater

section to the passage of the

air ; whence the combustion is

increased. To counterbalance

the effect ofatmospheric changes,

the iron stem which supports

the regulator is terminated by a
dial disc, round the shaft of the

needle above h, fig, 1144; on
turning this needle, the stem

below it turns, as well as a screw at its under end, which raises or lowers the leaden
tube. In the first case the heel falls, and opens the swing-register, whence a higher
temperature is required to shut it, by the expansion of the tube. We may thus
obtain a regularly higher temperature. If, on the contrary, we raise the tube by
turning the needle in the other direction, the register presents a smaller opening,

and shuts at a lower temperature ; in this case we obtain a regiUarly lower tempe-
rature. It is therefore easy, says M. Bonnemain, to determine a priori the degree
of temperature to be given to the water circulating in the stove-pipes. In order to

facilitate the regidation of the apparatus, he graduated the disc dial, and inscribed

upon its top and bottom the words Strong and Weak heat.

Thermostat, is the name of an apparatus for regulating temperature, in vapori-

sation, distillations, heating baths or hothouses, and ventilating apartments, &c.

;

for which I obtained a patent in the year 1831. It operates upon the physical prin-

ciple, that when two thin metallic bars of different expansibilities are riveted or

soldered facewiso together, any change of temperature in them will cause a sensible

movement of flexure in the compound bar, to one side or other ; which movement
may be made to operate, by the intervention of levers, &c., in any desired degree,

upon valves, stopcocks, stove-registers, air-ventilators, &c. ; so as to regulate the

temperature of the media in which the said compound bars are placed. Two long

rulers, one of steel, and one of hard hammered brass, riveted together, answer very
well ; the object being, not simply to indicate, but to control or modify temperature.

The following diagrams will illustrate a few out of the numerous applications of this

instrument :

—
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Fig. 1145, a, h, is a single thermostatic bar, consisting of two or more bars or rulers

of diiferently expansible solids (of which, in certain cases, wood may be one) : these
bars or rulers are firmly riveted or soldered together, face to face. One end of the
compound bar is fixed by bolts at a, to the interior of the containing cistern, boiler,

or apartment, a I mb, whereof the temperature has to be regulated, and the other end
of the compound bar at b is left free to move down towai^s c, by the flexure which
will take place when its temperature is raised.

The end b, is connected by a link, b d, with a lever d e, which is moved by the
flexure into the dotted position b g, causing the turning-valve, air-ventilator, or
register, o n, to revolve with a corresponding angular motion, whereby the lever
will raise the equipoised slide-damper /c i, which is suspended by a link from the
end, e, of the lever, e d, into the position k h. Thus a hothouse or a water-bath may
have its temperature regulated by the contemporaneous admission of warm, and dis-
charge of cold air, or water.

Fig. 1146, a bcisa. thermostatic hoop, immersed horizontally beneath the surface of
the water-bath of a still. The hoop is fixed at a, and the two ends b e, are connected
by two links b d, c d, with a straight sliding rod d h, to which the hoop will give an
endwise motion, when its temperature is altered ; e, is an adjusting screw-nut on the
rod d h, for setting the lever/ g, which is fixed on the axis of the turning-valve or

^r\. ^^ ^^ 1145 1148

cock,/at any desired position, so that the valve
may be opened or shut at any desired tempera-
ture, corresponding to the widening of the points

b, c, and the consentaneous retraction of the

point d towards the circumference a b c of the

hoop. ^ ^, is a n arc graduated by a thermometer, after the screw-piece e has been ad-

justed. Through a hole at h, the guide-rod passes ; i, is the cold-water cistern ; ifk, the

pipe to admit cold water ; I, the overflow pipe, at which the excess of hot water runs off.

Fig. 1147 shows a pair of thermostatic loars, bolted fast together at the ends a. The
free ends b, c, are of unequal length, so as to act by the cross links d, J\ on the stop-

cock e. The links are jointed to the handle of the turning plug of the cock, on oppo-
site sides of its centre ; whereby the plug will be turned round in proportion to the
widening of the points b, c. h g is the pipe communicating with the stopcock.

Suppose that for certain purposes in pharmacy, dyeing, or any other chemical art,

a water-bath is required to be maintained steadily at a temperature of 150" F. : let

the combined thermostatic bars, hinged together at e,f, fig. 1148, be placed in the bath
between the outer and inner vessels fl, J, c, d, being bolted fast to the inner vessel at

g ; and have their sliding rod^, connected by a link with a lever fixed upon the turn-

ing plug of the stopcock i, which introduces cold water from a cistern m, through a
pipe m, i, n, into the bottom part of the bath. The length of the link must be so ad-
justed that the flexure of the bars, when they are at a temperature of 150°, will open
the said stopcock, and admit cold water to pass into the bottom of the bath through
the pipe i w, whereby hot water will be displaced at the top of the bath through an
open overflow-pipe at q. An oil-bath may be regulated on the same plan ; the hot oil

overflowing from q, into a refrigeratory worm, from which it may be restored to the
cistern m. When a water-bath is heated by the distribution of a tortuous steam-pipe
through it, Q,sino 'p, it will be necessary to connect the link of the thermostatic bars
with the lever of the turning plug of the steam-cock, or of the throttle valve i, in order
that the bars, by their flexure, may shut or open the steam passage more or less,
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according as the temperature of tho water in the bath shall tend more or less to deviate
from the pitch to which the apparatus has been adjusted. Tho water of the condensed
steam will pass oflf from the sloping winding-pipe i n o p, through the sloping orifice jp.

A saline, acid, or alkaline bath has a boiling temperature proportional to its degree of
concentration, and may therefore have its heat regulated by immersing a thermostat
in it and connecting the working-part of the instrument with a stopcock i, which will

admit water to dilute the bath whenever by evaporation it has become concentrated,

and has acquired a higher boiling point. The space for tho bath, between the outer

and inner pans, should communicate by one pipe with the water-cistern m, and by
another pipe with a safety cistern r, into which the bath may be allowed to overflow
during any sudden excess of ebullition.

Fig. 1151 is a thermostatic apparatus, composed of three pairs of bars d d d, which
are represented in a state of flexure by heat ; but they become nearly straight and
parallel when cold, a i c is a guide rod, fixed at one end by an adjusting screw e, in

the strong frame /e, having deep guide grooves at the sides. / g, is the working-rod
which moves endways when the bars d d d, operate by heat or cold. A square
register-plate h g, may be affixed to the rod / g, so as to be moved backwards and
forwards thereby, according to the variations of temperature ; or the rod / g, may
cause the circular turning air-register, i, to revolve by rack and wheel work, or by a
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chain and pulley. The register-plate h g, or turning register i, is situated at the ceil-

ing or upper part of the chamber, and serves to let out hot air. k, is a pulley, over

which a cord runs to raise or lower a hot-air register /, which may be situated near tho

floor of the apartment or hot-house, to admit hot air into the room, c is a milled head,

for adjusting the thermostat, by means of the screw at e, in order that it may regulate

the temperature to any degree.

Fig. 1152 represents a chimney, furnished with ap^rostat, a b e, acting by the links

b, d, e, c, on a damper/ h g. The more expansible metal is in the present example

supposed to be on the outside. The plane of the damper-plate will, in this case, be

turned more directly into the passage of the draught through the chimney by increase

of temperature.

Fig. 1150 represents a circular turning register, such as is used for a stove, or stove-

grate, or for ventilating apartments ; it is furnished with a series of spiral thermostatic

bars, each bar being fixed fast at the circumference of tho circle b, c, of the fixed plate

of the air-register; and all the bars act in concert at the centre a of the turning part

of the register ; by their ends being inserted between the teeth of a small pinion, or

by being jointed to the central part of tho turning plate by small pins.

Fig. 1149 represents another arrangement of the thermostatic apparatus applied to

a circular turning register, like the preceding, for ventilating apartments. Two pairs

of compound bars are applied so as to act in concert, by means of the links a c, b c, on

the opposite ends of a short lever which is fixed on the central part of the turning

plate of tho air-register. The two pairs of compound bars a b, are fastened to tho cir-

cumference of the fixed plate of the turning register, by two sliding rods ad,bc, which

are furnished with adjusting screws. Their motion of flexure is transmitted by the

links a c and b c, to the turning plate, about its centre, for tho purpose of shutting or

opening the ventilating sectorial apertures, more or less, according to tlie temporature

of tho air which surrounds the thermostatic turning register. By adjusting tlie screws

a d, and b c, tho turning register is made to close all its apertures at any desired

degree of temperature ; but whenever the air is above that temperature, the flexure gf

the compound bars will open the apertures.
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a miner*s term, expressing the dislocation of a lode. See Fathlt.

BEAVV-SPAR {Spath pesant, Fr. ; Schwerspaih, Ger.), is an abundant mineral,

which accompanies veins of lead, silver, mercury, &c., but is often found, also, in large

masses. Its colour is usually white, or flesh coloured. It varies from translucent to

opaque. It belongs to the trimetric system, but occurs in many crystalline forms,

of which the cleavage is a right rhomboidal prism. It is met with also of a fibrous,

radiated, and granular structure. Its sp. gr. varies from 4-1 to 47 ; H = 2*6 to 3-6. It

has a strong lustre, between the fatty and the vitreous, sometimes pearly. It melts

at 35° "Wedgw. into a white opaque enamel. It is a sulphate of baryta ; its constituents

being 65*67 baryta, and 34*33 sulphuric acid; but it is sometimes rendered impure

by oxide of iron, silica, carbonate of lime, and alumina, and commonly by sulphate of

strontia. It is not acted upon by acids ; decrepitates before the blowpipe ; and is

difficultly fusible, or only on the edges. In the inner flame it is reduced to a sulphuret,

and the globule when moistened smells slightly hepatic. It is decomposed by calci-

nation in contact with charcoal at a white heat, into sulphide of barium ; from which
all the baryta-salts may be readily formed. Its chief employment in commerce is for

adulterating white-lead ; a purpose which it readily serves on account of its density.

Its presence here is easily detected by dilute nitric acid, which dissolves the carbonate

of lead, and leaves the heavy-spar. It is also a useful ingredient in some kinds of

pottery, and glass.

The following were the quantities of barytes, both carbonate and sulphate, returned

to the Mining Kecord Office, from th« mines of Great Britain, and reported in Hunt's
•Mineral Statistics' for 1872:—

Tons. cwt. qrs. £. s. d.

Shropshire . Snailbeach (Sulphate) . 414 1 310 10

Snailbeach (Carbonate . 2 11 3 1 19

Weston (Sulphate)

.

384 288
Wortherton (ditto)

.

1,483 1,112

Northumberland . Fallowfield (Carbonate) . 2,001 18 1,500

Settlingstones (Carbonate) 1,695 1,271

Cow Green . . . . 8 17
Cumberland . Alston Moor (Carbonate) 135 9 101 11 9

Force Craig .... 600 600
Derbyshire . Buxton . . . .

Golconda (Carsington) .

Grey Mare, Wirksworth

.

Eantor, ditto

Croft Doghole, Middleton
Bradwell, ditto

Moors near Blakewell .

•

Longstone Hake . . • 2,012 17 1 1,609 12 9
Salad Hole . . . .

Miner's Dale.
Castleton . . . .

MonsalDale . . . .

Eyham
Wensley and Stanton

Wardlow . . . .

Montgomeryshire . Van Consols (Sulphate) .

Total ascertained production .

356 26

9,092 17 7,078 13 6

Derbyshire, the Isle of Arran, and Ireland produced some sulphate of baryta which
has not been given in the above return.

The term Cawk has been applied to the opaque massive variety, of an earthy
appearance, and dirty-white colour, which is found in Derbyshire and Staffordshire.

HZ:CBLIi& {Seran, Fr. ; Hechel, Ger.) is an implement for dissevering the filaments
of flax, and laying them in parallel stricks or tresses. See Flax.
HEIiZCXir. A crystalline alkaloid produced by the oxidation of salicin, the bitter

principle of the poplar and -vnllow.

BSXiZOGXK.A.PB'S' was the name given by M. Niepce to his process for obtaining,
through tlie agency of the solar rays upon plates of metal or glass covered with resins,

the impression of external objects. The process has been employed of late years in
preparing lithographic stones, and steel or copper plates, for receiving photographic
impressions, which might be subsequently printed from. The name Heliography is a
far more appropriate one than Photography ; but the latter has become too permanently
fixed in our language to leave any hope of our returning- to the former. See Photo-
GEAPHT. '-

k
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BEXiZOTItOPE is a variety of green jasper, marked with blood-red points

;

whence its vulgar name of blood-stone. See Blood-Stone.
HEXiIiEBORE. Several species of Helleborus, a genus of plants belonging to the

natural order lianunadacecB, were formerly used as drastic purgatives. The Veratru/m

album, a widely different plant, is known as ' White Hellebore.'

HSIiVXITE. A silicate of the protoxides of manganese, iron, and glucinum, with
sulphide of manganese. It is commonly found in tetrahedral crystals, whence its

name Tetrahedral Garnet, The best examples come from Saxony.
BEMATZZSr. See H^matik.
BEMATZTE. See HEMATITE.
BEIVIATOGXiOBirZiZir. See Hjcmatoglobulin.
BEMATOSZW. See HiEMATOSiN.
BEMATOX'r&Zia'. See HiEMATOXYLlN.
BEMZMORPBZTE. A name for silicate of zinc, or smithsonite. See Cala-

mine, Electric.

BEMZiOCX. The Conium maculatum, a highly poisonous umbelliferous plant

used in medicine. Its properties are mainly due to the presence of an oily liquid

called conia.

BEMXiOCX SPBVOSi The Abies Canadensis, the wood ofwhich has been used
for railway sleepers, and is employed for baths.

BEMP. {Ckanvre, Fr. ; Hanf, Ger.) A plant (Cannabis sativa), a native of

India, but has been long introduced into Europe, and cultivated extensively in Italy,

and in Russia and Poland ; a small quantity has been cultivated in Suffolk, in Lin-

colnshire, and in Ireland.

Hemp is assorted into clean hemp, out-shot hemp, half-clean hemp, and hemp codilla.

According to M'CuUoch, a bundle of clean hemp from Russia weighs from 56 to 65
poods ; of out-shot, from 48 to 55 poods ; of half-clean, 40 to 45 poodg—the pood being

equal to 36 lbs. avoirdupois.

Hemp imported in 1871 and 1872.

Dressed

:

From Russia ....
„ Germany .

„ Italy ....
„ Philippine Islands .

„ Australia....
„ Other countries

Total . . .

Bough or undressed :

From Russia ....
„ Germany ....
„ Italy ... . .

„ Austrian Territories .

„ Philippine Islands .

„ Mexico . . : .

„ Australia ....
„ British India .

„ Other countries.

Total .

Tow or CodiUa

:

From Russia . . . •

„ Germany ....
„ Italy ...... •

„ Austrian Temtones .

„ Other countries

Total .

1871 1872

Cwts. £ Cwts. £

14,941

8,002

4,032

*3J65

25,341

18*596

11,047

*8*163

15,579

6,073

7,753

4,875

7,847

4,671

29,276

10,726

19,506

11,500

12,598

9,950

30,740 63,147 46,698 94,004

643,390

43,485

282,743

22,381

202,646

29,998

4*3*839

22,691

932,671

71,294

543,381

44,832

443,270

55,020

49*704

38,312

430,986

129,983

172,070
13,128

147,931

24,632

67,523

28,115

701,067
239,478
864,624

25,676

337,820

40l581
66,347

67,179

1,191,173 2,178,384 1,004,368 1,922,672

35,883

5,902

28,951

2,339

824

45,589

7,866

44,945

3,065

1,037

19,319

7,670

23,390

*4;538

28,478
12,621

87,964

*M41

73,899 102,602 54,917 86,394
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Manilla hemp is the produce ofthe -wild banana, Musa textUis. * It is known/ says

Mr. Craufurd, in his ' History of the Eastern Archipelago,' • to our traders and navi-

gators under the name of Manilla rope, and is equally applicable to cables and to

standing or running rigging.'

Sunn and Jute are two varieties of hemp. Hemp is used in the manufacture of

htcJcahack for towels and common tablecloths, and of the low-priced cloth worn by

agricultural labourers. The largest consumption of this material is in the manu-

facture of sail-cloth and cordage.

From Mexico, British India, Ceylon, and other countries, we imported of vegetable

substances applicable to the sarne uses as hemp and flax: in 1871, 23,106 cwts., value

26,040/. ; in 1872, 64,880 cwts., value 94,564/.

BBMP SEED. {Chenevis, Fr. ; Hanfsaat, Ger.) The seed of the hemp; it is

used for crushing for its oil, or as food for birds.

HEXTBAirs. The Hyoscyamus niger. Henbane is a plant used in medicine, from

which modern chemistry has extracted a crystalline vegetable principle called hyos-

cyamine, which is very poisonous, and when applied in solution to the eye, determines

a remarkable dilatation of the pupil, as belladonna also does. See Hyoscyamine.

BEmNTA. The herb used for dyeing the nails in the East. See Alkenna.
^

BEPAR, which signifies liver in Latin, was a name given by the older chemists to

some of the compounds of sulphur,

BEPATZC AZH. Sulphuretted hydrogen gas.

BERMETZCAZi SEAZi is an expression derived from Hermes, who was said to

be the parent of Egyptian chemistry. It is used to designate the perfect closure of a

hollow vessel, by the cementing or melting of the lips of its orifice ; as in the case of

a glass thermometer.

BERlTAXa-DZA OVZGXURA. Hernant seeds, some of which are imported from

India for tanning.

BEBXlZlfGS. The herring»family belongs to the order Malacopterygii, charac-

terised by having a scaly body like the salmon, and no adipose dorsal fin. The
herrings, Clupea Harengus, are a well-known fish inhabiting the deep water all round

the British Isles. They approach the shores in the months of August and September,

for the purpose of depositing their spawn, which takes place in October or November.
At this period they are caught in immense numbers ; upwards of 20,000,000 fish have,

it is said, been taken off Lowestoft alone. By thus destroying the gravid fish, we
wantonly destroy one of our most important fisheries. The quantity of herrings

which appear on our coasts is becoming less and less each year ; and unless some
system is adopted, this fish will, in a comparatively short time become extinct, and a

most important industry be destroyed.

BBRSCBEZiZTE. A hydrated silicate of alumina, soda, and potash, crystal-

lizing in the rhombic system. It is found in lava in Sicily, and splendid examples

have been recently obtained from the basalt quarries at Richmond in Victoria.

BESPERZSE2: or Aurantiacea. A family of dicotyledonous plants. They are

trees or shrubs. The leaves are dark green, glabrous, of a coriaceous texture, and
dotted with numerous transparent points, caused by the presence of receptacles filled

with a volatile oil which communicates the odour pecidiar to the family. The species

are numerous, the greater number originally natives of the tropical regions of Asia,

though now cultivation has spread them over the larger portion of the globe. The
flowers are usually octoriferous ; the fruit has a more or less acid pulp ; and the wood
is generally compact and valuable. The genus Citrus contains the best known species

of the family. Under Citbtis, most of the fruits are referred to. The fruits, however,

of several other genera belonging to the family are greatly esteemed in the countries

which produce them. The Wampa, highly relished in China and the Indian Archipe-

lago, is the fruit of Cookea punctata, and considered excellent. The Oegle marmdas
is used in medicine, and a perfume is prepared from the rind of the fruit, which is

itself delicious, and acts as a laxative.

BESSOirZTE. See Essonite.
BETTZiAXTDZTE. A hydrous silicate of alumina and lime, occurring in oblique

crystals in cavities in amygdaloidal rocks.

BZCBOR7. The Juglans alba ; white walnut, a native of America. There are

several species, all natives of North America, and growing into stately trees. The
wood of the hickory, and some others of the JuglandmeoB, is tough and strong ; there-

fore it is used for making shafts and springs for carriages, such screws as are employed
in bookbinders' presses, for cogged wheels, and many other purposes where toughness
is a desideratum. The hickory nuts are much esteemed, and form an article of trade.

The heart of the wood is often red, and the bark has been recommended by Dr. Ban-
croft, as a yellow die.

HIDE. {J^cau, Fr. ; Eaxit^ Ger.) The strong skin of an ox, horae, or other large
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animal. The lists of imports bolow will show to what an extent a trade in the skins of

animals is carried on with this country. Wo receive hides largely from Eussia and the

north of Europe. From Americii there are also largo quantities brought to this country.

The following Table shows the number of hides which were imported in 1871 and
1872:—

or m any way
. cwts.

Tanned, tawed, curried

dressed: dry
Wet „

Tanned, not otherwise dressed . lbs.

Tawed, curried, or in any way dressed,

not being varnished . . . lbs.

Varnished, japanned, or enamelled „

1871

604,302

682,387

16,069,179

2,469,976

218,664

£
2,083,466

1,776,598

735,763

331,852

896,896

1872

808,420 3,003,920

627,930 1,915,342

23,574,061 1,179,746

3,136,162

479,658

469,080

123,098

HZGHGATS RSSZIT. A fossil copal occurring in the London clay of Highgato,

near London.
HZPPOCASTAN"UM. The common horse-chestnut {JEsctUus Hippocasianum)t

The seeds contain much starchy matter, and have of late years been used on the Con-

tinent for the preparation of starch. When roasted they are said to form a fair sub-

stitute for coffee. In Switzerland tliey are used as food for sheep. It is said that

the young leaves of the horse-chestnut have been used instead of hops. The
American Horse-chestnut or Buck-eye (another species of ^sculus) is reputed to be
poisonous.

HZPPOPOTABZUS TEETB. See IvoBY.
KZSZXTGERITE. A hydrous silicate of peroxide of iron, magnesia, &c. ; from

Sweden.
HZSXiOPITE. A green calc-spar coloured with glauconite ; from India.

BOG-GUIVZ. The hog-gum of Jamaica, which is used locally as a medicine, is the

produce of lihus metopium.

HOG-irVT. The edible fruit of Cari/a porcina.

HOG'S IiABB, or Axicngi; the latter name derived from the use to which it was
put by the ancients, i.e. to grease the axle of a wheel. It is obtained from the hog
{Bus scrofa) and other members of the hog tribe. Hog's lard is largely used in

the manufacture of ointments, pomatum, &c. Its proximate analysis gives, according

to Braconnot : stearine and margarine, 38 ; elaine, 62. The steariue is separated

and used in the manufacture of candles, and the elaine sold under the name of Lard
Oil.

HOZiIXSTG. The act of cutting away the under part of a coal-seam, so as to bring

down the overlying mass of coral. See Mining.
HOZiZiAHTD. A linen fabric, which is sold when unbleached as brown holland,

and which is used when bleached for liner purposes. See Linbn.
BOIiIiAMrBS. A grain spirit manufactured in Holland.

HOIiK'Sr. {Le Houx, Fr. ; Stechpahnc, Ger.) The Ilex aqttifoliwm of Linnaeus,

a British plant. Its leaves yield a yellow colouring matter similar to that obtained

from buckwheat. The wood is as white as ivory, very hard and fine grained, and
susceptible of a high polish ; it is employed for many purposes.

HOIMCBERG'S PBOSPBORUS. Sulphide of calcium, which after exposure to

sunliglit appears luminous in the dark.

BOMOGEXEOVS. A uniformity of structure as applied to metals. Steel is said

to be homogeneous when the particles constituting the mass are of the same size and

structure throughout.

BOMO&OGOITS. A term used in organic chemistry to denote that substances

differ by the constant increment C^H- (CB"''). Thus, in the great series of acids com-

mencing with the formic and extending up to the fatty acids, each homologuc contains

C*H* more than the one before, and C^H^ less than the one following, thus :

—

Formic acid . . C'ffO* (OB'O')
Acetic acid . . C'H*0« (C"B«0=) •

Propionic acid . . CH-O* (C='B«0')

Butyric acid . . CH^O* (C^B-'O^) &c.—C.G.W.
BOKTDURAS MABOGAimT. See Mahogany.
BONES AITB BOSTE SZiATES. These are slaty stones which are used in

straight pieces for sharpening tools after they have been ground on revolving grind-

stones. The more important varieties are the following:

—

The Norway Ragstone which is the coarsest variety of the hone slates, is imported
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m large quantities iProm Norway. In Charnwood Forest, neat Mount Sorrel, in

Leicestershire, particularly from the Whittle Hill quarry, is obtained the Chamley
Forest Stone, said to be one of the best substitutes for the Turkey oilstone, and it

is much in request by joiners and others. Ayr stone, Snake stone, and Scotch stone,

are used especially for polishing copper plates. The Welsh oilstone is almost in equal

repute with the Chamley Forest stone ; it is obtained from the vicinity of Llyn Idwall,

near Snowdon, and hence it is sometimes called Idwall stone. From Snowdon is also

obtained the cutlers green stone. The Devonshire oilstones, obtained near Tavistock,

which were introduced by Mr. John Taylor, are of excellent quality ; 'but the supply

of them being irregular, they have fallen into disuse.

The German razor-hane has been long celebrated. It is obtained from the slate

mountains in the neighbourhood of Eatisbon, where it occurs in the form of a yellow

vein running through the blue slate, varying in thickriess from 1 to 18 inches. When
quarried it is sawn into thin slabs, and these are generally cemented to slices of slate

which serve as a support. Sometimes, however, the yellow and the blue slate are cut

out naturally combined. There are several other hone stones, which, however, require

no particular notice.

The Turkeri) oilstone is said to surpass in its way every other known substance, and
it possesses in an eminent degree the property of abrading the hardest steel ; it is, at

the same time, of so compact and close a nature as to resist the pressure necessary

for sharpening a graver, or any instrimient of that description. There are white and
black varieties of the Turkey oilstone, the black being the hardest, and it is imported

in somewhat larger pieces than the white ; they are found in the interior of Asia

Minor, and are brought down to Smyrna for sale.

BOlTEir {Mel, Fr. ; Honig, Ger.) is a sweet viscid liquor, secreted in the nectaries

of flowers, collected by the working bees, and deposited by them in the waxen cells

of their combs. Virgin honey is that which is collected from a hive, the bees of which
have never swarmed ; the common honey is obtained from the older hives. The former,

which is considered the best, is whitish or pale yellow, of a granular texture, a fragrant

smell, and a sweet slightly pungent taste ; the latter is darker coloured, thicker, and
not so agreeable either in taste or smell. Honey would seem to be simply collected

by the bees, for it consists of merely the vegetable products, such as the sugars of

grape, gum, and manna, along with mucilage, extractive matter, a little wax, and
add.
Narbonne honey, the flavour of which is so much admired, owes its peculiarity to

the flowers on which the bees feed.

Trebizond honey has been long celebrated for its intoxicating qualities. The
description given in Xenophon's ' Eetreat of the Ten Thousand ' is well known. Many
examples of poisonous honey are on record.

Honey is collected and sold to a considerable extent in Britain, particularly in the

north-western counties of Wales. At Wrexham in Denbighshire there is an annual
fair, called the ' Honey Fair.* Many ale breweries employ a portion of honey to add
strength and flavour to their brewings.
BOirs'S'-COMB. The waxen cells of the bee. See Wax.
HOXE'Sr-DE'W. A viscid saccharine substance, resembling manna, and occurring

on the leaves of the lime, black alder, maple, rose, oak, and other trees. Its secretion

appears to be due to certain abnormal conditions of the plant.' Boussingault analysed
tlie honey-dew collected in July and August 1869, from the leaves of a lime at

Liebfrauenberg in the Vosges. It contained a sugar, analogous to cane-sugar, together
with levulose or fruit-sugar and dextrine. The proportions of these substances, as

determined by optical examination with polarised light, were as follow:

—

Cane-sugar 48-86 55'44
Inverted sugar .... 28-59 24*75
Dextrine , , , ' . , 22*55 19*81

100*00 lOO'Oo

The second analysis is almost identical with that of the manna of Mount Sinai, as de-

termined by Berthelot. It has been calculated that in one day a single lime-tree may
yield from 4 to 7 lbs. of honey-dew, reckoned in a dry state.

BOKTST-STOZTE. {Mellite, Fr. ; Honigstein, Ger.) A mineral of a yellowish
or reddish colour, and a resinous aspect, crystallising m octahedrons with a square
base ; specific gravity 1-68. It is harder than gypsum, but not so hard as calc-spar

;

it is deeply scratched by a steel point ; very brittle ; affords water by calcination

;

bL-wkens, then burns at the flame of the blowpipe, and leaves a white residuum which
Vol. II, 3 F
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becomes blue when it is calcined, after liaving been moistened -with a drop of nittata

of cobalt. It is a hydrous mellato of alumina, and consists of:

—

Mellitic acid .

Alumina....
Water ....

Klaproth Wdhler V. Iljcnkofl

46
16

38

44-4

14-6

41-1

42-36

14-20

44-10

100 1000 100-72

The lioney-stone, like amber, belongs to the geological fonnation of lignite. It has
been hitherto found only at Artem in Thuringia.; at Luschitz, near Bilin in Bohemia;
and near Walchow in Moraria.
HOP {Houblon, Fr. ; Hopfcn, Ger.) is the name of a well-known plant of thfi

natural family of Urticacca, and of the Dioecia pentandria of Linngeus. The female

flowers, placed upon different plants from the male, grow in ovoid cones formed of oval

leafy scales, concave, imbricated, containing each at the base an ovary furnished with

two tubular open styles, and sharp-pointed stigmata. The fruit of the hop is a small

rounded seed, slightly compressed, brownish coloured, enveloped in a scaly calyx, thin,

but solid, which contiiins, spread at its base, a granular yellow substance, appearing to

the eye like a fine dust, but in the microscope they seem to be round, yellow, transparent,

grains ; deeper coloured, the older the fruit. This secretion which constitutes the use-

ful portion of the hop, has been examined in succession by Ives, Planche, Payen, and
Chevallier. A pretty full account of the results of their researches in treating of the

hop is given in the article Beer.

Number of Acres under the Ctdtivation ofHoja8 in England.

Years Acres Years Acres Years Acres Years

1828

Acres Years Acres

1807 38,218 1814 40,571 1821 45,662 48,365 !l835 53,816
1808 38,486 1815 42,150 1822 43,766 1829 46,135 1836 55,422

1809 38,357 1816 44,219 1823 41,468 1830 46,726 1837 86,323

1810 38,265 1817 46,493 1824 43,449 1831 47,129 1838 55,045
1811 38,401 1818 48,593 1825 46,718 1832 47,101 |1839 62,305
1812 38,700 1819 51,014 1826 50,471 1833 49,187 11840 44,805
1813 39,521 1820 60,148 1827 49,485 1834 51,273 1841 45,769

Pounds weight of hops which ^aid duty, which were exported on drawbacks or free of
dutg, and retained for home consumption.

Years Charged with duty
Exported on drawback

or free of duty
Retained for home

consumption

lbs. lbs. lbs.

1842 35,432,142 682,832 34,769,310
1843 27,862,725 292,709 27,570,016
1844 29,285,004 153,849 29,131,245

1845 32,974,749. . 161,211 32,823,538

1846 60,704,025 . 448.497 60,255,628

1847 45,134,36,S . 457,061 44.677,304

1848 44,343,985 357,029 43,986,956

1849 16,660,915 274,811 16,376,104

1850 48,537,669 270,611 48,267,158

1851 27,042,996 904,090 26,138,906

1852 61,102,494 966,865 60,146,639

1853 31,751,693 802,103 30,949.590

1854 9,877,126 685,168 9,291,958

1855 83,221,004 852,856 82,368,448

1856 65,868,624 1,665.249 64,303.375

1857 47,717,561 1.460,104 46,267,467

1858 53,125,100 4,177,260 48,947,850
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Anntial Amount of Hoj^ Duty.

Years Amount Tears Amount Years Amount Years Amount Years Amount

£ fi £ £ £
1711 43,437 1740 37,875 1769 16,201 1797 157.458 1825 24,317

1712 30,278 1741 66,222 1770 101,131 1798 56,032 1826 269,331

1713 23,018 1742 45,550 1771 33,143 1799 73,279 1827 140..848

1714 14,467 1743 61,072 1772 102,650 1800 72,928 1828 172,027

1715 44,975 1744 46,708 1773 45,897 1801 241,227 1829 38,398

1716 20,354 1745 34,635 1774 138,887 1802 16,463 1830 88,047

1717 54,669 1746 91,879 1775 41,597 1803 199,305 1831 174,864

1718 15,005 1747 62,993 1776 125,691 1804 177,617 1832 139,018

1719 90,317 11748 87,156 1777 43,581 1805 32,904 1833 156,906

1720 38,169 11749 36,805 1778 159,891 1806 153,102 1834 189,713

1721 61,362 11750 72,138 1779 55,800 1807 100,071 1835 236,207

1722 49,443 il751 73,954 1780 122,724 1808 251,089 1836 200,332

1723 30,279 1752 82,163 1781 120,218 1809 63,452 1837 178,578

1724 61.271 1753 91,214 1782 14,895 1810 73,614 1838 171,556

1725 66,526 1764 102,012 1783 75,716 1811 167,025 1839 205,537

1726 80,031 1756 82,157 1784 94,369 1812 30,633 1840 34,091

1727 69,409 1756 48,106 1785 112,684 1813 131,482 1841 146,159

1728 41,494 |1757 69,713 1786 95,973 1814 140,202 1842 169,776

1729 48,441 1758 72,896 1787 42,227 1815 123,878 1843 133,431

1730 44,419 1759 42,116 1788 143,168 1816 46,302 1844 140,322

1731 22,600 1760 117,992 1789 104,063 1817 66,522 1845 168,008

1732 35,135 11761 79,776 1790 106,841 1818 199,465 1846 242,929

1733 70,215 1762 79,296 1791 90,050 1819 242,476 1847 215,805

1734 37,716 11763 88,316 1792 162,112 1820 138,330 1848 212,416

1735 42,746 11764 17,178 1793 22,619 1821 154,609 1849 79,791

1736 46,482 1765 73,778 1794 203,063 1822 203,724 1850 233,393

1737 66,492 1766 116,445 1795 82,342 1823 26,058 1851 130,055

1738 86,575 1767 25,997 1796 75,223 1824 148,832 1852 240,000

1739
1

70,742 1768 114,002

The preceding Tables are retained, as showing the history of our hop cultivation in

a way which cannot be continued. The duty on hops was repealed from September

16, 1862, so that since that period we have no means of obtaining, except through
indirect channels, any accurate statements as to production.

The following is the last official return published of hops imported :

—

From Germany ....
„ Holland ....
„ Belgium ....
„ France ....
„ United States of America .

„ Other countries . ,

Total . . .

1871 1872

Cwts. £ Cwts. &

74.946

25,209

61,208

6,779
60,210

1,313

336,690

108,656

287,946
24,242

133,031

5,430

36,612

16,676

66,930

5.328

10,414

6

221,617

83,759
297,034

28,726
48,110

30

218,664 895,895 135,965 679,276

I

BORBEZirs is the name given by Proust to the peculiar starchy matter of

barley. It seems to be a mixture of the starch, lignine, and husks, which constitute

barley-meal. See Beer.
HORBET71VI VT7X.GAXIS. See BarLEY.
HOKEROina'D. The Mamdnum vulgare, used in England as a simple domestic

remedy for coughs.

HORXZOIO'TAIi WEZiZiS. Having given an article on Aetesian Wells (which
see) it appears necessary that something should be said respecting the system proposed
by Mr. Lucas, in his work on ' Horizontal Wells, a new application of Geological
Principles to efiect the Solution of the problem of Supplying London with Pure
Water,' 1874.

3f2
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111 recapitulating the geological principles on which his scheme is based, Mr. Lucas
refers to the obvious tendency of water absorbed by the edges of permeable sediment-

ary rocks to sink through these until it reaches an impervious stratum, when it flows

down the dip of the beds. This is illustrated by the fact that springs which break
out at the siu-face mostly do so from the line of junction of a porous and an impervious

bed, and, of course, from the base of the former, especially where the dip is consider-

able. In most cases, the drainage of several porous strata is collected at one general

point, and to tap this is to obtain, very much more effectually filtered than it can be
by any artificial appliances, the water of a large area of natural drainage.

Extensive data, on this point are given by Mr. Lucas from the experience of miners,

to whom these natural incidents are the occasion of great inconvenience and cost.

Some of the collieries in the Dmrham coal-field, sunk through the magnesian limestone,

are troubled with as much as 5,000 gallons a minute. So great, however, is the im-

perviousness of shale, that five feet of it at the bottom of a shaft forty or fifty fathoms

deep through the limestone will turn back that amount of water, allowing none of it to

pass through. Mr. Lucas thus concisely indicates the principle of his plan :—
' The

shaft is sunk to procure a certain stratum ; but were water the object, in this as in all

other cases, it would certainly be followed along its bed, at the junction of tlie sand-

stones with the shales, by levels in a manner similar to that in which the ordinary

water-levels of a mine are carried along the bed mined for. Nothing could exceed the

purity of water that has been filtered through hundreds of feet of pure quartzose sand-

stone. The springs of clear water that break from the base of sandstones at their

outcrop, in all formations, give striking proofs of the truth of this statement. The
waters drawn from wells sunk in such beds also corroborate it. If, then, a large

town requires water-supplies, and at no great distance from it there lies a formation

containing alternations of porous and impervious beds, which rise above the level of

the town, then there should be no difficulty in supplying water at high pressure on the

constant system. Such formations occur within easy reach of London.'

The particular sources from which it is proposed to supply the metropolis are the

Lower Greensands of Surrey and the underlying chalk, chiefly the former. The first-

named form hills from 800 to 967 feet in height, as at Leith Hill, and Hind Head, and
consist of a series of highly porous sands, sandstones, and limestones, 400 feet thick,

resting upon a bed of absolutely impervious clay, upon the top of which all the water

that sinks through the greensands flows down. The upper part of this latter bed is

also sandy, and contains a vast amount of water. This was proved in the construction

of the Sevenoaks Tunnel, when the water from the latter beds proved a source of much
difficulty to the excavators, and now pours in a fully-formed stream from the tunnel's

mouth. ' A tunnel driven along the strike of the beds, or water-level, must of noces-

silj' arrest all the water that is flowing down it as far as the gallery is carried.' Again,

Mr. Lucas argues, • We have, in fact, in the Lower Greensands of Surrey, a combination

of the circumstances most favourable for gathering and storing water. The height of

the range attracts a high rainfall, the breadth of the absorbing surface causes much of

it to be absorbed. The thickness of the porous beds affords a large resen'oir for

water absorbed. The complete imperviousness of the retaining clays, Atherfield and

Gault, prevents the escape of these waters, which are thus held in a subterraneous

reservoir, whose lowest rim is at the deepest valley cutting through the Gault clays.'

Mr. Lucas proposes to collect the supply of water for London from the Leith Hill

range ' by means of horizontal galleries driven along the strike of the beds on the

Atherfield clay, as by that means very large quantities of water may be gained. The
height of the range, and the breadth of the absorbing surface presented by it, together

with the great thickness of the porous beds, all point to the suitability of the area

from a geological point of view. The groat natural reservoir of the chalk of the North

Downs of Surrey may also be tapped in a similar manner. The galleries will be

placed in a different position, as the water-bearing part of the chalk is near the top of

that formation. As regards actual experience of the Loti^er Greensands, the case of the

Sevenoaks Tunnel has already been mentioned. That tunnel was driven at right

angles to the strike of the beds, and therefore cannot be viewed as a criterion of the

quantity of water to be gained by a gallery of equal length carried along the strike,

on the Atherfield clay. This quantity would of course bo enormously larger.' See

Artesian Wells.
BOSir (Eng. and Ger. ; Bois, Come, Ft.), particularly of oxen, cowa, goats, and

sheep, is a substance soft, tough, semi-transparent, and susceptible of being cut and

pressed into a variety of forms ; it is this property that distinguishes it from bone.

Turtle or tortoise-shell seems to be of a nature similar to horn, but instead of being

of a Uniform colour, it is variegated with spots. See Toutoisk Shki.l.

Mr. Aikin (* Trans. Soc. of Arts') remarks, 'In the p]nglish language we have only

one word to express two quite different substances ; namely, the branched bony horns
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of the stag genus, and the simple laminated horns of the ox genus and other kindred

genera. The bony horns are called in the French bois, from their likeness to the

branch of a tree ; they are annually renewed. The other horn, to which the French

appropriate the term come, is found on the ox, the antelope, the goat, and sheep

kinds.'

The valuable properties of horn render it susceptible of being employed in a variety

of works fit for the turner, snuflf-box, and comb maker. The means of softening

the horn need not be described, as it is well known to be by heat ; but those of cutting,

polishing, and soldering it, so as to make plates of large dimensions, suitable to

form a variety of articles, may be detailed. The kind of horn to be preferred is

that of goats and sheep, from its being whiter and more transparent than the horn

of any other animals. When horn is wanted in sheets or plates, it must be steeped

in water, in order to separate the pith from the kernel, for about fifteen days in

summer, and a month in winter ; and after it is soaked, it must be taken out by one

end, well shaken and rubbed in order to get off the pith; after which it must be put

for half an hour into boiling water, then taken out, and the surface sawed even

lengthways ; it must again be put into the boiling water to soften it, so as to render it

capable of separating ; then, with the help of a small iron chisel, it can be divided into

sheets or leaves. The thick pieces will form three leaves, those which are thin will

form only two, whilst young horn, which is only one quarter oi an inch thick, will

form only one. These plates or leaves must again be put into boiling water, and
when they are sufficiently soft, they must be scraped with a sharp cutting instrument,

to render those parts that are thick even and uniform ; they must be put once more
into the boiling water, and finally carried to the press.

At the bottom of the press employed, there must be a strong block, in which is
.

formed a cavity, of nine inches square, and of a proportionate depth ; the sheets of

horn are to be laid within this cavity, in the following manner : at the bottom, first a

sheet of hot iron, upon this a sheet of horn, next again a sheet of hot iron, and so on,

taking care to place at the top a plate of iron even with the last. The press must
then be screwed down tight.

There is a more expeditious process, at least in part, for reducing the horn into

sheets, when it is wanted very even. After having sawed it with a very fine and
sharp saw, the pieces must be put into a copper made on purpose, and there boiled

until sufficiently soft, so as to be able to be split with pincers ; the sheets of horn must
then be put in the press where they are to be placed in a strong vice, the chaps of

which are of iron and larger than the sheets of horn, and the vice must be screwed as

quick and tight as possible ; let them cool in the press or vice, or it is as well to

plunge the whole into cold water. The last mode is preferable, because the horn
does not shrink in cooling. Now draw out the leaves of horn, and introduce other

horn to undergo the same process. The horn so enlarged in pressing, is to be
submitted to the action of the saw, which ought to be set in an iron frame, if the horn
is wanted to be cut with advantage, in sheets of any desired thickness, which cannot

be done without adopting this mode. The thin sheets thus produced must bo kept
constantly very warm between plates of hot iron to preserve their softness ; every
leaf being loaded with a weight heavy enough to prevent its warping. To join, the

edges of these pieces of horn together, it is necessary to provide strong iron moidds
suited to the shape of the article wanted, and to place the pieces in contact with
copper-plates or with polished metal surfaces against them ; when this is done, the
whole is to be put into a vice and screwed up tight, then plunged into boiling water,

and after some time it is to be removed from thence and immersed in cold water. The
edges of the horn will be thus made to cement together and become perfectly united.

To complete the polish of the horn, the surface must be rubbed with the subnitrate

of bismuth by the palm of the hand. The process is short, and has this advantage,
that it makes the horn dry promptly.

When it is wished to spot the horn in imitation of tortoise-shell, metallic solutions

must be employed as follows :—To spot it red, a solution of gold in aqua regia must
be employed ; to spot it black, a solution of silver in niti^ic acjd must be used ; and
for brown, a hot solution of mercury in nitric acid. The right side of the horn must
be impregnated with these solutions, and they will assume the colours intended. The
brown spots can be produced on the horn by means of a paste made of red lead, with
a solution of potash, which must be put in patches on the horn, and subjected some
time to the action of heat. The deepness of the brown shades depends upon the:

quantity of potash used in the paste, and the length of time the mixture lies on tha
horn. A decoction of Brazil wood, or a solution of indigo, in sulphiiric acid, or a de-i

coction of saffiron and Barbary wood may also be used. After having employed these
materials, the horn may be left for half a day in a strong solution of vinegar and
alum.
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In France, Holland, and Austria, the comb-makor and horn-turnors use the clip-

pings of horn—which are of a whitish yellow—and tortoise-shell skins, out of which
they make snuflf-boxes, powder-horns, and many curious and handsome things. Thoy
first soften the horn and shell in boiling water, so as to be able to submit them to the

press in iron moulds, and by means of heat they form them into one mass. The degree

of heat necessary to join the horn clippings must be stronger than that for shell skins,

and it can only be found out by experience. The heat must not, however, be too

great, for fear of scoi'ching tlie horn or shell. Considerable care is required in

these operations, not to touch the horn with the fingers, or with any greasy body,
because the grease will prevent the perfect joining. Wooden instruments should

be used to move them, while they are at the fire, and for carrying them to the

moulds.
In making a ring of horn for bell-pulls, &c., the required piece is to be first cutout

in the flat of its proper dimensions, and nearly in the shape of a horse-shoe ; it is then
pressed in a pair of dies to give its surface the desired pattern; but previous to the

pressure, both the piece of horn and the dies are to bo heated ; the piece of horn is to

be introduced between the dies, squeezed in a vice, and when cold, the impression or

pattern will be fixed upon the horn. One particular condition, however, is to be ob-

served in the construction of the dies, for forming a ring. They are to be so made
that the open ends of the horse-shoe piece of horn, after being pressed, shall have at

one end a nib, and at the other a recess of a dovetailed form, corresponding to each

other; and the second operation in forming this ring of horn is to heat it, and place it

in another pair of dies, which shall bring its open ends together, and cause the dove-

tailed joints to be locked fast into each other, which completes the ring, and leaves no
appearance of the junction.

In forming the handles of table knives and forks, or other tilings which require to be
made of two pieces, each of the two pieces or sides of the handle is formed in a sepa-

rate pair of dies ; the one piece is made with a counter-sunk groove along each side,

and the other piece with corresponding leaves or projecting edges. When these two
pieces are formed, by first being cut out of the flat horn, then pressed in tlie dies

in a heated state, for the purpose of giving the pattern, the two pieces are again

heated and put together, the leaves or edges of the one piece dropping into the

counter-sunk grooves of the other piece, and being introduced between another pair

of heated dies, the joints are pressed together and the two pieces formed into one

handle.

In making the knobs for drawers which have metal stems or pins to fasten them into

the furniture, the face of the knob is to be first made in a die, as above described, and
then the back part of the knob with a hole in it ; a metal disc plate of iron is next pro-

vided, in which the metal stem or screw pin is fixed, and the stem being passed through

the aperture in the back piece, and the two, that is, the back and front pieces of horn

put together, they are then heated and pressed in dies as above described ; the edge of

the back piece falling into the counter-sunk groove of the front piece, while by the

heat they are perfectly cemented together.

Mr. J. James has contrived a method of opening up the horns of cattle, by which

he avoids the risk of scorching or frizzling, which is apt to happen in heating them
over an open fire. He takes a solid block of iron, pierced with a conical hole, which

is fitted with a conical iron plug, heats them in a stove to the temperature of melting

lead, and, having previously cut up the horn lengthwise on one sitle with a saw, he

inserts its narrow end into the hole, and drives the plug into it with a mallet. By
the heat of the irons the horn gets so softened, in the course of about a minute, as to

bear flatting out in the usual way.

Importation of Horns.

1871. 1872.
Tons £ Tons £

'^'^'a^ndhooft'''!^'''!} • ^'^^^ ^^^'^^^ ^'2^2 160.490

The largest quantities being from British India, the United States of America, and

Australia.

BORZTBEAM. The Carpinus beitdus, sometimes called the yoke-elm. It is a

stringy and tough wood, which grows in some parts of Europe, and which is imported

from America. It is used by millwrights for the cogs of wheels, also for skittles, and

for mallets.

BOBiarB&EKrDS. {Amphihole, Fr. ; Hornblende, Ger.) The term hornblende,

restricted ori^nally to certain dark-coloured lamellar minerals occurring chiefly in

eyenito and dioritc, was afterwards considerably extended in its application, and
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at present includes a large number of minerals allied to the' original horiiblendes in

crystalline form, and, to a certain extent, in chemical composition ; but neverthe-

less differing widely from the typical hornblendes, not only in colour, density, and

other physical characters, but also in their mode of occurrence. The necessity for

grouping these minerals together was first recognised by the French crystallographer

Haiiy, who proposed to name the whole species amphibole, and to retain Werner's

term hornblende only for the common varieties ; a nomenclature still frequently ad-

hered to in France.

The typical hornblendes crystallize in forms belonging to the oblique system, and

present a perfect prismatic cleavage; whilst other varieties occur in a columnar,

fibrous, lamellar, or granular condition. The hardness is tolerably constant, being

slightly below that of felspar ; but the specific gravity varies with the cheniical com-

position. All the hornblendes are anhydrous silicates of various protoxide-bases,

usually lime, magnesia, and protoxide of iron ; these bases being capable of replacing

one another in chemical combination, without affecting the crystalline form of the

compound. Many of the ferruginous varieties contain alumina, the amoimt of which

may rise to upwards of 15 per cent, : the condition in which this compound exists in

hornblende is by no means well ascertained, but it is usually supposed to replace the

silica, the compounds being thus regarded as silico-aluminates. In many varieties,

fluorine occurs to the extent of 2 or 3 per cent., and exists probably as a silico-

fluoride of calcium and magnesium. It is interesting to note that certain hornblendes

also contain titanic acid.

On the chemical composition of the hornblende depends to a great extent the

general character of the mineral ; thus, those varieties which contain only lime and

magnesia have always a white or very pale colour and a low specific gravity, some-

times not higher than 2*9 ; while before the blowpipe they fuse to a nearly colourless

glass. On the other hand, the ferruginous hornblendes have a dark green or black

colour ; a much higher density, often reaching 3 "4 ; and are fusible with greater

facility, producing a glass more or less deeply coloured. The iron-hornblendes,

again, are partially decomposed by hydrochloric acid, which has scarcely any effect

on the other varieties. When exceedingly rich in iron, the mineral affects the

magnetic needle.

These differences of composition, and the corresponding diversity of physical

characters, have given rise to numerous varieties, of which the following are the most

important :

—

TreTnolite, so named from the Swiss valley of Tremola, is a silicate of magnesia and
lime, containing silica, 58*87 ; magnesia, 28'19 ; lime, ITOO ; and alumina, 1*77 = 9983
{Rammelsherg). It occurs usually in slender-columnar or flat-bladed crystals of a

white, grey, or pale green colour ; and of specific gravity 2-93. The crystals are

commonly imbedded in dolomite or granular limestone, as at St. Gothard in

Switzerland, and Glen Tilt in Scotland. Other localities are the Tyrol, the Bannat,

Wermland in Sweden, New England, Maine, Massachusetts, and other of the

United States. Tremolite forms the Amphibole blanche of French mineralogists.

Grammatite and Catamite are Swedish varieties, whilst Raphilite is a Canadian

tremolite, presenting an asbestiform structure. Many of the fibrous hornblendes

separate on decomposition into fibres more or less deUcate, and thus form varieties

of asbestus.

The occasional presence of protoxide of iron in certain tremolites furnishes a

passage to the variety of hornblende called actinolite—the actinote or Amphibole verte

of the French, the Strahlstein (ray-stone) of the Germans. It occurs in slender-

columnar crystals, often disposed in radiated groups, presenting a high lustre and
leek-green or black-green colour. Its specific gravity is about 3. A typical acti-

nolite from the Zillerthal yielded to Kammelsberg's analysis: silica, 65'50; mag-
nesia, 22*56; lime, 13-46; and protoxide of iron, 6*25 = 97*77. Actinolite is found
chiefly in talcose schist, serpentine, and other magnesian rocks : in Cornwall it

occurs at the Lizard, and at Botallack and other western mines. Among foreign

localities may be mentioned Greiner in the Zillerthal, St. Gothard, Salzburg, Sweden,
Norway, &c.

AnthophyUite is a grey or clove-brown fibrous or lamellar hornblende, occurring in

Norway, Greenland, and the United States. Its compositiou is silica, 56*74 ; mag-
nesia, 24*35

; protoxide of iron, 14*40
; protoxide of manganese, 2*38 ; and water,

1-67 = 99-54: (Vopelius).

Hornblende proper, the Amphibole noire of the French, includes the dark-coloured
iron-bearing varieties to which the name was originally applied. Common hmmblende
occurs in dark green or black crystals, usually imperfectly formed, and readily distin-

guished by the silky lustre of its cleavage planes. It forms an essential constituent

of syenite, diorite, and hornblende-rock ; and occurs as an accessory mineral in
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many trachytes. The basaltic hornblende of Werner includes the black crystallised

specimens usually associated with lavas and other volcanic rocks. Noble liomblendef

or pargasite, is a dark green, somewhat translucent mineral, occurring in thick, stout

crystals, or in granular masses, embedded in calcareous spar, at Ersby, near Pargas,

in Finland. The following is Kammelsberg's analysis of a Pargsis Jiornblonde : silica,

41-26; magnesia, 13-49; lime, 11-95; protoxide of iron, 9'92; peroxide of iron, 4*83;

alumina, 11-92; potash, 2*70; soda, 1-44; and water, 0-52 ==99-73.

In the hornblende called arfvcdsonite, soda occurs in considerable quantity, as shown
by the following analysis : silica, 51-22 ; soda, 10*58

;
protoxide of iron, 780 ; peroxide

of iron, 23-75; lime, 2-08 ; magnesia, 090 ; and T^\AH\\,0Q9> = ^%'\Z{Rammelsb&rg).

Arfvedsonite is an exceedingly fusible black mineral found in Greenland ; and often

separated as a distinct species.

The mineral called uraliie, discovered by the late G. Eose in the greenstones of the

Ural range, is commonly regarded as a pseudomorph, since it presents the external

form of augite -tt-ith the cleavage and chemical composition of hornblende; thus

establishing a relation between the two minerals. This relation is indeed so intimate

that it has been proposed to unite them in one species. Hornblende differs, however,

from augito in the angle of the prism obtained by cleavage being much more obtuse

;

but it has been shown that the two forms are easily derivable tlio one from the other.

Hornblende, again, is more fusible than augite ; it has a somewhat lower range in

specific gravity ; it often contains fluorine, an element which has never been found in

augite. Hornblende, moreover, occurs in granitic and other highly-silicated rocks

;

whilst augite is confined to the more basic rocks, such as basalt : occasionally, how-
ever, the two minerals occur together. Experiments on the artificial formation of

these minerals have rendered it probable that the same chemical compound may form
augite when rapidly cooled from a state of fusion, and hornblende when slowly cooled

;

indeed, hornblende has been converted into augite by fusion and rapid solidification.

It has been shown by Tschermak, and independently by Mr. AUport, that hornblende

may be distinguished from augite in sections of rock examined under the microscopp,

by the fact that hornblende is dichroic, whilst augite is not : the intensity of the

dichroism varies, however, to a great extent in different hornblendes.

The hornblendic minerals, although highly important in a geological point of view,

have little or no economic value. Certain Swedish hornblendes have been employed

in smelting magnetic ores : and the fibrous varieties known as asbestus have received

various applications. See Asbestus.—F.W.R.
BORITBIiENBE-ROCK. (Ampkibole, Fr. ; Hornblendfels, Ger.) A rock, con-

sisting chiefly of crystalline-granular, dark green, or black hornblende, associated

commonly, but by no means necessarily, -writh felspar, quartz, and mica in small

quantity. The rock often assumes a schistose structure, and then passes into Horn-
blende slate (Schisie amphibolithique, Fr. ; Hornblendschiefer, Ger.). This slate usually

occurs in connection with micia-schist, gneiss, and other metamorphic rocks. When
the hornblende belongs to the bright green variety called actinolite, the rock becomes

an actinolite schist, or Strahlsteinschiefer of the Germans. Hornblende also occurs,

although to a less extent, in other rocks ; such as syenite (a granite in which horn-

blende replaces mica), and greenstone and diorite (rocks consisting of hornblende and
felspar). The timuzite of Hungary and Transylvania is a trachytic greenstone, con-

taining the peculiar hornblende called gamisgradite.

On exposure to atmospheric influences, hornblendic rocks easily decompose ; the

protoxide of iron passing into the condition of peroxide. Soils resting on such rocka

are frequently remarkable for their fertility.

BOSW-lbEAB, or Phosgenite. Native chlorocarbonate of lead. See Lead.
BORN'-QVCKSX^VER. Native subchloride of mercury. See Cai.omel.

BORXr-SZXiVER, or Ldina Cornea. Both these names were given by the alche-

mists to fused chloride of silver. Horn-silver is found native as kerargyrite. See

Silver.
HORXarSTOirfi. A variety of quartz, resembling flint, but more brittle, and

breaking with a more splintery fracture. It sometimes occurs imbedded in limestone.

See Cheiit.

HORSE. In mining^ any large isolated mass of rock occurring in a vein, or

splitting a vein or seam into two or more parts.

BORSS CBESTXnrT. {Marronnier d^Jndc, Fr. ; Gemeine Sosskastanie, Ger.)

The wood of this well-known tree is used by the Tunbridgo turner ; otherwise it is

only employed for some largo varnished works. See Hippocastanum.
BORSE-FXiESB ORE. A Cornish name for purple copper-ore. See Coppbb.
HORSE-POWER, in steam-engines, was estimated by Watt at 32,000 lbs.

avoirdupois lifted one foot high per minute, for one horse. M. D'Aubuisson, from an

examination of the work done by horses in the whims, or gigs {machines a molettes)
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for raising ore from the mines at Freiberg, the horses being of average size and
strength, has concluded that the useful effect of a horse yoked during eight hours, by
two relays of four hours each, in a manege or mill-course, may be estimated at

40 kilogrammes raised 1 meter per second; which is nearly 16,440 lbs. raised one
foot per minute ;' being very nearly one half of Mr. Watt's liberal estimates" for tlie

horse-power of his steam-engines.

Frederick William Simms, M.Inst.C.E., adopted some peculiar conditions of work
on which he was engaged to determine the value of horse--gower. He had to make
a tunnel for the South-Eastern Eailway. This tunnel was driven in the middle bed
of the Lower Grreensand, between which and the surface of the ground is interposed
only the upper bed of the same stratum ; but in sinking the eleven shafts for the
work, it was found that at the level of the top of the tunnel, the ground assumed the

character of a quicksand, saturated with water, in such quantity that it could not be
reduced by manual labour. Under these circumstances horse-gins were erected for

drawing the water by barrels, containing 100 gallons each, weighing when full about
1,310 lbs.

The engineer's intention was, to drive simultaneously from these sha^, in the
direction of the tunnel, an adit or heading to carry off the water ; but ^he earth,

which was sand mixed with fine particles of blue clay, was so filled with water as to

become a mass of semifluid mud
;
great exertions were therefore necessary to over-

come the water, without erecting pumps. At first this was accomplished hy making
each horse work for 12 hours and then for 8 hours per day, allowing 1 hour for food
and rest : as the water increased it became necessary to work night and day, and the
time of each horse's working was reduced generally to 6 hours, and sometimes to

3 hours. As all the horses were hired at the rate of seven shillings per day, the

engineer, who had charge of the works, ordered a daily register to be kept of the
actual work done by each horse, for the double purpose of ascertaining whether they
all performed their duty, and also hoping to collect a body of facts relative to horse-

power which might be useful hereafter.

Mr. Simms gives as a proposition, * That the proper estimate of horse-power would
be that which measures the weight that a horse would draw up out of a well ; the
animal acting by a horizontal line of traction turned into the vertical direction by a
simple pulley, whose friction should be reduced as much as possible.' He states that
the manner in which the work was performed, necessarily approached very nearly to

these conditions; and after giving the principal dimensions of the horse-gins, he
analyses each set of experiments, and by taking the mean of those against which no
objections could be urged, he arrives at the following results :

—

The power of a horse for 8 hours = 23,412 lbs. raised 1 foot high in one minute.
Do. 6 „ =24,360 „ „
Do. 4i „ =27,056
Do. 3 „ =32,943 „

Of these results he thinks the experiments for 6 hours and for 3 hours alone
should be adopted as practical guides, all the others being in some degree objec-

tionable.

As a means of comparison, the following table of estimates of horse-power is

given :

—

Name
Pounds raised
1 foot high
in a minute

Hours of
work Authority

Boulton and Watt .

Tredgold.
Desaguliers

), • • .

Saussure....
More, for Society of Arts

.

Smeaton....

32,000

27,500
44,000

27,500
34,020

21,120

22,000

8

8

8

Not stated

8

Not stated

>»

Robinson's Mech. Phil., ii. 145.

Tredgold on Railroads, p. 69.

Dr. Gregory's Mathematics
for Practical Men, p. 183.

These are much higher results than the average of his experiments, and would
more nearly accord with the extremes obtained by him ; but under such excessive
fatigue, the horses were speedily exhausted, and died rapidly. Nearly one hundred
horses were employed : they were of good quality; their average height was 15 hands

I inch, and their weight about 10^ cwts., and they cost from 20^. to 40^. each. They
had as much com as they could eat, and were well attended to.
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The total quantity of work done by tho horses, and its cost, was as under:—

Registered quantity of water drawn 104 feet, tho average height,"! ,oq^q\
28,220,800 gallons / ^^^'^'^'^

Do, earth, 3,600 yds. 1 ton 6 cwts. per yard .... 4,650

Total weight drawn to the fiurfiico . , , 133,085

Total cost of horse-labour, including a boy to drive each horse, 1,585/. 16«. Zd„ or
2*86^. per ton the average height of 104 ft.

Mr. Palmer made some experiments on the amount of work performed by horses
tracking boats on canals. On the upper epd of the mast of tho boat a pulley was hung

;

over this the towing rope was passed, with the means of suspending to its extremity
given weights, so as exactly to balance the power exerted by the horse.

The results arrived at by these means were so various, that he could not deduce
any average conclusions, as the power exerted varied between 30 lbs. and 120 lbs.,

the power diminishing as the speed was increased. He thought that 2h miles was too

liigh an average estimate, and that it should not exceed 2 miles per hour, although
in all estimates of horse-power, the speed was considered to be at an average of 2.}

miles per hour, and all experiments were reduced to that standard.

Mr. Hawkins, some years since, had made numerous inquiries respecting the work
done by horses in drawing upon common tiirnpike-roads, and found that four good
horses could draw an ordinary stage-coach, with its complement of passengers, at tho

rate of 10 miles an hour; that if they ran stiiges 10 miles in the hour, tho horses must
rest one day in each week ; that good horses, so worked, would last only five years,

each liorse drawing about half a ton. He had been informed by waggoners, that

good horses would walk at the rate of 2^- miles per hour, for 12 hours out of 24,

making 30 miles a day ; and that they would continue to do such work day by day,

each horse drawing 1 ton, for many years, provided they had not been worked hard
when young.

It is desirable to know the average speed at which the diflferent rates of work had
been performed ; this was essential in order to found any calculation upon tho results

given. Coach proprietors calculated that at a speed of io miles per hour, a horso was
required for every mile going and returning, so that ono horse was kept for every

mile of road. Now supposing a four-horse coach, with an average load, to weigh 2

tons, the load for each horse was 10 cwts. ; whereas in tho case of a horse drawing a

cart, the gross load frequently amounted to 2 tons, but the speed was reduced to 2^
miles per hour, at which pace he conceived that 16 miles per day might be considered

a fair day's work ; this therefore was double tho distance with four times tho load, or

eight times the coach-work, but veith a heavier horse.

The law that the quantity of work done was as the square root of tho velocity,— or

as the cube root of the velocity, in equal times,—is confined to work upon canals, or

bodies moving through the water.

Mr. Ronnie had tried some experiments on the force of traction of tho boats on tho

Grand Junction Canal. The towing rope was attached to a dynamometer, which had
proriously been tested by weights.

Tho horse, although urged at first starting, was afterwards allowed to fall into his

natural speed, which was 2^ miles per hour on tho average of 20 miles, Tho maxi-

mum speed was 4 miles, and the minimum 2 miles, per hour. Tho dynamometer
indicated an average of 108 lbs., which was capable of overcoming the rcsistmco of

the loaded barge of 25 tons, being in the ratio of 16*00. Tho weight of the horse was
about 11 cwts.

He also tried many experiments upon a fiist boat, lent to him in 1833 by the late

Colonel Page. These experiments were principally made in order to ascertain tho

comparative resistance of vessels moving through water at diifercnt velocities, and

the Grand Junction Canal afibrded a convenient opportunity of undertaking them.

The boat was 70 feet in length, 4 feet in breadth, and drew 9 inches in water.

The traction indicated by tho dynamometer the following resistance :

—

Miles per hour lbs.

At 2^ the resistance was 20

3 „ 27

3}, „ 30

4 „ 60

41 „ 60

5 „ 70 to 75
One. horse was employed in these expe-

riments.

Miles per hour Iba.

At 6 the resistance was 97 to 214

7 fi
260

8 ,> 336
9-69 411
10 375

Hi 392

Average 336
Two horses wore employed in these expe*

rimcuts.
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Stakes were fixed near the margin of the canal, so as to ascertain the rise and fall

of the -wave caused by the boat in passing ; and it was observed that when a boat

passed with a velocity of from 4 to 6 miles per hour, the rise of the wave was 5 inches

and the full 5 inches, making a wave of 10 inches in depth ; and when the velocity

was 11 J miles, the rise was reduced to 2^ inches and the fall to 2^ inches.

Great difference existed in the power of horses, their weights and structure ; and
the large dray-horses used by Messrs. Barclay, Perkins, and Co. did a full average

duty as assumed by Boulton and Watt ; but considering the average powisr of strong

and weak animals, ho had adopted 22,000 lbs. raised 1 foot high as the standard

:

much, however, depended on the nature of the work performed.

Mr. Davidson has given the following statement of the work performed by a London
brewer's horse per day ; the cost of feed and of wear and tear per horse per annum
being derived from actual experience among a large number of horses at Messrs.

Truman, Hanbury, and Co.'s brewery. The feed, &c., is supposed to have cost the

game per quarter, per truss, &c., each year :

—

Years

Pounds weight
drawn GJ miles

per horse per
day

Pounds weight
drawn 6^ miles
per horse return-

ing per day

Average pounds
weigiit drawn
13 miles per
horse per day

Cost of feed and
straw per horse

per annum

Difference per
horse of horses
bought and sold

per annum

lbs. lbs. lbs. £ s. d. & 3. d.

1835 5,148 1,716 3,342 43 2 7 10 3

1836 5,072 1,767 3,389 43 16 6 9 18

1837
1838 5,057 1,698 3,377 41 18 9 15 9

1839 5,287 1,740 3,513 42 9 11 9 7 1

1840 5,786 1,820 3,803 46 11 7 7 17 11

1841 5,311 1,750 3,530 45 1 10 16 11

1842

Total

Average 7
yrs. nearly

6,263 1,740 3,501 47 9 10 8

36,924 12,171 24,455 309 19 5 68 3 11

} 6,275 1,738 3,606 44 6 7 9 14 10

Mr. Beardmore mentions a case which occurred in a work near Plymouth, which he
believed would give the fair value of the work actually performed daily by a horse for

a considerable period.

A quany-waggon, weighing 2^ tons, carrying an average load of stone of 5f tons,

was drawn by one horse along a railway 960 feet in length, 260 of it being level, and
the remaining 700 feet having an inclination of 1 in 138. During 48 working days
the number of trips was 1,302, or an average of 27*1 trips each day ; the time of per-

forming each trip was 4 minutes, or at a speed of 272 miles per hour; and the

total weight drawn, including that of the waggons, was 23,959,600 lbs.

Eepeated experiments proved, that upon the incline of 1 in 138 the waggons in

their ordinary working state would just remain stationary ; the friction was therefore

assumed to be 16*2 lbs. per ton; by calculation it wa& found that the horse raised

39,320 lbs. 1 foot high per minute during the 8 working hours each day; the useful

effect, or net amount of stone carried, being 21,738 lbs. raised 1 foot high per minute.
This difference between the work done and the useful effect arose from the necessary
strength and weight of the waggons.
The animal employed was a common Devonshire cart-horse, 8 years old, 15 hands

high, and weighed 10| cwts. ; he continued doing the same work throughout a whole
summer, remaining in good condition ; but a lighter horse was found unequal to it.

Prof. Rankine defined horse-power in a somewhat different form. ' The power of

a machine is the energy exerted, and the effect the useful work performed in some
interval of time of definite length, such as a second, a minute, an hour, or a day.'

There is a peculiar unit of power appropriated to its expression, called a Hoese-
POWEE, which is in Britain

—

550 foot-pounds per second,

or 33,000 foot-pounds per minute,

or 1,980,000 foot-pounds per hour.

In France the terms Force de Cheval or Cheval- Fapeur is applied to the following
rate of work :

—
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Foot-pounds

73 kilogrammitres per second = 642^
or 4,500 kilogrammitres per minute == 32,549

or 270,000 kilogramm6tres per hour = 1,952,948,

being about one-seventieth part less than the British horse-power.

This is also called an actual or real horse-power, to distinguish it from a nominal
horse-power.

Nominal Horse-poweb is a conventional mode of describing the dimensions of a
steam-engine, for the convenience of makers and purchasers of engines, and bears
no fixed relation to indicated or to effective horso-power. The mode of computing
nominal horse-power, established amongst Civil manufacturers of steam-engines by the
practice of Boulton and "Watt, is as follows :

—

Assume the velocity of the piston to be 128 feet per minute x cube root of length
of stroke in feet. Assume the mean effective pressure to be seven pounds on the
square inch.

Then compute the horse-power from these fictitious data, and the area of the

piston ; that is to say,

Nominal H. P.=:7 x 128 x ^ stroke in feet

of piston in square inches -j- 33,000

=3 ^ stroke in feet x area of piston in inches

47 nearly

=s >y stroke in feet x diam.'' in inches

60

The indicated power of different engines usually exceeds the nominal power as
computed by the above rule in proportions ranging from 1-| to 5.

In the rule established by the Admiralty for computing nominal horse-power, the
real velocity of the piston is taken into account ; but the fictitious effective power of

seven pounds on the square inch is assumed consequently by the Admiralty rules.

Nominal H. P.= velocity of piston in feet per minute

X area of piston in inches x 7 -*- 33,000

velocity in feet per min. x diam.^ in inches"
MOO

The indicated power of marine engines ranges from once to three times, and is on
an average about twice the nominal power as computed by the Admiralty rule.

Both the Civil rule and the Admiralty rule for computing the power of engines are

applicable to low-pressure engines alone. For high-pressure engines there is a
customary rule proposed by Mr. Bourne, which consists in assuming the effective

pressure to be 21 pounds per square inch, the other data being the same as in the

rule for low-pressure engines. See Rankine's * Manual of the Steam Engine and other

Prime Movers.'

BORSE-RADZSB. The root of Cochlearia Armoracia, eaten as a condiment.

For tho distinctions between the roots of horse-radish and monkshood, see Aconite.
BOKSESHOSS. The ordinary method of making these is well known. There

has, however, been introduced with much success a machine for making horse-

shoos ; and one of these machines has been erected at Cliillington Ironworks, Wolver-

hampton, by the inventor, Mr. Henry Burden, of Troy, New York. As early as

1835 he took out a patent for a macliine for making horseshoes, which he improved

upon in 1843, and tliis was turned to practical account by the production of a con-

siderable number of horseshoes. The present machine, however, which was patented

in 1857, is entirely different from the former ones, and is a very remarkable piece of

mechanism. In the previous machines tho piece of iron bar of which tho shoe was to

be made was rolled into shape before being bent, and the pressure of tho rollers being

in tho direction of its length, the bar, wlien it was pressed, was naturally rather ex-

tended in length than width, and tho widening which is required at the crown of tho

shoe was not properly effected. By tho present plan the bar, after being lieatod,

enters tho machine by a feeding apparatus, a piece of the required length is cut off,

and, by a stroke from a piece of steol, shaped like the inside of a horseshoe, is bent,

and falls upon a die on a wheel beneath, corresponding to one on a cylinder above,

and thus acquires by pressure the desired shape, two lateral strikers at the same
moment hitting the extremities, or heels, of the shoe, and driving them inwards into.
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the required shape. Thence it passes between another pair of dies, where it is stamped,

and by an ingenious arrangement is flattened from the curled shape which the wheel

gives it as it falls at the mouth of the machine. The shoes thus made are remarkable
for their exactness in shape and in the position of the holes—a most important point

with regard to the safety of horses' feet ; and they can be produced, when the machine
is in proper order, at the rate of 60 per minute, which is more than two men can

foi^e in a day ; their superiority over shoes forged by hand is very striking. As
the bar is bent before being pressed in the die, the pressure at the crown is in the

direction of the width, and hence the widening is readily effected.

HOSIER'S'. {Bonneterie, Fr. ; Strurrvpfweherei, Ger.) The stocking-frame, which
is the great implement of this business, though it appears at first sight to bo a com-
plicated machine, consists merely of a repetition of parts easily understood, with a
moderate degree of attention, provided an accmrate conception is first foru)ed of the
nature of the hosiery fabric. This texture is totally different from the rectangular
decussation which constitutes cloth, as the slightest inspection of a stocking will show;
for this, instead of having two distinct systems of thread, like the warp and the weft,

which are woven together by crossing each other at right angles, the whole piece is

composed of a single thread united or looped together in a peculiar manner, which is

called stocking-stitch, and sometimes chain-work.

This is best explained by the viewing. 1153. A single thread is formed into a
number of loops or waves, by arranging it over a number of parallel needles, as shown
at B ; these are retained or kept in the form
of loops or waves, by being drawn or looped
through similar loops or waves formed by the
thread of the preceding course of the work, s.

The fabric thus formed by the union of a
number of loops is easily unravelled, because
the stability of the whole piece depends upon
the ultimate fastening of the first end of the
thread ; and if this is undone, the loops formed
by that end will open, and release the subse-

quent loops one at a time, until the whole is

unravelled, and drawn out into the single

thread from which it was made. In the same
manner, if a thread in a stocking-piece fails, or breaks at any part, or drops a stitch, as
it is called, it immediately produces a hole, and the extension of the rest can only be
prevented by fastening the end. It should be observed that there are many different

fabrics of stocking-stitch for various kinds of ornamental hosiery, and as each requires
a different kind of frame or machine to produce it, we should greatly exceed our limits
to enter into a detailed description of them all. That species which we have repre-
sented in^. 1154 is the common stocking-stitch used for plain hosiery, and is formed
by the machine called the common stocking-frame, which is the groundwork of all the
others. The operation, as we see, consists in drawing the loop of a thread succes-
sively through a series of other loops, so long as the work is continued, as is very
plainly shown for one stitch in fig. 1155.

The first kind of frame, which forms the foundation of all the others, is that for
knitting plain hosiery, or the common stocking-frame.
Of this valuable machine, the invention of Mr. Lee of Cambridge, a side elevation

is given in fig. 1156, with the essential parts. The framing is supported by four
upright posts, generally of oak, ash, or other hard wood. Two of these posts appear
at A A, and the connecting cross rails are at c c. At b is a small additional piece of
framing, which supports the hosier's seat. The iron-work of the machine is bolted or
screwed to the upper rails of the framework, and consists of two parts. The first rests
upon a sole of polished iron, which appears at d, and to which a great part of the
machinery is attached. The upper part, which is generally called the carriage, runs
upon the iron sole at d, and is supported by four small wheels or trucks, as they are
called by the workmen. At the upper part of the back standard of iron are joints,
one of which appears at q ; and to these is fitted a frame, one side of which is seen
extending to h. By means of these joints the end at h may be depressed by the
hosier's hand, and it returns, when relieved, by the operation of a strong spring of
tempered steel, acting between a cross bar in the frame, and another below. The
action of this spring is very apparent mfig. 1156. In the front of the frame, im-
mediately opposite to where the hosier sits, are placed the needles which form the
loops. These needles, or rather hooks, are more or less numerous, according to the
coarseness or fineness of the stocking ; and this, although unavoidable, proves a very
considerable abatement of the value of a stocking-frame. In almost every other
machine (for example, those employed in spinning or weaving), it is easy to adapt any
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one either to work coarser or finer work, as it may bo wanted. But in theraannfaoture
of hosiery, a frame onco finished,

is limited for ever in its opera-
tion to tliesame quality of work,
with this exception, that Ijy

changing the stuff, the work may
be made a little more dense or
flimsy ; but no alteration in tlio

size or quantity of loops Ciin take
place, llence where the manu-
facture is extensively prosecuted,

many frames may be thrown idle

by every vicissitude of demand
;

and where a poor mechanic docs

purchase his own frame he is for

ever limited to the same kind
of work. The gauge, as it is

called, of a stocking-frame is re-:

gulated by the number of loops

contained in three inches of

breadth, and varies very much

;

the coarsest frames in common
use being about what are termed
Fourteens, and the finest em-
ployed in great extent about
Forties. The needles are of iron

wire, the manufacture of which
is very simple ; but long practice

in the art is found necessary before a needle-maker acquires the dexterity which will

enable him both to execute his work well, and in sufficient quantity to render his

labour productive.

The process of making the needles is as follows :—Good sound iron wire, of a proper
fineness, is to bo selected ; that which is liable to split or splinter, either in filing,

punching, or bending, being totally unfit for the purpose. The wire is first- to be cut

into proper lengths, according to the fineness of the frame for which the needles are

designed, coarse needles being considerably longer than fine ones. When a sufficient

number (generally some thousands) have been cut, the wire must be softened as much
as possible. This is done by laying them in rows in a flat iron box, about an inch

deep, with a close cover ; the box being filled with charcoal between the strata of wires.

This box, being placed upon a moderate fire, is gradually heated until both the wires

and charcoal have received a moderate red heat, because, were the heat increased to

what smiths term the white heat, the wire would be rendered totally unfit for the sub-

sequent processes which it has to undergo, both in finishing and working. "When the

box has been sufficiently heated, it may be taken from the fire, and placed among hot

ashes until both ashes and box have gradually cooled ; for the slower the wires cool,

the softer and easier wrought they will be. When perfectly cool, the next process is

to punch a longitudinal groove in the stem of every needle, which receives the point

or barb, when depressed. This is done by means of a small engine worked by the

1160 power of a screw and lever. The construction of

these engines is various ; but a profile elevation of

one of the most simple and commonly used will be

found mfig. 1156. It consists of two very strong

pieces of malleable iron, represented at a and c,

and these two pieces are connected by a strong

well-fitted joint at n. The lower piece, or sole of

the engine at c, is screwed down by bolts to a

strong board or table, and the upper piece a will

then rise or sink at pleasure, upon the joint n. In

order that a may be very steady in rising and
sinking, which is indispensable to its correct ope-

ration, a strong bridle of iron, which is shown in

section at e, is added to confine it, and direct its motion. In the u^per part of this

bridle is a female screw, through which the forcing screw passes, which is turned by

the handle or lever d. To the t>ole of tiie engine c is fixed a bolster of tempered steel,

with a small groove to receive the M-ire whicli is to bo punched ; and in the upper or

moving part a, is a sharp chisel, which descends exactly into the groove, when a is

depressed by the screw. These are represented at r, and above H. At o is a strong

f A
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spring, which forces tip the chisel when the pressure of the screw is removed. The
appearance of the groove, when the punching is finished, will be rendered familiar by

inspecting^. 1162, p. 817. When the punching is finished, the wires are to bo

brought to a fine smooth point by filing and burnishing, the latter of which should bo

very completely done, as, besides polishing the wire, it tends greatly to restore that

spring and elasticity which has been removed by the previous operation of softening.

The wire is next to be bent, in order to form the hook or barb ; and this is done with

a small piece of tin plate bent double, which receives the point of the wire, and by its

breadth regulates the length of the barb. The stem of the needle is now flattened

with a small hammer, to prevent it from turning in the tin socket in which it is

afterwards to be cast ; and the point of the barb being a little curved by a pair of

small plyers, the needle is completed.

In order to fit the needles for the frame, they are now cast into the tin sockets or

leads as they are called by the workman ; and this is done by placing the needles in

an iron mould, which opens and shuts by means of a joint, and pouring in the tin

while in a state of fusion. In common operations, two needles are cast into the same
socket. The form of the needle, when complete and fitted to its place in the frame,

will be seen in fig, 1157, which is a profile section of the needle-bar exhibiting one

1157

needle. In this figure a section of the pressure is represented at f ; the needle appears

at G, and the socket or level at k. At h, is a section of the needle-bar, on the fore

part of which is a small plate of iron called a verge, to regulate the position of the

needles. When placed upon the bar resting against the verge, another plate of iron,

generally lined with soft leather, is screwed down upon the sockets or leads, in order

to keep them all fast. This plate and the screw appear at i. When the presser at f

is forced down upon the barb, this sinks into the groove of the stem, and the needle is

shut ; when the presser rises, the barb opens again by its own elasticity.

The needles or hooks being all properly fitted, the next part of the stocking-frame

to which attention ought to be paid, is the machinery for forming the loops ; and this

1158
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consists of two parts. The first of these, which sinks between every second or alternate
needle, is represented at o,fig. 1155, and is one of the most important parts of the
whole machine. It consists of two moving parts ; the first being a succession of hori-
zontal^ levers moving upon a common centre, and called jacks, a term applied to
vibrating levers in various kinds of machinery as well as the stot-king-frame. One
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only of these jacks can be represented in the profile/^. 1166 ; but the whole aie dis-

tinctly shown in a horizontal position \njrg. 1158 ; and a profile upon a very enlarged
scale is given mfig. 1159. The jfick shown mfig. 1165, extends horizontally from o
to I, and the centre of motion is at r. On the front, or right hand of the jack at o, is

a joint suspending a very thin plate of polished iron, which is termed a sinker. One
of these jacks and sinkers is allotted for every second or alternate needle. The form
of the sinker will appear at s,^^. 1169 ; and in order that all maybe exactly uniform
in shape, they are cut out and finished between two stout pieces of iron, which servo
as moulds or gauges to direct the frame-smith. Tlio other end of the jack at i, is

tapered tx) a point ; and when the jacks are in their horizontal position, they are
secured by small iron springs, one of which is represented at i,fig. 1155, each spring
having a small obtuse-angled notch to receive the point of the jack, against which it

presses by its own elasticity. In fig. 1169, the centre is at r, the pointed tail is

omitted for want of room, the joint is at o, and the throat of the sinker, which forms
the loop, is at s. The standards at r, upon which the jack moves, are called combs,
and consist of pieces of flat smooth brass, parallel to, and equidistant from each other.

The cross bar r, which contains the whole, is of iron, with a perpendicular edge or rim
on each side, leaving a vacancy between them, or a space to receive the bottom part or

tails of the combs. The combs are then placed in the bar, with a flat piece of brass

called a countercomb, between each, to ascertain and preserve their distances from e.-ich

other. Tliese countercombs are exactly of the same shape as the combs, but have no
tails. When both combs and countercombs are placed in the bar, it is luted with clay

80 as to form a mould, into which is poured a sufficient quantity of melted tin. When
the tin has had time to cool, the countercombs having no tails are easily taken out,

and the combs remain well fastened and secured by the tin, which has been fused

entirely round them. Thus they form a succession of standards for the jacks ; and a
hole being drilled through each jack and each comb, one polished wire put through
serves as a common centre for the whole.

The jack sinkers being only used for every alternate or second needle, in order to

complete this part of the apparatus, a second set of sinkers is employed. These are,

in form and shape, every way the same as the jack sinkers, but they are jointed at the

top into pieces of tin, all of which are screwed to the sinker bar,H,/^. 1165 ; and thus

a sinker of each kind descends between the needles alternately. By these sinkers the

loops are formed upon all the needles, and the reason of two sets different in operation

being employed, will be assigned in describing the mode of working the frame. The
pressor of the operation, of which something has already been said, appears at f ; and
of the two arms which support and give motion to it, one appears very plainly at e, its

centre of motion being at c. The circular bend given to these arms, besides having an
ornamental effect, is very useful, in order to prevent any part from interfering with the

other parts which are behind, by elevating them entirely above them. The extremities

of these arms at the termination of the bends behind, are connected by a cross bar,

which has also a circular bend in the middle, projecting downwards for a reason

similar to that already assigned. This bend is concealed in^^. 1155, but visible in

the front elevation, j?^'. 1161. From the middle of the bend, the presser is connected

with the middle treadle by a depending wire, appearing at m, fig. 1156, and thus, by
the pressure of that treadle, the presser is forced down to close the barbs of the

needle. The re-ascent of the presser is sometimes effected by means of a counter-

poising weight passing over a pulley behind ; and sometimes by the reaction of a

wooden spring, formed of a strong hoop like that represented at k. The latter of

these is preferred, especially by the Nottingham hosiers, because, as they assert, it

makes the presser spring up with greater rapidity, and consequently saves time in

working. How far this may be practically the case, it would be superfluous here to

investigate ; but it is obvious that the wooden spring, if very stiff, must add much to

the hosier's exertion of his foot, already exerciscxi against the united spring of all his

barbs ; and this inconvenience is much complained of by those who have been accus-

tomed to work with the counterpoise.

At L are two pulleys or wheels, of different diameters, moving upon a common
centre, by which the jack-sinkers are relieved from the back springs, and thrown

downwards to form the loops upon the needles. About tlio larger wheel is a band

of whipcord, passing twice round, the extremities of which are attached to what is

called the slur, which disengages the jacks from the back springs. The smaller

pulley, by another band, communicates witli the right and left treadle ; so that these

treadles, when pressed alternately, turn the pulleys about in an inverted order. The

directions of these bands also appear more plainly in the front elevation, /^. 1161.

The construction of the slur, and its effect upon the jacks, will also bo rendere<l

apparent by fi^. 1160. In this figure, eight jacks are represented in section, the tail

part of three of which, 1, 2, 3, are thrown up by the slur in its progress from left to
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right ; the fourth is in the act of rising, and the remaining foiir, 5, 6, 7, and 8, are

still unacted upon, the slur not yet having reached them. As the slur acts in the

1161direction of the dotted line x x,

fig. 1160, behind the centres of

the jacks, it is hardly necessary

to remark, that this forcing-up

of the tails must of course de-

press the joints by which the

sinkers in front are suspended

;

the jack sinkers falling succes-

sively from the loops on every

alternate needle, in the -way re-

presented at fig. 1163, where
both kinds of sinkers appear in

section, the light part expressing

M-hat is above the point at which
the throat of the sinker operates

.upon the thread, and the dark
part what is below. The second

set, or, as they are called, the

lead sinkers, from the manner of

joining them, and suspending

them from the bar above, ap-

pear still elevated ; the position

of the bar being represented by
the line, a b. But when these

are pulled down to the level of

the former by the operator's

hands, the whole looping will be
completed, and the thread c d,

which is still slack, will be

brought to its full and proper
degree of tension, which is re-

gulated by top screws, so as to

be tempered or altered at plea-

sure. The sinking of this second set of sinkers may be easily explained by^. 1164.
The direction of the sinkers is expressed by the line e ; the bar from which they are
suspended will be at a ; the top frame is in the direction from a to b ; the back
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standards at d ; and the joint at b, is the centre of motion. If e is pulled perpendicu-
larly downwards, the spring c will be contracted, and its upper extreme point, g,
will be brought nearer to its lower extreme
point F, which is fixed. Again, when the
force which has depressed b is removed,
the spring c will revert to its former state,

and the sinkers will rise. The raising of
the jack sinkers and jacks takes place at
the same time, by the hosier raising his
hands ; and for the cause of this we must
revert to ^i^. 1158. The lead sinkers in
rising lay hold of notches, which raise the
extreme parts of the set ofjacks z, z, which
are called half-jacks. Between the extremities of these at z z, is a cross bar, which,
in descending, presses all the intermediate jacks behind the common centre, and re-
stores them to their original posture, where they are secured by the back springs,
until they are again relieved by the operation of the slur recrossing at the next
course.

Vol. ,11. 3 G
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Working of the Frame.—In order to -work a frame, the whole apparatus being pre-

viously put into complete order, the hosier places himself on the seat b in front, and
provides himself with a bobbin of yarn or stuflf. This bobbin ho places loosely on a
vertical pin of wire, driven into one side of the frame contiguous to the needles, so

that it may turn freely as the stuff is unwound from it. Taking the thread in his

hand, he draws it loosely along the needles, behind the barbs, and under the throats

of the sinkers. He then presses down one of the treadles to pass the slur along,

and unlock the jack from the back springs, that they may fall in succession.

When this is done, the numbei of loops thus formed is doubled by bringing down the

lead sinknrs, and the new formed loops are lodged under the barbs of the needles

by bringing forward the sinkers. The preceding course, and former fabric, be-

i ng then again pushed hack, the barbs are shut by depressing the middle treadle,

and forcing down the pressor upon the needles. The former work is now easily

brought over the shut needles, after which, by raising the hands, both sets of sinkers

are raised ; the jacks are locked by the back springs, and the hosier goes on to

another course.

From this it will be apparent, that the remark made in the outset is well founded,

that there are in reality no complicated or difficult movements in the stocking-frame.

Almost the whole are merely those of levers moving upon their respective fulcra,

excepting that of the carriage which gives the horizontal motion to the sinkers, and
that is merely an alternate motion on four wheels. Yet the frame is a machine which
reqrdres considerable experience and care, both to work it to advantage, and also to

keep it in good order. This circumstance arises greatly from the small compass in

which a number of moving parts must be included. Owing to this, the needles, unless

cautiously and delicately handled, are easily bent or injured. The same circumstance

applies with equal or greater force to the sinkers, which must be so very thin as to be

easily injured. But as these must work freely, both in a perpendicular and horizontal

direction between the needles, in a very confined and limited space, the slightest

variation in either, from being truly and squarely placed, unavoidably injures the

others. When a hosier, either ignorant of the mechanical laws of their relation to

each other, or too impatient to wait for the assistance of another, attempts to rectify

defects, he in most cases increases them tenfold, and renders the machine incapable of

working at all, until repaired by some more experienced person. This circumstance

}ias given rise to a set of men employed in this trade, and distinguished by the name
of upsetters ; and these people, besides setting new frames to work, have frequently

more employment in repairing old ones injured by want of care or skill.

It seems unnecessary to go further into detail respecting a machine so well known,
and which requires practical attention even more than most others. It may, there-

fore, be sufficient to describe shortly some of its varieties, the most simple and
common of which is the rib stocking-frame.

Bib stocking-frame.—This frame, which, next to the common fr^me, is most exten-

sively in use, is employed for working those striped or ribbed stockings, which aro

very common in all the different materials of which hosiery is formed.

In principle it does not differ from the common frame, and not greatly

in construction. The preceding general description will nearly apply

to this machine with equal propriety as to the former; that part,

however, by which the ribs or stripes are formed is entirely an addi-

tion, and to the application of this additional machinery it may bo
proper to pay the chief attention, referring chiefly to fig. 1161, which
is a front elevation. This figure has been already referred to for the

illustration of those parts of the machinery which are common to

both, and those parts therefore require no recapitulation. The
principle of weaving ribbed hosiery has considerable affinity to that

of weaving that kind of cloth which is distinguished by tho name
of tweeling, for the formation of stripes, with some variation arising

merely from the different nature of the fabric. In cloth-weaving,

two different kinds of yarn intersecting each other at right angles,

are employed ; in hosiery only one is used. In the tweeling of cloth,

striped as dimity, in tho cotton or kerseymere, and in the woollen

manufacture, the stripes are produced by reversing these yarns. In

hosiery, where only one kind of yarn is used, a similar effect is pro-

duced by reversing the loops. To effect this reversing of tho loops, a

second set of needles is placed upon a vertical frame, so that tho bends

of the hooks may be nearly under those of the common needles. These needles aro cist

into tin moulds, pretty similar to tho former, but more oblique or bevelle.l towanls tho

point, so as to prevent obstructions in working them. They aro also scrowed to a bar

of iron, generally lighter than the otlier, and secured by means of plates : this bar is
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not fixed, but has a pivot in each end, by means of which the bar may hare a iund of
oscillatory motion on these pivots. Two frames of iron support this bar ; that in

which it oscillates being nearly vertical, but inclined a little towards the other needles.

Fig. 1166, which is a profile elevation, will serve to illustrate the relative position of

each bar to the other. The lower or horizontal frame, the ends only of which can be seen

in fig. 1161, under a a, appears in profile in fig. 1165, where it is distinguished by d.

The vertical frame at a is attached to this by two centre-screws, which serve as joints

for it to move in. On the top of this frame is the rib-needle bar at /, in figs. 1155
and 1165, and one needle is represented in fig. 1165 at /. At ^ is a small presser, to

shut the barbs of the rib-needles, in the same manner as the large one does those of
the frame. At A is one of the frame needles, to show the relative position of the one
set to the other. The whole of the rib-bar is not fitted with needles like the other

;

for here needles are only placed where ribs or stripes are to be formed, the intervals

being filled up with blank leads, that is to say, with sockets of the same shape as the
others, but without needles ; being merely designed to fill the bar and preserve the
intervals. Two small handles depend from the needle bar, by which the oscillatory

motion upon the upper centres is given. The rising and sinking motion is communi-

1166

cated to this machine by chains which are attached to iron sliders below, and which

are wrought by the hosier's heel when necessary. The pressure takes place partly by
3g2

"'
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the action of the small pressor, and partly by the motion of the needles in descending.

A small iron slider is placed behind the rib-needles, which rises as they descend, and
serves to free the loops perfectly from each other.

In the weaving of ribbed hosiery, the plain and ribbed courses are wrought alter-

nately. When the plain are finished, the rib-needles are raised between the others,

but no additional stuflf is supplied. The rib-needles intersecting the plain ones,

merely lay hold of tlie last thread, and, by again bringing it through that which was
on the rib-needle before, give it an additional looping, which reverses the line of

chaining, and raises the rib above the plain intervals, which have only received a
single knitting.

HOT BZ..aST. See Isoy.
BOT-FXiirXi is the name given in England to an apartment heated by stoves or

steam-pipes, in which padded and printed calicoes are dried hard. Fig. 1166 repre-

sents the simplest form of such a flue, heated by the vertical round iron stove c, from
whose top a wide square pipe proceeds upwards in a slightly-inclined direction, which
receives the current of air heated by the body and capital of the stove. In this wide
channel there are pulleys, with cords or bands which suspend by hooks and conduct

the web of calico from the entrance at b, where the operative sits, to near the point

A, and back again. This circuit may be repeated once or oftener till the gootls are

perfectly dried. At d the driving-pulley connected with the main shaft is shown.

Near the feet of the operative is the candroy or reel, upon which the moist goods are

rolled in an endless web ; so that their circulation in the hot-air channel can be con-

tinued without interruption as long as may be necessary.

jjgy
Fig. 1167 is a cross-section of the

apparatus of the regular hot-flue, as it is

mounted in the most scientific calico-

works of England, those of James Thom-
son, Esq., of Primrose, near Clitheroe,

Lancashire, a a a a is an arched apart-

ment, nearly 30 yards long, by 13 feet

high, and 10 feet wide. Through about

one half of this gallery there is a hori-

zontal floor supported on arches, above

which is the driest space, through which

the goods are finally passed before they

escape from the hot-flue, after they have

been previously exposed to the hot but

somewhat moist air of the lower com-

partment. A large square flue covered

with cast-iron plates runs along the

whole bottom of the gallery. It is

divided into two long parallel vaults,

whose sections are seen at uu,fig. 1167,

covered with the cast-iron plates v v,

grooved at their ends into one another. The thickness of these plates is increased

progressively as they come nearer to the fireplace or furnace. There are dampers

which regulate the draught, and of course the heat of the stove, h h are the air-

passages or vent-holes, left in the side walls, and which, by means of a long iron rod

mounted with iron plates,
1168 jjjay be opened or closed

together to any degree.

k k are the cast-iron sup-

ports of the tinned brass

rollers which guide the

goods along, and which
are fixed to the cross

pieces represented by rr.

Jig. 1167. / / are iron

bars for supporting the

ventilators or fans (see

EouNDUY and Ventila-

tion). These fans are

here enclosed within

a wire grating. They
make about 300 turns

per minute, and expel the moist air with perfect effect. 8 indicates the position

of tlie windows, which extend throughout the length of the building, t is a
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gas-light jet, placed at the side of each window to supply illumination for night-

work.
The piece is stretched along the whole extent of the gallery, and runs through it in

the course of one minute and a half ; being exposed during its passage to the heat of

212° Fahr.

In fig, 1168, a is the iron door of entrance to the hot-flue gallery ; at h is tho

padding-machine, where the goods are imbued with the general mordant. The speed

of this machine may be varied by means of the two conical drums c c, which drive it;

since when tho band c c is brought by its forks and adjusting screws nearer to the

narrow end of the lower drum, the cylinder upon the main shaft with the latter is

driven quicker; and vice versa. Over d d the cords are shown for drawing the drum
mechanism into gear with the main-shaft band, f, f, e ; or for throwing it out of gear.

Tho pulleys F f carry the bands which transmit the motion to the padding machine. A
cylindrical drum exterior to the hot-flue, covered with flannel, serves to receive the

end of tho series of pieces, and to draw them through the apartment. This mode of

drying the padded calicoes requires for each piece of 28 yards three pounds of coal

for the furnace when a fan is employed, and four pounds without it. See Calico-

Printing.
HOT-ixr.A.TER APPARA.TI7S. (Calorifere d'eau, Yr. ; Wasser-Heitzung, Ger.)

In tho Bictionnaire Technologique, vol. iv. we find a description of an apparatus, of

late years much employed for heating conservatories, &c., by hot water circulating in

pipes :—
This mode of heating is analogous to that by stove-pipes ; it is effected by the cir-

culation of water, which, like air, is a bad conductor, but may serve as a carrier of

caloric by its mobility. We may readily form an idea of the apparatus which has been
employed for that purpose. We adapt to the upper part of either a close kettle, or of

an ordinary cylindric boiler A, ^. 1169, a tube b, which rises to a certain height, and
descends, making several sinuosities with a gentle slope till it reaches the level of the

bottom of the boiler, to whose lowest part, as that which is least heated, it is fitted at

c. At the highest point of the tube f we adapt a vertical

pipe, destined to serve as an outlet to the steam which may
be formed if the temperature be too much raised ; it serves

also for the escape of the air expelled from the water by the

heat ; and it permits the boiler to be replenished from time

to time as the water is dissipated by evaporation ; lastly, it

is a tube of safety.

The apparatus being thus arranged, and all the tubes as

well as the boiler filled with water, if we kindle fire in the

grate D, the first portions of water heated, having become
specifically lighter, will tend to rise: they will actually

mount into the upper part of the boiler, and, of course,

enter the tube b F : at the same time an equivalent quantity

of water will re-enter the boiler by the other extremity c

of the tube. We perceive that these simultaneous move-
ments will determine a circulation in the whole mass of the

liquid, which will continue as long as heat is generated in

the fire-place ; and if we suppose that the tubes, through-
out their different windings, are applied against the walls
of a chamber, or a stove-room, the air will get warmed by contact with the hot
surfaces ; and we may accelerate the warming by multiplying these contacts in the
mode indicated.

This calorifhe can be employed with equal advantage and with more safety than
those with heated air, when it is wished to heat large apartments. In the present case,

the temperature of the water, without pressure, in the tubes, must be always under
100° C. (212° F.), even in those points where it is most heated, and less still in all

the other points, while the temperature of the flues in air stoves, heated directly by the

products of combustion, may be greatly higher. In air stoves, however, the pipes may
without inconvenience have a large diameter, and present, consequently, a large heat-

ing surface; whereas, with the water calorifere, the pressure exercised by liquid upon
the sides of the tubes being in the ratio of the surfaces, we are obliged, in order to

avoid too great pressure, to employ a multitude of small tubes, which is expensive.

Lastly, if the hot-water circulation is to be carried high, as may be often necessary in

lofty buildings, the pressure resulting from the great elevation would call for propor-
tional thickness in the tubes and the boiler ; for these reasons it appears that water
cannot in all cases be advantageously substituted for air or steam in the applications
above stated: yet this mode of heating presents very decided advantages where it is

needed to raise the temperature a small number of degrees in a uniform manner...
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M. Bonnemain applied, with much success, these ingenious processes of heating by
the circulation of water to maintain a very equal temperature in hothouses (serres-

chaudes), in stoves adapted to artificial incxibation, and in preserving or quickening
vegetation within hothouses, or outside of their walls, during seasons unpropitious to

horticulture.

Since the capacity of water for heat is very great, if the mass of it in a circulation-

apparatus be very considerable, and the circulation be accelerated by proper arrange-

ments, as by cooling the descending-tube exterior to the stove-room, we may easily

obtain by such means a moderately high and uniform temperature, provided the heat

generated in the fire-place be tolerably regular. We may easily secure this essential

point by the aid oi \hQ fire-regulator, an instrument invented by M. Bonnemain.
It should be clearly understood that wood will become charred and eventually take

fire if kept in contact with iron pipes through which hot water circulates. This may
appear contrary to ordinary experience. There are, however, numerous evidences

which prove distinctly that it is dangerous to have wood in contact with even hot-water

pipes, and that it is infinitely more so to have it near to pipes through which the circu-

lation of heated air is carried on.

There are several arrangements for carrying out this system of warming ; but the

principle is the same in all of them. Heated water ascendsfrom the boiler, circulates

through the pipes, giving warmth to the building in its passage, and it returns cool

to the boiler, to be again circulated.

HO'WIilTS. A hydrous borate of lime. See Bobacic Acid.
HUASro. See Gtjako.

HUIVXBOIBTIIjZTXi. a silicate of alumina, lime, magnesia, soda, &c. It occurs

in crystals belonging to the pyram'idal system, in the ejected limestones of Monte
Somma. A substance identical in chemical composition and crystalline form has been
found in slags from some of the Staffordshire blast-furnaces.

HtrXMCZTZ]. A silicate of magnesia from Vesuvius ; known also as Chondrodite.

HXTACTTS. The vegetable matter of the soil, called also Ulmin. By action of al-

kalis it yields humic or idmic acid.

HinrGAR? "WATSR. Supposed to be named after a queen of Himgary, who
used it as a cosmetic : it is prepared by distilling rosemary. See Eatj de Cologne.
HTACZIVTH. The name under which are included the transparent, bright-

coloured varieties of zircon. Hyacinth differs from jargoon merely in colour, which
is orange-red passing into poppy-red. Though not much worn at the present time, it

is a valuable gem, and makes a very superb ring-stone when of a bright tint and free

from flaws. The larger species are sometimes made into seals. Hyacinths occur in

the sand and alluvial deposits of certain rivers in Ceylon, also in the state of sand,

mingled with various other substances, in the bed ofa stream at Expailly (Haute-Loire)

in France, as well as in basalt near the same place. It is also found in volcanic tuft*

in Auvergne, in Bohemia, Saxony, the Tyrol, Transylvania, Greenland, in the zircon-

syenite of Fredericksvarn, in Norway, and in the iron mines of Arendal; also at

Miask in the Urals, "Vesuvius, at Santa Eosa in New Grenada, at Scalpay in Harris,

Scotland, Egypt, the East Indies, and elsewhere. The hyacinth-red varieties of zircon

are soldby the inhabitants of Ceylon as inferior rubies.—H. "W. B.

Many of the stones used in jewellery under the name of hyacinth are nothing more
than hyacinth-coloured garnets, belonging to the variety known as cinnawon-stone or

essonite. This false hyacinth may be readily distinguished from the true gem by
difference of specific gravity; that of the cinnamon-stone being only about 36, whilst

the specific gravity of the true hyacinth rises as high as 47. Moreover, zircon is a

doubly-refracting mineral, and garnet singly-refracting : a distinction which may
sometimes be of value in the discrimination of cut stones. Both substances have
about the same degree of hardness. The red zircon loses its colour on ignition, and
increases in density. Some finely-coloured hyacinths have recently been found in the

form of rolled pebbles at Mudgee, in New South Wales.

HTAIiOGRAPHT. The art of etching on glass. The process may be effected

either chemically, by the action of hydrofluoric acid ; or mechanically, by means of

the sand-blast. See Glass.

H7DRA.CZBS. A term sometimes applied to those acids which obviously contain

hydrogen as an essential constituent, such as hydrochloric acid. The term was
formerly used to distinguish these acids from another class called oxyacids, such as

sulphuric acid ; but as these also are now known to contain hydrogen, the old distinc-

tion has lost its significance. All acids, indoed, are hydracids.

HTBRATZiS are compounds of the oxides, salts, &c., with water in definite or

equivalent proportions. Thus slaked lime consists of one atom of quicklime = 2S,

-»-one atom of wat€r = 9, of which the sum is 37 on the hydrogen scale. 'The very

different functions performed by water in the various modes of combination it affects



HrORAULIC LIME 823

render it necessary to adopt a definite principle of nomenclature in this respect. . . .

I shall employ the word hydrate only where the water is combined with a base, such

as a metallic oxide, thus, hydrate of lime, hydrate of potash, hydrated oxide of lead.'

—Kane.
HTBRATTZiXC X^ZME. The poorer sorts of limestone, such as contain from 8 to

25 per cent, of foreign matter, in silica, alumina, magnesia, &c., form the best hydraulic

limes. All the water limestones are of a bluish-grey or brown colour, which is com-

municated to them by the oxide of iron. They are usually termed stone-lime by the

builders of the metropolis, to distinguish them from common chalk-lime, but so far

improperly, that the Dorking limestone is not much harder than chalk, and the Hailing

limestone is actually a chalk, and not harder than the pure chalk of the same neigh-

bourhood, from which it is only distinguished in appearance by being a little darker.

These, though calcined, do not slake when moistened ; but if pulverised they absorb

water without swelling up or heating, like/a^ lime, and aflford a paste which hardens

in a few days under water, but in the air they never acquire much solidity.

The following analyses of different hydraulic limestones are by Berthier :

—

A. Analyses of limestones.

Carbonate of lime

magnesia

„ protoxide of iron .

„ manganese .

Silica and alumina .

Oxide of iron , . , ,

B. Analyses of the burnt lime.

Lime
Magnesia
Aliimina

Oxide of iron ^ . . .

No. 1 No. 2 No. 3 No. 4 No. 8

97-0

2-0

i'o

98-5

*i'5

74-5

23-0

*i*2

76-5

30
30
1-5

\ 15-2

80-0

1-5

180

1000 100-0 98-7 99-2 99-5

96-4

1-8

1-8

97-2

2'8

78-0

200
20

68-3

2-0

24-0

5-7

70-0
1-0

29-0

100-0 1000 100-0 100-0 100-0

No. 1 is from the fresh-water lime formation of Chdteau-Landon, near Nemours
;

No. 2, the large-grained limestone of Paris ; both of these afford a fat lime when
burnt. Dolomite affords a pretty fat lime, though it contains 42 per cent, of carbonate

of magnesia. No. 3 is a limestone from the neighbourhood of Paris, which yields a

poor lime, possessing no hydraulic property ; No. 4 is the secondary limestone of

Metz ; No. 5 is the lime-marl of Senonches, near Dreux ; both the latter have the

property of hardening under water, particularly the' last, which is much used at Paris

on this account.

All good hydraulic mortars must contain alumina and silica'; the oxides of iron and
manganese, at one time considered essential, are rather prejudicial ingredients. By
adding silica and alumina, or merely the former, in certain circumstances, to fat lime,

a water-cement maybe artificially formed ; as also by adding to lime any of the follow-

ing native productions, which contain silicates
;
puzzolana, trass or tarras, pumice-

stone, basalt-tuff, or slate-clay. Puzzolana is a volcanic .product, which forms hills of

considerable extent to the south-west of the Apennines, in the district of Eome, the

Pontine marshes, Viterbo, Bolsena, and in the Neapolitan region of Puzzuolo, whence
the name. A similar volcanic tufa is found in many other parts of the world.

According to Berthier, the Italian puzzolana consists of 44-5 silica ; 15-0 alumina

;

8-8 lime; 4*7 magnesia; 1-4 potash; 4*1 soda; 12 oxides of iron and titanium; 9-2

water ; in 100 parts.

The tufa stone, which when ground forms trass, is composed of 57'0 silica, 16*0 clay,

2-6 lime, 1-0 magnesia, 7-0 potash, 1-0 soda, 5 oxides of iron and titanium, 9-6 water.

This tuff is found abundantly, filling up valleys in beds of 10 or 20 feet deep, in the
north of Ireland, among the schistose formations upon the banks of the Ehine, and at
Monheim in Bavaria.

The fatter the lime the less of it must be added to the ground puzzolana, or trass, to

form a hydraulic mortar ; the mixture should be made extemporaneously, and must at
any rate be kept dry till about to be applied. Sometimes a proportion of common
sand-mortar instead of lime is mixed with the trass. When the hydraulic cement
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hardens too soon, as in 12 hours, it is apt to crack; it is bettor when it takes 8 days
to" concrete. Through the agency of the water, silicates of lime, alumina (magnesia),

and oxide of iron are formed, which assume a stony hardness.
Besides the above two volcanic products, other native earthy compounds are used

in making water-cements. To this head belong all limestones which contain from
20 to 30 per cent, of clay and silica. By gentle calcination, a portion of the carbonic
acid is expelled, and a little lime is combined with the clay, while a silicate of clay
and lime results, associated with lime in a subcarbonated state. A lime-marl con-
tiiining less clay will bear a stronger calcining heat without prejudice to its qualities

as a hydraulic cement : but much also depends upon the proportion of silica present,

and the physical structure of all the constituents.

The mineral substance most used in England for making such mortar is vulgarly
called cement-stone. It is a reniforra limestone, which occurs distributed in single

nodules, or rather lenticular cakos, in beds of clay. They are mostly found in those
argillaceous strata which alternate with the limestone beds of the Oolite formation, as

also in the clay straui above the chalk, and sometimes in the London clay. On the

coasts of Kent, in the isles of Sheppey and Thanet, on the coasts of Yorkshire,

Somersetshire, and the Isle of Wight, &c., these nodular concretions are found in con-

siderable quantities, having been laid bare by the action of the sea and weather.

They were called by the older mineralogists Septaria and Ludm Helmontii (Van
Helmont's coits). When sawn across, they show veins of calc-spar traversing the

siliceous clay, and are then sometimes placed in the cabinets of virtuosi. They are

found also in several places on the Continent, as at Neustadt-Eberswalde, near
Antwerp, near Altdorf ' in Bavaria ; as also at Boulogne-sur-mer, where they are

called Boulogne pebbles (galets). These nodules vary in size from that of a fist to a
man's head ; they are of a yellow-grey or brown colour, interspersed with veins of

calc-spar, and sometimes contain cavities bestudded with crystals. Their specific

gravity is 2-59.

The Blue Lias cement-stones are considered the strongest water-limes of this country,

and are found on opposite sides of the Bristol Channel, near Watchet in Somerset-
shire, and Aberthaw in Glamorganshire, and also in North Wales a,nd at Lyme Regis
in Dorsetshire. The Dorking or Merstham lime and the Hailing lime, so termed
from a village on the left bank of the Medway above Rochester, but which is also

found near Burnham on the opposite side of the riverj though not possessing such

strong hydraulic properties as the lias, are also much esteemed.

Analyses of several cement-stones, and of the cement made with them :

—

A . Constituen ts of the cement-stones.

No. 1 No. 2 No. 3 No. 4 No. 5

Carbonate of lime 657 61-6 ... 82-9 63-8

„ magnesia 0-5 ... ... ... 1-5

„ protoxide of iron . 6-0 6-0 }- 11-6
„ manganese 1"6 ... *

Silica. 18-0 15-0 130 140
Alumina or clay. 6-6 4-8 ... trace 57
Oxide of iron .... 30 ... ...

Water "i'2 6-6 ... ...
*9-4

B. Constituents of the cement.

Lime...... 55-4 640 55-0 ... 66-6

Magnesia ..... ... ... ... 1-1

Alumina or clay.... 36-0 310 38-0 ... 210
Ox^ide of iron .... 8-6 150 130 ... 137

No. 1, English cement-stone analysed by Berthier; No. 2, Boulogne stone, by
Drapiez ; No. 3, English ditto, by Davy ; No. 4, reniform limestone-nodules from
Arkona, by Hiihnefeld ; No. 5, cement-stone of Avallon, by Dumas.

In England the stones are calcined in shaft-kilns, or sometimes in mound-kilns,

then ground, sifted, and packed in casks. The colour of the powder is usually dark

brown-red. When made into a thick paste with water it absorbs little of it, evolves

hardly any heat, and soon indurates. It is mixed with a sharp sand in various pro-

portions, immediately before using it ; and is employed in all marine and river em-

bankments, for securing the seams of stone or brick floors or arches from the percolation

of moisture, and also for facing walls to protect them from damp.
HTDRAXJX.ZC CEMSXrT. This is a kind of mortar used for building piers or

vails under, or exposed to, water, such as those of harbours, docks, &c. The cement
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of Pouilly is prepared from a Jurassic (secondary) limestone, which contains 39

per cent, of silica, with alumina, magnesia, and iron oxide. Vicat forms a factitious

Roman cement by making bricks with a pasty mixture of 4 parts of chalk and 1

part of dry clay, drying, burning, and grinding them. River-sand must be added
to this powder ; and even with this addition, its efficacy is somewhat doubtful ; though
it has, for want of a better substitute, been much employed at Paris.

Prof. Kuhlmann, of Lisle, has made certain improvements in the manufacture of

lime-cement, and Jie has prepared artificial stone possessed of a hardness and solidity

fit for the sculptor. See Stone, Artificiai..

In operating by the dry method, instead of calcining the limestone with sand and
clay alone, as has been hitherto commonly practised, this inventor introduces a small
quantity of soda, or preferably, potash, in the state of sulphate, carbonate, or muriate
—salts susceptible of forming silicates—when the earthy mixture is calcined. The
alkaline salt, equal in weight to about one-fifth that of the lime, is introduced in solu-

tion among the earths.

All sorts of lime are made hydraulic in the humid way, by mixing slaked lime with
solutions of common alum or sulphate of alumina ; but the best method consists in

employing a solution of the silicate of potash, called liquor of flints, or soluble glass,

to mix in with the lime, or lime and clay. An hydraxilic cement may also be made
which will serve for the manufacture of architectural ornaments, by making a paste of

pulverised chalk, with a solution of the silicate of potjish ; the said liquor of flints

likewise gives chalk and plaster a stony hardness, by merely soaking them in it

after they are cut or moulded to a proper shape. On exposure to the air they get

progressively indurated. Superficial hardness may be readily procured by washing
over the surface of chalk, &c., with liquor of flints, by means of a brush. This
method affords an easy and elegant method of giving a stony crust to plastertid walls

and ceilings of apartments ; as also to statues and busts, cast in gypsum, mixed with
chalk.

The essential constituents of every good hydraulic mortar are caustic lime and
silica ; and the hardening of this compound under water consists mainly in a chemical

combination of these two constituents through the agency of the water, producing a
hydrated silicate of lime. But such mortars may contain other bases besides lime, as,

for example, alumina and magnesia, whence double silicates of great solidity are formed

;

on which accoimt dolomite is a good ingredient of these mortars. But the silica must
be in a peculiar state for these purposes ; namely, capable of affording a gelatinous

paste with acids ; and if not so already, it must be brought into this condition, by cal-

cining it, along with an alkali or an alkaline earth, at a bright red heat, when it will

dissolve, and gelatinise in acids. Quartzose sand, however fine its powder may be,

will form no water-raortar or lime ; but if the powder be ignited with the lime, it then
becomes fit for hydraulic work. Ground felspar or clay forms with slaked lime no
water-cement ; but when they are previously calcined along with the lime, the mix-
ture becomes capable of hardening under water.

Hamelin's Cement is composed of ground Portland stone (roe-stone), sand and litharge,

in the proportion of 62 of the first, 35 of the second, and 3 of the third, in 100 parts

;

but other proportions will also answer the purpose. Considerable dexterity is required

to make good work with it.

Limestone, which contains as much as 10 per cent, of clay, comports itself after cal-

cination, if all the carbonic acid be expelled, just as pure limestone would do. When
it is less strongly burned, it affords, however, a mass which hardens pretty speedily in

water. If the argillaceous proportion of a marl amounts to 18 or 20 per cent., it still

will slake with water, but it will absorb less of it, and forms a tolerably good hydraulic

mortar, especially if a little good Roman Cement be added to it. When the proportion

of clay is 25 to 30 per cent, after burning, it heats but little with water, nor does it

slake well, and must therefore be ground by stampers or an edge millstone, when it is

to be used as a mortar. This kind of marl yields commonly the best water-cement

without other addition. Should the quantity of clay be increased farther, as up to 40
per cent., the compound will not bear a high or long-continued heat without bein^

spoiled for making hydraulic mortar after grinding to powder. When more strongly

calcined, it forms a vitriform substance, and should, after being pulverised, be mixed
up with good lime, to make a water-mortar. If the marls in any locality differ much
in their r-elative proportions of lime and alumina, then the several kinds shoxdd bo

mixed in such due proportions as to produce the most speedily-setting, and most
highly-indurating hydraulic cement.

Hydraulic limes or cements require the presence of carbonate of lime with silica,

or silicate of alumina, or magnesia. It is stated that dolomite calcined at a moderate

teat exhibits the property of a hydraulic lime. See Dolomite.
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If carbonate of limo bo mixed with gelatinous silica, it forms a good hydraulic
cement. See Silica. ; and Stonk, AKxiFiciAii.

If a liydraulic lime be calcined at too high a temperature, the silicate undergoes
partial fusion, and will not set afterwards under water. The heat, therefore, emplo;>'od

for burning the hydraulic limestones should only be just high enough to expel the

water from the clay and the greater part of the carbonic acid from the carbonate of
lime.

Neither clay (silicate of alumina) nor lime alone will set under water, but if we
carefully mix chalk and clay together, and then calcine them at a moderate heat, a
good hydraulic cement is obtained.

Hydraulic limestones may be separated into two kinds, as indicated by their con-

stituents. One set consists of the carbonates of the earths, these yield a fat lime
;

the other set is composed of silicates, or a mixture of silicates of alumina, lime, mag-
nesia, or potash, although of the latter less frequently, with usually much free silica

;

consequently these are a kind of clay.

In burning hydraulic limestones, the silica and alumina, when the lime has once
parted with its carbonic acid, react upon each other. The lime enters into feeble

combination with the silica, producing a less stable compound than the original, and
which is readily acted on by acids, which was not the case previous to burning.

Burnt hydraulic lime is, in nearly all cases, soluble in acids. The presence of a
silicate that can be decomposed by acids is proved by the formation of a thick jelly

of silica. The property of yielding gelatinous silica by solution in acids, may be
regarded as one of the proofs that the limestone possesses the property of ' setting,'

—

becoming hard under water.

The degree of hardness acquired by hydraulic lime varies considerably. The time
required for hardening differs still more widely ; some hydraulic cements will set in

a few minutes, others will require weeks and months. The more of the aluminous
constituents which the limestone contains the more quickly will the cement prepared
from it solidify.

As already remarked, too much heat in the kiln, causing partial fusion of the silica,

destroys the hydraulic property of the lime. In technical phrase it renders the lime

much weaker, and at last completely destroys its power as a water-cement.

Hydraulic lime should acquire a certain consistence before it is immersed in water.

If this is not attended to, the hydraulic lime never hardens, the particles form a
porous mass, there is no kind of agglutination ; consequently, considerable care is

required in every stage of the process of making and using hydraulic cements.

It is impossible in this work to do full justice to this very important subject ; wo
must therefore refer our readers to General Pasle^s works on Limes and Cements, to

the papers of Mr. Timperly in the Transactions of the Instittttion of Civil Engineers,

and to the works especially ofMM. Vicat and Belidor. See Puzzolana ; Roman Cement.
Scotfs Cement.—The following remarks on hydraulic cements, and on the prepara-

tion of a now and valuable kind of these cements, are abstracted from some memoirs
by Major-General Scott in the Papers on Subjects connected with the Duties of the

Corps of Itoyal Engineers, General Scott's hydraulic cement has been used in the

construction of the Royal Albert Hall and many other buildings, and we are given to

understand, generally with satisfactory results.

The superiority of hydraulic mortars over pure lime-mortars consists very much
in the former containing within themselves the property of solidifying -without the

assistance of the atmosphere ; while the pure lime-mortars do not possess such a
property, and in the absence of carbonic acid in the atmosphere, no solidification will

ensue.

Many impure limestones contain a proportion of clay (silicate of alumina and iron)

intimately mingled with the carbonate of lime. By burning, the carbonic acid gas

is expelled from them as in the case of the pure limestones, the clay assisting in its

expulsion through the affinity of its silicic acid for the lime, and also parting with its

own combined water. A further action then takes place : the silicic acid of the clay

and the lime, at the high temperature of the kiln, react on one another, and either

form a silicate of lime, or approximate to its formation so far that on the addition

of water it is formed with more or less rapidity. As, however, this action is more
perfect in the waier-cements, and there is much in common between them and the

hydraulic limes, it will be better here to explain in what their difference consists, and
then to speak of them together.

The difference between them cannot be precisely defined with reference to chemical

composition, for there are some limestones which will yield cement or lime according

to the temperature at which they are burned. It must rather be referred to the

manner in which they behave when moistened with water. If a piece of cement be

dipped in water for a few seconds until it ceases to hiss from the escape of air from
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its pores, it may become harder, or it may after a time partially break up, with or

without sensible warmth. If a piece of fresh pure lime be similarly treated, in a few

minutes it begins to heat and swell, and the violence of the action is such as to throw

it abroad in a bulky impalpable powder. In the latter case one affinity only comes

into play, that of the lime for the water ; but with the cement, a second affinity is in

operation. By the action of the heat in the process of burning, the affinity of the

lime for the silicic acid of the clay is brought into play, and modifies the violence of

its affinity for water, and when the temperature is sufficiently high, the lime and the

silicic acid enter into chemical combination, and the compounds so formed, on being

moistened with water, pass into hydrates in a gradual and quiet manner, without any

of the tumultuous action which is so remarkable in the combination of pure lime with

water.

The hydrated silicates resulting are not afterwards appreciably affected by water,

and so much of the lime as the silicic acid can take up passes from a soluble to an
insoluble condition, thus affording a cementing material suitable for hydraulic pur-

poses. When the heat of the kiln is too far urged, vitrification ensues from the

complete formation of an anhydrous silicate, and a comparatively inert substance is

produced, which undergoes no change on being mixed with water, or will only unite

•sv-ith it after considerable periods of time.

The hydraulic limes are intermediate between the cements and the pure limes, and
partake of the character and mode of action of each class of substances. The pro-

portion of clay in them is generally smaller than in the cements, and the lime

sufficiently predominates to produce by its violent affinity for water the degree of

heat, expansion, and amount of vapour requisite to throw them into powder. When
the quantity of clay, as compared with the lime, is small, the violence of the slaking

is scarcely less than that of the pure limes, but in proportion as the clay is relatively

larger in amount, the heat generated in combining with the water is less, and the

lime slakes to a powder more imperfectly and with less increase of volume ; until at

last, on reaching the boundary of the cements, the slaking must be urged on by con-

fining the heat generated, and the lime allowed to lie longer to ensure the completion

of the action before it is mixed with sand and made into mortar.

In the ordinary kiln-burning, some portions of the hydraulic limes, by too great

heat of the charge, are brought into that condition when the silicates formed combine
very slowly with water. The silicic acid having undergone a great modification, the

powders of such limes can unite and form new hydrated compounds, but by a process

so slow that it may be measured by weeks, months, or years, instead of minutes, hours,

and days, thereby, in badly-mixed mortar, doing great injury ; expansion taking place

after the mortar has been laid in the work, it has been known to throw down arches,

and lift heavy masses of masonry.
If hydraulic limes be allowed to dry too rapidly, they will not properly harden.

With regard to cements, some portions of a charge are often spoiled by lowness of

temperature in burning, and thus prevent the desired rapidity of forming silicates,

and retard the solidification of the mortar without the assistance of water.

Besides the proportion of clay and lime, and the temperature of burning, the com-
position of the clay has much to do with the rapid setting of hydraulic limes and
cements. The larger the amount of iron and alumina present, the more readily will

the lime and clay pass through the different stages to the formation of a perfect

cement, though temperature in burning has much to do with its character, for from
the same bed of chalk-marl have been made a hydraulic lime, a quick setting cement,
and a cement resembling the Portland cement. See Lime.
As the cements may, and practically always do, partake of the slow solidifying

action of the hydraulic limes, so the hydraulic limes partake, when exposed to the air,

of the hardening action of the carbonic acid gas of the atmosphere, to which the pure
limes owe the external hard crust.

The addition of puzzolana, trass, &c., often improves the hydraulic limes. The
action of these substances is similar to that of clay found naturally mingled with
the^ carbonate of lime in hydraulic limestones. These have been calcined by vol-
canic heat, and though burnt clay may produce a similar effect, it is rarely so perfect.

Preparation of this Cernent.—The limestone to be employed in the manufacture of the
cement is bm^t to quick-lime by any of the ordinary processes, avoiding over-burning,
as usual. Limes burned until they assume a blue or greenish tinge require peculiar
and very careful treatment to fit them for the purpose.
The quick-lime is either wheeled in barrows or carried in baskets into an oven,

and is laid on the perforated arches forming the floor, to the depth of 1 foot 6 inches
on the crown, and 2 feet over the haunches. With a large-sized lime this depth
may increase a few inches, and when the lime is very small it must be somewhat
decreased ; or, in other words, the lime must not be so closely and deeply packed as
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to impede the draught too much. The Hmo-dnst produced in burning the lime

becomes useful in making the hatches of the oven air-tight, and if there is any
excess, it may bo ground down with the cement without sensibly deteriorating its

strength.

"When the oven is loaded, the charging hatch is closed with a double 4-inch dry
brick wall, the included space being filled in with lime-dust. The whole may bo
made air-tight at top by means of an opening through the crown of the arch. An
iron door can bo employed, and with saving of labour, but a brick wall will generally

be found more convenient.

The small hatch intended to assist in cooling the oven, in order to draw the charge,

is better closed with an iron door on hinges, the whole being made tight with a mix-
ture of moistened clay and sand, technically termed ' pug.'

If the lime employed is pure or feebly-hydraulic lime, it is advisable to allow it to

remain, with a current of air passing through it for a period which will vary,

generally, with the temperature of the air, and the draught through the oven. The
object of tliis is that the moisture carried through by the air may open or split the

lime a little, and otherwise facilitate the combination of the sulphurous acid during

the subsequent process, without, however, causing it to fall abroad. "Whatever the

nature of the lime operated upon, such exposure renders the process more certain, and
should be employed whenever the tendency to slake with heat is not readily destroyed

without it. The period of exposure will vary from twelve to forty-eight hours.

After this exposure, a fire of coke or coal is kindled by means of a faggot or brush-

wood on the fire-bars, and a slow fire is kept up until the lime immediately over the

arches shows a dull glow, such as is barely visible when viewed in the dark through

the pipes in the sides of the oven. The firing is then raked out, and after the

lapse of a quarter or half an hour, according to the size of the oven, the ash-pit is

closed, and the chimney-top covered with a slate-stone, or plate of iron, until it is

judged that the heat throughout the mass of lime is pretty well equalised. When
coal is used, there is sometimes a little difficulty in preventing the smoke escaping

through the fire-doors after each fresh feeding of the fire, but this may be obviated

with a little care and more frequent feeding. The flame of coal heats the charge more
equally. A mixture of coal and coke may also be employed.

The time required for heating the lime depends on so many circumstances that no
definite rule can be laid down ; the dullest possible glow will sufficiently indicate when
the first point is attained, that a burner acquainted with the action of his oven will

not require the use of the viewing pipe at all.

When the heat in the oven is judged sufficient, and to be sufficiently equalised, the

ash-pit and the chimney are opened, andiron pots containing coarse unpurified sulphur

are pushed in on the fire-bars, and placed in such a manner as to distribute the fumes
of the burning sulphur equally. The pots may be made of wrought iron, of sufficient

capacity to hold about 25 lbs. of sulphiir each, the allowance being 15 lbs. to each yard

of lime. A few red-hot cinders are thrown' into each pot as it is pushed in, to ignite

the sulphur. In ten or fifteen minutes the sulphur will be fully ignited, and its fumes
will begin to escape through the chimneys very freely ; the chimneys should then be

closed again perfectly, and a little clay or lime-dust used to make the cover tight. The
fire-doors and ash-pits are also to be plastered at the crevices, with the exception of a
small opening at the bottom of each of the latter, which opening is to be regulated by
the amount of air which may be required to carry on the combustion of the sxilphur,

without allowing the sulphurous acid to escape, and such escape would be immediately

detected by the smell.

When the sulphur is all consumed, which may be ascertained by looking from time

to time, after the lapse of some hours, into the oven fire-door, the wall closing the

hatch is thrown down, and all other openings made free to the passage of air, to cool

the charge and oven sufficiently to allow the former to be removed.

The grinding is then commenced ; a few trial samples are made up with water,

and an examination made at the top, middle, and bottom of the charge, to obtain

information as to temperature for future guidance. If the lime from the bottom of

the charge, when moistened, remains quite dead on the outside of the lumps, a sort of

crust being formed there, and at the heart the lumps retain its usual properties, this

is a proof that the bottom portion, if not the whole charge, was too hot when the

sulphur process was commenced ; if the upper layers still retain the usual character-

istics of the unprepared lime, bo crust being visible on the bottom portions, this shows
that the heat at the top was not great enough, and probably that the temperature

throughout was too low. Some pieces will always be found insufficiently prepared, but

their effect is lost in the mass, and the samples should l>o three or four in number from

each part of the charge, top, bottom, and centre, avoiding a selection of pieces near

the "walls. If in any case the mass is found insufficiently prepared, and the lower



HYDRAULIC CEMENT 829

layers are crusted, the upper half may be removed and employed as ordinary lime,

and the lower half ground down as cement. If the process should be judged to have

been quite ineffectual, the removed portion of the charge can be replaced with fresh

lime, and the operations of heating the lime to a faint glow, and of burning sulphur

under it, be repeated ; with ordinary care a failure can hardly occur, and should the

sample specimens set firmly * in pats ' six inches square and half an inch thick, but yet

grow too hot in setting to be safely trusted in work, a few days' exposure on the floor

of the shed will render the cement fit for use. It is better, however, that ' in pats ' of

the above size, made up with water to a stiff consistency and without admixture of

sand, the warmth in the setting—even when the cement is quite fresh from the oven

—

should be barely perceptible.

The grinding of the cement is the most serious part of the manufacture. Should

the extent of the works justify a considerable outlay in grinding apparatus, the flour-

mill construction is to be preferred, horizontal crushing rollers being used to reduce

the lumps of cement to a size which the eye of the runner mill-stone can readily

take. It is better also to sift it through a sieve, the coarse particles being again

passed through the stones. For grinding, on the small scale, a pair of vertical wheels

of iron or stone, turning on a pivot between them by horse-power, must be resorted to,

the sifting apparatus being attached by suitable machinery to the gearing of the

wheel, or worked by manual labour. The wire-gauze used for the sieves should have
thirty meshes to the inch. The construction of both descriptions of mills is well

understood by mill-makers.

When the cement is prepared from the pure and feebly-hydraulic limes, and it

becomes necessary to impart to them properties which will enable them to resist the

action of water, artificial or natural puzzolanas must be restored to. If such sub-

stances are ground down with the cement to a fine powder, and intimately mixed with
the cement, one part of puzzolana will give to two parts of pure lime-cement, by
weight, the necessary degree of resistance; but if mixture by hand-labour be alone

available, and the puzzolana be not in a fine state of division, its quantity in proportion

to the cement should be increased, the amount of sand used for mortar being corre-

spondingly diminished.

The clays best adapted for the manufacture of artificial puzzolana are such as are
greasy to the touch. The temperature at which they ought to be calcined depends
upon their chemical composition, but the action of the constituents is complicated,

and actual trial must be resorted to for the determination of the most efficient degree
of calcination. To make the trial, a portion of the clay under examination may be
moulded into a cylinder five or six inches long, and one and a half inch diameter

;

this cylinder when dried is to be exposed, the one end in a violent fire, the other on
or near the outside of it. When the more highly-heated end begins to vitrify, the

cylinder is withdrawn from the fire and divided into three or four portions, according
to the general appearance and colour of the different parts.

By pulverising each part, and mixing this puzzolana with the cement in the propor-
tion of one part of burnt clay to two or three parts of cement, by measure, it is easy to

determine by actual trials in water what degree of calcination gives the best results.

To prevent the cylinder from breaking in the fire, it is moulded round a wire. As a
general rule, it will be found that clays containing lime and other metallic oxides,

especially alkalis, become energetic at low temperatures, though they may also succeed
when bxirned at a violent heat. The poorer clays will only give good results when
calcined at a very high temperature, and they have the further disadvantage of being
difficult to reduce to powder.

_
Clay should be made ready for burning by moulding it into rounded balls of the

size of an apple, and leaving it in the air to dry. A thick layer of coals is placed on
the bars at the bottom, then layers of the clay balls and coal alternately ; when the
kiln is about two-thirds full, faggots should be placed under the bars and ignited, and
as the combustible is consumed, more coals and clay should be added ; the appearance
of the clay will at once show whether a proper quantity of fuel has been used.

Concrete.—The following is an account, by a thoroughly practical man, of the use of
hydraulic limes in the formation of concrete. It is from a paper read by George
Eobertson, C.E. before the Scottish Society of Arts, ' On the Concrete used in the late
Extension of the London Docks.'
The great mass of the concrete was made with naturally hydraulic lime, blue lias

from Lyme Regis in Dorsetshire, -which requires no artificial mixture with puzzolana
or minion to render it capable of setting permanently under water. The word ' con-
crete ' in this paper implies, therefore, that made with blue-lias lime, unless otherwise
specified. The Dorsetshire lias was the only lime burned on the works ; all lias
from Warwickshire or Leicestershire was bought ready burned from the merchants.
Lias requires much greater car© in burning than richer limes, because any sudden
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or extra heat, which would do little harm to Dorking lime, greatly injures lias by
forming a glass between the silica and the lime in the stone, instead of only driving
off the water and carbonic acid. The combination between the silica and lime, to
which lias owes its hydraulic properties, ought only to take place in the humid way—i.e. with the assistance of water, after the application of the lime as mortar or
concrete. Lias comes from Lyme Regis in two different forms, the one with a clean
conchoidal fracture, and the other of a shaley nature, approaching in appearance even
to clay-state, but quite soft. The shaley lias, which contains so much clay as to
have the properties of a cement, is not so desirable as the hard clean stone, because
it carries less sand, and is therefore more expensive. The stone cost 45. 2d. a ton
when shipped at Lyme, but IO5. ^d. before it was stacked round the kiln at London,
which is as much as the same stone cost delivered at the works of the New Graving
Dock at Leith. Freight to London is always heavy, for there is no steady return
freight, like coal, to be had. Notwithstanding the high price of the stone delivered
at Shadwell, and having to pay freight on thousands of tons of water and carbonic
acid, to be afterwards driven off by the heat of the kiln, the engineer-in-chief of the
Dock Company, the late Mr, Rendel, determined to burn the limestone in London,
as the extra cost would be a comparatively small item in such extensive works. It

was very desirable to have the best possible lime where concrete was to play so im-
portant a part.

Two egg-shaped draw-kilns of brick were therefore erected, of a total heiglit of

43 feet from the floor to the top of the dome, and an extreme internal diameter of

14 feet, contracting to 5 feet at the fire-bars, and 11' 6" at 32 feet above the floor.

The practical objection to having a less diameter than this at the top, is the difficulty

that would arise in charging the kiln with evenly-distributed layers of coal and stone

tipped in from barrows at the top through the windows in the dome. It has likewise

been objected that a contracted top to a kiln prevents the escape of carbonic acid,

although it has a counterbalancing advantage in confining the heat, and throwing it

down with a reverberatory effect on the charge. This theoretical objection appears to

be fanciful. It was found necessary, after these kilns had been working for a short

time, to dome the mouth over with a i)rick arch, to prevent stones from flying into the

neighbouring streets. The chimney at the top of this was only three feet in diameter,

and yet no difference was afterwards perceptible, either in the time required for

burning, or in the percentage of imperfectly-burned stone. On the other hand, there

is little doubt that the dome acted economically on the coal required, for the average

of 7,000 tons of limestone was little more than one ton of coal to 11^ of stone, the

limits being 1 to 10, and 1 to 13. Carbonic acid came away freely after the kiln had
been lighted for three hours, and it appeared to have ample room for escape. An
average of 11| tons of stone burned by one ton of coal is very high ; but the coal was
Welsh, and cost \l. Is. a ton. Newcastle coal, or bituminous coal in general, was
inadmissible ; for it was essential to have little or no smoke from kilns in the heart

of London. At Leith, one ton of the coal of the neighbourhood appears to burn only

six or seven tons of lias, but the coal is only one-third of the price of Welsh coal.

The barrows of coal and properly broken stone were lifted to the top of the kiln by a

hoist worked by the mortar mill engine, and were tipped in through three openings

in each dome, as evenly as possible. After the kiln was lighted, these windows wore

kept closed with boiler-plate shutters. The cost of charging, including breaking up
the stone and coal, was Is. 6c?. per ton of the two when mixed in the kiln. Unless

the demand for quick-lime was very irregular, the kilns were always kept lighted
;

but whenever they were allowed to go out, the charge of quick-lime was left in the

kiln, as the place most free from moisture. Whenever the fire is let out in draw-

kilns, the next charge is nearly sure to burn irregularly, and there is a considerable

loss of heat in re-warming the kiln. Draw-kilns are liable to irregularity from ap-

parently slight causes, such as the direction of the wind, &c. ; and in^ the Shadwell

kilns there was also a permanent tendency to burn quickest down the side warmed by

the adjacent kiln, for they were both in one block of building. But draw kilns are

better suited for burning lias than flare kilns, as the heat is more uniformly distributed

through the charge ; there is, therefore, less danger of over-burning the lower half and

under-burning the upper.

Each kiln held 100 tons of stone, and burnt 21 tons per diem. The two together

produced 25 tons of quick-lime every day, a quantity sufficient for about 97 cubic

yards of mortar, or 170 cuVjic yards of concrete : 9 tons of coal will burn 100 tons of

stone, which produce 69-37 tons of quick-lime, or 1,583 bushels of ground lime,

enough for 400 cubic yards of concrete, when the ballast is moderately dry. Draw-

ing the lime from the kiln cost l\d. per ton of quick-lime. The total cost of tlie

burnt lime amounted to 24s. per ton. When quite hot from the kiln, 26.i bushels of

ground lime went to the ton ; but after keeping some time, a ton swelled to 30
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bushels, which is what bought lias usually weighs. A bushel of lime, ground when
fresh burnt, contains, therefore, one-seventh more lime than a bushel of stale lime

;

and a cubic yard of concrete, of specified proportions, is so much the better when
made with fresh lime.

Coke was used in the kiln for a short time, but it was found to be 8 per cent,

dearer than Welsh coal ; and, moreover, the heat given out by it was too quick and

strong, casing many of the stones over with a vitrified silicate, which hindered the

free escape of carbonic acid. When coke was burnt, therefore, the percentage of

unburnt stone was raised much above the usual average of 1^ or 2 per cent.

The equally burnt and softest lumps, usually of a buff colour, were picked out for

grinding ; and the remainder, more of a liver colour, slaked for mortar. The lumps
were first broken tolerably small by hand, and then crushed still smaller between iron

rollers revolving in the hopper of the grindstones. These rollers were at first made
fluted, but it was found that strong projecting cogs did the work more effectually.

The hopper was fed with lumps of lime by an endless chain of small wrought-iron

buckets worked by the engine. It was intended that these should be self-acting, and
dredge the lime up from a well ; but it was found necessary to have a man constantly

feeding them with a spade, or the supply was not regular.

The lime was ground to a fine powder between two pairs of horizontal French burr

miUstones; the upper one revolving at a speed of 90 revolutions per minute. Each
pair of stones was able to grind 3 tons of quick-lime per hour, at a total cost for

.grinding of 1^. per bushel when the consumption was 360 bushels per diem; less, if

more lime was used. This is made up as follows : feeding and attending to the

hopper and lift, ^d. ; engine power, ^d. ; measuring the lime into bags for the con-

tractor, and recutting the stones as the furrows became worn, the remaining ^d. A
.bushel of lime ground fresh from the kiln weighed 84 lbs. ; and at this weight the

total cost was ll^d. In buying ground lime from a merchant, if the purchaser buys
by weight, he pays for the water absorbed from the atmosphere ; if he buys by
measure, he pays for the expansion caused by that moisture : the fairest way for both

parties would be to specify the bushel to be of a certain average weight, say for lias

-from Lyme Eegis, 80 lbs. This would aUow for the lime not being quite fresh, but
would prevent it from being too stale.

The grindstones were composed of burrs from the fresh-water beds of the Paris

basin, set in two radiated rings in cement, and backed up with plaster-of-Paris and
mortar. The ' skirts ' or outside btirrs were five inches thick ; the central or ' high
burrs ' somewhat thicker, to allow for the * swallow,' which is a slight depression

in the centre of the upper stone, about two feet in diameter, and at most 3" deep.

This acts as a kind of distributing reservoir for the lime as it falls from the hopper
between the stones.

The face of the stones was divided into ten ' quarterings ' by ' master furrows,*

each of them being tangential to an imaginary circle concentric with the stone, and
called its ' draft.' The size of this regulated the quantity of lime passing througli

the stones in a given time. A radius of five inches was found to grind ninety

bushels per hour of a sufiiciently fine quality. The particles of lime, whirling round
near the centre of the stone, by their centrifugal velocity pass towards the outside

along the master furrows, being ground finer as they recede from the central depres-

sion. Each master furrow had two other distributing furrows leading out of it,

parallel to the former master furrow. The furrows are shallow grooves, or rather

nicks about 1^ inch wide, with the cutting edge sharp, and the other bevelled.

The hydraulic lime being thus prepared, it was employed in the formation of

the required bed of concrete. This was formed by cementing a mixture of

sand and gravel such as is found in the London basin,—called * ballast,'—in the

following manner :

—

When the ballast was moderately dry, 12 cubic yards of gravel and 2 cubic yards

of lime made 11 cubic yards of concrete, mixed and deposited. The shrinkage

from the dry materials was then 22 per cent. ; but if the ballast happened to be
very dry, the shrinkage was more, and the same quantities made only 10 cubic

yards.

A cubic yard of concrete requires about thirty-eight gallons of water to bring the

dry materials to the requisite state of fluidity. Of tWs quantity nearly eight gallons

enter into chemical combination with the oxide of calcium in the lias, and thirty

gallons are either absorbed mechanically by the pores of the lime, retained by
capillary attraction between the grains of sand, or lost by evaporation. After the

concrete has been mixed and deposited, a gradual expansion takes place from the

chemical action of the lime slaking ; the less of this swelling, however, the better, as

it distiirbs the setting of the mortar round the pebbles, and causes friability in the

concrete. Whenever concrete is made with quick-lime (as it usually is), there musk
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be a certain amount of friability from this cause ; and therefore, when it is important
to have no swelling, as in blocks of concrete which have to be lifted, recourse must
be had to slaked lime, or else to cement, which contracts rather than expands in

setting. In the one case the concrete is long in hardening, having more moisture in

it than the lime can absorb; and in the use of cement more erpense is incurred.

Portland cement is, however, not so expensive as might at first appear from the
cement being double the price of lime, because the proportion to the ballast may be
considerably reduced.

HlTB&AiriiXC CRiLXrES. The application of water-pressure to cranes is due to

Sir Wm. Armstrong. These are now so generally applied, that although the subject

belongs properly to Engineering, it is thought advisable to include some notice of these

valuable and interesting machines in this work. A statement made, by the request

of the British Association in 1854, by the inventor himself, so completely explains all

the peculiarities of these cranes, that the paper is reproduced from the 'Proceedings ' of
the Association.

• The employment of water-pressure as a mechanical agent having recently under-

gone a great and rapid development, I may be permitted to make a few observations

on the successive steps by which its present importance has been attained. In so

doing I shall commence with the year 1846, in which, after many preliminary experi-

ments, I succeeded in establishing, upon the public quay at Newcastle-on-Tyne the

hydraulic crane which has formed the basis of what has since been effected.

This crane both lifted the weight and swung round in either direction by the

pressure of water, and was characterised, like all other hydraulic cranes since made,
by remarkable precision and softness of movement, combined with great rapidity of

action.
* The experiment thus made at Newcastle having proved satisfactory, I soon after-

wards obtained authority, through the intervention of Mr. Harley, the Dock Surveyor

of Liverpool, to construct several cranes and hoists upon the same principle at the

Albert Dock in that town, where they were accordingly erected, and have ever since

continued in operation.
* The next place at which these cranes were adopted was Grimsby New Dock, where

an important step in the advancement of this kind of machinery was made on the

suggestion of Mr. Rendel, who pointed out its applicability to the opening and closing

of dock gates and sluices, and instructed me to extend its application to those objects.

An extensive system of water-pressure machinery was accor(fingly carried out at that

dock, and the result afforded the first practical demonstration that the pressure of a

column of water could be advantageously applied as a substitute for manual labour,

not merely for the cranage of goods, but also to give safe and rapid effect to those

mechanical operations which are necessary for passing ships through the entrances of

docks.
* In all these instances the moving column of water was about 200 feet in elevation.

At Newcastle and Liverpool the supply was derived from the pipes communicating

with the town reservoirs, but at Grimsby a tower was built for supporting a tank into

which water was pumped by a steam-engine. In the former cases, the fluctuation of

pressure, consequent upon the variable draught from the pipes for the ordinary

purposes of consumption, proved a serious disadvantage ; but this objection had no

existence at Grimsby, where the tank upon the tower furnished a separate source of

power, undisturbed by any interfering conditions. Nothing could be more effectual

for its purpose than this tower; but, in the natural course of improvement, I was
Kubseqently led to the adoption of another form of artificial head, which possessed

the advantage of being applicable, at a comparatively small cost, in all situations, and

of lessening the size of the pipes and hydraulic machinery, by affording a pressure of

greatly-increased intensity.

• The apparatus thus substituted for a water tower I named '* ilie Accumulator," from

the circumstance of its accumulating the power exerted by the engine in charging it.

The accumulator is, in fact, a reservoir giving pressure by load instead of hjelevatiov,

and its use, like that of every provision of this kind, is to equalise the strain upon the

engine in cases where the quantity of power to be supplied is subject to great and

sudden fluctuations.

•The construction of the accumulator is exhibited in^. 1170, and needs but little

explanation, a, cylinder; b, plunger; c c, loaded weight case ; d, d, guides for ditto

;

E, pipe from pumping engine ; f, pipe to hydraulic machine. It consists of a largo

cast-iron cylinder, fitted with a ;plunger, from which a loaded weight case is suspended,

to give pressure to the water injected by the engine. The load upon the plunger is

usually such as to produce a pressure in the cylinder equal to a column of 1,500 feet

in elevation, and the apparatus is made sufficiently capacious to contain the largest

quantity of water which can be drawn from it at once by the simultaneous action of
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all the hydraulic machines with which it is connected. Whenever the engine pumps
more water into tlie accumulator than passes direct to the hydraulic machines, tho

loaded plunger rises and makes room . . .

in the cylinder for the surplus; but '

when, on the other hand, the supply

from the engine is less, for the mo-
ment, than the quantity required, the

plunger, with its load, descends and
makes up the deficiency out of store.

' The accumulator also serves as a

regulator to the engine; for when
the loaded plunger rises to a certain

height, it begins to close a throttle-

valve in the steam-pipe, so as gradu-

ally to reduce the speed of the engine

until the descent of the plunger again

calls for an increased production of

powder.

'The introduction of the accimiu-

lator, which took place in the year

1851, gave a great impulse to the ex-

tension of water-pressure machinery,

which is now either already applied,

or in course of being applied, to the

purpose of cranage throughout all

the great dock establishments in

London, as also to a considerable ex-

tent in Liverpool and other places.

I have also applied it extensively

to railway purposes, chiefly under the

direction or Mr. Brunei, who has
found a multitude of cases, involving

lifting or tractive power, in which it

may be made available. Most of

these applications are well exempli-

fied at the new station of the Great
Western Bailway Company in London,
where the loading and unloading of

trucks, the hoisting into warehouses,

the lifting of loaded trucks from one
level to another, the moving of turn-tables, and the hauling of trucks and travers-

ing machines are all performed, or about to be so, by means of hydraulic pressure

supplied by one central steam-engine with connected accumulators. Mr. Rendel also,

after having successfully adopted the low-pressure system to the working of the gates
and shuttles at Grimsby, has since applied the high-pressure, or accumulator system,
to the same purposes at other new docks, and a similar adaptation is being made by
other eminent engineers at most of the new docks now in course of construction.

' I have also adapted hydraulic machinery to the opening and closing of swing-
bridges and draw-bridges of large dimensions ; and, in fact, there is scarcely any
mechanical operation to which human labour has been hitherto applied as a mere
moving power, which may not be efficiently performed by means of water-pressure
emanating from a steam-engine and accumulator. Even if hand-labour be retained
as the source of the power, the intervention of an accumulator will in many cases
both economise labour and increase despatch. For example, a pair of heavy dock-
gates requires the constant attendance of a considerable nimiber of men, whose labour
is only called into action occasionally, viz., when the gates are being opened or closed.

Now, if an accumulator, charged by hand-pumps, were used, the labour employed
would be constant, instead of occasional, and the power collected in the accumulator
by the continuous process of pumping would be given out in a concentrated form, and
thus the ultimate result would be effected with fewer hands and greater despatch than
where manual labour is directly applied.

* The form of pumping-engine which I generally use for charging the aceumulatop
is represented in fig. 1171. It consists of a horizontal steam-cylinder, with two force-

pumps connected directly with the piston. These force-pumps are supplied with
water from a cistern over the engine-room, into which the water discharged by the
cranes is generally brought back by a return-pipe, so that the water is not wasted, but
remains continuously in use.

Vol. n, 8 H
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* With a pressure representing a column of 1,600 feet, the loss of head by friction in
the pipes forms so email a deduction from the entire column as to bo a matter of no

1171

^^^^^c^s:3d

consideration, and consequently the distance at which the engine may bo situated

from the points where the hydraulic machines may be placed is of little importance,
except as regards the cost of the pipe. It is advisable, however, if the pipe bo very
long, to apply an accumulator at each extremity, so as to charge the pipe from both
ends.

* With regard to the mechanism of hydraulic cranes, the arrangement which I first

adopted, and have ever since adhered to, consists of one or more hydraulic presses,

with a set of sheaves, used in the inverted order of blocks and pulleys, for the purpose
of obtaining an extended motion in the chain from a comparatively short stroke of

the piston. This construction, which characterises nearly all the varieties of the

hoisting and hauling machines to which I have applied hydraulic pressure is ex-

hibited in fig. 1172, which represents one of these presses with sheaves attached, to

multiply the motion fourfold. In cases where the resistance to be overcome varies

very considerably, I generally employ three such cylinders, with rams or pistons

acting
_
either separately or conjointly upon the same set of multiplying sheaves,

according to the amount of power required.

1172

In hydraulic cranes the power is applied, not only for lifting the load, but also for

swinging the jib, which latter object is effected by means of a rack or chain operating
on the base of the moveable part of the crane, and connected either with a cylinder

and piston having alternate motion, like that of a steam-engine, or with two presses

applied to produce the same effect by alternate action.
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The absence of any sensible elasticity in water renders the motions resulting from

its pressure capable of the most perfect control, by means of the valves which regulate

the inlet and outlet passages of the machines ; but this very property, which gives

BO much certainty of action, tends to cause shocks and strains to the machinery, by
resisting the momentxmi acquired by the moving parts. Take, for example, the case

of an hydraidic crane, swinging round with a load suspended on the jib, the motion

being produced by the water entering on one side of a piston and escaping from the

other. Under such circumstances, if the water-passages be suddenly closed by the

regulating valve, it is obvious that the piston, impelled forward by the momentum of

the loaded jib, but met by an unyielding body of water deprived of outlet, would bo

brought to rest so abruptly, as to cause, in all probability, the breakage of the machine.

So also, in lowering a heavy weight with considerable velocity, if the escape-passage

be too suddenly closed, a similar risk of injury would arise from the abrupt stoppage

of the weight, if a remedy were not provided ; but these liabilities are effectually

removed by applying, in connection with the water-passages to the cylinder, a small

clack-valve, opening upwards against the pressure into the supply-pipe, so as to

permit the pent-up water in the cylinder to be pressed back into the pipe whenever it

becomes exposed to a compressive force exceeding the pressure on the accumulator.

By this means all jerks and concussions are avoided, and a perfect control over the

movement of the machine is combined with great softness of action.

' With regard to the kind of valves used for water-pressure machines, I find that

either lift-valves or slide-valves may be effectually applied, and kept tight under

heavy pressures, provided that sand be excluded from the water, and the valves be
made of proper material,

'In cases where a more prolonged movement is required than multiplying sheaves

will conveniently afford, I employ rotative machines of various constructions. For
heavy-pressures, such as an accumulator affords, an arrangement consisting of three

plungers, connected with a triple crank, and bearing a general resemblance to a three-

throw plunger pump, is well adapted for the purpose. The admission and exhaust

valves are mitred spindles, pressed down by weights and levers, and lifted in proper

rotation by cams fixed for that purpose upon a separate shaft ; and these valves are

associated with relief-clacks, to ob%aate the concussion which would otherwise be liable

to take place at the turn of each stroke.

' The liability of water-pressure machinery to be deranged by frost has often been
adduced as an objection to its use ; and upon this point I may observe—first, that I
have never experienced any interference from this cause when the machines were
placed, as they generally are, beneath the surface of the ground, or within a building

;

and secondly, that when they are unavoidably exposed, all risk may be prevented by
letting out the water in frosty weather whenever the machines cease working.

• When the moving power consists of a natural column of water, the pressure rarely

exceeds 250 or 300 feet, and in such cases I have employed for rotative action a pair

of cylinders and pistons, with slide-valves, resembling in some degree those of a high-
pressure engine, but having relief-valves, to pre-

vent shock at the turn of the stroke. Fig. 1173
shows a slide-valve adapted for the turning appa-

ratus of a crane, but the relief-clacks of which are

equally applicable to a water-pressure engine of

the construction in question. Two of these clacks

open against the pressure in the supply-pipe, so as

to afford an escape for the water, which would
otherwise be shut up in the cylinder when the
exhaust port closes, and the other two communicate
with the discharge-pipe, so as to draw in a portion

of waste water to fill up the small vacancy which
would otherwise be left in the cylinder on the
closing of the admission port, a, supply pipe ; b,

exhaust pipe ; c c, pipes to cylinder ; d d, clacks

opening against pressure ; e b, clacks opening from
exhaust. About four years ago I constructed four
hydraulic engines upon this principle at Mr. Beau-
mont's lead mines in Northumberland, at the in-

stance ofMr. Sopwith, Mr. Beaumont's well-known
agent, and two more have recently been added at

the same place. They are used for crushing ore, for hoisting materials from the
mines, for pumping water, and for driving a circular saw and other machinery. See
Hydraulic Machinery, for Mixes.

« If in progress of time railways should be generally extended into mountainoua
3h2
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districts, so as to render them accessible for manufacturing purposes, tlio rapid streams

•which abound in such localities "will probably become valuable sources of motive

power, and a -wider field may then be aflfordod for the application of -water-pressure

engines to natural falls.

• The object, however, -which I have chiefly had in vi&w since I first gave attention

to this subject, has been to provide, in substitution of manual labour, a method of

-working a multiplicity of machines, intermittent in their action, and extending over a

large areii, by means of transmitted po-wer produced by a steam-engine and accumu-

latwi at one central point. The common mode of communicating po-wer by shafting

could only be applied in cases -where the machines -were collected within a small

compass, and -where the accumidation of po-wer necessary to meet varying resistance

did not exceed that -which a fly--wheel -would afford. Compressed or exhausted air

was almost equally inapplicable to the purposes I contemplated, in consequence of the

many objections -which its elasticity involves, as well as the liability to leakage,

-which, in an extended system of pipes and machines, requiring a multitude of joints,

valves, and fitting surfaces, would form an insurmountable difficulty. But the use of

water as a medium of transmission is free from all these objections, and its fitness for

the purpose intended is now thoroughly established by the results which have been

obtained.'

HTDRAUXiZC X.lMESTOirs. See Hydbatjlic Cement.

BYDRAirXiZC MACHIXJERT, FOR XtlZlTES. The application of a head

of water to rotatory and reciprocatory engines, and the use of water in driving wheels,

as well as in transmitting power from one point to another, are subjects of considerable

importance in mining operations.

The power of water is derived either from its direct weight, as in the case of

pressure-engines, or from its weight and impulse combined, as in overshot and breast-

wheels.

In transmitting power for pumping purposes, advantage is taken of the non-com-

pressibility of water, as well as of the facility -with which water can be passed

through straight or bent pipes.

Although the weight and incompressibility of water are in many ways advantageous

for the purposes of the engineer, yet the use of water in pressure-engines necessitates

peculiar mechanical contrivances. The valves have generally to be moved by an
arrangement partially independent of the engine, whilst the shock consequent on
instantly arresting the flow has to be mitigated by means of an air-vessel, momentum-
plunger, or other suitable contrivance.

In Europe the rain-fall is from two to three feet per annum ; about two-thirds of

which is evaporated, the remainder finding its way to the sea. In Australia, where
the atmosphere is exceedingly dry, and the rain-fall very much less, there are but few

constant streams or rivers. The consideration which should therefore be given to the

supply of water, and to the motors to be employed for mining purposes, must mani-

festly be governed by the hydrographic circumstances of different countries. But in

lands where rain is tolerably frequent and abundant, the folio-wing remarks will admit

of general application:—(1.) Mountainous countries, -with a large extent of upper

watershed, -will furnish a tolerably constant volume of water, at a high fall, both for

driving pressure-engines and turbines. (2.) Hilly localities much below the line of

watershed will afford volume of water at a lesser fall, suitable for pressure-engines,

turbines, and overshot wheels. (3.) A flat undulating country, -with an extensive

back-watershed, -will frequently afford volume of water available as power through

the medium of breast, undershot wheels, and low-fall turbines. (4.) Hilly localities

near to the top of watersheds can only furnish an intermittent supply of water at

comparatively low falls, and that to extend the use of water as power in such

situations, store-dams will be requisite.

As the hydraulic engineer requires facts, data, and rules for his guidance, those

deemed of practical importance will be given as concisely as possible.

Constitution of Wafer.

By weight By measure

Twoffases/^'^ysen . . . 88-9 1
1^0 gases

^ hydrogen . . . 11-1 2

100-0 3

Density of Water.—Ohq cubic mch at 62°, the barometer being at 30 inches, weighs

252,458 grains, or water is 830 times heavier than atmospheric air. A cubic foot

weighs 1,000 ounces, or 62^ lbs.

Expansion.—Water expands one-ninth of its bulk in freezing, and decreases in
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density. Under the influence of heat, from 40° to 212° Fahr., it increases in bulk to

the extent of 1 cubic foot in every 23 feet.

Expansion at different Tetnperatures. 40° equal — '0000.

From 40" downwards From 40° upwards
Expansion Expansion

82° . . . -00022 64°
. -00169

22° . . . .00090 102°
. -00791

12° . . . -00236 212° . -04330

Gaseous matter.—Kiver or canal water contains ^th of its volume.

Spring -water „ ^th „
IncompressibUity.—Experiment has determined that water may be compressed

about l-46,500,000th part per atmosphere : a quantity so small that, practically

spealnng, water may be regarded as incompressible. The varying density and volume
of water, although small, should be borne in mind by those entrusted with the con-

struction of hydraulic apparatus. If it be allowed to freeze in cast-iron pipes, and no
means be provided to allow for its free expansion, destruction of the arrangement is

sure to follow, since a cubic inch of water exerts within the range of its expansion a
force equal to 13g- tons.

Hydrostatics.—The pressure, weight, and equilibrium of water are included within
this term.

The pressure of water at any depth is as the depth of the water ; and the pressure
upon the bottom of a pressure-column is as the base and perpendicular height.

Water contained within a cylinder or vessel presses equally in all directions.

To find the pressure of water upon a cylinder-piston at the bottom of a pressure-

column

:

—
EuLE.—Multiply the area of the piston in feet by the height of water in the

pressure-column in feet, and their sum by the weight of a cubic foot of water, viz.

62-5 lbs.

Example.—"What is the pressure upon the surface of a piston 2 feet diameter,
the head of water in the pressure-column being 180 feet ?

Piston, 2 feet diameter, area 3-1416. Then 3-1416 x 180 x 62-5 = 35,343 lbs.

Or to find the pressure per square inch on the piston. Divide the product
35,343 lbs. by the number of square inches in the piston. Thus, area of piston 2 feet

diameter is 452 square inches

:

35,343

452
78-1 lbs.

Thin Ctlindees.—To determine the thickness of thin hollow cylinders ; the internal

diameter, pressure, and tenacity of the material being given.

KuLE.—Multiply the internal diameter in inches by the pressure of water in pounds
per square inch, and divide the product by the tenacity per square inch of the
material.

Example.—The internal diameter of a cylinder being 30 inches, the water-pressure
250 lbs. to the square inch, and the tenacity of the material of the cylinder 12,000 lbs.

per square inch, what must be the thickness of the cylinder ?

^^^ = -625, or |ths of an inch thick.

To determine the pressure ; the internal radius, thickness of cylinder, and tenacity

of metal being given

:

—
EuxE.—Divide the product of the thickness of the cylinder and tenacity of the

material per square inch by the internal radius.

Example.---The thickness of the cylinder being ^ of an inch, the tenacity 18,000,
and the radius 6 inches, what pressure will the cylinder bear per square inch ?

6

Thick Ctlindees.—To determine the thickness of thick cylinders; the internal

radius, the pressure, and the tenacity of the material of the cylinder being given:—
EiTLE.—Subtract 1 from the square root of the quotient of the sum and difference

of the tenacity per square inch of the material of the cylinder, and the pressure per
square inch, and multiply this difference by the internal radius.

Example.—ThQ internal radius of a thick hollow cylinder being 9 inches, the
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tenaci:y of the material of the cylinder 10,000, and the prossuro 8,000 lbs. per square

inch, what must be the thickness of the cylinder ?

Sum of tenacity and fluid pressure

Difference of tenacity and fluid pressure
Quotient of sum and difference

Square root of quotient . . . .

Difference between root and 1

Product of radius and difference

10,000 + 8,000 = 18,000

10,000-8,000= 2,000

18,000 -=-2,000= 9-

V9- = 3-

3'-l- = 2-

9*x2' «= 18 inches. Ans,

To determine the ^pressure per square inch which a thick hollow cylinder will

withstand ; the internal and external radii, and the tenacity of the material of the

cylinder, being given

:

—
EuLE.—Divide the difference of the square of the radii, and multiply the quotient

by the tenacity per square inch of the material of the cylinder.

Example.—The internal and external radii of a thick hollow cylinder being re-

spectively 9 and 27 inches, and the tenacity per square inch of the material of the

cylinder 10,000 lbs., what pressure per square inch will the cylinder sustain ?

Square of external radius . . . 27 x 27 = 729
Square of internal radius . . . 9x9=81
Difference of squares . . . .729-81 = 648

Sum of squares 729 + 81 = 810

ThenlgLOT'"<6^8 = 8,00Qlb8.^«».
810

Table I.-—Pressure of Water at different heads.

Head Pressure in Head Pressure in Head Pressure in Head Pressure in

in pounds per in pounds per in pounds per in pounds per
feet square inch feet square inch feet square inch feet square inch

1 •43 12 5-2 50 21-7 140 60-6

2 •87 15 6-5 60 26- 150 65^

3 1-3 18 7-8 70 30^3 160 69^3

4 1^73 20 8-7 80 34-7 175 76-

5 2^17 25 10-8 90 39- 180 77-9

6 2-6 30 13- 100 43^3 200 87-

8 3-47 35 15-1 120 51^9 250 108-

10 4-33 40 17-3 125 64- 300 130-

EuLB.—^Multiply head of water in feet by '433 for pressure in pounds per square inch.

Example.—What pressure in pounds per square inch will be given by a head of

500 feet ? 500 x -433 =216. Ans.

Table II.— Weight of cylindrical columns of water, each one foot long, of various

diameters, in pounds avoirdupois.

Dia. Weight Dia. Weight Dia. Weight Dia. Weight Dia. Weight Dia. Weight

3^05

3-59

4-16

4-78

5-43

6-14

6-88

7-67

8-6

9-37

10-28

11-24

12-23

13-27

14-36

15-48

16-65

17-86

19-12

20-41

21-75

23-13

24-55

26-02

f
10

f
I

\
i

f

11

27-53

29-08

30-67

32-31

33-99

35-71

37-47

39-28

41-12

43-01

44-95

46-92

12

13

14

48-94
51-

53-11

55-25

57-44

59-67

61-94

64-26

66-62

69-03

71-46

73-95

15

16

17

76-47

79-05

81-66

84-31

87-01

89-75

92-54

95-36

98-23

10114
104-09

107-09

18

19

20

110-13

113-21

116-33

119-50

122-70

125-95

129-25

132-58

135-96

139-38

142-64

146-35

Hydraulics treats of the Tnotion of water, and Hydbodynamics of the force with
which it acts.

Descending water is actuated by the same laws as falling bodies ; and will fall

through 1 foot in ^ of a second, 4 feet in ^ of a second, and through 9 feet in *{ of a
second, and so on.
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The velocity of a fluid spouting through an opening in the side of a vessel is the

same that a body would acquire by falling through a perpendicular space equal to

that between the top of the water and the middle of the aperture.

Kui/B.—Multiply the space in feet by 64*33, and the square root of the product
vrill be the velocity acquired in feet per second.

Example.—^What is the velocity of a stream per second, issuing from a head of 10
feet ?

VlOx 64-33 = 25-36 feet.

If the velocity be 70 feet per second, what is the he^?
702 -i- 64-33 = 76^ feet.

The'theoretical velocity with which a liquid issues from an orifice in the bottom or
side of a vessel that is kept full, is eight times the square root of the head or distance
fallen in feet. The practical velocity estimated for the entire opening is considerably
less than the theoretical velocity, owing to oblique currents and to friction. These
oblique currents produce a contraction in the vein or stream. The minimum trans-
verse section of the contracted vein is the plane at which the velocity is nearly equal
to the theoretical velocity. The quantity of water which will be discharged in a
certain time depends upon the form of the opening, as well as upon the head. Thus,
by nieans of a conical tube of the form of the contracted vein, the velocity at the
opening, or smaller end of the tube, is nearly equal to the theoretical velocity. The
actual velocity estimated for the entire opening, when constructed as ordinarily, and
not large, is 5*4 times the square root of the head in feet.

Table III.

—

Showing the relative velocities with which water, under a constant head,

wUlflow through differently-formed apertures

:

—
Theoretical velocity 8*

Velocity through a thin plate S*

Velocity through a tube two or three diameters in length projecting outward . 6*5
Velocity through a tube of the same length, projecting inward.... 5-45
Velocity through a conical tube of the form of the contracted vein . . .7-9

Tabi^e IV.

—

Table for estimating the velocity with which water wUlfiow under
a given head.

Head Square root
of head Head

Square root
of head

Head Square root
of head

Head Square root
of head

ft. in. ft. in. feet feet

1 •28867 2 4 1-52752 5 2-23607 32 5-65685
2 -40825 2 5 r55456 6 2-44949 33 5-74456
3 •50000 2 6 1^58114 7 2-64575 34 5-83095
4 -57735 2 7 1-60727 8 2-82843 35 5-91608
5 -64549 2 8 1-63299 9 3-00000 36 6-00000
6 •70711 2 9 1-65831 10 3-16228 37 6-08276

7 -76376 2 10 1-68325 11 3-31662 38 6-16441

8 •81744 2 11 1-70782 12 3-46410 39 6-24500
9 •86602 3 1-73205 13 3-60556 40 6-32456

10 •91287 3 1 1-75589 14 3-74166 45 6-70820
11 •95743 3 2 1-77952 15 3-87298 50 7-07107

1 1-00000 3 3 1-80278 16 4-00000 55 7-41620
1 1 1-04084 3 4 1-82574 17 4-12311 60 7-74597
1 2 1^08012 3 5 1-84842 18 4-24264 70 8-36660
1 3 1-11803 3 6 1-87082 19 4-35890 80 8-94427
1 4 1^15469 3 7 1-89297 20 4-47214 90 9^48383
1 5 M9024 3 8 1-91485 21 4-58258 100 10^00000
1 6 1^22474 3 9 1-93649 22 4-69042 125 11-18034

1 7 r26830 3 10 1-95789 23 4-79583 150 12-24745
1 8 1-29100 3 11 1-97909 24 4-89898 175 13-22876
1 9 1-32288 4 2-00000 25 5-00000 200 14-14214
1 10 1-35400 4 1 2-02072 26 5-09902 225 15-00000
1 11 1-38444 2 2-04124 27 5-19615 250 15-81139
2 1-41421 3 2-06156 28 5-29150 300 17-32051
2 1 1-44339 4 2-08167 29 5-38516 400 20-00000
2 2 1-47196 6 2-10159 30 5-47723 500 22-36068

1-60000 6 2-12132 31 5-66776 600 24-49490
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Sluices.—Eule. Multiply the square root of the depth of the water by 6-4
; the

product is the velocity iu feet per second. This multiplied by the area of the orifice

in feet, will give the number of cubic feet per second.

Example 1.—At what velocity in feet per second will water flow from a sluice

under a head of 9 feet ?

By Table IV., in the column * square root of head,' opposite the head 9 feet, are the

figures 3-00000.

Multiply this number by 6-4. S'OOOOO x 6'4 = 16-200000 feet per second.

Note.—If the area of the opening is largo compared with the head of water, take |rds

of this velocity for the actual velocity.

Example 2.—^What number of cubic feet and pounds of water will flow in one

minute, under a 9-feet head, through an aperture, 2 inches wide by 84 inches long ?

The velocity per second as given above is . . . . 16-2 feet.

The velocity per minute will be . . 16-2 x 60= 972 feet.

The area of the opening is . . . . 84 x 2= 168 square inches.

This area in square feet is 168-t-144= 1*16 square feet.

The velocity in feet per minute multiplied by'l
g^g x 1-16 = 1127-52 -T^"*^*^^^^

the area of the aperture ... J \. fer miminute.
A cubic foot of water weighs 62*4 lbs., r- ,,

Henca 1127-52 x 62'4= 70-357 {'"^Xto.

If it were required to determine the theoretical power which this water would exert

on a water-wheel, it would only bo necessary to multiply the number of pounds of

water by the fall in feet. But to find the actual power, it would be requisite to

multiply the theoretical power by the efficiency of the wheel ; and if it were desired to

express the power in units of horse-power, the number of effective pounds would have
to be divided by 33,000.

As a practical illustration, take an overshot wheel, and let the foil be 40 feet. The
efficiency of this wheel under the most favourable circumstances does not exceed -68.

Then 70-357 lbs. x 40 feet x -68 = 1,913,574 foot-pounds.

1,913,574-7-33,000 = 57-9 actual horse-power.

To determine how much more water will flow under one head than under another.

KtTLB.—Divide the square root of the greater head in feet by the square root of the

less.

Example.—How much more water will flow under a 9-feet head than under a 3-feet

head?
By Table IV. the square root of the 9-feet head is 3 '00000, and the square root of the

3-feet head is 1 -73205.

Hence 3-00000 -^ 1-73205 = 1-15 times as much.

Vertical Apertures or Slits.—The quantity of water that will flow out of one

that reaches as high as the surface, is frds of that which would flow out of the same
aperture if it were horizontal at the depth of the base.

Q^^
velocity at bottom X depth X 2 ^ ^^^^^.j^ ^^ sUt=number of cubic feet per second.

Velocity of Streams.—In a stream the velocity is greatest at the surface and in

the middle of the current.

To ascertain the velocity of water in streams.—First method. (1) Select a place

where the run of water is tolerably straight. (2) Measure along the course one
hundred or more feet. (3) At each end of the measurement at right angles to the

flow set a straight cord. (4) Get hard wood floats or indicators not affijcted by the

wind, and which will sail uniformly with the velocity of the stream. (5) Drop a float

lightly into the stream just above the upper cord, and observe the exact time of passing
from one cord to the other. (6) Repeat this experiment, starting a float both in the

middle and near to the margin of the stream. (7) Take the mean of the several trials

for the surface velocity, and four-fifths for the mean velocity of the water. (8) Mul-
tiply the latter velocity by the average breadth and depth of the channel, and the

product will express the volume of water between the cords within the time of the

observation.

Second Method. Take the number of inches that a floating body passes over in one
second in the middle of the current, and extract its square root ; double this root,

subtract it from the velocity at top and add 1 ; the result will be the velocity of the

stream at the bottom ; and the mean velocity of the stream is equal to the velocity at

the surface, less the square root of the velocity at the surface increased by ^ths of 1.
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Exfmple,—If the velocity at the Burfkce and in the middle of a stream be 80 inches,

what is its velocity at the bottom, and what is its mean velocity ?

Square root of 36 = 6,

Double this root, 6x2 = 12.

86 + 1 — 12 = 25 inches per second velocity at bottom. Ans.

Again, 36 +;5— 6 = 30*5 inches per second mean velocity. Ans.

Wbihs and Kectanqulajb Notches.—The folio-wing Table V. gives the number of
cubic feet of water per minute that will pass over a weir for each inch in width, and
from 1 to 19 inches in depth.

Depth of Depth of weir in parts of an inch

weir in
inches i I f ! i f f I

1

Number of cubic feet per minute

0-403 0-408 0-563 0-649 0-740 0-835 0-966 1-035

2 1-141 1-248 1-360 1-475 1-593 1-714 1-838 1-964

3 2-094 2-121 2-361 2-599 2-639 2-782 2-927 3-062

4 3-225 3-337 3-531 3-688 3-848 4-009 4-173 4-339

5 4-506 4-676 4-849 5-023 5-200 5-378 5-558 5-740

6 5-925 6-105 6-298 6-488 6-681 6-874 7-071 7-266

7 7-465 7-666 7-869 8-073 8-280 8-487 8-697 8-908

8 9-121 9-335 9-552 9-770 9-990 10-211 10-427 10-657

9 10-884 11-111 11-340 11-571 11-804 12-037 12-272 12-509

10 12-747 13-147 13-228 13-471 13-716 13-961 14-208 14-457

11 14-707 14-957 15-211 15-465 15-721 15-978 16-236 16-495

12 16-757 16-206 17-283 17-549 17-816 18-083 18-352 18-622

13 18-895 19-167 19-445 19-718 19-996 20-274 20-558 20-834

14 21-116 21-400 21-684 2i-970 22-258 22-546 22-835 23-127

15 23-418 23-708 24-007 24-302 24-600 24-897 25-195 25-496

16 25-800 26-102 26-406 26-712 27-019 27-325 27-634 27-943

17 28-256 28-566 28-881 29-195 29-512 29-829 30-145 30-464

18 30-785 31-106 31-429 31-752 32-075 32-403 32-733
1

33055

Let the weir be 10 inches in depth; opposite 10 inches the second coliunn is 12-747,

being the number of cubic feet discharged per minute 1 inch in width. Then again,

suppose the weir 6| inches deep. The figures answering to this number are 6-488,

which is cubic feet discharged per minute for 1 inch in -width. By mxiltiplpng the

number of cubic feet discharged per inch in width by the -width of the weir in inches,

the total discharge per minute -will be obtained. Note.—The water should be set back

to a dead level before it passes over the weir-board, and the depth taken at a point

before the curve commences.

ScouB OF "Wateecottrse Beds.

Water running at a velocity of \ foot per second will scoxa fine clay

„ „ X „ „ „ fine sand

„ „ f „ „ „ coarse sand

„ „ 1 ., „ „ fine gravel

tt „ 2 feet „ „ shingle 1 inch diameter

„
'

„ 3 „ „ „ angular stones as large

as an egg

„ » 5 „ „ „ conglomerate

DiscHABGB BY HoHizoNTAL Pdpes.—Ist. The less the diameter of the pipe, the less

is the proportionate discharge of water.

2nd. The greater the length of the discharging pipe, the greater the diminution of

the discharge.

3rd. The friction of water is proportionally greater in small than in large pipes.

4th. The velocity of water flo-wing out of an aperture is as the square root of the

height of the head of the water.

DiscHABGE BY VERTICAL PiPES.—The discharge of fluids by vertical pipes is

augmented on the principle of the gra-ntation of falling bodies ; consequently, the

greater the length of the pipe, the greater the discharge of the fluid.

Inclined Pipes.—A pipe which is inclined will discharge in a given time a
greater quantity of water tian a horizontal pipe of the same dimensions.
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J<Low OF Water.—The time occupied by an equal quantity of water flowing

through a pipe or gallery of equal lengths and equal falls is proportionally as fol-

lows : In a right line, as 90 ; in a true curve, as 100 ; and in passing a right angle,

as 140.

Table VI.

—

Advantageous velocities of various Water Motors as compared with the

suppli/ velocity/.

Undershot and low breast wheels at circumference . , , • "57

Turbines at the middle of ring of bucket. • * • . . *65

Reaction at circumference • . '97

Overshot wheel at circumference '50

Table VII.

—

Cojnparative efficiency of various Water Motors running under
favourable circumstances, asfound by experience.

Theoretical power I'OO

Undershot wheel, with flat radial floats '35

High breast wheel '65

Poncelet's improved undershot "60

Turbine (Scotch reaction) -66

„ (Jonval's) '68

Overshot wheels '68

Overshot and breast wheel (that part of fall acting by weights^ . '78

„ „ (that part of fall acting by impulse) . '40

Water-pressure rotative engine 70
„ reciprocating engine '80

Water-wheels.—^Water as a power or force is exerted on water-wheels both by its

weight and impulse. Weight and impulse are combined together on the overshot and
breast wheels.

The theoretical work accomplished by weight is the product of its force, and the

vertical distance through which it is exerted ; whilst the theoretical work realised by
impulse, is the product of the force produced by the weight of the flow of water, and
the vertical head necessary to produce the velocity with which the weight moves. The
available work depends not only upon the magnitude of the force exerted, but upon the

direction of that force in reference to the direction given to the resistance ; also upon
the form of the buckets of the wheel, friction, and losses by leakage.

The vertical height, from the centre of the opening in the sluice to the surface of

the water in the head-race or reservoir, is termed the head of discharge. The distance

in feet from the surface of the water until it meets the wheel is the head of contact.

The perpendicular distance, from the surface of the water in the tail-race, at the time

the wheel is working, to the point when the water meets the wheel, is termed the fall.

Half the head of contact added to the fall will give the effectivefall.

Water-wheels are of three kinds : the Undershot, Breast, and Overshot. The term

undershot is applied to a wheel when the water strikes at, or below, the centre ; the

greatest effect being produced when the periphery of the wheel moves with a velocity

of one-half that of the water. Breast wheels are those that have the water applied

between the centre and the vertex. Overshot, when the water is brought over the

wheel, and laid on the opposite side. In either case the maximum velocity is two-

thirds that of the water.

The overshot wheel is the most advantageous, as it gives the greatest power with

the least quantity of water. The next in order in point of efficacy is the breast

wheel, which may be considered a mean between the overshot and undershot. For a

small supply of water with a high fall, the first should bo employed ; when the

quantity of water and height of fall are both moderate, the second form should be

used. For a large supply of water with a low fall, the third form must be re-

sorted to.

To find the maximum velocity of an undershot wheel :

—

Rule.—Multiply the square root, or the perpendicular height of the fall, in feet by

8 ; the product is the velocity of the water in feet per second. Then multiply by '57

for obtaining the velocity of the wheel in feet per second.

Example.—Required the maximum velocity of an undershot wheel when propelled

by a fall of water 6 feet in height.

8 a/6= 2-45 X 8= 19-6 feet, velocity of water.

19-6 X -57 = 11'17 feet per second for the velocity of the wheeL Ans.

To find the head of water proper for breast and overshot wheels, at any velo-

city, the maximum velocity being two-thirds that of the water :

—

Rule.—As the square of 16'095 or 259 is to 4, so is the square of the velocity of the
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water in feet per second to the head of water, or distance between the centre of the

Bluice aperture and the point where the water strikes upon the wheel.

Example.—Kequirod the head of water necessary for a wheel 25 feet diameter,

moving with a velocity of 6 feet per second.

5-f.|=:6 X § = 7'6, velocity of the water in feet.

259 : 4 : : 7-52 : '87, or head of water 10^ inches. Am.

For wheels of from 15 to 20 feet diameter, add ^th of the diameter — 1 foot. For
wheels from 20 to 30 feet diameter add ^th of the diameter. This additional head is

intended to compensate for the friction of water in the aperture of the sluice to keep
the velocity as 3 of water to 2 of the wheel ; thus, in place of -87 feet of head for a
25-feet wheel, it will be -87 = 10^ inches + 25||= 10^ inches + 1-3 = 2 feet 1^ inch

head of water.

EuLE,—(1.) Find the velocity of the -water per minute by extracting the square
root of the height of the head of the water, viz. from the surface to the middle of the

sluice-aperture, and multiply by 8, unless when the opening is small, and the head of

water great, or proportionally so, when use from 5'5 to 8 for a multiplier.

(2.) Find the number of cubic feet and pounds delivered per minute; ascertaining

the area of the sluice-aperture in feet, then multiply by the velocity of the water in

feet per minute ; divide the product by 1,728, and multiply the quotient by 62*5 lbs.

(3.) Multiply the number of pounds delivered per minute by '36, and divide by
33,000 ; the quotient is the number of horse-power.

Example.—What is the power of an undershot wheel applied to a stream 2 feet x
80 inches from a head 25 feet ?

(1.) V25 X 6*5 X 60 = 1,950 feet, velocity of water per minute.

(2.) 2 X 80 X 1,950 x 12-^1,728 = 2166-6 cubic feet delivered per minute.

Then 2166-6 x 62-5 = 135,412 lbs. of water discharged in 1 minute.

(3.) 135,412 X -35 -r33,000 = 1-4 effective horse-power. Ans.

To find the power of a breast wheel.—Eule. Find the effect of an undershot wheei^

the head of water of which is the difference of level between the surface and where it

strikes the wheel (breast), and add to it the effect of that of an overshot wheel, the

height of the head of which is equal to the difference between where the water strikes

the wheel and the tail-water ; the sum is the effective horse-power.

Example.—^What would be the power of a breast wheel applied to a stream 2 x 80
inches 14 feet from the surface, the rest of the fall being 13 feet ?

V'14 X 6-5 X 60 = 1,458*6 feet, velocity of water per minute,

and 2 X 80x1,458x12-^-1,728 = 1,620 cubic feet x 62-5 =^101,250 lbs. water dis-

charged in 1 minute.

Then 101,250 x -35= 1-07 horse-power as an undershot.

V 11 X 6*5 X 60= 1,290 feet, velocity of water per minute,

and 2 X 80 X 1,290 x 12 -r 1,728 = 1,433 cubic feet x 62-5 = 89,562 lbs. of water dis-

charged in 1 minute.

xll height of fall x -35 -^ 33,000 = 20 -3 horses, which added to the above=
21-37. Ans.

To find the power of an overshot wheel.—Eule. Multiply the weight of water in

pounds discharged upon the wheel in one minute by the height or distance in feet

from the centre of the sluice-opening to the lower edge of the wheel, then multiply
by -68 and divide the product by 33,000, the quotient will be the number of horses'-

power.

Example.—The weight of water discharged on a wheel per minute is 50,000 pounds,
the height of fall is 26 feet, and diameter of wheel 25 feet, what is the power of the
wheel ?

Total height of fall from centre of sluice—opening to bottom of tail-race, 26 ft.

;

deduct clearance below, 8 in. Total, 25 ft. 4 in.

50,000 X 25-4 X -68 -=-33,000 = 26^^0 effective horses'-power. Ans.

Circle of gyration.—The centre or circle of gyration is that point or circle in a wheel
into which, if the whole quantity ofmatter were collected, the same moving force would
generate the same angular velocity. Motion ought always to be communicated from
that centre whenever it is practible.

To find the circle of gyration.—Eule. Add together twice the weight of the
shrouding, buckets, &c., §rds of the weight of the arms and the weight of the water

;

multiply the sum by the square of the radius ; divide the product by twice the sura
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of the weight of the shrouding arms added to the weight of the water, and the square

root of the quotient is the radius of the circle of gyration from the centre of suspen-

sion, nearly.

Exanvple.—Kequired the distance of the centre of gyration from the centre of

suspension in a water-wheel 22 feet diameter, shrouding, buckets, &c. = 1 8 tons, arms =
12 tons, and water \0 ton§,

Then a/{(2 x 18 + |x 12+ 10) x 112-^[(18 4- 12) x 2+ 10]}

= ^{(36 + 8 + 10) X 121 4-(30 X 2 + 10)} = V{(54 x 121)^-70}

= A''(6,534-r70)= -v/93-34 = 9'7 feet from the centre of suspension.

To find the horse-power of Water-wheels according to a method employed in varioits

parts of America :

Table VIII.--Coefficients.

Head Goeffldent Head CoefQcient Head Coefficient Head Coefficient

ft. in. ft. in. ft. in. feet

1 12 1 7 54 3 2 76 9 128
2 17 1 8 55 3 4 78 10 135
3 21 1 9 66 3 6 80 12 148
4 25 1 10 58 3 8 82 14 160
5 28 1 11 59 3 10 84 16 171
6 30 2 60 4 85 20 191

7 33 2 1 62 4 3 88 25 213
8 35 2 2 63 4 6 90 30 233
9 37 2 3 64 4 9 93 36 256

10 39 2 4 65 5 95 49 298
11 41 2 5 66 5 4 98 64 341

1 43 2 6 67 6 8 101 81 884
1 1 44 2 7 69 6 104 100 426
1 2 46 2 8 70 6 6 109 121 469
1 3 48 2 9 71 7 113 144 511
1 4 49 2 10 72 7 6 117 169 554
1 5 51 2 11 73 8 121 196 597
1 6 62 3 74 8 6 124 225 639

EuLE.—^Multiply the product of the coefficients—(see Table VIII.) opposite the given

head, the area of the opening in the sluice in square inches, the entire head in feet

(in case of the overshot or breast, the head by 40 and the fall by 78)—by the efficiency

of the class of wheel, pointing off 6 figures as decimals.

Example 1.—The dimensions of a stream are 2 inches by 200 inches, the head
2 feet 3 inches and the fall 10 feet ; what is its horse-power applied to a breast wheel ?

2 inches x 200 = 400 square inches opening.

Coefficient by Table VIII. opposite 2 feet 3 inches = 64.

Efficiency by Table VII. arising from weight= 78.

Efficiency by Table VII. arising from impulse= 40.

Head 2-3 = 2-25 feet.

Product of efficiency and head 2'25 x 40= 90.

Product of efficiency and fall 10 x 78 = 780.

Sum of products 780 + 90 = 870.

Then 870 x 400 x 64 = 22-27 horses'-power. Ans.

Example 2.—The dimensions of a stream are 10 inches square, the head 25 feet;

what is its horse-power applied to a good turbine ?

Square inches in opening 10 x 10 = 100.

Coefficient by Table VIII . opposite head (25 feet) = 213.

Efficiency by Table VII. of turbine= -68

Then 100 x 213 x -68 x 25 = 36-21 horses'-power. Ans.

To find the horse-power of a single or double direct-acting pressure-engine.—Rule.
Midtiply the net area of the piston in inches by the vertical pressure in pounds per

square inch ; then, for a single-acting engine, by one-haLf the journey made by the

piston per minute ; deduct ^ for friction and absorption of power, divide by 33,000,

and the quotient will be the effective horse-power. Should the engine be double-acting,

double the figures of the quotient.
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Example.—Wliat load \nll a single-acting pressure-engine sustain, and -what 'will

be the horse-power, the diameter of the cylinder being 20 inches, eJSective journey of

piston 60 feet per minute, height of pressure-column 200 feet?

Pressure -column Table I. 200 feet = 87 lbs. pressure per square inch.

Diameter of cylinder 20 inches = 314-16 square inches, and
Product of eflBiciency in Table VII. -80

31416 X 87 lbs. X -80 = 21,865 lbs. actual load which piston will Bustaili,

Then 21,865 x 60 -i- 33,000 = 49*7 effective horse-power.

Charging rams.—To find the area of a ram for charging an accumulator, to work
under a given load when the eJ0fective sustaining power of the charging engine is

known.
EuLE.—Divide the effective sustaining power of the engine by the load per square

inch to be imposed on the accumulator, the quotient will be the area ofthe charging ram.

Example.—The effective sustaining power of a pressure- engine is 21,865 lbs., and
the accumulator is to carry a load of 800 lbs per square inch. What will be the area

of the charging ram ?

21,865 -i- 800 =27*2 inches area, or 6|- inches diameter.

Accwmiilator.—To ascertain the weight required on an accumulator ram of a given

diameter, the charging pressure being given.

EuLE.—Multiply the area of the accumulator ram by the charging pressure in

pounds, the product will be the weight required on the accumulator ram less the dead
weight of the accumulator ram, cross-head and weight-box.

Example.—An accumulator ram is 10 inches diameter, the charging pressure is

800 lbs. per square inch, the weight of the ram, cross-head and weight-box is 6,000 lbs.

;

what extra weight must be added ?

lbs.

10inches = 78'54x800 1bs. 62,832

Less weight of ram, cross-head and weight-box . . . 6,000

Am. 66,822
UsEFui. Memoranda.

1 cubic foot of water weighs 1,000 otmces, or . . 62*5 lbs.

1 cubic inch „ '036 lb.

1 imperial gallon =277*274 cubic inches . . . 10 lbs.

1 , . 0-16 cub. ft.

1 cubic foot of water=6,238 gallons, or approximately . Q\ gall.

1 "8 cubic foot of water 1 cwt.

11*2 imperial gallons = 1 cwt. or 224 gall. . . .1 ton
35-84 cubic feet 1 ton

A column of water 12 inches high one inch square . "434 lbs.

„ „ „ diameter . '341 lbs.

One cylindrical foot of water 4,895 imp. gall.

Sea Water.

1 cubic foot = 64*1 1 lbs. or 1-027 times the weight of fresh water.

Bainfall.

Inches of rainfall x 2,323,200 = cubic feet per square mile.

„ X 14^ = millions of gallons per square mile.

„ X 3,630 = cubic feet per acre.

Sundries.

A fall of T^gth of an inch in a mile will produce a current in rivers.

Melted snow produces about ^th of its bulk in water.

Sound passes in water at a velocity of 4,708 feet per second.

Expansion of Water.

Volume of water at 32° = 1 ,000.

„ at 212°= 1,046 ; increase in 180° = -046.

Construction of Water-wheels.—The application of vertical wheels to the purposes
of mining is copiously illustrated in Agricola's work, *De Ee MetaUica,' edition 1621,
where overshot and undershot wheels are shown driving pumps direct, as well as
through the medium of cranks and spur-gearing.

General Exiles.—When iron is used for water-wheels, curved buckets and shroudings
are preferable to deal float-boards and oak starts.

In designing iron wheels care should be taken that, while attempting to form a
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bucket which shall carry the water as long as it can act beneficially, the opening or

mouth of the buckets shall not be so contracted as to prevent the free admission of
water into them, or its free egress at the bottom of the periphery. Fairbairn's rule

for bucket openings in wheels of high fall is nearly as 5 to 24, that is with a bucket
holding 24 cubic feet, the area of the water entrance should be 5 square feet. In
breast wheels the area should be increased to 8 square feet, or in the proportion of
otie to three. With these proportions the depth of shrouding is regarded as three

times the distance from the tip to the back of the bucket.

In wheels receiving the water below the centre of the axis, a still larger opening
for the entrance and exit of the water is reqmred.

In each variety of wheel the maximum effect of the water can only be secured by
making the bucket-openings sufficiently large to allow of the ready admission and
escape of the water within the limits of the vertical centre.

Undershot water-wheels.—In localities where the supply of water is large, and
the fall comparatively low, the undershot wheel offers an obvious and cheap medium
for utilising the power of the current. In the year 1825 Poncelet, after an extensive

series of experiments found that the floats, instead of presenting a plain radial

surface to the impulse of the water, ought to consist of circular arcs of assignable

radii of curvature. Following this discovery certain practicable rules have been
established which may be abridged as follows: (1) Let the stream act on the

buckets at from 7 to 26 inches from the point where the iwater leaves the wheel

1174

yD

(2) The product of the square root of the perpendicular height in feet from the

surface of the water in the head-race till it meets the buckets, multiplied by 4-2, will

be the velocity of the skirt of the wheel in feet per second. (3) Set the sluice at the

part where the water leaves it, as near the wheel as possible, with a backward in-

clination, and its under edge so formed as to run the wat r in the buckets at an angle

of 30° from a tangent to the circumference. (4) Contrac slightly the sides of the

cistern next the sluice-frame conducting the water to the wheel. (6) Make the sluice-

opening about 4 inches narrower than the wheel. (6) Make sluice and frame so

that the impelling water may run freely and without obstruction to the buckets. (7)
The width of wheel miLst not exceed width of passage for conveying the water.

The method of setting out the buckets of an undershot wheel, as also the mean
direction of the water entering the buckets, is shown in fig. 11 74. a b line of buckets

inclined at an angle of 1 0° from the radius line c d ; f e mean direction of the water
entering the buckets, the lino being at an angle of 30° with the tangent line f o.

Poncclefs Undershot Water-wheel.—A part elevation of this wheel is shown in fiff.

1175 : a, shrouding ; b, buckets ; c, sluice-plate ; d, grooves for sluice-plate ; e, trans-

verse beams
; /, cross-binder and planking

; ff,
reservoir ; h, floor of water-course ; k^
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1177

beam in which is formed an abrupt descent for the liberation of the water ; Ip, flanking

of tail-race. In order that the water may impinge upon the buckets of the wheel with
the least possible loss of effect, the bottom of the course,

where it approaches the point of impulse, is made with

a declination of from 3° to 4° from the horizontal direc-

tion. The line of direction m n, of that portion of the

water flowing through the sluice opening c, ought there-

fore to make with thft tangent line m o, to the circle of

the wheel, an angle of 24° to 25°. The surface ph oi

the water-run is a tangent drawn to the small circular

arc p r, which approaches close upon the circumference

of the wheel at that part where it passes the vertical

plane, and which should be as long as the distance be-

tween two contiguous buckets. At the point r the arc

terminates aljruptly for the width of the race, allowing

a drop for the water equal to half the depth of the

shrouding.

Method of determining the curvature of the buckets.—
From a point a {fig. 1176) in the extreme circumference

draw the line a b, making an angle of 26° with the radius

a d, drawn from the centre of the wheel to a. Then
with a radius of ;^th of the depth of the shrouding A, lesa

1178

J
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than the inner circumference ; describe from the centre another circle, ef, cutting the

line ah\\\h\ this point h -vdll be the centre from which the curve of the bucket should

bo drawn.
Breast Wheel.—The water acts on the periphery of this wheel both by its weight

and impulse, one foot of fall affording as much power as two feet of head. The cir-

cumferential velocity is commonly about 4^- feet per second, and the speed of the water
entering the buckets 6^ feet per second.

The slower the wheel revolves, and the higher it receives the water, the more the

buckets may be sloped, so as to retain the water to the proper point of discharge.

For the purpose of expelling the air from the buckets, the stream should be of less

width than that of the buckets, or otherwise openings should be formed in the backing

\ of an inch wide, or the bucket constructed as shown in fig. 1177. A good example
of the form of iron buckets employed in the breast wheel, as well as the arrangement
for supplying and taking off the water, is shown in fig. 1178 : a, shrouding ; 6, the

buckets ; c, stays between the buckets ; d, sole plate or backing ; e, breast work ; /,
cistern or mill-race

; g, sluice-race ; h, sluice-cover ; k, tail-race. The distinguishing

feature of- the arrangement shown consists in the wheel working against a circular

breast of masonry, fitted close to the outer circumference of the shiouding and ends of

the buckets. The cistern leading into the wheel is likewise fitted close to its peri-

phery. The loaded portion of the wheel is therefore enclosed, and hence, in forming
the buckets, it is not absolutely necessary to contract the mouth for the purpose of
retaining the water.

Overshot Wheel.—The overshot wheel receives its water a little distance to the right

or left of the vertical centre line. Smeaton's experiments showed that the best effect

was obtained when the circumferential speed was limited to Sg feet per second, or 210
feet per minute. "With, however, the increase of diameter in wheels, it is found that

the speed may be advantageously augmented. A wheel 20 feet in diameter may
move six feet per second, and where economy in the propelling power is not a special

object, the circumference of the wheel may run at 8^ feet per second. This greater

speed will be found in some cases desirable ; the wheel may bo lighter and cheaper

than a slow-running wheel, and less gear will be required to bring the speed up to the

1179

required rate for driving machinery. In practice it is found that a fall of 7 inches

will bring water upon a wheel full 3^ feet per second, and a fall of 19 inches will give

a velocity to the stream of quite 6 feet per second. In reference to wheels of this

class it may be observed : (1) when the volume of water is large and variable, and the

fall of an intermediate height, it is found advantageous not to lay the water upon the

top of the wheel, so that it may work overshot, but to make the diameter of the wheel

greater than the mean height of the fall, and to lay on the water at about 45° from
Vol. II. 3 1
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tho perpendicular—or, as miners say, at nine o'clock-, (2) when the fall exceeds 60
feet, a turbine, or ^vater-pressure engine, will generally bo found less costly and more
ofFectiA-e

; (3) wheels placed one over tho other, and geared together, so as to employ a
high fall of water, do not afford satisfactory results.

Fi^f. 1179 illustrates an overshot wheel employed in pumping at the Laxey Minefl,

Isle of Man. Tho diameter is 72 feet 6 inches ; width between shroudings, 6 feet

;

length of shaft, 17 feet; diameter of shaft, 21 inches; length of crank, 5 feet; stroke,

10 feet ; stroke in pump, 8 feet. Tho water is convoyed in pipes 2 feet diameter,

and, after rising through the column, is carried to tho top of tho wheels by means of a
launder. On one side of the crank a balance * bob ' is fixed ; from the other is ex-

tended tho sweep and ' flat rods,' reaching to the pump shaft, about 200 yards
distant.

At Wheal Friendship, Tavistock, under the direction of the late Mr. Taylor, an
aggregate fall of 626 feet was utilised through the medium of seventeen water-wheels,

eight of which were employed in pumping. The largest wheel was 51 feet diameter,

and 10 feet between tho shrouding. The water ran into tho buckets at the rate of

5,600 :< 10x61\
5,600 gallons per minute, consequently the horse-power expended was ('

33,000

The wheel made 6 revolutions per minute ; length of stroke in tho pump, 6 feet

;

1180 1181

effective journey per minute, 30 feet ; weight of water in tho various lifts or columns
of pumps, extending a depth of 188 fathoms, 66,415 lbs. The work performed by
this wheel was therefore 69 per cent, of tho power expended, or equal to 60 effective

horse-power.

lurbmc.—The use of turbines in mining operations is somewhat limited by the
high speed of the wheels, and the necessity of employing intermediate shafts and
wheel-gear. Without reducing gear, the apparatus cannot bo directly applied either to
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winding, dressing, or pumping purposes, but it might be advantageously employed to

run a telo dynamic cord across country, so as to give motion to various machines. See

Turbine.
Water-balance.—This apparatus is employed at various quarries in Wales, and at

numerous places on the Continent. Its chief use is in lifting stuff vertically, but

there are many cases "vvhere it is applied to incline hauling.

An endless chain is passed over a head-wheel ; two wrought-iron boxes are attached

to this chain, so that when one is at the top, the other is at the bottom of the shaft.

Each water-box is covered by a strong platform, which carries a waggon, and each box
is fitted with a valve. A pipe in connection with a cistern or reservoir, laid to the

mouth of the shaft, is fitted with two valve-boxes.

The box being filled with water, overbalances the empty box, and raises it with its

waggon of stuff to the top of the shaft. When the full box has descended to the

bottom of the shaft, the valve is opened, and the water discharged into the adit or day
level. The boxes run in rope guides, and the discharging valves may be opened by an

attendant, or otherwise by striking a stud set for the purpose. Eails are laid so as to

run the waggons off and on the platforms. Fig. 1180 is a cross elevation, showing

the box and waggon at bottom of the shaft, also the charging-pipe and air-vessel at

surface; Jig. 1181 a side elevation of the box at surface, charging-pipe, brake-wheel,

and lever ;/^. 1182 section of box and discharge-valve
; /^. 1183 plan of water-box.

Water-pressure Engines.—The power of these engines is derived from the weight of

a column of water acting or pressing directly on rams or pistons.

To work these engines successfully, air-vessels, momentum-plungers, or other

suitable contrivances, should be applied between the cylinder and the pressure-

column.

For mining purposes pressure-engines ought to be of simple construction, all parts

readily accessible, and the following suggestions more or less observed :—(1) Employ
cotton-packing in gland-boxes instead of single or cup leathers for iron rods above
3 inches diameter

; (2) if it is designed to work under very high pressures, use brass

or brass-cased rams
; (3) work wnth balanced valves

; (4) in forcing water to an accu-

mulator, set the pump-valves higher than the pump, or otherwise let the water
gravitate to the bottom clack, so as to fill the ram cases, and prevent the ingress

of air.

Owing to the shock communicated to the pressure pipes, as well as to other parts of

the machinery, by the sudden stoppage of a fiowing column of water, it is necessary to

keep the piston speed very low. Long-stroke engines are also desirable.

It is exceedingly difficult to discover the original inventor of piston reciprocating

water-engines, but machines of this class seem to have been first employed in Ger-
many. In 1748 an engineer named Winderschmidt erected a water-pressure engine at

the Grube Bestandigkeit, Oberhars. Between 1759 and 1768 six additional engines

were set to work at Schemnitz, in Hungary, and in 1767 other engines were placed at

the Siegfried mine, near Freiberg, in Saxony. In Austria the first water-pressure

machine was probably started about the middle of the last century. In 1765 West-
garth erected an engine at the Caldcleugh mine, Northumberland. Five years after

Smeaton placed a water-pressure machine at Temple Newsam, Yorkshire. From 1798
to 1804 Trevithick erected engines at Huel Henry and Huel Druid, Cornwall, and one
at the Alport mines, Youlgreave, Derbyshire. About 1835 Fairbairn constructed a
water-pressure engine for the same mine. Between 1841 and 1848 Darlington de-

signed and added three large pumping-engines, one of which, with a cylinder 50 inches

diameter, was made at the Butterly Works, then under the management of the late Mr,
Joseph Glynn. Subsequently Armstrong employed an accumulator and rotary engines

atAllenheads. In 1833 Dean, of Hexham, and in 1862 Pattinson, Davison and Spencer,

of the same town, built horizontal and vertical engines for the Leadhills Lead Mines,
Lanarkshire. Darlington also designed and erected hydraulic pumping-engines at

Lisburne. Cwmystwyth, Tarlargoch, and Minera, in North Wales, between the years

1843 and 1856.

Valves.—The slide-valve shown on page 863,^. 1194, maybe applied both to small
pumping and winding engines intended to be worked under a heavy water pressure.

It is an ordinary D-shaped slide made of 3^ parts of tin and 16 copper. The seating

or face plate is also made of similar composite metal. The valve face is in some cases

attached to the face holder in the following manner :—(1) Heat valve face holder, and
wash face with a solution of chloride of zinc. (2) Ke-heat valve face holder and valve
face hot enough to melt tin. (3) Put melted tin on valve face and face holder, bring
the two faces together and solder.

The balance valve shown in Jig. 1184 is in use at the Wildberg mines, Prussia. The
water under pressure flows through the opening a, then to the main cylinder through
the port b. After having performed its work, it returns through the port b and passes

3i2
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away by tlio eduction opening c. The bar valve, as will bo seen, moves into a single

leuther d, when the water flows to the cylinder, and on flowing from the cylinder the

valve leather e passes into the cylindrical part / of the valve-box. Experience has

1184

shown that leatliers worked in this way are thoroughly reliable, and that the valve

itself is eifective under very high pressures. Both valve bar and box are of gun-
metal.

Balance and Differential Pistons.—Under considerable pressures balance-valve

pistons are necessary. Examples of their application is shown in Darlington's

pressure-engine, no, page S55 Jig. 1187, and also in Trevithick's engine, BC,Jig. 1188,

page 856. Differential valve pistons, k i, are shown in Jiff. 1187, page 855.

Cup Leathers.—Cup leathers are cither single or double, the former are partly

clipped between two metallic surfaces, the latter are supported on a loose ring. For
large X)lungers, leathers are costly, and apt to wear quickly. Iron surfaces are readily

attacked by mineral waters which produce a saw-like roughness calculated to tear the

edge and face of the leathers. For brass rams, leathers may be used with the greatest

advantage, since in contact with that metal they will be very durable and cause but

little friction. The tible at the head of p. 853 gives the friction occasioned by the

use of leathers on rams the surftices of which are in good smooth working order.

Tacking.—For cylinders of very large diameter under moderately low pressures,

hemp rope, or gasket may be employed. Brass packing rings are also reliable. For

valve pistons, passing ports, a close working fit between the piston and cylinder will

prove satisfactory. Small pistons or rams travelling under high pressures should bo

fitted with single or double cup leathers. Iron rods above 3 inches diameter, if

packed with lamp-wick, will give less trouble tlian if worked in contact with cup

Icii'hcrs.
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Diameter of ram
in inches

Friction per cent.
Diameter of ram

in inches
Friction per cent.

2 2 11 •38

3 1-33 12 •33

4 1 13 •30

5 •80 U •28

6 •66 15 •26

7 •57 16 •25

8 •50 17 •23

9 •44 18 •22

10 •40 19 •21

Charging Plungers and Pistons.—For charging accumulators or effecting the trans-

fer of power, plungers are usually employed. The advantage which a plunger offers

over a piston is that any leakage is instantly seen and can almost immediately be
prevented. When it is required to force water under a high pressure the valves should

not only be large, but set so that air cannot pass into the plunger case. A precaution-

ary method is to gravitate the water to the bottom valve. In addition, it will in some
cases be judicious to provide the ram cases with small pet valves for discharging

any intrusion of air. Unless the air be entirely excluded from the plunger cases,

the cubic inches of water delivered to the accumulator will by no means correspond to

the cubic inches of the stroke. A simple and effective force pump is shown in
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Jig, 1185. In this arrangement the outstroke of the pump causes the water contained
in the annular space surrounding the rod e to be forced into the air vessel or accumu-
lator whilst a further supply of water enters behind the piston through the inlet g. In
the other half of the stroke the water behind the piston is discharged through the
valve D and half of it into the annular space on the other side of the piston. In this
pump the area of the rod e is exactly half that of the piston f. Both the inlet and
delivery valves are of easy access.

Accumulators and Air Vessels.—The accumulator is shown in Jigs. 1170 and 1189, and
its use is fully explained at page 833. Air vessels may to some extent be used as a
substitute for the accumulator, but this class of apparatus impose a varying resistance
on the charging pumps, whilst the resistance offered by the accumulator is a constant
one. Moreover, the air vessel has the serious defect of requiring frequent replenishing,
owing to the absorption of air by the water. This especially occurs under high pres-
sures, as will be gathered from the following particulars. (See Table, p. 854.)
The effective capacity of air vessels is governed by the pressure of water to which

they are to be subjected. Long and capacious vessels will afford more satisfactory
results than short and small ones. In most cases it will be desirable to fit the vessel
with a pressure-gauge, and a gauge-glass. An example of an air vessel fitted in this
way and applied for the purpose of relieving pressure and preventing shock is showu in

fig. 1194, page 863, where d is the vessel,
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Composition of air

Volume of air absorbed in water under a pros

sure of 15 lbs. per square inch
30

45
60
76
90

Oxygon

21 parts

•046

•092

•138

•184

•230

•276

Nitrogen

79 parts

•025 „
•050 „
•075 „
•100 „
•125 „
•150 ..

Total

100

•071

•142

•213

•284

•355

•426

Pipes and Joints.—For underground mains wrought-iron pipes pitched inside will
be found advantageous, since they will be found to resist the action of ordinary water,
and can be bent cold to suit the course of a level. The ends should be fitted with
thick cast-iron flanges, the latter faced and formed as shown in j^. 1186,
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The joints should be made with a ring of gutta-percha from fjjths to i of an inch
diameter, unless the main is to be charged with hot water, when it will be better to

employ vulcanised rubber.

Pumping Engines.—Considerable attention has been given to the construction of
pressure-engines by Mr. Darlington, who was actively engaged some years since in

effecting the drainage of the Alport mines, in Derbyshire.
The first engine erected by him had a cylinder 50 inches diameter, and a Btroke of

10 feet ; the piston-rod passed through the bottom of the cylinder and formed a con-
tinuation with the pump-rod, whilst the valve and cataract gearing was worked by a
rod connected with the top of the piston, which gave motion to a beam and plug-rod
gearing. The column of water was 132 feet high, affording a pressure on the piston

of about 68 pounds per square inch, or more than 50 tons on its area. The water
was raised from a depth of 22 fathoms, by means of a plunger 42 inches diameter,

and in very wet seasons it discharged into the adit nearly 5,000 gallons of water per
minute. Water was admitted only on the under side of the piston, and in order to

avoid violent concussion in working, two sets of valves were employed, the larger

being cylindrically shaped, 22 inches diameter, and the smaller 6 inches diameter.

In making the upstroke of the engine the cylindrical valves admitted a full flow

of water for about ^ths of the stroke, and then commenced closing, but at this stigo

the small valve opened, through which passed sufficient water to terminate the stroke.

In this way the flow of water in the column was gradually slackened, and finally

brought to a state of rest without imparting impact to the machinery. The speed of

the engine was regulated by sluice-valves, one fixed between the engine and the

pressure-column, and the other upon the discharge-pipe.

The cylindrical valves were made of brass with a thin feather-edged beat, and kept
tight by a concentric boss, projecting from the nozzle, upon which hemp packing was
laid. This was pressed down by a projection in the under surface of the valve

bonnet. The water thus acted on the exterior of tlie valves between the zone of

packing and the seatings, and when opened passed through the latter. Besides this
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engine, others of a diflferent construction were designed and erected by Mr. Darlington,

but the one to which he gave preference for simplicity, cheapness, and smoothness of

action is illustrated in Jiff. 1187,

W~ J^

M

B B

iff§

lull

iMliiii

MJi^iiM
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This engine has one main cylinder a, resting on etrong cast-iron bearers b b, fixed

across the shaft. The piston-rod c is a continuation of the pump-rod s, and works
tlirough the cylinder bottom d. In front of the cylinder a is a smaller one e, -with

differential diameters for the admission and emission of -water, and right and left are

sluice valves not shown for regulating the speed of the engine. Connected with the

second cylinder is a small 3-inch auxiliary cylinder f, provided with inlet and outlet

regulating cocks.

In starting this engine the sluice-valves and regulating cocks are opened, the water
then flows from the pressure-column g, into the main cylinder a, through the nozzle

cylinder e, and acts under the piston

a, until the upstroke is completed.
The piston i has a counter piston k,

of larger diameter, and when re-

lieved from pressure on its upper
surface, the water acting between
them forces it upwards, in which
case the pressure is cut off from the
main piston, and the water contained
in the cylinder a is free to escape
imder the piston i, through the holes

L. With the emission of water from
the main cylinder through m, the

downstroke is effected. The down-
ward displacement of the pistons i

and K is performed by the auxiliary

cylinder f, and pistons n, o; the

pressure-column is continually acting

between these pistons, and by their

alternate displacement by the fall-

ball p, and canti-arbor q. The water
is either admitted or prevented from
operating on the upper surface of

the piston k. The water from the

top of piston K escapes through
the aperture r. The motion of the

canti-arbor q is effected by tappets

fixed on the pump-rod s.

The largest cylinder erected was
35 inches diameter, stroke 10 feet,

pressure-column 227 feet high. Its

average speed was 80 feet, and maxi-
mum speed 140 feet per minute. The
pressure of water under the piston

was 98 lbs. per square inch, gi^^ug

a total weight on its area of about

40 tons. The machine required no
personal attendance, the motion
being certain and continuous, as

long as the working parts remained
in order ; consequently, the cost

of maintaining it was of the most trifling character.

In 1803, Trevithick erected an engine at the Alport mines, which worked con-

tinuously for a period of 47 years, or until 1850, when the mines ceased working.

The water from the pressure-columns acted on alternate sides of the main piston, by
means of two piston valves, displaced by a heavy tumbling beam, and tilted by a pro-

jection from the pump-rod. The construction and action of this machine will be best

understood by the accompanying illustration, ^^. 1188.

A, main cylinder ; b and c, valve pistons ; d, chain wheel, upon the axis of which
is fixed a lever not shown, in connection with a tumbling beam ; e, apertiure through

which water enters from pressure-column ; f, pipe in communication with main
cylinder A ; and g, pipe for discharging the water admitted both above and under the

main piston h. The position of the valve-pistons in the woodcut shows that the

pressure-column is supposed to be flowing through the holes i, upon the piston h,

producing a down-stroke, and that the water which had been introduced under this

piston in order to make the up-stroke is leaving through the pipe f, holes k, and outlet

pipe G.

Accumulator and Pumping Engines,—The applications of pressure derived from

v/m>M'-»w'»''>»»ww)>,>ii>
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natural falls have been extended by Sir William Armstrong in the following
manner :

—

When the moving power consists of a natural column of water, the pressure
rarely exceeds 250 or 300 feet ; and in such cases he has employed, to produce rotary
motion, a pair of cylinders and pistons, with slide-valves resembling in some degree
those of a high-pressure engine, but having relief valves d to prevent shock at the
return of the stroke, as shown in fig. 1173, page 835. Where the engine is single-

acting, with plungers instead of pistons, the relief valves are greatly simplified, and,
in fact, are reduced to a single clank in connection with each cylinder, opening
against the pressure, which is the same as the relief valve in the valve chest of the
hydraulic crane. The water-pressure engine erected at Mr. Beaumont's lead mines, at
/dlenheads in Northumberland, present examples of such engines applied to natural
falls. They were there introduced under the advice of Mr. Sopwith, and are now
used for the various purposes of crushing ore, raising materials from the mines,
pumping water, giving motion to machinery for washing and separating ore, and
driving a saw-mill and the machinery of a workshop. In all these cases nature,

assisted by art, has provided the power. Small streams of water, which flowed down
the steep slopes of the adjoining hills, have been collected into reservoirs at elevations

of about 200 feet, and have been laid from these to the engines.

1189

Another application of hydraulic machinery at the same mines has been made where
falls of sufficient altitude for working such engines cannot be obtained. For the purpose

of draining an extensive mining district and searching for new veins, a drift or level

nearly six miles in length was executed. This drift runs beneath the valley of the

Allen, nearly in the line of that river, and upon its course three mining establishments

were formed. At each of these, power was required for the various purposes above
mentioned, and it was desired to obtain this power without resorting to steam-engines.

The river Allen was the only resource, but its descent was not sufficiently rapid to

permit of its being advantageously applied to water-pressure engines. On the other

hand, it abounded with falls suitable for overshot wheels, but these could not be

applied to the purposes required without provision for conveying the power to many
separate places. Under these circumstances, it was determined to employ the stream

through the medium of overshot wheels in forcing water into accumulators, and thus

generating a power capable of being transmitted by pipes to the numerous points

where its agency was required.

A somewhat similar plan is also adopted at Portland HarboiOr, in connection tnth
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the coaling establishment there forming for the use of the navy. The object in that

case is to provide power for working hydraulic cranes and hauling machines, and

more particularly for giving motion to machinery for putting coal into war steamers,

A reservoir on the adjoining height affords an available head of upwards of 300 feet

;

but in order to diminish the size of the pipes, cylinders, and valves connected with

tlie hydraulic machinery, and also with a view of obtaining greater rapidity of action,

a hydraulic pximping engine and accumulator are interposed for the purpose of inten-

sifying the pressure and diminishing the volume of water acting as the medium of

transmission.

Water-pressure engines erected at the Wildberg Mines, in Ehenish Prussia,

are shown in figs. 1190 and 1191. They drain an isolated piece of ground distant

from the main shaft 1,800 feet. A rotary horizontal high-pressure steam-engine is

1190

placed in connection with steam-boilers, ^.1189. Two pumps, one of which is shown
at b, force water into an accumulator, c. The accumulator-ram is moimted with

two concentric boxes, d, d, one for affording the pumping, the other the winding,

pressure.

As the power required is of an intermittent character, the steam-engine is controlled

by the screw and weight, e, actuating the throttle-valve,/; and in order to guard
against the possibility of the ram rising beyond prescribed limits, a waste-valve, g, is

operated upon by the rod and stop, h. From the accumulator, wrought-iron pipes A',

fitted with cast-iron flanges, extend through an engine-shaft 60 fathoms in depth, and
a level 1,500 feet in length. These pipes or main terminate in a reciprocating pole-

engine, fig. 1190, j, having a stroke of 5 feet ; k, k, are inlet and outlet regulating-

valves ; I, momentum valve, for obviating the concussion which would otherwise
result from suddenly arresting the flow of the water ; 7n, small slide valve, actuated

by the canti-lever, n, and ball, o. The pump-rod is attached to cross-piece, q, and the
pump itself is shown at s.

To compensate for any excess of weight in the pump-rods, a balance, t, is connected
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ty means of a chain with the cross-head, «. The detailed arrangement of the shaft,

tv, as well as the hydraulic winding-engine, is not shown, but this machine is also

dependent on the accumulator for its power. The pressure applied is 750 lbs. per

square inch. No leakage of water is experienced at the joints, and in every respect

the performance of the apparatus is satisfactory.

Fiff. 1191 represents one of the hydraulic engines employed at the same mines for

charging an accumulator. The water for driving this engine is diverted from three

different valleys into a common water-race, and passed through the pressure-column b

into the engine, where, after having done its work, it is discharged into the day-level.

The following are some particulars connected with this engine :—Available fall, 55

1192

feet diameter of pressure-column, 7 inches ; of piston-valves, 8 inches ; length of

stroke in main cylinder, 72- feet; diameter of cylinder, 18 inches; diameter of cylinder
of charging piston, 4^ inches ; of piston-rod, 3^^ inches ; diameter of pump-valve.s,
4 inches; diameter of accumulator-ram, 6 inches; diameter of main of pipes conveying
power from accumulator, 2 inches, a, water-launder with waste-gap a' ; b, pressuro-
column ; c, air-vessel ; d, pipe from air-vessel to cylinder ; e, sluice-valve ; /, valve
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cylinder
; g^ main cylinder ; A, charging-pump

; j, valve-boxos ; k, pipe from charging-
pump to accumulator ; /, accumulator ; in, weight-box ; », wator-cistcrn in connection

with charging-pump ; o, valvo gear ; A, small lever forming part of valve gear ; r,

pressure main, between accumulator and hydraulic engine ; «, relief valve.

In these arrangements, intensity of pressure takes the place of magnitude of volume,
and the power assumes a form susceptible of unlimited distribution and division, and
is capable of being utilised by small and compact machines. The writer has recently

applied engines fitted with two cylinders, each 1^ inch diameter, and 7 inches stroke,

to the winding of underground tiickles or windlasses.

Tahle of Pressure Engines.

LocaUty Engineer
Diameter of

cylinder
Length of
stroke

Speed per
minute

inches feet

Northumberland Westgarth 10 ...

Ems unknown 13^ i 8

Bleiberg ... 7 H 100

Chemnitz ... 11 8 48
Ebensee Salzburg ... H 1^ 17

Clausthal ... 16^ 6 48
Alte Mordgrube, Saxony . ... 18 8 64

Alport Mines, Derbyshire . Trevithick (double) 25 10 120

u *> • • Fairbairn 36 6 70

'»'.". " Darlington 60 10 140

»» • » • • >» 18 7 154

» » • • ») (24 10 120

>» » • • » 2 cyl. J 24 10 120

Lisburn, Wales each 1 20 6 96

Gwmystwyth „ . . . 1) 1,24 10 140

Talargoch „ . . . >> 60 10 140

Minera „ . . . „ 35 10 140

Wildberg „ . . . i> 3 5 80

South Hetton Colliery Armstrong
1 each

12 in. 200

AUenheads » „ 6 18 180

Rotary Engines.—Fig. 1192 shows Armstrong's rotary water-pressure engine. It is

• rendered double-acting'^by bringing the force to bear four times in the crank-circle.

The cylinders are made to oscillate, and the plungers are attached directly to the

crank-pin. A piston is formed at the inner end of the plunger, and water is admitted

behind the piston, while the front is placed in communication with the pressure-pipe.

A is the pressure-pipe ; b, the exhaust-pipe ; e, governor-valve ; f, g, slide valves for

producing admission and emission to and from the cylinder, c, D ; i, pressure-pipe,

communicating with the cylinders, c, d, in front of the piston. The slide-valves

derive motion from the oscillatory movements of the cylinders, and are of the ordinary

D-shape pattern.

The engine, fig. 1193, is in use at the Wildberg Mines, in Prussia, for winding

1193

stuff from the 90 to the 50 fathom level

crank, and three slide-valves. -

It consists of three ramp, a three-throw
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The rams are each 2^ inches diameter; length of stroke, 10 inches; speed, 60

strokes per minute. Each valve is worked direct from the rams by means of a rod

f inch diameter, fitted with adjustable stops. This rod passes through a tubular

Guida J?oi.

^^•^'rT [
"

\

1196

valve-rod moving in nut-boxes containing cup-leathers. This peculiar arrangement

with the Talye itself is shown distinctly in fig. 1194. The guide-rod is fitted with
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the stops referred to, and passes through a tubular valve-rod ; the valve is D-shaped

;

the pressure-port and exhaust-ports arc shown ; together with the reliof-valve. Tho

1197

1198 engine under its working pressure of about
600 lbs. per inch, runs with great regu-
larity.

Fiff. 1195 exhibits a rotary engine ap-
plied to winding, pumping, and ventilat-

ing purposes. In its general arrangement
it includes an air-vessel, four ram-cases,
and two winding-drums, a wheel fitted

with crank-pin for pumping, and a fan.

Fiff. 1195, plan;^?;^. 1196, elevation on
line a, b, of plan. Fig. 1 197, cross-eleva-

tion of engine and air-vessel, a, a', outlet-

pipes from ram-cases; b, inlet-valve ; d,

air-vessel ; e, inlet-pipe ; f, fan driving-

wheel, fitted on main shaft ; g, h, outlet-

pipes, connecting valve-boxes with ram-
cases ; K, k', clutch-box ; m, spur-pinion;

N, n', spur-wheel, with pin for attaching
pump-rod ; o, o', excentric valve-rods ; q,

shaft for driving winding-drum ; r, spur-
pinion ; s, drum ; i, spur-wheel on drum-
shaft ; a, c, ram-cases in section, a, c, in

plan ; b, rams ; d, d', fork crank-levers
;

c, slide-valves
; /, pipes from cylinder

; g,
passage to cylinders ; m, m', excentrics

;

p, lever for shifting the clutch ; w, brake-
strap ; z, brake-lever.

Hydraulic Bar.—In its simplest form
the hj'draulic bar consists of a main of
pipes charged with water, with a plunger
or piston at each end ; the movement of

one plunger equally affecting tho move-
ment of the other through the medium of

tho water stored within the main. Early
in 1867 West and Darlington commenced
to apply the hydraulic bar to the working
of pumps and balancing of pump-rods.
Fig, 1198 represents the counterbalanc-

ing apparatus in connection with a mining
pump-rod when working in a vertical

direction, a, plunger attached to main-
rod ; b, pipe connecting the second ram-
case ; e, plunger, with weight-box /; g,

guides for weight-box ; A, pipe com-
municating with cistern, for supplying

such water as may be necessiiry to make
up leakage

; j, small supply-plunger, to bo attached to the apparatus when tho pipe,

h, cannot be advantageously introduced.
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The communication botwoon the faces of tlio two plungers is entirely free
;
and

hence, if the acting-ram, a, be raised, the balance-plunger, e, will fall and counter-

balance the rods to the extent of its weight, loss the trifling amount of friction incident

to the movement.
The details of this counterpoise arrangement {fig. 1199) are, in most respects,

identical with those already described ; but this fig., which represents the pump-rod

in an inclined position, exemplifies the facility of changing the direction of the power.

a, plunger attached to main-rod ; b, pipe connecting the balance ram-case ; e, balance-

ram
; /, balance-box

; gg, guides for balance-box : h, pipe for supplying water to

the ram-cases when leakage occurs.

1199

In fig. 1200 {figs. 1 to 7) the arrangement employed at the Von der Heydt ColUory,
Prussia, is shown. Fig. 1 side elevation : c guides for vertical plunger, d plunger-case,

K inclined plunger-case, h pump rod, m hydraulic main, n sole of level, o valve-boxes.

Fig. 2 transverse elevation : a plunger-case, d bearers supporting case, m hydraulic

main, o valve-box. Fig. 3 plan : b plunger-case, d bearers for inclined plungers, j

forming part of the hydraulic main, n bottom of level, o valve-boxes. Fig. 4 longi-

tudinal section of valve-box: o.s. inlet, k pipe, p ordinary mitre valve for supplying
main with water when necessary, r entrance to hydraulic main, g valve for discharging

water from main,Y valve-stud, i spring. Fig. 6 transverse section of valve-box : s.r.

inlet ; p valve seating, t entrance to the main, g ejection valve, y stud, i spring, wadjust-
ing nuts for giving greater or less tension to the spring. Fig. 6 section of plunger and
bucket pump : a bucket rod passing through plunger, y plunger, z bucket. Fig. 7 eleva-

tion of plunger pump valve-boxes and rising main : y plunger-case, b stuffing box, c
watej main, d valve-box, h pump-rod. The motiA^e plunger in this case is i>,fig, 1.

This plunger by means of the water contained within the main forces the plunger k
Vol. IL 3 K
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upwards. This plunger in turn descends, or performs its downstxoke in strict relation

M'ith the ascent of the forcing plunger. In these apparatus, Jiff. 1 to Jiff, 7, it is evi-

1200

dent that the reciprocating movements are unaflfected by the position of the cylinders

and that these may be placed either vertically or at any angle best suited to the special
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exigencies of the situation. The main of pipes may also run in an angular direction

or through shafts and levels. In counterbalancing pump-rods the weight-box bears

directly upon the line of pumping motion without occasioning any side strain. The
transfer of power to any reasonable distance whether at surface, or underground, may
also be eflfected at a loss in friction incomparably less than would arise from any other

mode of transmission, whilst the pipes for the retention of the water may be carried

into the remotest heading without causing any inconvenience. By one or other of the

arrangements winzes may be drained below the deepest level, and the ground readily

divide! either for stopping or exploratory purposes.

The hydraulic bar apparatus for changing vertical into oblique motion consists, as

1201

heretofore, of two ram-cases coupled together ; the motive ram alternating the pumping
ram. Infig. 1201, a is the motive ram, fixed in vertical shaft ; b, pumping ram, fixed in

an inclined shaft ; c, self-acting valve-arrangement for supplying water when necessary.

Fig. 1202, p. 868, shows a method in operation at "Wheal Phoenix, in Cornwall, for

transferring power from the main pump rod to a distant winze underground : a, main
rod ; b, supply pipe ; c, water main ; d, pumping rod fitted with side rods.

The Hydraulic Circuit.—In 1867, Jordan and Darlington designed an arrangement
which they designated an hydraulic circuit. This apparatus consists of two or more
force-pumps or plunger cases fitted with plungers. Motion is communicated to the
force-pumps or plungers by any suitable machine fixed in a convenient situation. To
each plunger-case is attached a small apparatus for drawing and discharging water
under adjustable conditions. A main or run of pipes, the hydraulic circuit, commences

3k2
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from one of the plunger-cases
; and when the power is to be transferred tlirouffh drift-

ways, the pipes are carried down the shaft through the levels to several points where
power is required and returned by the siune or a second shaft to tlie second rrim-case,

1202

forming a circuit or an endless band for transmitting power. See Specification,
A.D. 1867, No. 3386.—J. D.
HYDRAiriiZC PRESS, or the Bramah Press. Mr. Bramah took out his

patent in 1796. It rests upon the well-known hydrostatical principle, that when a
mass of fluid is in equilibrium, pressure applied at any part of it is transmitted over
its whole mass, and each particle sustains the same pressure as every other particle.

In its simplest form, it consists of a largo piston moving in a water-tight cylinder,

the bottom of which is filled with water, which also communicates by tubes fillcil

with water, with the bottom of a cylinder of a small forcing pump. The water in

this last is submitted to any pressure wo may wish to apply, and that being transmitted
to the large piston, lifts it up, moving along with it whatever may bo connected with
it. The apparent gain of power is just in proportion to the difference of areas of the

sections of the pump, and of the cylinder. If the one, for example, have a radius of

only one-fourth of an inch, and the others one of ten inches, the area, being in the

proportion of the squares of the linear dimensions, will be as 1 to 1,600; and the

apparent gain will be exactly proportional to this difference.

BTSRZOBZC ACZB (Acide hydriodique, Fr. ; Hydriods'dure, Ger.) is an acid

formed by the combination of 127 parts of iodine with 1 part of hydrogen by weight,
and by measure equal volumes of iodine-vapour and hydrogen combined without con-

densation. It is obtained pure and in the gaseous state by introducing into a glass
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tube, closed at one end, a little iodine, then a small quantity of roxighly-powdered glass

moistened with water, upon this a few small fragments of phosphorus, and lastly more
glass ; this order, iodine, glass, phosphorus, glass, is repeated until the tube is two-
thirds filled. A cork and narrow bent tube are then fitted and gentle heat applied,

when the hydriodic acid is liberated, and may be collected in dry bottles by the dis-

placement of air. Another process \^ to place in a small retort 10 parts of iodide of

potassium with 5 of water, add 20 parts of iodine, then drop in cautiously 1 part of

phosphorus cut into small pieces, and apply a gentle heat ; hydriodic acid will be
formed abundantly, and may be collected as before stated. The following equatioa

expresses the reaction :

—

2KI + 61 + P + 8H0 yield 2K0,H0,P0* + 7HI.

2KZ + Sr + 2P + 8B-0 = 2X=BPO^ + 14BX.

Hydriodic acid greatly resembles hydrochloric acid ; it is colourless, and highly acid,

it fumes in the air, and is very soluble in water. Its density is 4'4, and under strong

pressure it condenses to a yellowish liquid, which solidifies at 60° Fahr.

Hydriodic acid in solution is much more easily prepared by suspending iodine in

water, and passing a stream of washed hydrosulphuric acid through it until the

colour disappears ; it is then heated to expel the hydrosulphuric acid, then allowed to

rest, when it may be decanted from the precipitate of sulphur. The reaction consists

simply in the displacement of the sulphur by the iodine, HS + 1 = HI + S.

This liquid may be evaporated imtil it acquires a density of 1'7, when it consists of
HI + llHO. It then distils at 262° Fahr. without decomposition. The solution

cannot be long kept, it being decomposed by the oxygen of the air with the liberation

of iodine, which imparts a dark colour to it. Chlorine decomposes it instantly, with
liberation of the iodine.

The solution of hydriodic acid and of the iodides possess the power of dissolving a
considerable quantity of iodine, forming a dark solution.—H.K.B.
HTSBOBSXrzozia'. A compound produced by the action of nascent hydrogen

on benzoyl hydride—bitter almond oil. See Benzole.
BTDkoSBOMCZC ja.CZB. See Bromine.
BTBRO-CARBOirS. Compounds consisting of carbon and hydrogen only. See

Cauburetted Hydrogen : see also Watts's ' Dictionary of Chemistry.'

BYBBOCBXtOBZC ACZB, Chlorhydric acid, or hydrogen chloride. (Acide
chlorhydrique, Fr. ; Salzsdure, Grer.) Sym. HCl. ; at. weight, 36"5. A compound of
chlorine and hydrogen, which is a colourless gas, of a peculiar suffocating, pungent
odour ; it reddens vegetable blues, but possesses no bleaching properties. The solution

of hydrochloric acid in water is the muriatic acid and spirit of salt of commerce

;

anciently marine acid.

Hydrochloric acid gas may be obtained by the direct tmion of its elements—hydrogen
and chlorine. By exposure to sunlight, by passage of an electric spark, or by direct

contact with flame, these two gases unite with explosive violence. 2 volumes of
chlorine and 2 volumes of hydrogen combine to form 4 volumes of this acid. Its

specific gravity is 1"24:7, air= 1-000.

By sealing up muriate of ammonia and sulphuric acid, apart, in a strong glass tube
re-curved, and then causing them to act on each other, Sir H. Da-s-y procured liquid

muriatic acid. At 50° F. it condenses under a pressure of 40 atmospheres, to a liquid

of spec. grav. 1-27.

Hydrochloric acid is best prepared by heating a mixture of 6 parts of chloride of
sodium {common salt) and 10 parts of concentrated sulphuric acid previously diluted
with 4 parts of water, in a capacious glass retort, connected with a set of WooLfe's
bottles. This acid is extracted on a large scale from sea-salt, by the action of sulphuric
acid at a moderate heat ; but it was originally obtained from the salt by exposing a
mixture of it and of common clay to ignition in an earthen retort. The acid gas which
exhales is rapidly condensed by water. 100 cubic inches of water are capable of ab-
sorbing no less than 48,000 cubic inches of the acid gas, whereby the liquid acquires
a specific gravity of 1-2109, and a volume of 142 cubic inches. This vast condensa-
tion of the gas is accompanied with a great production of heat ; whence it becomes
necessary to apply artificial refrigeration, especially if so strong an acid as the above
is to be prepared. In general, the muriatic acid of commerce has a specific gravity
varying from 1*15 to 1-20, and contains, for the most part, considerably less than 40
parts by weight of acid gas in the hundred. The above stronger acid contains 42-68
per cent, by weight ; for since a cubic inch of water, which weighs 252-5 grains, has
absorbed 480 cubic inches = 188 grains of gas ; and 252-5 + 188 = 440-5 ; then 440-5 :

188:: 100 : 42-68. In general a very good approximation may be found to the per-
centage of real muriatic acid, in any liquid sample, by multiplying the decimal figures
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of the specific gravity by 200. Tluis, for example, at 1*162 we shall have by this rule,

0-162 X 200 = 32--l, for the quantity of gas in 100 parts of the liqmd.

The preparation of this acid upon a commercial scale is frequently effected in this

country by acting upon common salt in hemispherical iron pots, or in cast-iron

cylinders, with concentrated sulphuric acid ; taking 6 parts of the salt to 6 of the acid.

The mouth of the pet may be covered with a slab of siliceous freestone, perforated
with two holes of .about two inches in diameter each, into the one of which the acid is

poured by a funnel in successive portions, and into the other, a bent glass, or stone-

ware tube, is fixed, for conducting the disengaged muriatic gas into a series of large

globes of bottle glass, one-third filled with water, and laid on a sloping sand-bed. A
week is commonly employed for working off each pot ; no heat being applied to it till

the second day.

The decomposition of sea-salt by sulphuric acid was at one time carried on by
some French manufacturers in largo leaden pans, 10 feet long, 5 feet broad, and a foot

deep, covered with sheets of lead, and luted. The disengaged acid gas was made to

circulate in a conduit of glazed bricks, nearly 650 yards long, where it was condensed
by a sheet of water exceedingly thin, which flowed slowly in the opposite direction of
the gas down a slope of 1 in 200. At the end of this canal nearest the apparatus, the

muriatic acid was as strong as possible, and pretty pure ; but towards the other end,

the water was hardly acidulous. The condensing part of this apparatus was therefore

tolerably complete ; but as the decomposition of the salt could not be finished in the
laaden pans, the acid mixture had to be drawn out of them, in order to be completely
decomposed in a reverberatory furnace ; in this way nearly 50 per cent, of the

muriatic acid was lost. And besides, the great qiiantity of gas given off during the

emptying of the lead-chambers was apt to suffocate the workmen, or seriously injured

their lungs, causing severe haemoptysis.

The apparatus for condensing muriatic acid gas has been modified and changed, of

late years, in many different ways.
The Bastringue Apparatus, At the end of a reverberatory furnace, a rectangular

lead trough or pan, about 1 foot deep, of a width equal to that of the interior of the

furnace, that is, about 5 feet wide and Qh feet long, is encased in masonry, having its

upper edges covered with cast-iron plates or fire tiles, and placed upon a level with
the passage of the flame, as it escapes from the reverberatory^ The ajch which covers

1203

that pan forms a continuation of the roof of the reverberatory, and is of the same
height. The flame which proceeds from the furnace containing the mixture of salt

and sulphuric acid is made to escape between the vault and the surface of the iron

plates or fire tiles, through a passage only 4 inches in height. When the burned air

and vapours reach the extremity of the pan, they are reflected downwards, and
made to return beneath the bottom of the pan, in a flue, which is afterwards divided

so as to lead the smoke into two lateral flues, which terminate in the chimney. The
pan is thus surrounded as it were with the heat and flame discharged from the

reverberatory furnace. A door is opened near the end of the pan, for introducing

the charge of sea-salt, amounting to 12 bags of 2 cwts. each, or 24 cwts. This door is

then luted on as tightly as possible, and for every 100 parts of s.'ilt, 110 of sulphuric

acid are poured in, of specific gravity 1-594, containing 57 per cent, of dry acid.

This acid is introduced through a funnel inserted in the roof of the furnace. Decom-
position ensues, muriatic acid gas mingled with steam is disengaged, and is conducted
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through 4 stone-ware tubes into the refrigerators, where it is finally condensed. These

refrigerators consist of large stone-ware carboys, called dame-jeanncs in France, to the

number of 7 or 8 for each pipe, and arranged so that the neck of the one communi-

cates with the body of the other ; thus the gas must traverse the whole series, and gets

in a good measure condensed by the water in them, before reaching the last.

When the operation is finished, the door opposite the pan is opened, and the

residuum in it is discharged, in the form of a fluid magma, upon a square bed of

bricks, exterior to the furnace. This paste speedily concretes on cooling, and is then

broken into fragments and carried to the soda manufactory. The immense quantity

of gas exhaled in discharging the pan, renders this part of the operation very painful

to the workmen, and wasteful in reference to the production of muriatic acid. The
difficulty of luting securely the cast-iron plates or fire tiles which cover the pan, the

impossibility of completing the decomposition of the salt, since the residuum must be

run off in a liquid state, finally, the damage sustained by the melting and corrosion of

the lead, &c., are among the causes why no more than 80 or 90 parts of muriatic acid

at 1*170 are collected, equivalent to 25 per cent, of real acid for every 100 of salt em-
ployed, instead of much more than double that quantity, which it may be made to

yield by a well-conducted chemical process.

The cylinder apparaUiS is now much esteemed by many manufacturers. Fig. 1203

represents, in transverse section, a bench of iron cylinder retorts, as built up in a
proper furnace for producing

muriatic acid; andy?^. 1204
a longitudinal section of one

retort with one of its car-

boys of condensation, a is

the grate ; b, a fireplace, in

which two iron cylinders,

c c, are set alongside of each

other. They are b\ feet

long, 20 inches in diameter,

about 1^ of an inch thick, and
take 1'6 cwt. of salt for a

charge ; d is the ashpit ; e e

are cast-iron lids for closing

both ends of the cylinders;

/is a tube in the posterior

lid, for pouring in the sul-

phuric acid
; g is another

tube, in the anterior lid, for the insertion of the bent pipe of hard glazed stone-ware
h; i is a three-necked stone-ware carboy ; -?; is a safety-tube ; I, a tube of communi-
cation with the second carboy ; mmmm are the fiues leading to the chimney n.

After the salt has been introduced, and the fire kindled, SS^- per cent, of its weight
of sulphuric acid, of sp. gr. 1-80, should be slowly poured into the cylinder through
a lead funnel, with a siphon-formed pipe. The three-necked carboys may be either

placed in a series for each retort, like a range of Woulfe's bottles, or all the carboys of

the front range may be placed in communication with one another, while the last car-

boy at one end isjoined to the first of the second range ; and thus in succession. They
must be half filled with cold water ; and when convenient, those of the front row at

least, should be plunged in an oblong trough of running water. The acid which con-

denses in the carboys of that row is apt to be somewhat contaminated with sulphuric

acid, chloride of iron, or even sulphate of soda ; but that in the second and third will

be found to be pure. In this way 100 parts of sea-salt wiU yield 130 parts of muriatic

acid, of sp. gr. 1-19; while the sulphate of soda in the retort will afford from 208
to 210 of that salt in crystals.

It is proper to heat all the parts of the cylinders equally, to insure the simultaneous
decomposition of the salt, and to protect it from the acid ; for the hotter the iron, and
the stronger the acid, the less erosion ensues.

Some manufacturers, with the view of saving fuel by the construction of their fur-

naces, oppose to the fiame as many obstacles as they can, and make it perform numerous
circulations round the cylinders ; but this system is bad, and does not even effect the
desired economy, because the passages, being narrow, impair the draught, and become
speedily choked up with the soot, which would be burned profitably in a freer space

;

the decomposition also, being unequally performed, is less perfect, and the cylinders

are more injured. It is better to make the flame envelope at once the body of the
cylinder ; after which it may circulate beneath the vault, in order to give out a portion
of its heat before it escapes at the chimney.
The tire should be briskly kindled^ ]?ut lowered as soon as the distillation com-
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mences ; and then continued moderate till the evolution of gas diminishes, when it

must be heated somewhat strongly to finish the decomposition. The iron door is now
removed, to extract the sulphate of soda, and to recommence another operation. This

sulphate ought to be white and uniform, exhibiting in its fracture no undecomposed
sea-salt.

In preparing hydrochloric acid from a mixture of common salt and sulphuric acid,

the nature of the reaction varies with the proportions of raw materials employed.

This is a point which demands the attention of the manufacturer. If two molecules

of sulphuric acid be used with a single molecule of salt (or 98 parts by weight of acid

to 78 "5 of salt) the decomposition is completely at a moderate temperature, and bisul-

phate (acid sulphate) of soda is producecl, whilst hydrochloric acid is evolved. But if

two molecules of sali; (or 117 parts by weight) be employed, with the same quantity of

acid as before, the decomposition takes place in two stages, the final residue con-

sisting wholly of neutral sulphate of soda ; but in this case a much higher temperature

is required to effect the decomposition. Hence the former method yields the hydro-

chloric acid with greater facility, and with less expenditure of fuel, whilst the latter pro-

cess requires a higher temperature, but consumes only half the quantity of oil of

vitriol.

Large quantities of hydrochloric acid are produced in the first stage of the manu-
facture of soda-ash. Formerly the acid-vapours were allowed to escape into the atmo-

sphere, and caused great damage to the surroundiivg vegetation ; but they are now
carefully condensed in large towers or scrubbers. The weak solution of acid thus ob-

tained may be afterwards concentrated. Mr. Clapham's process of obtaining a strong

acid in this way consists in pumping up the weak acid into the condensing towers,

where it becomes strengthened by fresh condensation of vapour.

Several processes have been suggested for obtaining hydrochloric acid without the

use of sulphuric acid, but none of them can be said to be commercially successful.

For example, hydrochloric acid may be generated by heating common salt with sul-

phate of magnesia, with pyrites, or with weathered sulphate of iron ; the acid may also

be obtained by decomposing chloride of calcium by the action of steam at a high tem-

perature, or by heating chloride of magnesium.

Table of Hydrochloric Acid, by Dr. Ure.

Acid
of 120
in 100

Specific

gravity
Chlorine

Muria-
tic gas

Acid
of 120
in 100

Specific

gravity
Chlorine

Muria-
tic gas

Acid
of 120
in 100

Specific

gravity
Chlorine

Muria-
tic gas

100 1-2000 39-675 40-777 66 1-1328 26-186 26-913 32 1-0637 12-697 13-049
99 1-1982 39-278 40-369 65 1-1308 25-789 26-505 31 1-0617 12-300 12-641

98 1-1964 38-882 39-961 64 1-1287 25-392 26-098 30 1-0597 11-903 l*2-*233

97 1-1946 38-485 39-554 63 1-1267 24-996 25-690 29 1-0577 11-506 11-8-25

96 1-1928 38-089 39-146 62 1-1247 24-599 25-282 28 1-0557 11-109 11-418

95 1-1910 37-692 38-738 61 1-1226 25-202 24-874 27 1-0537 10-712 11-010

94 1-1893 37-296 38-330 60 1-1206 23-805 24-466 26 1-0517 10-316 10-602

93 1-1875 36-900 37-923 59 1-1185 23-408 •24-058 25 1-0497 9-919 10-194
92 1-1857 36-503 37-516 58 1-1164 23-012 23-050 24 1-0477 9-522 9-786

91 1-1846 36-107 37-108 57 1-1143 22-615 23-242 23 1-0457 9-1*25 9-879

90 1-1822 35-707 36-700 56 1-1123 22-218 22-834 22 1-0437 8-729 9-971

89 1-1802 35-310 36-292 55 1-1102 21-822 22-426 21 1-0417 8-332 8-563
8S 1-1782 34-913 35-884 54 1-1082 21-425 22-019 20 1-0397 7-935 8-155

87 1-1762 34-517 35-476 53 1-1061 21-028 21-611 19 1-0377 7-538 7-747

86 1-1741 34-121 35-068 52 1-1041 20-632 21-203 18 1-0357 7-141 7-340

85 1-1721 33-724 34-660 51 1-1020 20-235 20-796 17 1-0337 6-746 7-932

84 1-1701 33-328 34-252 60 1-1000 19-837 20-388 16 1-0318 6-348 6-5-24

83 1-1681 32-931 33-845 49 1-0980 19-440 19-980 15 1-0298 6-9.n 6-116

82 1-1661 32-535 33-437 48 1-0960 19-044 19-572 14 1-0279 6-654 6-709

81 1-1641 32-136 33029 47 1-0939 18-047 19-165 13 1-0-269 6-158 6-301

80 1-1620 31-746 32-621 46 1-0919 18-250 18-767 12 1-0-239 4-762 5-893

79 1-1599 31-343 32-213 45 1-0899 17-854 18-359 11 1 •02*20 4-366 4-486

78 1-1578 30-946 31-805 44 1-0879 17-457 17-941 10 1-0200 8^968 4-078

77 1-1557 30-550 31-398 43 1-0859 17-060 17-634 9 1-0180 3-571 4-670

. 76 1-1536 30-153 30-990 42 1-0838 16-664 17-126 8 1-0160 3-174 3-262

75 1-1515 29-757 30-582 41 1-0818 16-267 16-718 7 1-0140 2-778 3-8.34

74 1-1494 29-361 30-174 40 1-0798 15-870 16-310 6 1-0120 2^38

1

3-447

73 1-1473 28-964 39-767 89 1-0778 15-474 16-902 6 1-0100 1-984 2-039

72 1-1452 28-567 29-859 38 1-0758 15-077 1.V494 4 1-0080 1-588 2-631

71 1-1431 28-171 28-951 37 1-0738 14-680 15-087 3 I -0060 1-191 1-2-24

70 1-1410 27-772 28-644 36 1-0718 14-284 14-679 2 1-0040 0-795 1-816

69 1-1389 27-376 28-136 35 1-0697 13-887 14-271 1 1-00-20 0-397 1-408

68 1-1369 •26-979 27-728 34 1-0677 13-490 13-863

67 1-1349 26-583 27-321 33 10667 13-094 13-466
1

The muriatic acid of commerce has usually a yellowish tinge, due to the presence of

chloride of iron ; but when chemically pure, it is colourless. It fumes strongly in the
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air, emitting a corrosive vapour of a peculiar smell. The characteristic test of mu-
riatic acid in the most dilute state, is nitrate of silver, which causes a curdy precipi-

tate of chloride of silver.

Liquid muriatic acid has a very sour corrosive taste, a pungent suffocating smell,

and aqts very powerfully upon a vast number of mineral, vegetable, and animal sub-

stances. It is largely emploj'ed in the manufacture of chlorine for preparing bleaching

powder and other purix)ses ; it is also used in the preparation of chloride of zinc and
other metallic chlorides used in the arts; it is employed in the generation of carbonic

acid gas from carbonate of lime ; and it is a constituent of certain freezing mixtures.

In combination with nitric acid, it forms the aqva regia of the alchemists, so called

from its property of dissolving gold. See Soda Majtufactuee.
HTBROCTilVZC ACZB. Syn. Cyanhydric acid, Prussic acid. C'NH (CKH).

This highly important acid is regarded by all chemists as being formed on the exnct

type of the ordinary inorganic hydracids, such as the hydrochloric or hydriodic. The
compound radical analogous to chlorine, which is contained in it, has received the

. name of cyanogen, and possesses the formula C^N (CM"). That this body is precisely

analogous in its relations to the simple salt-radicals is rendered certain by numerous
facts. It combines directly with metals to form compounds ; it possesses the same
vapour-volume, and unites with hydrogen to form a hydracid, which in its turn

decomposes the metallic oxides with formation of water. Thus we have, -with metallic

oxides and hydrochloric acid (M standing for a metal), M0 + HC1=MC1 + HO, and
with hydrocyanic and metallic oxides (Cy standing for cyanogen), MO + HCy =MCy
+ HO. Two volumes of chlorine and two of hydrogen yield four volumes of hydro-
chloric acid gas, and two volumes of cyanogen with two of hydrogen yield four
volumes of hydrocyanic acid. The density of the vapour of hydrocyanic acid is con-

sequently 0-9476, the theoretical number being 0*9342. Its density in the fluid

state is 0*6967, at a temperature of 64:°'4. It boils at 80° F. at ordinary pressures.

Hydrocyanic acid is never prepared in the anhydrous state, except as a curiosity

or for the purpose of scientific investigation. In fact, it cannot be long preserved of

great strength; a somewhat complex decomposition invariably takes place in it.

with production of brown adhesive matters cont^iining cyanide of ammonium, and
also a substance by some considered to be an acid, and known as the azulmic. Para-
cyanogen is probably formed at the same time. The constitution of azulmic acid is by
no means well known, and even its very existence, as a definite chemical substance,

is doubtful. It is singular that the presence of a mineral acid greatly retards the

decomposition of prussic acid, especially if it be dilute ; the pharmacopoeian acid con-

quently may be preserved of uniform strength, in well-filled and closely-stoppered

bottles, for almost any length of time. The deadly nature of prussic acid unhappily
causes it to be only too frequently resorted to by the despairing or the murderer.
Fortunately, however, in spite of its volatility, the chemist possesses excellent means
for its detection.

Preparation.— 1. Hydrated acid. As prussic acid is largely employed in medicine,

but in a very dilute form, it is usual to prepare it and dilute until of the proper degree
of strength. The following process for preparing it will be found to give a satisfactory

result, and, moreover, it may be performed on any quantity of materials. The apparatus
for the purpose will vary with the scale on which the experiment is to be made. If

on a few ounces, glass retorts and flasks answer well, if good condensation is ensured,

by means of a Liebig's condenser well supplied with very cold water. If a large

quantity of prussic acid is to be made, such as several gallons, the apparatus should
consist of a stoneware still, with head adjusted by grinding. The head should be
capable of adjustment with a stoneware adapter to a worm of the same material en-

closed in a tub of water. The joints are to be luted with a mixture of one handfuU
of almond meal and flve handfulls of linseed meal, worked with water to the con-
sistence of putty. A solution of rough chloride of calcium in water is to be made and
placed in a large iron pot, with a cover so contrived as to permit the still to drop in

up to the flange. 10 parts of yellow prussiate of potash are then to be bruised in a
mortar and mixed with dilute sulphuric acid prepared by adding 6 parts of sulphuric
acid (density 1-850) to 42 of water. The head being luted on, a fire is to be kindled
in the furnace under the iron pot, and the chloride of calcium bath is to be kept
boiling constantly until 36 parts of acid have distilled over. The beak of the still

should be placed in the funnel which conducts the acid to the Winchester quart bottles

which are to contain the product, and a piece of wet bladder is to be stretched over
the funnel to prevent evaporation of the acid into the laboratory. The worm used for
the purpose must be ascertained to be perfectly clean, and, if prussic acid is to be
frequently made, should be kept specially for that operation. To each Winchester
quart of the acid distilling over, one drop of sulphuric acid may be added to insure
its keeping. But the acid thus prepared generally keeps for a long time even witliout
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this precaution, owing probably to small traces of the sulphuric acid being carried
oYer during the distillation.

It is quite impossible to conduct the operation so as to yield a product of uniform
strength ; it is absolutely necessary, therefore, to determine the percentage of real
hydrocyanic acid, and dilute it to the required degree. It fortunately happens that
1 grain of hydrocyanic acid yields almost exactly 5 grains of cyanide of silver ; for
one equivalent of acid = 27 produces 1 equivalent of cyanide of silver=134; so that
27 I 134 ::l : 4"96. The acid produced will have, probably, to be reduced to one of
two standards ; namely, the so-called Scheele's strength, containing 5 per cent, of acid,

or the P.L., containing 2 percent.; 100 grains of the former should, consequently,
yield 25 grains, and 100 of the P.L. 10 grains of cyanide of silver. In either case the
calculation becomes obvious.

2. The anhydrous acid. Several processes for conducting this dangerous operation
are known ; the following is, perhaps, the most generally convenient. A large glass
retort is so arranged that its neck is directed upwards at an angle of about 45°

; a
cork fitted to the aperture in the neck connects a glass tube with a bottle containing

a little chloride of calcium. From the latter vessel another tube proceeds to a U-tube
containing fragments of chloride of Ciilciura, and irora the latter a third, conducting
the dehydrated vapour of prussic acid to an upright glass tube contained in a mixture
of ice and salt. Into the retort is placed a mixture of 10 parts of yellow prussiate of

potash, 7 of oil of vitriol, and 14 of water. The retort is to be heated with a charcoal

fire, and the temperature of the bottle and U-tube, containing the chloride of calcium,

is not to be allowed to fall below 90°, in order to prevent condensation of the anhy-
drous prussic acid taking place anywhere except in the tube contained in the freezing

mixture. The vapour of anhydrous prussic acid is so dangerous that the greatest

precaution must be taken to prevent inhaling the smallest portion.

Detection of pnissic acid.—When prussic acid exists in moderate quantity in a
solution it may be detected by first adding a few drops of potash, then a mixture of
protosulphate and persulphate of iron, and finally a little hydrochloric acid ; a bright
blue precipitate indicates the presence of the acid. A much more delicate test, and
one that is applicable when, from the dilution of the solution, the salts of iron are no
longer capable of acting, is by the conversion of the prussic acid into sulphocyanide
of ammonium. For this purpose the prussic acid is to be warmed on a watch-glass
with a drop of sulphide of ammonium, until the solution has become colourless. The
addition of a trace of a solution of a persalt of iron will show, by the formation of a
blood-red colour, the presence of the acid sought. A very neat mode of applying
this test is to place one drop of sulphide of ammonium on a watch-glass inverted over

another containing the suspected fluid. On leaving the apparatus in a warm place,

arranged in this manner, for a short time, the upper glass will be found to contain

sulphocyanide of ammonium, which, after drying, will be in a state well adapted for

shoM-ing the reaction with a persalt of iron.—C.G.W.
HTBROBTITAMXCS. The mechanical science which treats of the motion of

fluids. This science has, of course, most important bearings on the pumping-engines,

water-wheels, &c., employed to facilitate the operation of the miner. It is not, how-
ever, possible to embrace this, which belongs to mechanical engineering, in this work.
See Hydraulic Machineby, fob Mines.
HTBRO-EXTRACTOR. A name sometimes given to the machines employed

for expelling the water from woven goods. See Desiccation.

BTBROFIiTTORZC ACID. It was observed by Schwankhardt, in 1 670, that fluor

spar and oil of vitriol would eat into glass. Scheele, in 1771, determined that this

peculiar property was due to the liberation of an acid from the fluor spar.

Hydrofluoric acid is best obtained by placing finely-powdered fluor spar in a leaden

retort, and twice its weight of highly-concentrated oil of vitriol. By a gentle hcjit

the gas is distilled over, which must bo collected in a leaden tube, in which, by means
of a freezing mixture, it may be condensed into a liquid. If a solution of this acid in

water is required, the extremity of the tube from the retort is carried into water.

Hydrofluoric acid attacks glass with great readiness, by acting on its silica.

Glass upon which any design is to be etched, is covered with an etching-wax, and
the design made in the usual manner ; this is placed over a leaden vessel, in which
is a mixture of fluor spar and oil of vitriol ; a gentle heat being applied, hydrofluoric

acid escapes, and immediately attacks the glaps. See Fluorine.

BTDROGEir. {Hydroghie,'Sx.\ Wafiserstoff, Gcr.) A permanently gaseous ele-

mentary body, the lightest of all known substances, its specific gravity being -0693
;

100 cubic inches weighing, under ordinary pressure and teniperature, only 2*14 grains.

It is therefore nearly 14*5 times lighter than iirniospheric air.

From its extreme lightness it was formerly used for filling balloons, but it has been

superseded for that purpose by ordinary coal-gas, which can be obtained at a mucli
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cheaper rate; the difference of buoyant power being compensated by increasing

considerably the size of the balloon. It is itself inflammable, but will not support

combustion. In burning it combines with oxygen, forming water, which contains ith

of its weight of hydrogen.

It is generally prepared by the action of dilute sulphuric acid on zinc, although
there are many other processes which furnish it ; as the decomposition of steam by
iron fillings with the aid of heat, the decomposition of water by electricity, &c.

In the act of combining with oxygen, as when bxirnt in the oxyhydrogen blow-
pipe, the greatest possible heat is obtained ; a piece of stout platinum wire being fused

when placed in the flame, which cannot be affected by the greatest heat of our
furnaces.

Hydrogen is often used in the process of soldering metals ; it which ease it is

requisite to bring the two surfaces of the metjxl together in a perfectly metallic state

at a high temperature. Hydrogen effects this completely ; by its combustion it

supplies the heat, and by entering into combination with the oxygen of. the air, pre-

vents the formation of oxides, which are so easily formed at the temperature required

for the melting of the metals, and which, when present, prevent the union of the

siufaces. See Atjtogbnous Soldering.
Hydrogen is often used also for the reduction of metals from their different com-

binations ; the reduction is effected by passing a current of hydrogen over the com-
pounds heated to redness.

HVDROGEX, PHOSPHORETTED, or Phosphamine. A compound of hydro-
gen and phosphorus, PH^. It is spontaneously inflammable if it escapes into the

air.

HTBROCEir, STTDtPHURETTEB. See Sulphuretted Hydrogen.
BTDROMETER. An instrument for ascertaining the specific gravities ofliquids.

Baumes hydrometer, which is much used in France, and other countries of the con-

tinent of Europe, when plunged in pure water at the temperature of 58° Fahr., marks
upon its scale; in a solution containing 15 per cent, of common salt (chloride of

sodium), and 85 of water by weight, it marks 15°
; so that each degree is meant to

indicate a density corresponding to one per cent, of that salt. See Alcoholmkter.
HTSROPKA.ITE. A variety of opal which readily imbibes water, and when

immersed: it becomes transparent, though opaque when dry. It is found in Hungary
and in Ireland, near the Giant's Causeway, and at Crosreagh, Ballywillin.

HT9ROSTATXC BAXi.a.zrCE. H-rDROST.a.TZC PRESS. A balance or

a press constructed in obedience to the law that Li a quantity of fluid submitted to

compression, the whole mass is equally affected, and similarly in all directions. The
subject belongs to Practical Engineering.

HTDROSTATZCS. The science which treats of the equilibrium of fluids, and
of the pressure exerted by them.

In the engineering arrangements by which water is supplied do towns, hydrostatics

becomes of the utmost importance. The highest possible level is obtained for the

reservoir ; and from this a series of pipes is arranged through all the streets and
houses. The tendency of the water is to rise to its original level, and hence all the

pipes are filled with water, and in all such as are below the level of the water in the

reservoir a pressure upward is exerted equal to the height of the reservoir above
that point ; and if a hole is pierced in the pipe, the water jets out with a force equal
to this pressure. In the highest houses, the water perhaps only finds its level, and
flows out without pressure quickly. See Hydraulic Craxb ; Hydraulic Machinery,
FOR Mines.
BTDROSTTXiPHlTRETS or Hydrosidphides. Chemical compounds of bases with

snlpliuretted hydrogen, or hydrosulphuric acid.

HYSROXTZi. A radical containing HO- (HO). Great prominence has been
given to it in recent chemical theories. Peroxide of hydrogen, or oxygenated water,

may be regarded as free hydroxyl, since it contains the molecule, or two atoms, of
hydroxyl 2H0» (H^O^).
BTGROXMCETER {vyp6s,mmst, /ierpv, Tneosure), is an instrument which measures

the amount or degree of moisture in the atmosphere.
Water, both liquid and solid, always tends to assume the gaseous form, and in so

doing exerts an elastic force, increasing as the temperature rises, but in a higher ratio,

and in order that such increasing force may be exerted when water is confined in a
given space, it is necessary that a larger and larger quantity of water should become
vapour ; if the weight of water be not increased, its elastic force will rise with its

temperature, but in a much less ratio. For aqueous vapour, like any other gas, tends
to expand by ^Ijth part of its volume at 32° Fahr. for every degree of increased
temperature. The terms saturated and of maximum elastic force are applied to

aqueous vapour, when any reduction of temperature or increase of pressure causes
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some of the vapour to be condensed. The temperature of saturated vapour is said to

be at the dew-point. Thus, aqueous vapour of 60° Fahr. and of an chistic force of
618 inclies is saturated, and 60° is its dew-point. These remarks apply to aqueous
vapour mixed with air ; differing only in vapour spreading less rapidly in a space

filled with air than in a vacuous space. Air is said to be saturated with moisture
when the aqueous vapour it contains is of maximum elastic force, the temperature of
the air is then GvUed its dew-point.

Daniell's hygrometer was the first accurate instrument invented of the kind : it

consists of a small glass siphon, at each end of which is a small glass bulb about
]^ inch in diameter, a small but deliciite thermometer is placed in the longer leg, as

much ether is poured into the lower bulb, which is of black glass, as will half cover
the enclosed thermometer bulb ; before sealing the tube the ether is boiled to drive

out all the air ; the instrument is completed by covering the upper bulb with muslin.

It is placed on a small brass stand, on which is placed another thermometer, whose
readings show the air-temperature, at the time the siphon shows the dew-point. To
make an observation, all the ether in the tube is collected into the lower bulb, and
from a tube or bottle a few drops of ether are poured on the muslin of the upper
bulb, its evaporation condenses the vapour within, fresh vapour flows along the bent
tube from tlie lower bulb, gradually the temperature is reduced, until the dew-point
of the surrounding air is reached, immediately a film of condensed vapour from the
air surrounds the black glass bulb like a ring, at the level of the ether within it, and
if the thermometer be read directly, almost the true temperature of the dew-point can
be obtained, while the exterior thermometer will be that of the surrounding air. The
expenditure of ether is an objection to this instrument, while its portability is a great

recommendation.
Subsequently, several other hygrometers were devised, but none that can com-

pare with Regnault's Condenser Hygrometer, which is a perfect instrument of its

kind. It consists of a very thin and brightly-polished silver thimble, 45 mm. high
and 20 mm. in diameter, fitted to a glass tube, which is again fixed by a small

lateral tube, and a metallic tube, to a stand ; the upper end of the glass tube is closed

by a cork bearing a thin glass tube descending nearly to the bottom of the silver

thimble, find a very delicate thermometer, the pear-shaped bulb of which is in the

centre of the thimble ; an exactly similar thermometer, similarly placed within a glass

tube and silver thimble, is mounted on the other side of the stand, but the cork is

not penetrated by any glass tube. To mftke an observation, as much good ether as

will more than a third fill the thimble is poured into the lesser tube of those first

described ; the cork is then fitted air-tight and the instrument is put in connection,

by means of a caoutchouc tube, with a common aspirator. Water flowing from the

aspirator, air is drawn through the tube, and bubbling up through the ether, causes

a sufficiently rapid evaporation. After a minute or two dew will be formed on the

polished surfiice of the thimble, the thermometer should be instantly read, and the

stream from the aspirator stopped, another reading should be taken on the instant

of the evaporation of the dew ; within a few minutes the process of collecting and
evaporating the dew may be repeated many times, and the mean of repeated readings

will give a very exact point. The other thermometer will give the surrounding tem-
perature. The costliness of this instrument has prevented the general use it deserves.

Instrument-makers have rendered it less costly by omitting the second thermometer
and its appendages, and substituting a tube of black glass for the silver thimble. For
ordinary use a common test-tube, with about 1^ inch depth of ether, in which is

inserted a delicate tube-thermometer, and a glass tube may be used successfully by
blowing through the tube, which should be of considerable length to reduce the

temperature. Professor Connell has invented an hygrometer, where an exhausting

syringe is used to lower the temperature.

A more important instrument than either of the above mentioned is the psychro-

meter, or wet and dry bulb hygrometer. While with the others the constant repetition

of an experiment is necessary, this reduces it simply to the reading of an observa-

tion. It consists of two deliaite thermometers, one recording the ordinary tempera-

ture of the air, the bulb of the other is covered with muslin, round the neck a lamp-

wick is twisted, conducting to a cistern of rain or distilled water, the best form of

which is a short small-necked glass bottle. The thermometers should be exactly

similar, and placed at about from 2 to 4 inches apart, and parallel with each other,

mounted on metal scales.

When the air is completely saturated, or in that condition when it will take up no

more moisture, the readings of the two will be tlio same, but as the atmosphere

becomes drier, CA'aporation becomes more rapid and the mercury in the wet bulb

will fall more or less degrees below the ordinary temperature. Evaporation will

proceed from the wet bulb even below the freezing point, but the readings should
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then bo taken with great care, as the differences will always bo small. Tho

reading of the wet bulb will give the temperature of evaporation, and from that and

tho temperature of the ordinary air has to be deduced the dew-point.

HYMEXAIA COTTRBARZlb. A tree growing in South America, from which

the resin anime exudes. See Anime.
BTOSClTAllEZirS. A crystiilline alkaloid obtained from the Henbane {Hyoscya-

mus niger). It is also found in the thorn-apple {Datura Stramonium), and is therefore

sometimes called Daturiiie.

BTPERSTHEXTE. A foliated mineral resembling diallage, having a pearly or

metallic lustre on the cleavage planes. It is a silicate of protoxide of iron and mag-

nesia ; found at St. Paul's Island, Labrador, and elsewhere.

HTPERSTHEZrZTE, or Hypersthene Rock. A rock resembling gabbro, composed

of labrador-felspar and hypersthene.

HTPOCBIiORZC .A.CZB. CIO* (Cl^O*) At. wt. 67"5. When finely-powdered

chlorate of potash is gradually mixed into a paste with strong sulphuric acid, and

heated in a bath of alcohol and water, a yellow gas is disengaged, which i» this hypo-

chloric acid, or the peroxide of chlorine. Although of much interest as a chemical

compound, it has no use in the arts. See Watts's ' Dictionary of Chemistry.'

BTPOCBIiOBOirS ACZB. CIO (Cl^O) At. wt. 43-5. This acid is best

obtained by diffusing red oxide of mercury finely divided through twelve times its

weight of water, which is introduced into a bottle containing chlorine, and agitated

until the gas is absorbed. An oxychloride of mercury is formed, which is removed

by subsidence. The weak fluid obtained is "put into a flask, and heated in a water-

bath, when the evolved gas is collected in a smaller portion of water, which becomes a

pure solution of hypochlorous acid,

Tho salts are termed hypochlorites. See Chlorine and Bleaching.
BTPOS17]LPHATES. Saline compounds formed by the union of hyposulphuric

acid with bases.

HirPOSraPBZTES. Saline compounds formed by the union of hyposulphurous
acid with bases.

HyposiUphate of Soda. The salts of the hyposulphuric acid are obtained from the

hyposulphate of manganese, which is itself thus prepared : finely-divided binoxide of

manganese is suspended in water, artificially cooled, and a stream of sulphurous acid

passed through it. The binoxide gives up half its oxygen, becoming protoxide,

which unites with the hyposulphuric acid which is formed, producing the soluble

hyposulphate of manganese, which is separated from the excess of binoxide by filtra-

tion.

The following equation represents the reaction :

—

Mn02 + 2S02 = MnO,S203.

If the temperature were allowed to rise, sulphuric acid would be formed, and not

hyposulphuric :

—

Mn0HS0== Mn0,S0».

The hyposulphuric acid, unlike the hjrposulphurous acid, may be obtained in the
free state, and its solution permits even of being evaporated in vacuo, until it acquires

the density of 1*347 ; but if carried further, it is decomposed into sulphuric and
sulphurous acids.

The acid is obtained in the free state by adding baryta water to the hyposulphate
of manganese ; the soluble hyposulphate of baryta, filtered from the oxide of man-
ganese, and precipitated exactly by the cautious addition of sulphuric acid, and fil-

tered from the precipitate of sulphate of baryta, yields the pure solution of the acid,

which may be evaporated in vacuo, as above stated.

It has no odour, but a very sour taste.

The hyposulphate of soda may be made directly from the manganese salt or. from
the free acid.

All the hyposulphates are soluble ; they have not as yet met with any commercial
application.

Hyposulphite of Soda. This salt, now so extensively used for photographic pur-
poses, was first introduced by Sir J. Herschel. It may easily be prepared by the
following process : viz. by transmitting through a solution of sulphide of sodium
(prepared by fusing together in a covered crucible equal weights of carbonate of soda,

and fiowers of sulphur), a stream of sulphurous acid until it ceases to be absorbed ; the
liquid is then filtered and evaporated, when the hyposulphite of soda, NaO.S-O^ + 5H0
(Ua^CS-O- + 5H-0) crystallises out.

Another and perhaps better process consists in digesting a solution of sulphite of
Boda on flowers of sulphur. The sulphur gradually dissolves, forming a colourless



878 ICE-HOUSE

solution, which yields on evaporation crystals of hyposulphite of soda ; the reaction

being shown by the following equation :

—

NaO,S02 + S= JS aO,S»02 (Wa-0,S02 + S = ITa'O.S'O').

The baryta salt may be obtained in small brilliant crystals, by mixing dilute

solutions of chloride of barium and hyposulphite of soda.

The hyposulphurous acid is incapable of existing in the free stsite, for almost imme-
diately on the addition of an acid to the solution of its salts, it is decomposed into

sulphurous acid, with liberation of sulphur. (S^O'^ = SO^ + S).

The soluble hyposulphites have the power, in a marked degree, of dissolving certain

salts of silver, as the chloride, iodide, &c., which are insoluble in water; forming
with them soluble salts, whose solutions possess an intensely sweet tivsto, although
the solutions of the hyposulphites alone possess a disagreeable bitter taste.

Erom the above reaction arises the principal value of the hyposulphite of soda,

which is used by the photographer to dissolve off from the photograph, after the

action of the light on it, all the undecomposed silver salt, thus preventing the further

action of the light on the picture.

A double hyposulphite of soda and gold is used for gilding the daguerreotype plate,

and for colouring the positive proof obtained in photographic printing. This double

salt may be obtained in a state of purity, by mixing concentrated solutions of 1 part

of chloride of gold, and 3 parts of hyposulphite of soda ; by the addition of alcohol it

is precipitated ; the precipitate must be re-dissolved in a small quantity of water, and
again precipitated by alcohol.

HYSOXr. A green tea. See Tea.

HlTSTiiTZTE. A variety of titaniferous iron from Arendal in Norway.

ZB£X. An animal of the goat-kind, the hair of which is esteemed for some kinds

of manufacture. Two species occur in Europe : the common ibex (Capra Ibex), inha-

biting the Alps, and C. Pt/renaicics, found in the Pyrenees : whilst other species are

found in Asia and in Africa. The wool of the ski/n, or ibex of Little Thibet, has been
used in manufacturing certain fabrics.

ICE. Water begins to solidify or to become ice at 32^ F; See Fheezinq.
ICS-HOirSB. {Glaciere, Fr. ; Eishaus, Ger.) For the uses of common life, in

these climates, the most economical and convenient means of refrigeration in hot

weather may be procured by laying up a store of ice in winter, in such circumstances

as will preserve it solid during summer.
'

'

An ice-house should not bo regarded as an object of mere luxury ; in the southern

countries of Europe it is considered among people in easy circumstances as an indis-

pensable appendage to a country mansion. During the dog days, especially at those

periods, and in those districts where the sirocco blows, a lassitude and torpor of mind
and body supervene, with indigestion or total loss of appetite, and sometimes dysen-

teries, which are obviously occasioned by the excess of lieat, and are to be prevented
or counteracted chiefly by the use of cold beverages. By giving tone to the stomach,

iced drinks immediately restore the functions of the nervous and muscular systems

when they are languid ; while they enable persons in health to endure without much
inconvenience an atmosphere so close and sultry as would be intolerable without this

remedy. Ice-houses, moreover, afford to country gentlemen a great advantage in

enabling them to preserve their fish, butcher's meat, dead poultry, and game, which
would otherwise, in particular states of the weather, immediately spoil. Considering

at how little expense and trouble an ice-house can be constructed, it is surprising that

any respectable habitation in the country should not have one attached to it. The
simplest and most scientific form is a double cone, that is, two cones joined base to

base ; the one being of stones or brick-work, sunk under ground, with its apex at the

bottom, into which the ice is rammed ; the other being u conical roof of carpentry,

covered with thatch, and pointed at top. The entrance should be placed always on tlie

north side; it should consist of a corridor or porch with double doors, and be

screened from the sunbeams by a small shrubbery. Such are the pri ncipiesupon whicli

an ice-house should be formed ; but they will bo better understood by the following

explanation and figure.

A dry and sandy soil if possible should be selected ; and here a cavity is to be dug,

about 16 feet in diameter, terminating below like the point of a sugar-loaf. Its ordi-



ICE-SPAR 879

nary depth for a family may be about 24 feet; but the larger its dimensions are, the

longer will it preserve the ice, provided it be tilled. In digging, the workman
should slope the ground progressively towards the axis of the cone, to prevent the

earth falling in. This conical slope should be faced with brick or stone work about

one foot thick, and jointed with Roman cement, so as to be air- and water-tight. A
well is to be excavated, at the bottom 2 feet wide and 4 deep, covered at top with an

iron grating for supporting the ice, and letting the water drain away.

The upper cone may likewise be built of brick-work, and covered with thatch ; such

a roof would prove the most durable. This is the construction shown in jig. 1205.

Whatever kind of roof be preferred, there must be left in it an oblong passage into

the interior. This porch should face the north, and be at least 8 feet long by 2.^ feet

wide; and perfectly closed by a well-fitted door at each end. All round the bottom

of this conical cover, a gutter should be placed to carry off the rain to a distance

from the ice-house, and prevent the circumjacent ground from getting soaked with

moisture.

Fig. 1205 shows the section of a well-constructed ice-house, Under the ice-chamber

A the ice is rammed into the space b. c is the grate of the drain-sink d. The portion

E E is built in brick or stone ; the base l of the

ice-chamber slopes inwards towards the centre

at c. The upper part of the brick-work e e is a
little way below the . level of the ground. The
wooden framework, f f f f, forms the roof, and is

covered with thick thatch. gh is the wooden
work of the door i. At k the bucket is seen

for lifting up a charge of ice, by means of the

cord J passing over the pulley m, which enables

the servant to raise it easily.

The ice-house should have no window to admit
light, but be, so to speak, hermetically sealed in

evei?y point, except at its cesspool, which may
terminate in a water-trap to prevent circulation

of air.

A clear day should be selected for charging the

ice-house ; but before beginning to fill, a quantity

of long dry straw should be laid on the bottom
crosswise; and as the ice is progressively intro-

duced, straw is to be spread against the conical

sides, to prevent the ice from coming into contact

with the brick or stone-work. The more firmly

compacted the ice is, the better does it keep ; with
which view it should be broken into pieces with
mallets before being thrown in. No layers of

straw should be stratified among the ice, for they would make its body porous. Some
persons recommend to pour in a little water with the successive layers of ice, in order
to fill up its small crevices and convert the whole into one mass.

Over the top layer a thick bed of straw should be spread, which is to be covered
with boards surmounted with heavy stones, to close up the interstices in the straw.

The inner and outer doors should never be opened at once ; but the one should always
be shut before the other is opened.

Dry snow well rammed keeps equally well with hard ice, if care be taken to leave
no cavities in the mass, and to secure its compactness by sprinkling a little water
upon the successive charges.

To facilitate the extraction of the ice, a ladder is set up against its sloping wall at
one side of the door, and left there during the season.

Ice imported in 1871 :

—

Tons £ Tona &
From Norway . . 95,448 82,865 139,321 128,196

Other countries . 508 398 100 65

95,956 83,263 139,421 128,251

ZCE-MA1TVFACT1TR&. Siebe's, Harrison's, and Carre's machines for making
ice are described at page 488. See Fheezing.
ZCE-PZiAXTT. The Mesembryanthemum crystallinum is so called in allusion to

the appearance of the surface of the leaves, which are studded with small watery
vesicles. The ashes of the plant yield soda.

ZCE-SPAR. A transparent glassy felspar, referred partly to sanidine and partly
to anorthite.
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ZCEXiAia'B MOSS (Lichen cCIslande, Fr. ; IsldndiscJie Mechte, Ger.) is a lichen,

the Cetrarui Islandica, which contoins a substonce soluble in hot water, but forming
a jelly when it cools, styled lichinine by M. Gu^rin. This moss is called in the
Pharmncopocia Lichen Islandiats. It appears to have derived its name from the
circumstance that the Icelanders first discovered its medicinal qualities. Licheuine
is prepared by extracting first of all from the plant a bitter colouring matter, by
digesting lib. of it in 16 lbs. of cold water containing 1 ounce of pearlash ; then
draining the lichen, edulcorating with cold water, and boiling it in 9 lbs. of boiling

water, till 3 lbs. be OA-aporated. The jolly which forms, upon cooling the filtered

solution, is dark coloured, but, being dried and redissolved in hot water, it becomes
clear and colourless. Lichenino consists of 39-33 carbon, 7*24 hydrogen, and 65'43

oxygen. The mucilage of Iceland moss is preferred in Germany to common paste
for dressing the warp of webs in the loom, because it remains soft, from its hygro-
metric quality. It is also mixed with the pulp, for sizing paper in the vat. For
several curious compounds obtained from Iceland moss, see Watts's ' Dictionary of

Chemistry.'

ZCEIiAZrB SPAR. Crystallised carbonate of lime, of which the most beautiful

specimens are brought from Iceland. These are remarkable for their double refrac-

tion ; and hence this crystal is sometimes called doubly-refracting spar.

ZDOCRASS. A mineral known also as Vesuvian, closely resembling garnet in

chemical composition, but crystallising in the pyramidal system.

ZSRIAIiXHrz:. A hydrocarbon occurring with cinnabar in the quicksilver mines
of Idria in Carniola.

ZSlXTAZiE-STOlTE. A peculiar Welsh hone-stone. It is obtained from the

older slate-rocks of the Snowdon district.

ZGZiESZASITE. A carbonate of lead and zinc, from Sardinia.

ZZiZXAXTTHZXarE. A substance derived from the leaves of the common holly,

which might be employed for dyeing yellow.

ZZiZiOOPA OZZi. The produce of the Bassia longifolia, one of the most useful

trees grown in India. The oil might be denominated a butter, as it is solid from
82° to 84° Fahr., and liquefies at 90° to 95° Fahr. It is used in India for illumi-

nating purposes, and for the manufacture of soap. Samples of this oil were sent to

the International Exhibition of 1862, by the Singapore Local Committee.
ZZiZiTJUKZirATZOX. The means of determining the relative values of various

sources of illuminating power.

It is often of the utmost importance that we should be enabled, with facility, to

determine the relative values of the light which we obtain from artificial sources.

The only way in which this can be effected, is by comparing with some standard

source of light the illuminating sources employed. Dr. Ure, who was on several

occasions called on to direct his attention to inquiries of this nature, instituted many
very ingenious and exact experiments ; to some of these it appears important that wo
should direct especial attention. Of the original paper on the cost of illumination,

many parts are now obsolete ; but, as much of it is still of considerable practical

value, the following selections have been made, all such being distinguished by
Dr. lire's name. After many experiments to determine a standard. Dr. Ure says :

—

'After comparing lights of many kinds, I find every reason to conclude that a large

wax candle, of three to the pound, either long or short, that is, either 12 or 15 inches

in length, as manufactured by one of the great wax-chandlers in London, and fur-

nished with a wick containing 27 or 28 threads of the best Turkey cotton, is capable

of furnishing a most uniform, or nearly invariable standard of illumination. It affords

one-tenth of the light emitted by one of the Argand lamps of the Trinity House, and

one-eleventh of the light of my mechanical lamp, when each lamp is made to burn

with its maximum flame, short of smoking.'

Dr. Ure, however, for many of his determinations employed tho French mechanical

lamp, known as Carcel's lamp; and in connection with this the following remarks

occur :

—

• Mr. Samuel Parker, long advantageously known to tho pul)lic for his sinumbral

and pneumatic fountain-lamps, as well as other inventions subservient to domestic

comfort, having obtiincd a patent for a new lamp, in which the oil is heated by a very

simple contrivance, in the cistern, to any desired degree, before arriving at the wick.

I instituted an extensive series of experiments to determine its value in the production

of light, and consumption of oil, compared to tho value of other lamps, as well as

candles in these respects.'

In fig. 1206, a, a, b, h, is a section of the cylinder which constitutes the cistern ; the

oil being contained betweom tho inner and outer cylinders, and receiving heat from

the flame of tlie lamp which passes up through the inner cylinder, and is reverberated

more or less against its sides by the top of the metal chimney being notched and bent
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back. D is a slide-valve, which is opened to allow the oil to descend to the wick,

and is shut when the cistern is to be separated from the pipe of supply, at e, for the

purpose of recharging it with oil. The flame is modified, not by raising or lowering

the wick, as in common lamps, but by raising or lowering the bell-mouthed glass

chimney, which rests at its bottom on three points, and is moved by means of the

rack-work mechanism f. The concentric cylindric space a, a, b, b, contains a pint

imperial, and should be made entirely full before lighting the lamp ; so as to leave

no air in the cistern, which, by its expansion with the heat, would inevitably cause

an overflow of the oil.

1206

/////// /Mi
\\

The following arrangement was adopted in these experiments for determining the

relative illumination of the different lights. Having trimmed, with every precaution,

.

my French mechanical lamp, and charged it with pure sperm-oil, I placed it upon an
oblong table, at a distance of 10 feet from a wall, on which a white sheet of paper was
stuck. One of Mr. Parker's hot-oil lamps, charged with a quantity of the same oil,

was placed upon the same table ; and each being made to burn with its maximum
brilliancy, short of smoking, the relative illumination of the two lamps was determined
by the well-known method of the comparison of shadows ; a wire a few inches long,

and of the thickness of a crow-quill, being found suitable for enabling the eye to

estimate very nicely the shade of the intercepted light. It was observed in numerous
trials, both by my own eyes and those of others, that when one of the lamps was
shifted half an inch nearer to or further from the paper screen, it caused a perceptible

difference in the tint of the shadow. Professor "Wheatstone kindly enabled me to

verify the precision of the above method of shadows, by employing, in some of the
experiments a photometer of his own invention, in which the relative brightness of
the two lights was determined by the relative brightness of the opposite sides of a
revolving silvered ball, illuminated by them.

1. The mechanical lamp was furnished with a glass chimney \'h inch in diameter
at the base, and 1*2 at top ; the wide bottom part was 1*8 inch long, and the narrow
upper part 8 inches. When placed at a distance of 10 feet from the wall, its light

there may be estimated as the square of this number, or 100. In the first series of
experiments, when burning with its maximum flame, with occasional flickerings of
smoke, it emitted a light equal to that of 11 wax candles, and consumed 012 grains

of oil per hour. The sperm-oil was quite pure, having a specific gravity of 0-874
VoL.n. 3L
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compared with water at 1000. In a subsequent series of experiments, when its light

was less flickering, and equal only to that of 10 wax candles, it consumed only 816
grains, or O'llG-i of a pound per hour. If we multiply this number into the price of

the oil (85. per gallon) per pound, lid., the product l'2084<f. will represent the rela-

tive cost of this illumination, estimated at 100.

2. The hot-oil lamp burns with a much steadier flame than the mechanical, which
liiust be ascribed in no small degree to the rounded slope of the bell-mouthed glass

chimney, whereby the air is brought progressively closer and closer into contiict with
the outer surface of the flame, without being furiously dashed against it, as it is by the

rectangular shoulder of the common contracted chimney. When charged with sperm-
oil, and made to burn with its maximum flame, this lamp required to be placed one
foot further from the screen than the mechanical lamp, in order that its shadow should
have tlie same depth of tint. Hence, its relative illumination was, in that case, as the

square of 11 to the square of 10 ; or as 121 to 100. Yet its consumption of oil was
only 696 grains, or somewhat less than 01 of a lb. per hour. Had its light been
reduced to 100, it would have consumed only 576 grains per hour, or '082 of a lb. If

we multiply this number by lid., the product 0*902c?. will represent the relative cost

of 100 of this illumination.

3. The hot-oil lamp being charged with the southern whale-oil, of specific gravity

0*926, at 25. 6d. per gallon, or Z^d. per lb., when btirning with its maximum flame,

required to be placed 9 feet and 1 inch from the screen to drop the same tint of shadow
upon it as the flames of the other two lamps did at 10 and 11 feet with the sperm-oil.

The square of 9 feet and 1 inch= 82 is the relative illumination of the hot-oil lamp
with the southern whale-oil. It consumed 780 grains, or 0*111 of a pound per hour ;

but had it given 100 of light it would have consumed 911 grains, or 0-130 of a pound,
which number being multiplied by its price 3|d, the product 0"4875c?. will represent

the relative cost of 100 of this light.

4. A hot-oil lamp charged with olive-oil of specific gravity 0*914, at 6s. 6d. per
gallon, or 7^^^. per lb. when burning with its maximum flame, required to be placed

at 9 feet 6 inches, to obtain the standard tint of shadow upon the screen. It con-

sumed 760 grains per hour. The square of 9^ feet is 90|, which is the relative inten-

sity of the light of this lamp. Had it emitted a light= 100, it would have consumed
840 grains, or 0*12 of a pound per hour—which number multiplied by the price per
pound, gives the produce 0*9^. as the relative cost of 100 of this light.

5. A hot-oil lamp charged with Price and Co.'s cocoa-nut oil (oleine), of specific

gravity 0'925, at 4s. 6d. per gallon, or d^d. per lb. had to be placed 9 feet from the

screen, and consumed 1,035 grains per hour. Had its light been 100 instead of 81 (9'^),

the consumption would have been 1,277 grains, or 0*182 of a pound per hour ! which
number multiplied by its price per pound, the product r031i?. will represent the cost

of 100 of this illumination.

6. In comparing the common French annular lamp in general use with the me-
chanical lamp, it was found to give about one-half the light, and to consume two-thirds

of the oil of the mechanical lamp.

7. "Wax candles from some of the most eminent wax-chandlers of the metropolis

were next subjected to experiment ; and it is very remarkable that, whether they were
threes, fours, or sixes in the pound, each aiforded very nearly the same quantity of

light, for each required to be placed at a distance of 3 feet from the screen to afford

a shadow of the same tint as that dropped from the mechanical lamp, estimated at 100.

The consumption of a genuine wax candle, in still air, is, upon an average of many
experiments, 125 grains per hour, but as it affords only y^th of the light of the me-
chanical lamp, 11 times 125 = 1,375 grains, or 0*1064 of a pound, is the quantity that

would need to be consumed to produce a light equal to that of the said lamp. If we
multiply that number by the price of the candles per lb. = 30c?. the product = 5*892rf.

is the cost of 100 of illumination by wax. A wax candle, three in the pound (short),

is one inch in diameter, 12 inches in length, and contains 27 or 28 threads, each

about ^th of an inch in diameter. But the quality of the wick depends upon the capil-

larity of the cotton fibrils, which is said to be the greatest in the Turkey cotton, and
hence the wicks for the best wax candles are always made with cotton yarn imported

from the Levant. A wax candle, three in the pound (long), is ^ths of an inch in

diameter, 15 inches long, and has 26 threads iri its wick. A wax candle, six to the

pound, is 9 inches long, ^ths of an inch in diameter, and has 22 threads in its wick.

The light of this candle may be reckoned to be, at most, about -^th less than tliat of

the threes in the pound. A well-made short three burns with surprising regularity in

still air, being at the rate ofan inch in an hour and a half, so that the whole candle

will last 18 hours. A long three will last as long, and a six about 9i hours. Sp. gr.

of wax = 0*960.

8. A spermaceti candle, three in the pound, is -^ths of an inch in diameter, 15 inches

long, and has a plaited wick, instead of the parallel threads of a wax candle. The
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same candles, four in tho pound, are ^ths of an inch in diameter, and 13^ inches long.

Each gives very nearly tho same quantity of light as the corresponding wax candles

:

viz. ith of the light of the above mechanical lamp, and consumes 142 grains per hour.

Multiplying the last number by 1 1, the product, 1,562 grains = 0-223 of a pound, would
be the consumption of spermaceti requisite to give 100 of illumination. Multiplying

the last number by 24c?., the price of the candles per pound, the product, 5'Z52d. is the

relative cost of 100 of this illumination.

9. Stearic acid candles, commonly called German wax, consume 168-5 grains, or

0-024 of a pound per hour, when emitting the same light as the standard wax candle.

Multiplying tho latter number by 11, and by 16c?. (the price of tho candles per lb.), the

product 4-224C?. will represent the relative cost of 100 -of this illumination.

10. Tallow candles : moulds, short threes, 1 inch in diameter, and 12^ in length

;

ditto long threes, ^ths of an inch in diameter, and 1-5 in length ; ditto, long fours,

^pths of an inch in diameter, and 13f in length. Each of these candles burns with a
most uncertain light, which varies from ^2th to •^th of the light of the mechanical
lamp—the average may be taken at Jjth. The three consume each 144 grains, or
0'2 of a pound, per hour; which number, multiplied by 14, and by 9c?. (the price per

pound), gives the product 2-52c?. for the relative cost of 100 of this illumination.

11. Palmer's spreading wick candles. Distance from the screen 3 feet 4 inches,

-with a shadow equal to the standard. Consumption of tallow per hour 232*5 grains,

or 0-0332 of a pound. The square of 3 feet 4 inches = 11-09 is the rektive illumination

of this candle = 11-09 : 0-0332 :: 100 : 0*3 x 10c?. = 3c?. is the relative cost of this

illumination.

12. Cocoa-nut stearine candles consumed each 168 grains per hour, and emitted a
light equal to ^th of the standard flame. Multiplying 168 by 16, the product 30-88

grains, or 0-441 of a lb., is the quantity which would be consumed per hour to afford

a light equal to 100. And 0-441 multiplied by 10c?., the price per lb., gives the pro-
duct 4-441c?. as the cost of 100 of this illumination per hour.

13. A gas Argand London lamp, of 12 holes in a circle of | of an inch in diameter,
with a flame 3 inches long, afforded a light=78^ compared to the mechanical lamp:
and estimating the light of the said mechanical lamp as before at 100, that of the hot-
oil lamp is 121, and that of the above gas-flame 78-57, or in round numbers 80, and
the common French lamp in general use 50.

Collecting the preceding results, we shall have the following tabular view of the
cost per hour of an illumination equal to that of the mechanical lamp, reckoned 100,
or that of eleven wax candles, three to the pound.

Table of Cost per Hour of One Hundred of Illumination.

,
Pence Pence

1. Parker's hot-oil lamp, "with southern whale oil . . 0-4875 or about ^d.
2. Mechanical or Carcel lamp, with sperm-oil . . . 1-2804 „ 1^
3. Parker's hot-oil lamp, -with sperm-oil .... 0*902 „ 1
4. Ditto ditto common olive-oil . . . 1-900 „ 1

5. Ditto ditto cocoa-nut oleine or oil . . 1-031 „ 1

6. French lamp in general use, with sperm-oil . . . 1-7072 „ If
7. Wax candles 5-822 „ 6
8. Spermaceti candles 5'352 „ 6J
9. German wax (Stearic acid) ditto ..... 4*224 „ 4^

, 10. Palmer's spreading -mck candles 2*800 „ 2|
11. Tallow (mould) candles 2*520 „ 2j
12. Cocoa-nut stearine of Price and Co 4*41 „ 4^

The following Table contains, according to Peclet, the illuminating powers of differ-

ent candles, and their consumption of material in an hour ; the light emitted by a
Carcel Argand lamp, consuming 42 grammes ( = 42 x 15| grains) in an hour, being
called 100:—

Tallow candles, 6 in lb. .

Intensity of Ught Consumption per hour

10-66 8-51

Stearine, or pressed tallow, 8 in lb. . 8*74 7*51

„ „ 5 in lb. . 7*50 7*42
Wax candles, 5 in lb. 13*61 8*71

Spermaceti, 5 in lb 14*40 8*92
Stearic acid, commonly called stearine,

5 in lb 14-40 9*33

3l2
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The subjoined Table Bho"ws the economical ratios of the candles, where the second
column gives the quantity of material in grammes which is requisite to produce as

'much light as the Carcel lamp :

—

Quality of Price per kilo- Cost of light

Tallow candle, 6 per lb.

.

material gramme per hour

70-36 If. 40 c. 9-8 c.

„ 8 per lb.

.

85-92 1 f. 40 c. 12-0 c.

Pressed tallow, 6 per lb. 98-93 2f. 40 c. 23-7 c.

Wax candle, o per lb. 64-04 7f. 60 c. 48-6 c.

Spermaceti ditto, 5 per lb. 61-94 7f. 60 c. 47-8 c.

Stearine, 6 per lb. . 66-24 6f. 37-1 c.

These results may be compared with mine given above. A kilogramme, or 1,000

grammes =16,440 grains = 2|- lbs. avoirdupois.'

—

Tire.

The rule observed in the determination of these questions of illuminating power,

is, according to the laws of optics, that the sum of the impinging rays from any
source, is inversely as the square of the distance from their source.

' The numerical estimation of the degrees of intensity of light constitutes that

branch of Optics which is termed Photometbt.
' If light be a material emanation, a somewhat scattered in minute particles in all

directions, it is obvious that the same quantity which is diffused over the surface of a
sphere concentric with the luminous points, if it continue its course, will successively

be diffused over larger and larger concentric spherical surfaces ; and then its intensity,

or the number of rays which fall on a given space, in each will be inversely as the

whole surfaces over which it is diffused ; that is, inversely as the square of their radii,

or of their distances from the source of light Let a candle be placed behind an
opaque screen, full of small equal and similar holes ; the light will shine through

these, and be intercepted in all other parts, forming a pyramidical bundle of rays,

having the candle in the common vertex. If a sheet of white paper be placed behind

this, it will be seen dotted over with small luminous specks, disposed exactly as the

holes in the screen. Suppose the holes so small, their number so great, and the eye

so distant from the paper that it cannot distinguish the individual specks, it will still

receive a general impression of brightness ; the paper will appear illuminated, and

present a mottled appearance, which, however, -will grow more uniform as the

holes are smaller and closer, and the eye more distant, and if extremely so, the paper

will appear uniformly bright. Now if every alternate hole be stopped, the paper

•will manifestly receive only half the light, and will therefore be only half as much
illuminated ; and ccsteris paribics the degree of illumination is proportional to the

number of holes in the screen, or to the number of equally-illuminated specks on the

surface ; i.e. if the speck be infinitely diminished in size, and infinitely increased in

number to the number of rays which fall on it from the original source of light.*

(Herschd.) Eeasoning thus. Sir John Herschel proceeds and establishes the following

definitions:

—

. .
• .

.

T'ke real intrinsic brightness of a luminous object is the intensity of the light of

each physical point in its surface.

The apparent intrinsic brightness of any object or luminary is tlie degree of illumi-

nation of its image or picture at the bottom of the eye.

The absolute light of a luminary is the sum of the areas of its elementary portions,

each multiplied by its own intrinsic brightness.

The apparent light of an object is the total quantity of light which enters our eyes

from it, however distributed on the retina.

Various instruments, called photometers, have been devised to measure the illumi-

nating power of any body ; these are, all of them, more or less defective, and the

results which we obtain with the best of them are merely comparative with each other.

Bonguer's Photometer consists of two surfaces of white paper, of exactly equal size

and reflective power, cut from the same piece in contact; these are illuminated, the

one by the light whose illuminating power is to be measured; and the other by a

light whoso intensity can bo varied at pleasure by an increase of distance, and can

therefore be exactly estimated. The variable light is to bo removed or approached, till

the two surfaces are judged to bo equally bright, when the distances of the luminaries

being measured, or otherwise allowed for, the measure required is ascertained.

Bumford^s Photometer.—Before a screen of white paper, in a darkened room, is

placed a blackened cylindrical stick, and the two lights to be compared are so placed

that two shadows are thrown upon the screen side by side, with an interval between
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them about equal in breadth to either shadow. The brighter flame must then be

removed, or tlie feebler brought nearer to the screen, till the two shadows appear of

equal intensity, when their distances from the lights must be measured, and their

total illuminating powers will be in the direct ratio of the squares of the distances.
*

Biichie's Photometer consists of a rectangular box, about an inch and a half or two
inches square, open at two ends. It is blackened within to absorb the extraneous

light. Within, incUned at angles of 46° to its axis, are placed two rectangular pieces

of plain looking-glass, cut from one and the same rectangular strip ; these are fastened

so as to meet in the middle of a narrow slit, about an inch long, and an eighth of an

inch broad, which is covered with a slip of fine tissue or oiled paper, and a blackened

card prevents the reflected images from mingling. If we would compare two lights,

they must be placed at such a distance from each other, and from the instrument be-

tween them, that the light from every part of each shall fall on the reflector next it,

and be reflected to the corresponding portion of the paper. The instrument is then to

be moved nearer to the one or the other, till the paper on either side of the divisioa

appears equally illixminated. When the lights are thus exactly equalised, it is clear

that the total illuminating powers of the luminaries are directly as the squares of

their distances from the middle of the instrument.

Wheatstone^s Fhotometer is a small sphere with a reflecting surface, which being

placed between the two lights, each light is seen on it by the spectator, the two being

reflected from different points of the sphere's surface. By an ingenious but simple

mechanical contrivance, a rapid looped motion is communicated to the ball, and by
the principle of the 'persistence of impressions, the spectatoi immediately sees two
looped curves of difierent brightnesses. The brighter light is removed until these

curves seem of the same brightness, and the intensities of the luminous points are then

as the squares of the distances.

Bunsen's Photometer consists of a sheet of cream-coloured letter-paper, rendered
transparent over a portion of the surface by a mixture of spermaceti and rectified

naphtha, which is solid at common temperatures, but becomes liquid on the application

of a very gentle heat. The mixture is liquefied and painted over the paper with a
brush, leaving a round disc of the size of half-a-crown in the centre uncovered. When
a light is placed on one side of the paper a dark spot is observed on the uncovered
portion. When another light is placed on the other side of the paper, the spot is still

distinctly visible, if the distance of the light is such that the reflected portion from the

paper be either of greater or of less intensity than that transmitted. When the paper
is so situated between the two flames that the transmitted and reflected light are of
the same intensity, tlie uncovered spot is no longer visible.

It will be evident from these descriptions that it is possible only, by any of these
contrivances, to compare one light with another ; there is not any arrangement by
which we are enabled to express absolutely the illuminating power. Upon the
principle of comparison, and comparison only, the following Tables have been con-
structed by the relative experimentalists. The observations of P^clet have been
already given. The following comparative view of wax and stearine candles manu-
factured in Berlin, which have been deduced from the observations of Schubarth, is of
much value:

—

1 Belatlve Consumption Relative
Kiud of candles, and whence obtained intensity of in one hour. illuminating

Ught in grammes power

Common wax candles, of Tann-
hiiuser

r4's 103-5

91-0
7-877

7-176

85-20

83-20

U's 100-0 6-562 100-0

r4's 132-7 9-398 92-66

Wax candles, of Walker . i&s 120-3 8-082 97-69

U's 113-1 7-132 1041
r4'8 117-4 9-427 81-74

Stearine candles, of Motard . Je's 111-8 9-383 78-23

Is's 121-0 7-877 100-7

Stearine candles, ofMagnet and
Oehmichen . , , ,

r4's

.^6's

139-5

132-7

10-63

9-398

86-11

92-66

U's 1250 8-506 96-54

Stearine candles, from the same re's

\8's

116-1 8-871 85-86

makers .... 146-0 8-886 108-0

r4'8 124-5 9-880 82-67

Candles made from palm-oil . .^6's 115-3 9-178 82-56

Is's 167-5 8-813 113-70
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These results show us that the mean illuminating power of wax and stearine
candles is nearly the same.

The illuminating power of gases and of gas-burners will be found in the article

Coal Gas.

ZZilkXEN'ZTX:. A variety of titaniferous iron ore, taking its name from one of
its localities—the Ilmen Mountains in Siberia.

IllVAITS, A name frequently applied to the silicate of iron, known otherwise
as lievrite and ycnite. The term Ilvaite is derived from Ilva, the classical name of
Elba—one of the localities of this mineral.

ZMMORTEZiXiES. Everlasting flowers, chiefly species of Gnaphalium and other
Composite plants.

ZMPERMEABZiE is the epithet given to any kind of textile fabric rendered
water-proof by one or other of the following substances :

—

1. Linseed-oil, to which a drying quality has been communicated by boiling with
litharge or sugar of lead, &c.

2. The same oil holding in solution a little caoutchouc.

3. A varnish made by dissolving caoutchouc in rectified petroleum or naphtha,
applied between two surfaces of cloth, as described under Macintosh's patent. See
Caoutchouc.

4. Vegetable or mineral pitch, applied hot with a brush, as in making tarpauling
for covering goods in ships.

5. A solution of soap worked into cloth, and decomposed in it by the action of a
solution of alum ; whence results a mixture of acid, fats, and alumina, which insinuates

itself among all the woolly filaments, fills their interstices, and prevents the passage
of water.

6. A solution of glue or isinglass, introduced into a stuff, and then acted upon by a
clear infusion of galls, whereby the fibres get impregnated with an insoluble, imper-
meable, pulverulent leather.

7. Plaster work is rendered impermeable by mixing artificial or natural asphaltum
with it.

IMPORTS AXB EXPORTS. Memorandum by the Inspector-G-eneral of
Imports and Exports as to the method adopted for ascertaining the real value of the
imports into the United Kingdom, issued by the Statistical Department of the Board
of Trade in April 1864.

The real value of the imports into the United Kingdom—a term repeatedly employed
in this work—as shown in the Statistical Accounts published under the authority of
the Government, is ascertained as follows :

—

1. In the case of certain articles—of those, namely, in regard to which the tariff

prescribes that their value (either with or without a specification of quantity) shall

be stated in the entry inwards at the Custom House—it rests on the declaration of the

importers.

If the officer of Customs to whom such declaration of value is rendered should
see reason to question its correctness, he is entitled to require further evidence on the

point, or he may satisfy his doubts by an examination of the goods.

The articles of which the value is ascertained by this method, however, are but few
compared with the whole number of those included in the Statistical Registry, and
they are generally of minor importance.

2. In the case of the more numerous and more considerable articles which are entered

at the Custom House by quantity alone, the value exhibited in the Statistical Record
is obtained by means of a process of computation which combines the quantity with
the average prices of the several commodities.

The average prices thus employed are supplied to the Inspector-General of Imports
and Exports, in part by some of the leading merchants and brokers of the city of

London, who willingly aid an operation so obviously serviceable to the public ; in

part by three gentlemen, who have special facilities for watching the course of the

markets, and who receive a fixed remuneration from the Treasury for collecting such
prices in the ports of London, Liverpool, and Hull, respectively.

In striking the average price for each article, regard is had to the specific distinc-

tions under which it is exhibited in the tariff—these distinctions being of necessity

observed also in the Statistical Registry—and not being in every instance identical

with those which are commonly recognised in mercantile transactions.

As the same article, in many cases, varies widely in its market value, according to

the country of which it is the produce, separate prices, applicable to the importations

from the different countries, are in such cases required.

The rules which are required to be kept in view in fixing the average prices will

appear more distinctly on reference to the annexed copy of an explanatory noto which

i
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was addressed to the merchants and brokers from whom assistance was sought at the

time when the registry of real value was first established.

When the prices obtained from different sources are found to disagree, such dis-

agreement, unless it be referable to some known cause, is made the subject of a care-

fii investigation before the average is finally adjusted.

The average price of an article being fixed for a particular month for the ports of

London and Liverpool separately—and, in the case of certain descriptions of mer-
chandise, for the port of Hull also—the quantity imported into each of the ports is

computed at the price belonging to it, and the mean value thus ascertained of the

importations into the two or the three ports, is adopted as the general rate of valua-

tion for the importations into the kingdom at large.

The value attached to the importations of each article for the entire year is the sum
of the values afl&xed to the importations of each successive month.
The following Table shows the manner in which the ' real value ' of imports is

computed in the ofl&ce of the Inspector-General of Imports and Exports :

—

Yellow Muscovado and Brown Clayed Sugar importedfrom Bengal in 1861.

Imported into Imported into
] §•3

)f

the

im-

don

and

ptcd

for

ngdom 1 I "3

LondoD Liverpool 3-^
2* aj S) 1

Months
-Hi

i
Average

price

(

ports

into

Lon

Liverpool

ado

the

United

K .§5.2

Us
1 ^

§1

1V̂

1^

4i

^1
§

s. d. cwt.' s. s. d. cwt.^ s. cwt.' s. s. d. cwts. qrs.lbs. £
January . 27 2 27 8 8 221 8 221 27 8 8,097 24 11,201
February . 27 2 5 146 27 6 3 82 8 218 27 3 8,386 1 4 11,426
March . . 27 8 2 55 27 4 108 6 163 27 2 6,133 2 10 8,357
April . . 28 2 4 113 27 6 162 10 275 27 6 9,565 2 15 13,153
May. . . 29 8 10 297 26 3 11 289 21 686 27 11 20,986 20 29,293
June . . 29 8 1 30 25 9 4 103 5 133 26 6 4,568 2 9 6,053
July . . 30 2 4 121 25 9 4 121 30 2 3,982 2 15 6,007
August . . 30 2 11 332 25 9 18 463 29 795 27 5 28,476 1 3 39,036
September 30 8 17 621 26 16 416 33 937 28 4 33,002 5 46,753
October . 31 2 26 810 26 21 546 47 1,356 28 10 46,559 2 26 63,124
November. 30 8 38 1,165 25 6 7 179 45 1,344 29 10 45,466 1 67,820
December

.

29 8 47 1,394 25 20 500 67 1,894 28 3 66,342 12 97,708

Total • 281,566 1 4 399,931

Average Price of the Year, 28s. 5d. per cwt.
* Hundredweights iu Thousands.

Linseed importedfrom the Bussian Ports cm the Black 8ea in 1S61.

Imported into Imported into

|j
1 i 3

London Hull ^-§2^ ^a.V^ 2

Months

Average

price

o

ports

into

Lon

Hull,

adopted

United

Kin

III

1^
|l

si
>.

1
4
"l o»

*. d. qrs.' s. d. s. d. qrs.' s. d. qrs.' s. d. s. d. qrs. &
January . 56 .. 55 ,. 55 6 6,629 18,395
February . 50 2 100 50 17 850 i9 950 60 21,563 63,907
March 51 47 6 31 1,472 6 31 1,472 6 47 6 56,061 133,145
AprU. . . 50 6 i 50 6 47 6 19 902 6 20 953 47 6 29,324 69,645
May . . . 51 6 2 103 47 6 2 95 4 198 49 6 6,880 17,028
June . . . 51 6 47 6 1 47 6 1 47 6 47 6 1,526 3,624
July . . 52 9 ,, .. 47 6 ,, ,. .. 50 1 3,576 8,940
August . . 55 8 50 6 300 6 300 60 10,059 25,148
September 57 6 2 115 62 6 13 682 6 15 797 6 53 2 29,449 78,040
October . 59 6 5 297 6 55 21 1,155 26 1,452 6 65 10 36,048 100,634
November

.

60 6 2 121 55 14 770 16 891 55 8 35,897 99,913
December 61 20 1,220 65 20 1,100 40 2,320 68 64,490 158,021

Tota I . .
• •

291,502 766,440

Average Price of the year, 525. Id. per quarter.

* Quarters in Thousands.
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ZMPRBST. A paper printed in the report on the public accounts, gives an
authoritative definition of tliis technical term, so unintelligible to many persons. The
•word ' imprest ' is generally used in opposition to the term ' final payment.' A final

payment is a payment made in final discharge of an obligation of the government to

the public creditor ; as, for instance, the payment of a bill for stores supplied to the
government, or the payment of a salary to a government clerk. An • imprest ' means
an advance of public money, to enable the person to whom it may be made to carry ou
some public service; and the person to whom the advance is made is called the
* imprest accountiint.'

ZirCOMBUSTZBXiB CXiOTB is a tissue of the fibrous mineral called amianthus
or asbestos. Cotton and linen cloth may be best rendered incapable of burning with
flame by being imbued with a solution of sal-ammoniac or of alum.
ZirCUBATXOZr, ARTZFZCZAXi. The Egyptians have from time immemorial

been accustomed to hatcli <\egs by artificial warmth, without the aid of hens, in pe-

culiar stoves, called Mammals. M. de K^umur published in France, about a century

ago, some ingenious observations upon this subject; but M. Bonnemain was the first

person who studied with due attention all the circumstances of artificial incubation,

and mounted the process successfully upon the commercial scale. So far back as

1777 he communicated to the Academy of Sciences an interesting fact, which ho had
noticed, upon tlie mechanism employed by chicks to break their shells ; and for some
time prior to the French Revolution he furnished the Parisian market with excellent

poultry at a period of the year when the farmers had ceased to supply it. His estab-

lishment was ruined at that disastrous era, and no other has ever since been constructed

or conducted with similar care. His apparatus derives peculiar interest from the fact

that it was founded upon the principle of the circulation of hot water, by the intestine

motions of its particles, in a returning series of connected pipes ; a subject afterwards

illustrated in the experimental researches of Count Rumford. It has of late years

been introduced as a novelty into this country, and applied to warm the apartments of

many public and private buildings, The following details will prove that the theory

and practice of hot-water circulation were as perfectly understood by M. Bonnemain
fifty years ago as they are at the present day. They were then publicly exhibited at

his residence in Paris, and were afterwards communicated to the world at large in the

interesting article of the Encyclopedie Technologiguey intitled Incubation Artificiellc,

under the head of Regulateur de Temperature.

The apparatus of M. Bonnemain consisted : 1, of a boiler and pipes for the circula-

tion of water; 2, of a regulator calculated to maintain an equable temperature; 3,

of a stove-apartment, heated constantly to the degree best fitted for incubation, which
he called the hatching pitch. He attached to one side a poussiniere or chick-room, for

cherishing the chickens during a few days after incubation.

The boiler is represented in vertical section and ground plan, in figs. 1207 and 1208.

It is composed of a double cylinder of copper or cast iron I, I, having a grate b (see

1207 1208

plan), an ashpit at d (section). The water occupies the shaded space c, c. h, g, ^, e, e,

are five vertical flues for conducting the burnt air and smoke, which first rise in the

two exterior flues e, e, then descend in the two adjoining flues g, g, and finally remount

through the passages i, i, in the central flue h. During this upward and downward
circulation, as shown by the arrows 'in the section, the products of combustion are made
to impart nearly the whole of their heat to the water by which they are surrounded.

At the commoncement, some burning paper or wood shavings are inserted at the orifico
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m, to establish a draught in this circuitous chimney. The air is admitted into the

ashpit at the side, in regulated quantities, through a small square door, moveable round
a rod -which runs horizonbilly along its middle line. This swing valve is acted upon
by an expanding bar (see Hkat-Reguiatob), which opens it more or less, according

to the temperature of the stove apartment in -which the eggs are placed.

D is the upper orifice of the boiler, by which the hotter and consequently lighter

particles of the water continually ascend, and are replaced by the cooled particles,

which enter the boiler near its bottom, as shown in fig. 1209 at e. Into further detiiils

relative to the boiler it is needless to enter ; for though its form, as designed by M.
Bonnemain, is excellent and most economical of heat for a charcoal-fire, it would not
suit one of pit-coal, on account of the obstruction to the pipes which would soon bo
caused by its soot.

In fig. 1209 the boiler is shown at b, with the rod which regulates the air-door of the

ashpit. D is a stopcock for modifying the opening by which the hotter particles of

1209

water ascend ; g is the water-pipe of communication, having the heating pipe of dis-

tribution attached between e f, which thence passes backwards and forwards with a
very slight slope from the horizontal direction, till it reaches the poussiniere o p q. It

traverses this apartment, and returns by n n to the orifice of the boiler h, where it

turns vertically do-wnwards, and descends to nearly the bottom of the boiler, discharging

at that point the cooled and therefore denser particles of water to replace those which
continually issue upwards at d. l b is a tube stirmounted with a funnel for keeping

the range of pipes always full of water ; and k is a siphon orifice for permitting the

escape of the disengaged air, -which would otherwise be apt to occupy partially the
pipes and obstruct the aqueous circulation.

The faster the water gets cooled in the serpentine tubes, the quicker its circulation

will be, because the difference of density between the water at the top and bottom of

the boiler, which is the sole cause of its movement, -will be greater, n represents

small saucers filled with water, to supply the requisite moisture to the heated air, and
to place the eggs, arranged along the trays m m, in an atmosphere analogous to that

under the body of the hen.

When we wish to hatch eggs with this apparatus, the fire is to be kindled in the

boiler, and as soon as the temperature has risen to about 100° E., the eggs are intro-

duced; but only one-twentieth of the whole number intended, upon the first day: next
day a like number is laid upon the trays, and thus in succession for twenty days, so

that upon the twenty-first day the eggs first placed may be hatched for the most part,

and we may obtain daily afterwards an equal number of chicks. In this way regu-

larity of care is established in the rearing of them.
During the first days of incubation, natural as well as artificial, a small portion of

the water contained in the egg evaporates by the heat, through the shell, and is re-

placed by a like quantity of air, which is afterwards useful for the respiration of the
animal. If the warm atmosphere surrounding the eggs were very dry, such a portion
of the aqueous part of the eggs would evaporate through the pores of the shells as

would endanger the future life of the chick in ovo. The transpiration from the body
of the hen, as she sits upon her eggs, counteracts this desiccation in general

; yet in

very dry weather many hatching eggs fail from that cause, unless they be placed in
moist decomposing straw. The water-saucers n k are therefore essential to success in
artificial incubation.

After the chickens are hatched, they are transferred into the nursery, o o, on the
front side of which there is a small grated trough filled with millet seed. Small
divisions are made between the broods of successive days, to enable the superintendent
to vary their feeding with their age.



890 INDIGO

In order to supply an establishment of the common kind, where 100 eggs are to bo
hatched daily, a dozen of hens would be needed, and 150 eggs must bo placed under
them, as only two-thirds in general succeed. At this rate, 4,300 mothers would be
required to sit. Now supposing we should collect ten times as many hens, or 43,000,

•we should not be able to command the above number of chickens, as there is seldom a
tenth part of hens in a brooding state. Besides, there would be in this Ciise no fower

than 720 hens every day coming out with a fresh brood of chickens, which would
require a regiment of superintendents.

Artificial Incubation by 'means of Hot Mineral Waters.—This curious process is

described very briefly in a letter by M. D'Arcet. The following are extracts from his

letter :

—

' In June 1825, 1 obtained chickens and pigeons at Vichy, by artificial incubation,

effected through the means of the thermal waters of that place. In 1827 I went to the

baths of Chaudes-Aigues, principally for the purpose of doing the same thing there.

Finding the proprietor a zealous man, I succeeded in making a useful application of

this source of heat to the production of poultry.
* The advantage of this process may be comprehended, when it is known that the

invqj-ids who arrive at Vichy, for instance in the month of May, find chickens only the

size of quails ; whereas, by this means, they may be readily supplied six months old.

* The good which may be done by establishing artificial incubation in places where
hot springs exist, is incalculable ; it may be introduced into these establishments with-

out at all interfering with the medical treatment of patients, since the hatching would
go on in winter, at a time when the baths for other purposes are out of use.

* There is no other trouble required in breeding chickens, by means of hot baths,

than to break the eggs at the proper time ; for, when the apartments are closed, the

whole of the interior will readily acquire a sufficiently elevated and very constant

temperature.'

IXTBIA-RUBBER. See Caotjtchouc.

IXBZAUr CORZa*. TYi^ZeaMays. See Maize.
IXTDIAM* FIRE. A pyrotechnic composition, sometimes used for signal-lights.

It is composed of 7 parts of sulphur, 2 of realgar, and 24 of nitre.

IXTDZAM' BGMP. A narcotic resinous substance obtained from Cannabis Indica,

See Hemp,
IXDZAir IZTK, or China Ink, A very beautiful black pigment, the best

varieties of which are obtained from China. It is composed of a very fine black,

cemented together with some kind of animal gelatine. See Ink.
ZXTDZAnr IMCATTZN'G. Mats made in India from the reed Papyrus corymbosus.

ZlirBZAir IMEZIiZiET. The Panicum miliaceum, a grain cultivated in the East
Indies.

znrBZAir red. A mineral substance from the Persian Gulf, which reaches us in

a state of a dark red coarse powder : a silicate of iron and alumina, containing lime

and magnesia. The same name is given to a pigment artificially prepared, which
is essentially a sesquioxide of iron.

ZlTBZAXr TEAK. A hard wood used for ship-building, yielded by the Tectona

grandis.

Z^rBZAM* ITEZiZiOVr. This is a peculiar precipitate obtained from the urine of

the cow, and, according to some authorities, of the camel, after the animal has been
eating decayed and yellow mango leaves—the Mangistana mangifcr. It appears to be
composed of magnesia with a yellow body which may be prepared pure by boiling the

mass with water, to which small quantities of muriatic acid are added, until the whole
dissolves, and then filtering. On cooling, the liquor deposits the colouring matter in

brilliant yellow scales, termed purreic acid. See Watts's ' Dictionary of Chemistry.*
ZirBZAliTZTE. An Indian variety of anorthite, or lime-felspar.

ZWBZCAIJ'. A colourless substance existing in woad, and probably in other

plants yielding indigo. Indigo-blue may be prepared from iudican by treating itwith
sulphuric or hydrochloric acid. See Indigo.

ZM'BZCO^ZiZTE. A name applied to the blue varieties of tourmaline.
ZIQTBZGO. This invaluable dye-stuif consists essentially of a blue colouring matter,

to which the name of Indigo-blue has been applied. This colouring matter occurs in

the leaves of several species of plants, which, though few in number, belong to very
different genera and orders. The only native European plant which is known with
certainty to yield it is the Isatis iinctorin, or common woad. It has also been supposed
to occur in the following plants, all of which are natives of Europe, viz. :

—

Astragalus

ff^ycyphyllos, Centaurea Cyanus, Clielidonium majus, Cicer arictinum, Coluiea arbo-

resccns, Coronilla Emertis, Galega officinalis, Hedysarum Onobrychis, Inula Helenium,
Iris Germanica, Lotus corniculatv^, Medicago sativa, Mercurialis pcrennis, Polygonum
aviculare^ Polygonum Fago^yrum^ Bhinanthus Crista-galli, Samiucus nigra, Sambtcciu
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Ebuhis, Soahiosa suocisa, and Vaccinium Myrtillus. According to the investigations of

Giobort and others, howevor, none of these plants afford any indigo-bluo, though several

of them, such as the Mercurialis permnis, contain a blue colouring matter of a peculiar

nature. The indigo-bearing plants grooving in tropical countries furnish far more
indigo-blue than the Isaiis tinctoria. Such are the various species of Indigofera, natives

of the East and West Indies, the Nerium tinctorium and Calanthe veratrifolia of Hindo-

stan, the Asclepias iinotoria and Marsdenia tinctoria of Sumatra, the Polygonum tincto-

rium, the Isatis indigotica, thejusticia tinctoria, and the Bletia Tankervilece, of China,

and the Amorphafrutioosa of Carolina. Most of these plants belong to the natural order

Zeguminosa. The others belong respectively to the orders Cruciferce, ApocynecB,

AsclepiadecB, Tolygonea, Acantkacets, and Orchidea. Indigo-blue has sometimes

been observed to form in the milk of cows, especially such as have been fed ex-

clusively on saintfoin. It has also been found by Prout, Hassall, and others in

the urine of individuals suffering from various diseases ; and Schunck has shown
that the urine of men and animals, even when in a perfectly healthy state, may be

made to yield indigo-blue in small quantities by treatment with strong acids. Hence
it appears that this colouring matter may be obtained from a variety of sources, though
it is nowhere found in great abundance.

The use of woad for the purpose of dyeing blue seems to have been known in

Europe from the earliest times. We are told by Caesar that the Britons stained their

bodies blue with woad, in order to give themselves a more formidable appearance in

battle ; and Pliny informs us that their women, before entering on certain sacred rites,

which were performed in a state of nudity, employed the same means of colouring their

bodies, whereby they acquired the appearance of negroes. During the middle ages

the cultivation of woad was carried on very extensively in several countries of Europe,

especially in Thuringia in Germany, in the province of Languedoc in France, and in

the neighbourhood of Rieti in Italy. The leaves of the plant were ground into a

pulp, and then submitted to a long process of fermentation, by whicii means they

were converted into a mass of a dark colour which was moulded into balls for the

use of the dyer. (See Woad.) No attempt to extract the blue colouring matter

from the plant seems, however, to have been made before the commencement of the

present century.

Whether indigo in its present form was known to the ancients has been doubted.

Pliny and Dioscorides refer to a pigment called Indicum, which seems to have been of

a blue colour, though there is little doubt that the article to which the name Indicum
nigrum was applied was identical with our Indian ink. Of indicum Pliny says that

it comes from India and is obtained from the slime adhering to reeds ; that it is black

when rubbed, but of a fine mixture of purple and blue when dissolved ; and that

there is another kind which is found swimming on the dye-vessels where purple is

dyed, this being the scum of the purple-fish. He adds that those who adulterate

indicum dye pigeons' dung or chalk with woad, but that the genuine substance may
be known by heating it, when it gives a beautiful purple vapour and emits a smell

like that of the sea, and for this reason it has been supposed to be obtained from the

rocks. It can hardly be doubted that in this passage indigo is referred to, and that

the second kind of indicum mentioned by Pliny consisted probably of the scum of

indigo-blue found fioating on the surface of the liquor in which the dyeing was per-

formed. It seems, however, that at that time the colouring matter was not so com-
pletely separated from the other vegetable matters of the plant as at the present
day, since pigeons' dung coloured with woad would bear very little resemblance to

ova present indigo, but would be a fair imitation of the preparation usually made
from woad. It is probable, therefore, that at that period the process of manufacturing
indigo was a very rude one, and consisted merely in the separation of a portion of
the vegetable from the remainder. Even at the present day the natives of some
countries, where the arts have not attained any high degree of development, produce
an article from indigo-bearing plants which serves the purpose of dyeing blue, though
not much resembling indigo in appearance. In Sumatra, for instance, as Marsden
informs us, the natives do not manufacture indigo into a solid substance, but leave the
stalks and branches for some days in water to soak and macerate, then boil it, and
work with their hands some chunam (quicklime) among it, with leaves of the pacoo
saba (a species of fern) for fixing the colour, after which they drain it off and use it

in the liquid state. On the west coast of Africa the leaves of the indigo-plant are
moulded into balls, which are then dried in the sun and stored up until they are
wanted. These balls, which have a slight blue tint, may be preserved a long time,
and be transported to great distances. When they are to be used for dyeing they are
broken and reduced to a fine powder. This powder is then mixed with water to which
the ashes of a certain plant are added, and the liquid is boiled in large earthenware
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vessels of a conical form, when it assumes a deep blua colour, and is then ready for

dyeing the fabrics which are plunged into it.

The article known as indigo in the middle ages must have been very similar to the

indigo of the present day ; for though Marco Polo had described the manner in which
the substance was produced from the plant, it was for a long time considered as a

mineral; and even in the letters patent obtained, in 1705, by the proprietors of mines

in the principality of Halberstadt, it was classed among minerals on account of which
works were suffered to be erected.

Indigo seems to have been first extensively used in Europe by the Jewish dyers,

who introduced it into the dye-houses of Italy. It was not, however, imported in any
large quantities until the discovery of the passage round the Cape of Good Hope.

At the beginning of the 17th century, the Dutch commenced carrying on an exten-

sive trade with the East, and indigo was one of the articles which they imported in lar:r3

quantities into European countries. Its use was found to be attended with so many
advantages, that the employment of woad for the same purpose was gradually aban-

doned. The colour produced by it was more brilliant and far cheaper than the blue

from woad. On the other hand, it was asserted that the goods dyed with indigo faded

rapidly, and that the vitriol and other corrosive substances used along with it caused

them, after some time, to rot. At the same time the exportation of large sums of

money in payment for indigo, and the rapid decline in the cultivation of woad, which

had previously furnished occupation to great numbers of people in various countries of

Europe, and had been the source of great wealth to individuals, caused so much alarm,

that the most stringent measures were adopted in order to prevent the use of indigo

in dyeing. A decree of the Germanic Diet held at Frankfort, in 1577, prohibited,

under the severest penalties, the newly-invented, pernicious, deceitful, eating and
corrosive dye, called the devil's dye, for which vitriol and other cheaper materials were

used instead of woad. This prohibition was renewed in 1594 and 1603. In the year

1650, the Elector of Saxony prohibited the sale and importation into his dominions of

all fabrics dyed with other materials in the place of woad. This was followed by an
Imperial mandate issued from Ratisbon, in the year 1654, forbidding the importation

and the use by dyers of indigo and other injurious substances, and threatening with

punishment and the confiscation of their goods all persons who should offer for sale any
cloth dyed with forbidden and deceitful dyes, instead of with the permanent colour of

woad. The people of Nuremberg even went so far as to compel their dyers by law
annually to take oath, not to employ indigo, and this was continued down to a very

recent period, though it was well known that its use was indispensable to them. In

France, the use of indigo was forbidden in 1598, in consequence of an urgent i-epreseu-

tation by the states of the province of Languedoc, and this prohibition was afterwards

repeated several times. But in the well-known edict of 1669, in which Colbert sepa-

rated the fine from the common dyers, it was stated that indigo should bo used with-

out woad; find 1737, dyers were left at liberty to use indigo alone, or to employ a
mixture of indigo and woad. In England the use of indigo was also forbidden, and

by an act passed in the reign of Elizabeth, searchers were authorised to burn both it

and logwood in every dye-house where they could be found. This act remained in force

for nearly a century.

It has been doubted whether the plant which is employed in America for the

manufacture of indigo is a native of that continent, or whether it was introduced by
the Spaniards. It was remarked by the first voyagers on the new continent that the

natives coloured their bodies and dyed their stuffs by means of indigenous plants

which resembled the indigo-plant of Asia. Fernando Columbus, in the life of his

father, says, that this plant grew in a wild state in the West India Islands, and that it

was cultivated for the purpose of obtaining from it a blue pigment. Hernades mentions

it among the native plants of Mexico, and says, that the Americans used it for dyeing

their hair black. He adds, that they made from it a pigment, which they named
mohuitli and tleuohuitli, the same as the cceruleum of the Latins, and he describes also

the method of prepairing it. Nevertheless, it appears that the Indigofera tinetoria and
Anil were really introduced into America by the Spaniards, and were the plants em-
ployed by them for the manufacture of indigo in Mexico, Guatemala, and St. Domingo,
though some of the varieties produced by the influence of the climate and soil differ very

widely in appearance from the parent stock. The manufacture of indigo was at one
time carried on extensively in Central America and the West India Islands, and these

countries formerly supplied the chief portion of the article consumed in Europe. The
indigo of Guatemala at the same time surpassed all others in quality. In consequence,

however, of the political disturbances in America, and the great improvements which
have been effected in the manufacture of indigo by the zeal and perseverance of our
countrymen in the East, its production in America has diminished very much; and at

the present day, the indigo consumed in Europe is derived chiefly from India, and more
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especially from Bengal, Oude, and Madras. The remainder is imported from Java,

Manilla, the Mauritius, and Senegal in the eastern hemisphere, and from Caraccas,

Brazil, and Guatemala in the western. The East Indian and Brazilian indigo comes

packed in chests ; the Guatemala in ox-hides, called serons. Its quality depends upon
the species of the plant, its ripeness, the soil and climate of its growth, and the mode
of manufacture.

The plants which are cultivated in the East Indies, are the Indigofera tinctorial

Anil, disperma, and pseitdo-tincioria. The districts of Kishenagar, Jessore, and Moor-
shedabad, in Bengal, ranging from 88° to 90° east lat. and 22^° to 24° north long.,

produce the finest indigo. That from the districts about Burdwan and Benares is of

a coarser or harsher grain. Tyroot, in lat. 26°, yields a tolerably good article. The
portion of Bengal most propitious to the cultivation of indigo, lies between the river

Hoogly and the main stream of the Ganges. The ground having been ploughed in

October, November, or beginning of December, the seed of the indigo plant is sown
in the last half of March or beginning of April, while the soil being neither too hot

nor too dry, is most propitious to its germination. A light mould answers best ; and
Bunshine, with occasional light showers, are most favourable to its growth. From
twenty-four to thirty pounds of seeds are required for sowing an acre of land. The
plants grow rapidly, and will bear to be cut for the first time at the beginning of July,

nay, in some districts, so early as the middle of June. The indications of maturity

are the bursting forth of the flower-buds, and the expansion of the blossoms ; at which
period the plant contains most colouring matter. Another indication is taken from
the leaves ; which, if they break across, when doubled flat, denote a state of maturity.

But this character is somewhat fallacious, and depends upon the poverty or richness

of the soil. Wlien much rain falls, the plants grow too rapidly, and do not sufficiently

elaborate the blue pigment. Bright sunshine is most advantageous to its production.

The flrst cropping of the plant is best; after two months a second is made; but at

the present day, planters never undertake a third or fourth.

Two methods are pursued to extract the indigo from the plant : the first effects it

by fermentation of the fresh leaves and stems ; the second, by maceration of the dried

leaves. .

1. From the recent leaves.—In the indigo-factories of Bengal, there are two large

stone-built cisterns, the bottom of the first being nearly upon a level with the top of

the second, in order to allow the liquid contents to be run out of the one into the other.

The uppermost is called the fermenting vat, or the steeper; its area is 20 feet square,

and its depth three feet ; the lowermost, called the beater or beating vat, is as broad as

the other, but one-third longer. The cuttings of the plant, as they come from the field,

are stratified in the steeper, until this is filled to within 5 or 6 inches from its brim. In
order that the plant, during its fermentation, may not swell and rise out of the vat, beams
of wood and twigs of bamboo are braced tightly over the surface of the plants, after

which water is pumped upon them until it stands about 3 or 4 inches from the
edge of the vessel. An active fermentation speedily commences, which is completed
within 14 or 15 hours, a little longer or shorter, according to the temperature of the
air, the prevailing winds, the quality of the water, and the ripeness of the plants.

Nine or ten hours after the immersion of the plant, the condition of the vat must be
examined ; frothy bubbles are then seen rising like little pyramids, at first of a white
colour, but soon becoming greyish-blue, and then deep purplish-red. The fermenta-
tion is at this time violent, the fiuid being in constant commotion, and apparently
boiling, innumerable bubbles mount to the surface, and a dense copper-coloured scum
covers the whole. As long as the liquor is agitated, the fermentation must not be
disturbed; but when it becomes more tranquil, the liquor is to be drawn off into the
lower cistern. It is of the utmost consequence not to push the fermentation too far,

because the quality of the whole indigo is thereby deteriorated ; but rather to cut it

short, in which case there is, indeed, a loss of weight, but the article is better. The
liquor possesses now a glistening yellow colour, which, when the indigo precipitates

changes to green. The average temperature of the liquor is commonly 85° Fahr.
;

its specific gravity at the surface is 1-0015 ; and at the bottom 1-003.

As soon as the liquor has been run into the lower cistern, ten men are set to work
to beat it with oars or shovels 4 feet long, called husquets. Paddle-wheels have also

been employed for the same purpose. Meanwhile two other labourers clear away
the compressing beams and bamboos from the surface of the upper vat, remove the
exhausted blue, set it to dry for fuel, clean out the vessel, and stratify fresh plants in

it. The fermented plant appears still green, but it has lost three fourths of its bulk
in the process, or from 12 to 14 per cent, of its weight, chiefly water and extracti\-e

matter.

The liquor in the lower vat must be strongly beaten for an hour and a half, when
the indigo begins to agglomerate in flocks, and to precipitate. This is the moment
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for judging whether any error has been committed in the fementation ; which must
be corrected by the operation of beating. If the fermentation has been arrested too

soon, much froth rises in the beating, which must be alhiyed with a little oil, and tlien

a reddish tinge appears. IS large round granulations are formed, the beating is con-
tinued, in order to see if they will grow smaller. If they become as small as fine sand,
and if the water clears up, the indigo is allowed quietly to subside. Should the vat
have been over-fermented, a thick fot-looking crust covers the liquor, which does not
disappear by the introduction of a flask of oil. In such a case the beating must bo
moderated, and when the granulations become round, and begin to subside, and the
liquor clears up, the beating must be discontinued. When the fermentation has been
excessive, the froth or scum diffuses itself spontaneously into separate minute particles,

that move about the surface of the liquor. On the other hand, a rightly-fermented
vat is easy to work ; the froth, though abundant, vanishing whenever the granulations
make their appearance. The colour of the liquor, when drawn out of the steeper into

the beater, is bright green ; but as soon as the agglomeration of the indigo commences,
it assumes the colour of Madeira wine ; and speedily afterwards, in the course of

beating, a small round grain is formed, which falls down and leaves the water trans-

parent, when all the turbidity and froth vanish.

The object of the beating is threefold : first, it tends to disengage a great quantity
of carbonic acid present in the fermented liquor; secondly, to give the newly-de-
veloped indigo its requisite dose of oxygen by the most exten.sivo exposure of its

particles to the atmosphere ; thirdly, to agglomerate the indigo in distinct flocks or

granulations. In order to hasten the precipitation, lime-water is occasionally added
to the fermented liquor in the progress of beating; but those who manufacture the
superior qualities of indigo, avoid the use of lime, as it has a tendency to make the

indigo hard and red. In one side of the beating vessel a beam is fixed upright, in

which three or more holes are pierced a few inches in diameter. These are closed

with plugs during the beating, but, two or three hours afterwards, as the indigo

subsides, the upper plug is withdrawn to run off the supernatant liquor, and then the

lower plugs in succession. The state of this liquor affords, on being examined, an
indication of the success of both the processes. When the whole liquor has run
off, a labourer enters the vat, sweeps all the precipitate into one corner, and empties

the thinner part into a spout which leads into a cistern, 20 feet long, 3 feet wide, and
3 feet deep. When all this liquor is once collected, it is pumped through a bag
which retains the impurities into a boiler, placed at the side of the cistern and heated

to ebullition. The froth soon subsides, leaving an oily-looking film upon the liquor.

The indigo is by this process not only freed from the yellow extractive matter, but

its density and the intensity of its colour are increased. From the boiler tlie mixture

is run, after two or three hours, into a general receiver, called the dripping vat or table,

which, for a factory of twelve pairs of preparation vats, is 20 feet long, 10 feet wide,

and 3 feet deep, having a false bottom, 2 feet under the top edge. The cistern

stands in a basin of masonry (made water-tight with chiinam hydraulic cement), the

bottom of which slopes to one end, in order to facilitate the drainage. A thick

woollen web is stretched along the bottom of the inner vessel to act as a filter ; but

a piece of cotton cloth is generally preferred to wool, as the hairs which are detached

from the latter injure the quality of the indigo. As long as the liquor passes through

turbid, it is pumped back into the receiver. Whenever it runs clear, the receiver is

covered with another piece of cloth to exclude the dust, and allowed to drain at its

leisure. Next morning the drained magma is put into a strong bag and squeezed in a

press. The indigo is then carefully taken out of the bag, and cut with brass wire into

cubical pieces, measuring about 3 inches each way, which are dried in an airy house

upon shelves of wicker work. During the drying, a whitish efflorescence appears upon

the pieces, which must be carefully removed with a brush. In some places, parti-

cularly on the coast of Coromandel, the dried indigo lumps are allowed to effloresce

in a cask for some time, and when they become hard they are wiped and packed for

exportation.

From some experiments it would appear that the gas disengaged during the middle

period of the fermentation is composed in 100 parts of 27"5 carbonic acid, 5'8 oxygen,

and 66*7 nitrogen ; and towards its conclusion, of 405 carbonic acid, 4*5 oxygen, and
55-0 nitrogen. Carburetted hydrogen does not seem to be disengaged. That the

liquor in the beating vat absorbs oxygen from the air in proportion as the indigo

becomes flocculent and granular, has been ascertained by experiment, as well as that

sunshine accelerates the separation of the indigo-blue. Out of 1,000 parts of the

fermented liquor of specific gravity 1*003, the blue precipitate may constitute 076
of a part. Such a proportion upon the great scale is, however, above the average,

which is not more than 0'6. When lime-water is added, an extractive matter is

thrown down, which amounts to from 20 to 47 parts in 1,000 of the liquor. It has a
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dark brown tint, a viscid appearance, an unpleasant smell, and a bitter taste. It

becomes moist in damp air, and dissolves in -water without decomposition. It is

precipitated by lime, alkalis, infusion of galls, and acetate of lead. All indigo con-

tains a little lime derived from the plant, even though none has been used in its pre-

paration.

2. Indigofrom dried leaves.—The ripe plant being cropped, is to be dried in sunshine

from 9 o'clock in the morning till 4 in the afternoon, during two days, and threshed

to separate the stems from the leaves, which are then stored up in magazines until a

sufficient quantity is collected for manufacturing operations. The newly-dried leaves

must be free from spots, and friable between the fingers. When kept dry, the leaves

undergo, in the course of four weeks, a material change, their beautiful green tint

turning into a pale bluish-grey, previous to which the leaves afford no indigo by
maceration in water, but subsequently a large quantity. Afterwards the product

becomes less considerable.

According to some manufacturers, the plants should be cut down in dry weather,

an hour or two before sunset, carried off the field in bundles, and immediately spread

upon a dry floor. Next morning the reaping is resumed for an hour and a half,

before the sun acts too powerfully upon vegetation, and the plants are treated in the

same way. Both cuttings become sufficiently dry by 3 o'clock in the afternoon, so as

to permit the leaves to be separated from the stems by threshing. They are now
thoroughly dried in the sunshine, then coarsely bruised, or sometimes ground to powder
in a mill, and packed up for the operations of manufacture.

The following process is pursued to extract indigo from the dried leaves. They
are infused in the steeping vat with six times their bulk of water, and allowed to

macerate for two hours with continual stirring till all the floating leaves sink. The
fine green liquor is then drawn off into the beating vat, for if it stood longer in the

steeper, some of the indigo would settle among the leaves and be lost. Hot water,

as employed by some manufacturers, is not necessary. The process with dry leaves

possesses this advantage, that a provision of the plant may be made at the most
suitable times, independently of the vicissitudes of the weather, and the indigo

may be uniformly made ; and moreover, the fermentation of the fresh leaves, often

capricious in its course, is superseded by a much shorter period of simple macera-

tion.

We are indebted to Dr. Roxburgh, for a description of the method employed for

manufacturing indigo from the Ncrium tinctorium or Wrightia tinctoria. ("Vide ' Trans-

actions of the Society of Arts,' vol. xxviii.) This plant, which attains the size of a
small tree, is found on the lower regions of the mountainous tract near Rajamundry,
and also on hills in the neighbourhood of Salem and Pondicherry, and grows in a

sterile as well as rich soil. The leaves begin to appear in March and April, and
at the end of April have attained their full size, when they are ready for gathering.

At the end of August they begin to assume a yellowish rusty colour and soon fall

off. The leaves yield no indigo until the plant is several years old, but the best

leaves for making indigo are obtained from low bushy plants. They improve when
kept for a day or two, but when they begin to wither, they yield but a small portion

of very bad indigo, and when quite dry only a dirty brown fecula. In this they

differ from the leaves of the common indigo-plant, which may be dried before ex-

traction without loss of colour. They also differ from the latter in not yielding their

colour to cold water. With cold water only a hard, black, flinty substance is ob-

tained, not blue indigo. It is therefore necessary to employ hot water, which ex-

tracts the colour very readily. The leaves having been collected, are on the ensuing

day thrown into copper scalding vessels, which are then filled with cold water to

within 2 or 3 inches of the top. Hard water containing a large quantity of bicarbonate

of lime is better adapted for the purpose than rain-water. The fire is then lighted

and maintained rather briskly until the liquor acquires a deep green colour. The
leaves then begin to assume a yellowish colour, the heat of the liquor being about
150^ to 160° Fahr. The fire is then removed, and the liquor run off into the beating

vat. Here it is agitated from 5 to 20 minutes. It is then mixed with about ^th to j^th
part of lime-water, which produces a speedy granulation. After the indigo has subsided,

the supernatant liquid appears ofa clear Madeira wine colour. The quantity of indigo

obtained, amounts to 1 lb. from 250 lbs. of green leaves ; but it varies according to the

season and the state of the weather. In August and September, the produce is only
one-half or two-thirds of what it is in May and June, and even that is diminished if

the weather is wet, or the leaves are treated immediately after being gathered. The
scalding requires about three hours, and the agitation and precipitation the same
time. The indigo is improved by treating it with a little sulphuric acid. The only
fault it has is, that it breaks into small pieces, unless it has been dried slowly in the
shade protected from the sun.
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In the southern provinces of China a species of Indigofera is extensively culti-

vated for the sake of the dye -which it affords. In the northern pro%nnces two other
plants are employed by the inhabitants for the same purpose. Mr. Fortune, the
well-known Chinese traveller, to whom we owe the description of these plants
and of the process of manufacturing indigo from them, states that one of thom is

grown in the neighbourhood of Shanghae, and he has given it the name of Isatia

indigotica. The other, which is a species of Justicia, is largely cultivated in the
hilly country near Ningpo, or rather in the valleys among the hills. It seems to be
easily cultivated; it grows most luxuriantly, and is no doubt very productive.
Having evidently been introduced from a more southern latitude, it is not hardy in
the province of

^
Chekiang any more than cotton is about Shanghae ; but nevertheless

it succeeds admirably as a summer crop. It is planted at the end of April or beginning
of May, after the spring frosts are over, and it is cleared from the ground in

October. During this period it attains a height of a foot or a foot and a half, becomes
very bushy, and is densely covered with large green leaves. It is ciit before any
flowers are formed. The plants are grown, not from seed but from cuttings. These
cuttings consist simply of a portion of the stems of the previous year, which after

being stripped of their leaves are tied into bundles, each containing upwards of

1,000, and kept during the winter in a dry shed or outhouse, where after being firmly

packed together they are banked round with dry loam, and covered with straw or

litter so as to protect them from the frost. During the winter months the cuttings

remain green and plump, and although no leaves are produced a few roots are

generally found to be formed, or in the act of forming, when the winter has passed

and the season for planting has come round. In this state they are taken to the fields

and planted. The weather during the planting season is generally showery, as this

happens about the change of the monsoon when the air is charged with moisture. A
few days of this warm showery weather is sufficient to establish the new crop, which
now goes on growing with luxuriance and requires little attention during the summer,
indeed none except keeping the land free from weeds. In the country where this dye
is manufactured there are numerous pits or tanks on the edges of the fields. They are

usually circular in form, and have a diameter of about 11 feet and a depth of 2 feet.

About 400 catties ' of stems and leaves are thrown into a tank of this size, which is

then filled to the brim with clear water. In five days the plant is partially decom-
posed, and the water has become yellowish-green in colour. At this period the

whole of the stems and leaves are removed from the tank with a flat-headed broom
made of bamboo-twigs. When every particle has been removed, the workmen em-
ployed give the water a circular and rapid motion with the brooms just noticed, which
is continued for some time. During this part of the operation another man has

employed himself in mixing about thirty catties of lime with water, which water has

been taken out of the tank for the purpose. This is now thrown into the tank, and
the rapid circular motion of the water is kept up for a few minutes longer. "When
the lime and water have been well mixed in this way the circular motion is allowed to

cease. Four men now station themselves round the tank and commence beating the

water with bamboo rakes made for the purpose. The beating process is a very

gentle one. As it goes on, the water gradually changes from u greenish hue to a

dingy yellow, while the froth becomes of a beautiful bright blue. During this process

the head workman takes a pailful of the liquid out of the tank and beats it rapidly

with his hand. Under this operation it changes colour at once, and its value is

judged of by the hue it presents. The beating process generally lasts for about

half an hour. At the end of this time the whole of the surface of the liquid is

covered with a thick coating of froth of the most brilliant colours, in which blue

predominates, especially near the edges. At this stage, it being desirable to incor-

porate the froth with the liquid below it, it is only necessary to throw a small quantity

of cabbage-oil on the surface of the froth. The workmen then stir and beat it

gently with their flat brooms for a second or two, and the whole instantly disappears.

The liquid, which is now darker in colour, is allowed to repose for some hours,

until the colouring matter has sunk to the lower stratum, when about two-thirds of

the liquid is drawn off and thrown away. The remaining third part is then drawn into

a small .«:quare tank on a lower level, wliich is thatched over with straw, and hero it

remains for three or four days. By this time the colouring matter has separated

itself from the water, which is now entirely drained off, the dye occupying throe or

four inches of the bottom in the form of a thick paste and of a beautiful blue colour.

In this state it is packed in baskets, and exposed for sale in all the country towns in

this part of China. Like the Shanghae indigo, made from Isatis indigotica, it is

called Tien-ching^ by the Chinese.

—

Gardeners' Chronicle and Agricultural Gazette^

April 8, 1854.
* A Chino3e catty la equal to 1^ lb.
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The cultivation of indigo in Central America lias fallen oflf very much of late years.

Nicaragua formerly exported annually about 5,000 bales of 150 lbs. each. At present

the export probably does not exceed 1,000 or 2,000 bales. Under the goverument of

Spain, the state of San Salvador produced from 8,000 to 10,000 bales annually. A
piece of ground equal to two acres generally produces from 100 to 120 lbs. at a

cost of not far from 30 to 40 dollars.

There is an indigenous biennial plant, abounding in many parts of Central America,
•which produces indigo of a very superior quality, but gives less than half the weight
which is afforded by the cultivated species. The Indigofera disperma is the species

employed in cultivation. It attains its highest perfection in the richest soils. It

will grow, however, upon almost any soil, and is very little affected by drought or

by superabundant rains. In planting it, the ground is perfectly cleared, usually

burnt over, and divided with an implement resembling a hoe into little trendies, 2

or 3 inches in depth, and 12 or 14 apart, at the bottom of which the seeds are strewn

by hand, and lightly covered with earth. A bushel of seed answers for 4 or 5 acres

of land. In Nicaragua it is usually planted towards the close of the dry season in

April or May, and attains its perfection for the purpose of manufacture in from two
and a half to three months. During this time it requires to be carefully weede<l, to

prevent any mixture of herbs, which would injure the quality of the indigo. "When
it becomes covered with a kind of greenish farina, it is in a fit state to be cut. This

is done with knives at a little distance above the root, so as to leave some of the

branches, called in the West Indies 'ratoons,' for a second growth, which is also in

readiness to be cut, in from six to eight weeks after. The crop of the first year is

usually small, that of the second is esteemed the best, although that of the third is

hardly inferior. It is said that some fields have been gathered for ten consecutive

years without being re-sown, the fallen seed obviating the necessity of new plantings.

After the plant is cut, it is bound in little bundles, carried to the vat, and placed in

layers in the upper or larger one called the steeper {raojadora). This vat holds from
1,000 to 10,000 gallons, according to the requirements of the estate. Boards loaded

with weights are then placed upon the plants, and enough water let on to cover the

whole, which is now left to steep or ferment. The rapidity of this process depends
much upon the state of the weather and the condition of the plant. Sometimes it is

accomplished in 6 or 8 hours, but generally requires from 15 to 20. The proper length

of time is determined by the colour of the saturated water ; but the great secret is to

check the fermentation at the proper point, for upon this, in a great degree, depends
the quality of the product. Without disturbing the plant, the water is now drawn off

by cocks into the lower vat or 'beater' {golpeadoro), wYiqtq it is strongly and inces-

santly beaten, in the smaller estates with paddles by hand, in the larger by wheels
turned by horse- or water-power. This is continued until it changes from the green

colour, which it at first displays, to a blue, and until the colouring matter, or flocculse,

shows a disposition to curdle or subside. This is sometimes hastened by the infusion

of certain herbs. It is then allowed to settle, and the water is carefully drawn off.

The pulp granulates, at which time it resembles a fine soft clay ; after which it is

put into bags to drain, and then spread on cloths in the sun to dry. When properly

dried it is carefully selected according to its quality, and packed in hide cases, 150 lbs.

each, called serons. The quality has not less than 9 gradations, the best being of the

highest figure. From 6 to 9 are called ^ores, and are the best ; from 3 to 6 cortes ; from
1 to 3, inclusive, corbes. The two poorer qualities do not pay expenses. A onansana
of 100 yards square produces on an average about one ceroon at each cutting. After
the plant has passed through the vat, it is required by law that it shall be dried and
burnt ; because in decomposing it generates by the million an annoying insect called

the * indigo fly.'

Burmese Indigo.—The political agent at the Court of Mandalay furnishes an
interesting report on the cultivation of indigo in the territories of the King of Burmah.
The manufacture of indigo in Upper Burmah on any scale, we are told, appears to have
been first commenced in the year 1860, when His Majesty the King of Ava procured
Bengal workmen from Calcutta, and had a factory erected in the city of Ameerapoora,
under the superintendence of some Armenian gentlemen who had had experience
in the indigo-factories in India. Subsequently four other factories were established

:

one at Shayet-Khan, of five vats, a short distance above Mandalay ; one to the north-
east of the Mandalay hill, of three vats ; one about 12 miles to the west of Sagine, of
ten vats ; and one, on a small scale inside the Palace, in one of His Majesty's gardens.
The agricultural subjects of His Majesty's within the capital and its suburbs are
required to allot a third share of their land for the purpose of sowing indigo, wlierever
the land is found to be suitable within the vicinity of the factory ; and in consideration
of this, the land-tax is remitted on the remaining two-thirds of the land ; but the
cultivators have to give the out-turn of the indigo crop to His Majesty, and receive no
Vol. II. 3 M
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renumeration for their labour, the seed only being supplied. The King obtains a
yearly supply of the seed from Bengal, and has indigo-plantations of his own, which
are set apart exclusively for this purpose. Indigo made from the Burmese plant,

indigenous to the country, is found not to be equal to the Bengal indigo. The land
\ipon which the seed is sown is ploughed in the same manner as that for wheat or

grain cultivation, but not until the monsoon season is over ; the seeds are then
scattered aboiit as in other grain cultivation, and in the course of a few weeks shoot

up, and before four months have elapsed the young plants rise to the lieight of about

2.^ feet, when they are cut down, tied up in bundles, and carted oflf to the nearest

factory. The late Crown Prince sent several Burmese youths to Bengal some years ago
to study the manufacture of indigo. They returned at the latter end of the year 1868,

and are now engaged in superintending the plantations and manufacture of the dye.

Chinese merchants of Mandalay export indigo to the Shan States and China. The
average annual out-turn is about 8,000 \'iss, which is sold on His Majesty's account at

the rate of 400 rupees for 100 viss or 4^ maunds. There is no prohibition as to the

cultivation of the plant or manufacture of the dye.

The following account of the manufacture of indigo on the Senegal is taken from
Perottet's ' Art de I'lndigotier '

:

—

The land destined to the cultivation of the plant ought to be perfectly level and
free from undulations, so as to prevent the seed from being washed into the hollows

or lower parts by the heavy rains so frequent in the tropics. Soils of a greyish colour

abounding in clay are not adapted for the purpose, as they are too compact and cold.

Sjindy soils of a whitish colour must also be avoided. Light soils, abounding
in humus or vegetable remains, and having a colour between grey and dark brown,
are to be preferred to all others. The soil should, at all events, not be one very
retentive of moisture. The quantity of indigo obtained from the same weight of

plant may vary, according to the soil, from 4 lbs. to 10 lbs., and the quality also

varies in a corresponding degree. The extent of ground which is required for the

production of indigo on a large scale is so great that the use of manure becomes
almost impossible. Nevertheless, the employment of the refuse of the plant, after the

extraction of the indigo, as a manure on fresh plantations is found to be attended with
very beneficial results. The ground, if new, must be turned up by means of a plough

or hoe, to the depth of at least 10 or 12 inches, three times successively, at intervals

of 3 months, before the sowing takes place. The sowing must only be undertaken in

fine weather, never during heavy rain. The seed employed should be perfectly ripe,

and, if possible, not more than one year old. It is to be left in the seed-vessels in

which it is contained until the time when it is wanted. The latter are then put into

a wooden mortar and reduced to fragments, and the seed is separated by winnowing
from the dust, debris, &c., with which it is mixed. The sowing is to be effected

broad-cast, and as evenly as possible. It should take place, if possible, just before

the approach of rain, in which case the use of a harrow is not required, as the rain

generally has the effect of completely levelling the ground and covering up the seed

with soil. The Indigofera tinctoria, and its varieties onacrocarpa and emarginata, being

a plant with numerous crowded branches, it is not necessary in sowing it, to take more
than from 6 to 7^ kilogrs. of seed to 1 arpent of ground ; but the Indigofera Ami, being

more sparingly branched, and therefore taking up less room, requires to be more
thickly sown. At about 10 or 12 days after sowing, when the young indigoforfc

have attained a height of about 81 to 108 millimeters, the ground must be carefully

weeded, and this operation must be repeated as soon as the weeds have again made
their appearance and commenced to interfere with the growth of the crop. When the

season is favourable, 3 months are generally sufficient to enable the plants to attain

the degree of development necessary for the production of indigo. At the period

when inflorescence commences, the plant is far richer in colouring matter than at any
other. As soon, therefore, as there are any indications of flowering, and when the

lower leaves, in the axils of which the flowers appear, begin to acquire a yellox^-ish

tint, and when pressed in the hands produce a slight crackling noise, no time must bo

lost in cutting down the plant. This is effected by means of good knives or sickles,

and as near the ground as possible. The stems, after being cut, are tied together into

bundles or sheaves, and carried to the manufactory. Since the colouring principle of

the indigoferse is extremely su.sceptible of change by the action of destructive agencies,

it is necessary to use the utmost despatch in gathering the crop, and to have the manu-
factory of such a size in proportion to the plantation, that no time may be lost in work-
ing up the material as soon as gathered. The plants must on no account bo cut when
they are moistened either witli rain or dew, because in this case they acquire a blacki.*;h

tint in consequence of the friction to which they are exposed in cutting tliem and
taking them to the manufactory, this tint being a sign of the disappearance of the

colouring matter. Besides this, it has been observed that during the continuance of
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rain, the indigo-producing principle diminishes very considerably, and sometimes
even disappears entirely, so that, if cut diiring^ or immediately after rain, the plants

yield little or no indigo. The indigo-plant is subject to the attack of a green cater-

pillar, which sometimes appears in such quantities as to destroy the whole crop. No
certain and easy means of destroying this pest is known. It ihas been recommended
to pass wooden rollers over the ground, before the plants have attained any great

size, so as to crush the caterpillars without injuring the plants, and this plan has been
attended with partial success.

In order to obtain good results in the manufacture of indigo, it is necessary that

the plants should be of the same age, of the same species, and from the same field.

The Indigofcra Anil begins to ferment several hours sooner than the /. tinctoria, so

that if a mixture of both be taken, the produce from either one or the other will be
lost, and the indigo obtained will also be of a bad quality. The plants should, as

soon as possible after being gathered, be placed in the steeping-vat, which is a vessel

built of bricks, and well lined with cement, from 3^ to 8 meters in length, of the

same width, and about 1 meter deep. In this vessel the plants are arranged in suc-

cessive layers, the lower layers being slightly inclined towards one end, in order to

facilitate the subsequent running-off of the liquor. The vessel being full, a number
of poles of fir-wood are laid lengthways over the plants, at a distance of 162 mill,

from one another. Three beams are then laid crosswise over the poles, their ends
being well secured by passing them through slits which are cut in the upright
posts at the sides of the cistern, and then fixing them by means of iron pins, passing
through holes in the posts. By this means the plants are prevented from rising

above the surface of the liquor during the process of maceration. The vat is now
filled with water from an adjacent cistern, in which it has been allowed to stand
for 24 hours for the purpose of allowing all foreign matters contained in it to be
deposited. After standing in contact with the leaves for about 6 hours, 9, change
usually begins to manifest itself in the liquor, which must therefore, from that time

forward, be carefully watched. As soon as this liquor begins to acquire a green
colour, and when a little of it, on being kept for a short time in the mouth, leaves a
slight impression of harshness (dprete) on the tongue and the palate, it is a sign that
the maceration is complete, and that the liquor should be drawn off without delay.

If this be not done, the colour of the liquor changes from green to brown, a new
species of fermentation commences, accompanied by the formation of acetic acid, and
the plant begins to yield substances of a mucilaginous nature, which contaminate the
indigo, and completely spoil its quality. It is therefore of the greatest importance
to ascertain exactly when tlie maceration of the plant is complete. The following

are the chief indications of this point having been attained :— 1. When the water
which was at first clear begins to become muddy, and acquires a slight greenish tinge.

2. "When bubbles of a greenish colour rise to the surface here and there. 3. When
towards the edge of the vat some mucilage, or a kind of greyish scum, commences to

be formed. 4. When a very slight purple pellicle is observed on the surface of the
liquor, especially near the corners of the vat. 5. When the liquor begins to exhale a
slight but not disagreeable odour of herbs. When the fermentation has proceeded too

iiir, the following phenomena present themselves:— 1. A considerable quantity of

large bubbles of air are disengaged, which burst at the surface, forming a layer of
greyish mucilage. 2. The surface of the liquor becomes covered with a copper-
coloured pellicle. 3. A heaving of the liquor in the vat is observed, giving rise to

the disengagement of large greenish bubbles, which communicate a brownish colour

to the water. 4. The liquor acquires a fetid smell, a strongly acid taste, and a soapy
appearance. These phenomena manifest themselves when the weather is hot, after

the fermentation has continued about 12 or 14 hours. It then becomes impossible
to obtain indigo of good quality, the only product being a black matter resembling
wax.
The liquor is now run off from the steeping-vat into the beater, which is a cistern

of about the same dimensions as the former, but situated at a rather lower level. Here
it is subjected to the beating process, the object of which is to expose the reduced
indigo to the oxygen of the atmosphere, as well as to promote the disengagement of

the carbonic acid gas with which the liqmd is charged, and which prevents the pre-

cipitation of the indigo. The beating is performed by men, who, provided with
paddles, agitate the liquid rapidly, so as to bring every part of it successively into

contact with the air. It is of importance that this process should be broken off at the
right moment, for if it be continued too long, the grain formed at fio-st will redissolve

and be lost. And if, on the other hand, it be arrested before the proper time has
arrived, a portion of the indigo will remain unprecipitated. In order to ascertain in

what state the liquor is, a little of it must be poured into a drinking glass and mixed
with an equal volume of clear water. If there is formed round the circumference of

3m2
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the glass a line of a bluish-green colour, the beating must be continued ; but if, on the
contrary, the liquid appears of a uniform brown colour, and if on adding to it a few-

drops of clear lime-water with the finger the indigo precipitates immediately in grains,
the process must be arrested. The beating usually occupies from an liour and a half
to two hours. The liquid is now to bo well mixed with about y\jth of its volume of
clear lime-water, and allowed to rest until the indigo has quite settled. By opening
successively the plugs which are placed at different heights in the side of the vessel,

the clear liquor is then drawn off in separate portions and permitted to run away, care
being tJiken that none of the indigo is allowed to be carried away with the water.
By means of an opening^ situated near the bottom of the beating vat the indigo mixed
with water is then run off, and flowing through a canal is received on a cloth strainer
or filter. This filter rests on a round or four-cornered vessel, the top of which is on
a level with the surface of the ground, and which is called the diabloiin. When the
liquid has run through the filter, the indigo which remains behind in a state of paste
is mixed up again with water, and the mixture is poured on a canvas filter and
allowed to run immediately into the boiler. The refuse matter, consisting of leaves of
the plant, &c., remains on the canvas, while the indigo suspended in water runs
tlirough. The boiler is a vessel with sides of masonry, and a bottom consisting of a
copper plate which rests on iron bars, and is well cemented to the sides. Underneath
the copper plate is the fire-place. The top must be covered with a wooden lid, con-
sisting of two flaps which are fixed to hinges at the sides and meet together over tho
top. At the moment when the mixture of indigo and water is introduced into the
boiler, the latter must already be about one third full of hot water, tho mixture being
suflScient almost to fill it entirely. The heat is now raised gradually to the boiling-

point, and the boiling is continued for about two hours. In order to prevent the indigo
from adhering to the bottom and sides of the boiler, the liquor must be kept continually
stirred with a wooden rake. The object of the boiling is to drive away all the carbonic
acid that may still be present in the liquor, to remove the soluble extractive matters
which would render the indigo dull and impure, to prevent the fermentation or putre-
faction of the indigo which would otherwise take place, and lastly, to facilitate the
subsequent processes of filtering and pressing. The fire having been removed, tlio

liquor is allowed to stand for some time, and as soon as the indigo has settled, the
supernatant liquid is drawn off by means of taps fixed in one of the sides of the
boiler. The lowest tap is then opened, and the indigo is run off with the water and
received on a filter, consisting of blue Guinea cloth stretched on a frame. The first

portions of liquid which run through are usually coloured with indigo, and must
therefore be caught in a suitable vessel and poured on tho filter again. As soon as
the liquid has percolated, the indigo, which is now a compact paste, is removed from
the filter by means of a wooden ladle and put into a press, which consists of a wooden
box pierced with holes. The press having been lined with cloth, the indigo is put in,

the cloth is folded round it as evenly as possible, a wooden lid is dropped on the
cloth, and the mass is submitted to pressure by means of a screw, until no more liquid

runs through at the bottom, which takes place as soon as the indigo has been reduced
to about a third of its original volume. The press is then opened, the indigo is tjiken

out of the cloth, laid on a table and divided by means of a knife into pieces of a cubical

shape. These cubes are then taken to the drying shed, where they are placed on
trellises covered with matting or very thin cloth, so as to admit of tho free passage of
air. Care must bo taken not to dry them too rapidly, otherwise tlie cakes would
crack and split into fragments, which are then of little commercial value, and it is

therefore necessary to protect them from currents of dry air by covering them with
canvas or Guinea cloth. During the drying process, which occupies from 8 to 10
days, the cakes should be turned several times. They are then closely packed in

boxes, each box holding about 25 kilogrammes. The boxes should bo lined with paper.

It may be remarked, that when the indigo is of good quality, the volume of the paste
diminishes very little when subjected to pressure. If the process of filtering takes xip

much time and the pressing is attended with diflBculty, it may be anticipated tliat the
indigo will turn out of bad quality. This may proceed from the plant having been
overgrown, or from the maceration or tho beating process having been continued too

long, or from the emplojonent of too largo ,a quantity of lime-water. The difficulty

experienced in pressing the indigo paste, and which is often so great as to Civuse tho
cloth in which it is enveloped to brefik, is caused by tho presence of a mucilaginous or

viscous substance mixed with tho indigo, which may bo removed by treating tho pasto
again with boiling water, and repeating tho operations of filtering and pressing.

In regard to the state in which indigo exists in tho plants from which it is derived,
and the nature of the process by which it is obtained, various opinions have been
entertained by chemists. Berthollet in his work on dyeing says, * that the three parts
of the process employed have each a different object. In the first a fermentation is
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excited, in which the action of the atmosplieric air does not intervene, since an in-

flammable gas is evolved. There probably results from it some change in the com-

position of the colouring particles themselves ; but especially the separation or

destruction of a yellowish substance, which gave to the indigo a greenish tint, and
rendered it susceptible of undergoing the chemical action of other substances. This

species of fermentation passes into a destructive putrefaction, because the indigo has

a composition analogous to that of animal substances. Hitherto the colouring par-

ticles have preserved their liquidity. In the second operation, the action of the air is

brought into play, which, by combining with the colouring particles, deprives them
of their solubility, and gives them the blue colour. The beating serves, at the same
time, to dissipate the carbonic acid which is formed in the first operation, and which
by its action presents an obstacle to the combination of the oxygen. The separation

of this acid is promoted by tlie addition of lime ; but if an excess be introduced, it

counteracts the free combination of the oxygen. The third part of the process has

for its objects~;the deposition of the colouring matter, become insoluble by combina-

tion with oxygen, its separation from foreign substances, and its desiccation, which
gives it more or less hardness, whence its appearance varies.' De Cossigny was of

opinion that volatile alkali was the agent by which the colouring matter was ex-

tracted from the plant and held in solution until volatilised by the agitation process.

Eoxburgh concluded from his experiments, 'that the indigo plants contain only the

base of the colour, which is naturally green ; that much carbonic acid is disengaged

during its extrication from the leaves ; that the carbonic acid is the agent whereby it

is probably extracted and kept dissolved ; that ammonia is not formed during "tlie

process ; that the use of the alkalis employed is to destroy the attraction between the

base and the carbonic acid ; and that the vegetable base being thereby set at liberty,

combines with some colouring principle from the atmosphere, forming therewith a
coloured insoluble fecula, which falls to the bottom and constitutes indigo.'

Che\Teul, who was the first chemist of any eminence to examine the indigo-

bearing plants and their constituents, inferred from his analyses of the Isatis tincioria

and the Indigofera Anil, that these plants contain indigo in the white or reduced state,

in the same state in which it exists in the indigo-vat ; that in this state it is held in

solution by the vegetable juices, and that when the solution is removed from the plant,

it is converted, by the action of the atmospheric oxygen, into indigo-blue. Giobert,

from an examination of the Isatis tinctoria, drew the following conclusions :— 1. Indigo-

blue does not pre-exist in the plant, but is formed during the operations by means
of which we believe it to be extracted. 2. There exists in a small number of plants

a peculiar principle, different from all the known proximate constituents of plants,

and which has the property of being convertible into indigo; this principle may
be called iiidigogcne. 3. This principle differs from indigo in containing an excess

of carbon, of which it loses a portion, in passing into the state of indigo-blue, by
the action of a small quantity of oxygen which it takes up. 4. The loss of this

portion of carbon must be attributed to its undergoing combustion, and being con-

verted into carbonic acid. 5. It differs in its properties from common indigo in being
colourless and soluble in water, and by its greater combustibility, which causes it to

undergo spontaneous combustion at the ordinary temperature of the atmosphere.
6. Its combustibility is enhanced by heat and by combination with alkalis, especially

lime ; it is diminished by the action of all acids, even carbonic acid. About the year
1839, the Polygonum tinctorium, an indigo -bearing plant indigenous to China, became
the subject of a series of investigations by several French chemists, chiefly with a view
to ascertain whether this plant, if grown in France, could be advantageously employed
in the preparation of a dyeing material as a substitute for foreign indigo. Baudrimont
and Pelletier, after an examination of this plant, arrived at the conclusion that the in-

digo is contained in it as reduced indigo, in the same state as it is in woad, according
to Chevreul. Eobiquet, Colin, Turpin, and Joly, on the other hand, expressed a very
decided conviction that indigo-blue pre-exists in the plant, but not in a free state

;

that it is combined with some organic substance or substances, which render it soluble

in water, ether and alcohol ; and that the operation of potent agencies is requisite in

order .to destroy this combination and set the indigo at liberty. The explanation of
Chevreul, proceeding from an authority of such eminence, and being the simplest,

has been adopted by most chemists. Nevertheless, there are objections to it which
render it inadmissible. Reduced indigo is a body which is only soluble in alkalis,

and cannot, therefore, be contained as such in the juice of indigo-plants, which is

mostly acid. As it also takes up oxygen with the greatest avidity, and is converted
into indigo-blue, it is diflScult to conceive how the whole of it can be preserved in a
colourless state in the cells of plants, in which it must occasionally come in contact
with the oxygen eliminated by the vegetable organism. If these plants contained
reduced indigo, the juice ought, moreover, to turn blue the moment it became exposed
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to the atmosphere, wliich is not always the case. The necessity for a long process of
fermentjition in order to obtain the colouring matter would also not be very apparent,
the mere contact with oxygen being, it might be supposed, all that was necessary for
the purpose. The facility with which the indigo-blue is destroyed if the process of
fermentation is carried too far, is also inconsistent with the supposition that it is con-
tained in plants either as such, or in a de-oxidised state, since indigo-blue is a body
not easily decomposed, except by very powerful agents.

In order to throw some light on this subject, an investigation was undertaken by
Schunck into the state in which indigo-blue exists in the Isatis tinctoria, or common
woad, which is the only plant indigenous to Europe that yields any considerable
quantity of the colouring matter. Schunck succeeded in obtaining from that plant a
substance of very peculiar properties, to which he gave the name of Indican. This
substance has the appearance of a yellow or light brown transparent syrup. It has
a bitter Uiste. It is very easily soluble in water, alcohol, and ether ; its solutions are
yellow, and have an acid reaction. Its compounds with bases are yellow. When its

watery solution is mixed with a strong acid, such as muriatic or sulphuric acid, no
change takes place at first, but on leaving the solution to stand, or on heating it, it

becomes blue and opalescent, then acquires a purple colour, and at length deposits
a quantity of purplish-blue flocks, which are quite insoluble in water. These flocks

consist for the most part of indigo-blue, but they contain also a red colouring matter
and several brown substances of a resinous nature. The supernatant liquid contains
a peciiliar kind of sugar, and on being distilled, yields carbonic, formic, and acetic

acids. Hence it follows that the plant does not contain indigo-bluo ready formed
either in the blue or colourless stat€, that the latter exists in the vegetable juice in a
state of combination with sugar, forming a compound of that peculiar class known to

chemists as glucosidcs. This compound is readily dissolved by water, and tlie indigo-

blue may then be liberated and precipitated from the solution by means of acids, and
probably also by other agents, but the simultaneous action of oxygen is not necessary
during the process of decomposition, which the compound undergoes in yielding

indigo-blue. Now if, as seems probable, the various species of indigofera contain

indican or some similar substance, the phenomena which took place during the process

of manufacturing indigo may easily be explained. During the steeping process the

indican is dissolved, and, in consequence of the fermentation which then takes place

in the liquor, it is decomposed into indigo-blue and sugar. The former would then

be precipitated ; but since ammonia is, according to most authors, evolved at the same
time, the indigo-blue is, by the simultaneous action of the alkali and the sugar, or

other organic matters contained in the liquid, reduced and dissolved, forming a true

indigo vat, from which the colouring matter is afterwards precipitated by the

combined action of the atmospheric oxygen and the lime, during the beating process.

According to Schunck, two distinct periods may be observed in the decomposition of

indican. During the first period, indigo-blue is the chief product of decomposition
;

during the second, the red and brown resinous matters make their appearance with
very little indigo-blue. The formation of carbonic, acetic, and formic acids is,

according to Schunck, dependent on that of the brown resinous matters. It woulil

appear, therefore, that the copious disengagement of carbonic acid, as well as the acid

taste, attributed to acetic acid, sometimes observed during the manufacture of indigo,

are phenomena which indicate the formation, not of indigo-blue, but of other sub-

stances, which may prove very injurious to the quality of the indigo. These substances

being soluble in alkalis, but insoluble in water, are precipitated, as soon as the liquid

loses the alkaline reaction which it possesses at the commencement, and becomes acid.

Though indigo-blue is a body of very stable character, not easily decomposed when
once formed, except by potent agencies, still the assertion of Porottet and others, that
' nothing is more fugitive, and more liable to be acted on by destructive agencies, than

the colouring principle of the indigoferae,' will be easily understood when the follow-

ing facts, mentioned by Schunck, are taken into consideration. If a watery solution

of indican, this indigo-producing body, be boiled for some time, it then yields by
decomposition, not a trace of indigo-blue, but only indigo-red ; and if it be boiled witn

the addition of alkalis, it then gives neither indigo-blue nor indigo-red, but only the

brown resinous matters before mentioned. The mere action of alluilis is, therefore,

sufficient to cause the molecules, which would otherwise have gone to form indigo-

blue, to arrange themselves in a totally different manner, and yield products which

bear very little resemblance to it. It is evident, therefore, that one of the chief

objects to be kept in view by the manufacturer of indigo, is the proper regulation of

the process of fermentation, so as to prevent the formation of the other products,

which take the place of indigo-blue, and are formed at its expense.

The indigo of commerce occurs in pieces, which are sometimes cubical, sometimes

of an irregular form. These pieces are firm and dry, and are easily broken, the



INDIGO 903

fracture being dull and earthy. It is sometimes lighter, sometimes apparently heavier

than water, this difference depending on its being more or less free from foreign

impurities, as well as upon the treatment of its paste in the boiling, pressing, and
drying operations. Its colour is blue of different shades ; as light blue, purplish-

blue, coppery-bluo, and blackish-blue. On being rubbed with the nail, or a smooth
hard body, it assumes the lustre and hue of copper. It is usually a homogeneous
mass, but it occasionally contains grains of sand or other foreign bodies, and some-

times presents inequalities of colour. It is frequently full of small cavities, which
proceeds from the drying process having been conducted too rapidly, and it is also

covered at times with a whitish matter consisting of mould. It varies very much in

consistency, being sometimes dry, hard, and compact, whilst sometimes it is easily

broken into thin flat pieces. Indigo is devoid of smell and taste. When applied to

the tongue, however, it adheres slightly, in consequence of the property which it

possesses of rapidly absorbing moisture, a property which is often had recourse to

in order to ascertain its quality. When thrown on red-hot coals it yields vapours
of a deep purple colour, which, when condensed on cold bodies, give shining needles

having a coppery lustre. It is insoluble in water, cold alcohol, ether, muriatic acid,

dilute sulphuric acid, cold, ethereal, and fat oils ; but boiling alcohol and oils dissolve

a little of it, which they deposit on cooling. Creosote has the property of dissolving

indigo.

Indigo varies very much in quality, but it requires much discrimination in order to

judge fairly of the quality of any sample from mere inspection and application of the

tests usually employed by dealers. A cake of indigo being broken, and the nail or

the edge of a shilling being passed with a tolerable degree of pressure over the

fractured part, a fine coppery streak will be produced if the indigo is good. K the

indigo furrows up on each side of the nail, it is weak and bad, and if the coppery
streak be not very bright it is not considered good. When a piece of indigo is

broken the fracture shoiJd be held up to the sun, and, if it has not been well

strained from the dross, particles of sand will be seen glistening in the sun-light.

The outside or coat should also be as free from sand as possible. When the squares

are broken in the chests the indigo fetches a low price, and if it is very much crushed
it is only bought by the consumers for immediate use. The methods employed for

ascertaining the true amount of colouring matter in any sample of indigo will be
described below.

Indigo is generally classified according to the various countries from which it is

obtained. The principal kinds are the following :—Bengal, Oude, Madras, Manilla,
Java, Egyptian, Guatemala, Caraccas, and Mexican.
At the present day the finest qualities of indigo are obtained from Bengal, the

produce of that country having now taken the place in public estimation which was
once occupied by that of the Spanish colonies. The export of indigo from Bengal,
which in 1853 amounted to 120,000 maunds (of 74 lbs. 10 oz.) would require for its

culture about 1,025,000 acres, and an annual expenditure of 1,300,000^. Of this

extent of land about 550,000 acres is believed to be included in the Lower Provinces,
and consists chiefly of alluvial lands rescued from the rivers. The best qualities of
Bengal indigo are manufactured in the Jessore and Kishenaghaur districts, but each
district produces a quality peculiar to itself, and differences of a less striking cha-
racter may be perceived in the produce of different factories. The Bengal indigo,

when packed in chests, consists of four principal qualities, viz., the blue, purple,
violet, and copper. But these kinds, by passing over into one another, produce a
number of intermediate varieties, such as purply-blue, blue and violet, purply-violet,
&c. The various qualifications would, therefore, be distinguished as follow :— 1. Blue.
2. Blue and violet. 3. Purple. 4. Purple and violet. 5. Violet. 6. Violet and
copper. 7. Copper. The leading London brokers, however, classify Bengal indigo
into the following grades : fine blue, fine purple and violet, fine red and violet, good
purple and violet, middling violet, middling defective, consimiing fine, middling and
good, ordinary, ordinary and lean trash. The finest qualities of Bengal indigo present
the following characteristics. They consist of cubical pieces, are light, brittle, of a
clean fracture, soft to the touch, of a fine bright blue colour, porous, and adhering to
the tongue. The lower qualities have a duller colour, assume more and more of a
reddish tinge, are heavier, more compact, and less easily broken.

The indigo from the upper provinces of India comes chiefly from Tyroot, Oude, and
Benares. It is inferior to Bengal indigo.

Of Madras indigo there are two kinds, viz. :—1. Dry leaf, made from dry stacked
leaves. 2. Kurpah, which is manufactured from the wet leaf in the same way as
Bengal indigo. The latter has only come into use since 1830. Both are of inferior
quality to Bengal indigo.

The Manilla indigos present the marks of the rushes upon which they have been
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dried. The pieces are either cubical, or flat and square, or of irregular blmpo. The
quality is very unequal. Java indigo occurs in flat, square, or lozenge-shaped masses,

the quality approaching that of Bengal. JBoth these kinds are consumed chiefly on
tiie continent of Europe.

Guatemala indigo is imported into this country in serons or hide wrappers, each
containing about 150 lbs. nett. It occurs in small irregular pieces, which are more
or loss ]:)rittle, compact, lighter than water, and of a bright blue colour with an occa-

sional tinge of violet. There are three kinds of Guatemala indigo, viz.: 1. Flores,

which is the best, and approaches in quality that of the finer Bengal indigos ; 2.

Sobres ; and 3. Cortes, which is the lowest in quality, being heavy, difficult to break,

and of a coppery-red colour. Of the first kind very little now reaches the market.
The indigo of Caraccas is, generally speaking, inferior to that of Guatemala.
The manufacture of indigo was formerly carried on in St. Domingo, but has for

some time been entirely abandoned.
The indigo of commerce, even when not adulterated, is a mixture of diflferent sub-

stances. When it is heated in a state of fine powder to 212° F. it loses from 6 to 10
per cent, in weight, the loss consisting of water. When the dry powder is heated in

a crucible, a great part of it biirns away, and there is left at last a greyish ash, con-

sisting of the carbonates and phosphates of lime and magnesia, sulphate of lime, alu-

mina, oxide of iron, clay, and sand. These matters are partly derived from the plant,

partly from the lime and the impurities of the water employed in the manufacture.

The quantity of inorganic matter contained in ordinary indigo varies very much. In
the better qualities it amounts on an average to about 10 per cent, of the weight;
whilst in the inferior qualities, especially of Madras indigo, it often rises to between
30 and 40 per cent. The organic portion of the indigo, or that which is dissipated

when indigo is heated, also consists of several different substances.

By treating indigo with various solvents, Berzelius obtained, besides indigo-blue, the

true colouring matter of indigo, three other bodies, viz. indigo-gluten, tndigo-brown , and
indigo-red, which seem to be contained in various proportions in all kinds of indigo.

Indigo-gluten is obtained by treating indigo with dilute sulphuric, muriatic, or acetic

acid, aud then with boiling water. It is left on evaporation of its solutions as a yellow

transparent extract, which is soluble in spirits of wine, and easily soluble in water,

more difficultly in acid liquids. Its taste is like that of extract of meat. It yields by
dry distillation much ammonia and a fetid oil, and behaves in most respects like vege-

table gluten. On treating the indigo, after being freed from the indigo-gluten, with hot

strong caustic lye, the indigo-brown together with a little indigo-blue dissolves,

forming a dark brown, almost black solution, from which the indigo-brown after fil-

tration from the portion insoluble in alkali is precipitated by means of acid. After

being purified, indigo-brown has the appearance of a dark brown transparent resin,

which is almost tasteless and quite neutral. By dry distillation it affords ammonia and
cmpyreumatic oil. It is decomposed by nitric acid and chlorine. It combines both

with acid and bases. Its compounds with alkalis are dark brown, and easily soluble

in water. The compound with baryta is not easily soluble in water, and that with
lime is insoluble. By boiling the alkaline compounds with lime in excess the indigo-

brown may be separated and rendered insoluble. The green substance obtained by
Chcvroul from indigo seems to have been a compound of indigo-brown with ammonia
containing a little indigo-blue, either in a state of combination or mechanically inter-

mingled. Indigo-brown seems to bear a great resemblance in many of its properties to

the brown resinous substances obtained by Schunck in the decomposition of indican with

acids. From its constant occurrence in all kinds of indigo, it may be inferred that it is

not a mere accidental impurity, but stands in some unknown relation to indigo-blue.

As long, however, as its origin and composition are unknown, this must remain a mere
supposition. After the removal of the indigo-gluten and indigo-brown, the indigo is

exhausted with boiling alcohol of specific gravity 0"83. A dark red solution is obtained,

which is filtered and distilled, when the indigo-red contained in it is deposited as a

blackish-brown powder, which is quite insoluble both in wateir and in alkaline liquids.

Indigo-rod, according to Berzelius, is amorphous, but by distillation in vacuo yields a

white crystalline sublimate, as well as unchanged indigo-red. Concentrated sulphuric

acid dissolves it, forming a dark yellow solution, which deposits nothing on being mixed
with water ; the diluted solution is rendered colourless by wool, which at the same time

acquires a dirty yellowish-brown or rod colour. The description given by Berzelius

leaves it doubtful whether the indigo-red obtained by him from indigo was a piiro

unmixed substance. From the leaves of the indigoferaj, as well as from those of the

It^atis tlnctoria, a substance may, according to Schunck, be extracted which has re-

ceived from him the name of indiriibitic, but which seems to be merely indigo-rod in a

state of purity. This substance has, according to Schunck, the following properties :

it crystallises in small silky needles of a browuish-purplo colour, which when rubbed
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with a hard body show a slight bronze-like lustre. When carefully heated it may be

entirely volatilised, yielding a yellowish-red vapour, which condenses in the form of

long plum-coloured needles, having a slight metallic lustre. It dissolves in concentra-

ted sulphuric acid, forming a solution of a beautiful purple colour, which when diluted

with water yields no deposit and then imparts a fine purple colour to cotton, wool, and
silk. It is insoluble in water, but dissolves in boiling alcohol with a splendid purple

colour. It is insoluble in alkalis, but dissolves when exposed to the combined action

of alkalis and reducing agents, just as indigo-blue does, forming a solution from
which it is again precipitated on exposure to the oxygen of the atmosphere. This

solution dyes cotton purple. In most of its properties this body bears a striking re-

semblance to indigo-bluo, and the composition of the two is identical.

It has been doubted whether these various substances or impurities with which
indigo-blue is associated produce any effect in the dyeing process on cotton. In a

memoir by Schwarzenberg, to which a prize was awarded by the Societe IndustricUe

de Mulhouse, the author arrives at the conclusion that neither indigo-gluten, indigo-

brown, nor indigo-red gives rise to any appreciable effect when added to an indigo vat

prepared with pure indigo-blue. Nevertheless differences are observable in dyeing with

different kinds of indigo, which can only be explained on the supposition that some-

thing besides indigo-blue takes part in the process. In the ordinary blue vat, made
with copperas and lime, any effect which might be produced in dyeing by the indigo-

brown is neutralised by the lime, which forms with it an insoluble compound. Indigo-

red, however, dissolves, as mentioned above, in contact with alkalis and reducing

agents, and the solution imparts a purple colour to cotton. In the ordinary indigo

vat its presence may be detected by precipitating a portion of the liquor, and treating

the precipitate with boiling alcohol, which then usually acquires a red colour. It is

X)ossible, therefore, that a small part of the effect produced in dyeing with indigo may
be due to indigo-red.

That portion of the indigo which remains after treatment with acid, alkali, and
alcohol consists essentially of indigo-blue, the true colouring matter of indigo, mixed,

however, with sand, earthy particles, and other impurities. In order to purify it, the

residue, while still moist, is to be mixed with lime, the quantity of which must amount
to twice the weight of the crude indigo, and which has been previously slaked with

water. The mixture is then put into a bottle capable of holding about 150 times

its volume of water, and the bottle is filled up with boiling water and shaken. A
quantity of finely-powdered protosulphate of iron, amounting to |rds of the weight of

the lime is then added, the bottle is closed with a stopper, well shaken, and left

to stand for several hours in a warm place. The mass gradually becomes green, and
the indigo-blue is then converted by the precipitated protoxide of iron into reduced
indigo, which dissolves in the excess of lime, forming a deep yellow solution. This
solution when clear is poured off from the deposit into a vessel containing a sufficient

quantity of dilute muriatic acid to supersaturate the whole of the lime. The reduced
indigo which is precipitated in greyish-white flocks, is agitated with water until it has
become blue, and the regenerated indigo-blue is collected on a filter and washed with
water, in order to remove the chloride of calcium and excess of muriatic acid. The
following method of obtaining pure indigo blue has been recommended by Fritzsche :

4 ozs. of crude indigo and the same weight of grape-sugar are put into a bottle capable

of holding 12 lbs. of water; a solution of 6 ozs. of concentrated caustic soda-lye in

alcohol is then added, after which the bottle is filled with hot spirits of wine of 75 per
cent., and the whole is left to itself for some time. The liquid becomes at first wine-red,

then yellow, and on being filtered and left exposed to the air, deposits the indigo-blue
in small crystalline scales, which are to be filtered off and washed at first with alcohol,

and then with water.

Pure indigo-blue has the following properties :—Its colour is dark blue inclining to

purple. When rubbed with a hard body it assumes a bright coppery lustre. It has
neither taste nor smell, possesses neither acid nor basic properties, and belongs, as

regards its chemical affinities, to the class of indifferent substances. Its specific gravity

is 1*50. When heated in the open air it melts, boils, and burns with a smoky flame,

leaving a carbonaceous residue. But when it is heated in a vessel partially closed, or

in vacuo, it. begins to evolve at a temperature of about 550° F. a violet-coloured

vapour, which condenses on the colder parts of the apparatus in the form of long
crystalline needles, which are blue by transmitted light, but exhibit by reflected light

a beautiful coppery lustre. These needles are unchanged indigo-blue. A great
portion of the indigo-blue is however decomposed during the heating process. Indigo-
blue is insoluble in water, alkalis, and dilute acids. Boiling alcohol and boiling oil

of turpentine dissolve a minute quantity of it, and deposit it again on cooling. Fixed
oils also dissolve a little of it at a heat exceeding that of boiling water, yielding blue
solutions, the colour of which, when the heat is further increased, changes, according:
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to Mr. Criim, first to crimson and then to orango. By the action of diluto nitric and
chromic acids indigo-blue is decomposed and converted into isatine, a body soluble in

water and crystallising in red needles. Chlorine also decomposes indigo-blue,

changing it into chhrisaiiiic, a substance having properties very similar to those of

isatine. Both isatine and chlorisatino afford with different reagents a great number
of products of decomposition, none of which have, however, as yet found any applica-

tion in the arts. By the long-continued action of boiling nitric acid indigo-blue is

converted, first into indigotic acid, a white crystalline acid, and then into nitropicric

acid, which is yellow and crysUillised. The latter is sometimes employed for impart-
ing a yellow colour to silk and wool, but it is generally prepared from cheaper
materials than indigo-blue. The action of concentrated sulphuric acid on indigo-blue

is very remarkable. When the acid is poured on the pure substance and gently
heated it acquires in the first instance a green colour, which changes after some time
to blue. No gas of any kind is evolved. "When however crude indigo is employed,
there is a perceptible disengagement of sulphurous acid, resulting from the action of

the sulphuric acid on the impurities of the indigo, such as the indigo-gluten, &c.
On adding water, a solution of a beautiful deep blue colour is obtained. The filtered

liquid contiiins a peculiar acid, to which the names of indigo-suljphuric, sulphindigotic,

sulphindylic, or ccendco-sulphuric acid have been applied.

This acid is a so-called double acid. It contains indigo-blue and sulphuric acid, but
in such a peculiar state of combination, that neither of the two constituents can bo
detected by ordinary re-agents, nor again eliminated as such from the compound.
It combines with bases, without either of the two constituents separating. The com-
pounds are called indigo-sulphates, and are, like the acid, of a dark blue colour.

When the solution of indigo-blue in concentrated sulphuric acid is diluted with water,

there is usually formed a small quantity of a dark-blue flocculent precipitate, which is

the phenicinc of Mr. Crum, or the indigo-purple of Berzelius. It is a compound of

indigo-blue with sulphuric acid, containing less of the latter than indigo-sulphuric acid.

It is always formed when the quantity of sulphuric acid employed is not more than
eight times that of the indigo-blue, or when the action of the acid on the latter has con-

tinued for only a short time. By heating it with an excess of acid it is changed into

indigo-sulphuric acid. Though soluble in concentrated sulphuric acid, it is insoluble

in the dilute acid, and hence is precipitated on the addition of w^ater. On filtering

and washing, however, it begins to dissolve, as soon as the free sulphuric acid has
been removed, and may then be completely dissolved by pure water. The solution

has a blue colour just like that of indigo-sulphuric acid. Its compounds with bases

have a blue colour with a purplish tinge. The blue acid liquid filtered from the in-

digo-purple on being supersaturated with carbonate of potash or soda, deposits a dark
blue powder, which consists of the indigo-sulphate of potash or soda. These compounds
are insoluble in water containing a large quantity of neutral salts, and are therefore

precipitated when the excess of sulphuric acid is neutralised by carbonate of potash

or soda. As soon, however, as the sulphate of potash or soda has been removed by
washing, the indigo-sulphate may be dissolved in pure water, yielding a dark-blue
solution. The indigo-sulphates of the alkalis may also be prepared by steeping

wool, previously well cleaned, into the solution in sulphuric acid. The wool takes up
the colour, becoming of a dark blue colour, and after having been well washed with
water, in order to remove the excess of acid as well as the impurities which are

always present in the solution when crude indigo has been employed, is treated with
carbonate of potash, soda, or ammonia, which separate the acid from the wool, and
produce blue solutions containing the salts of the respective bases. The indigo-

sulphates of the earths and metallic oxides, which are mostly insoluble blue powders,

may be obtained from the alkaline salts by double decomposition. By an excess of

caustic alkali, indigo-sulphuric acid is immediately decomposed, giving a yellow
solution, from which it is impossible to obtain the acid again. By means of reducing

agents, such as sulphuretted hydrogen, nascent hydrogen, protosalts of tin and iron,

&c., indigo-sulphuric acid is decolorised, but the colour is restored by the oxygen
of tlie atmosphere. Indigo-sulphuric acid, in a free state or in combination with
alkalis, is employed in the arts for the purpose of imparting a blue colour to silk

and wool. It has very little affinity for cotton fibre, but is nevertheless employed
occasionally for blueing white cotton-yarn and other bleached goods.

By treatment with strong boiling caustic potash- or soda-lye, indigo-blue is gradually

decomposed and converted into a colourless crystallised acid. nnthranUic acid. By
weak solutions of caustic alkalis it is not in the least affected. If, however, it be
subjected to the combined action of an alkali or alkaline earth and some body
having a strong affinity for oxygen, such as protoxide of iron and tin, sulphur, sul-

phurous or phosphorous acid, or organic matters, such as grape-sugar, &c.. it

disappears by degrees, yielding a yellow solution, containing in the place of indigo-
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blue another substance, which has been called indigo-white, indigogene, or reduced,

indigo. When an excess of some acid is added to the yellow solution, the iudigo-

white is precipitated in white or greyish-whit<j flocks, which on filtration and exposure

to the atmosphere rapidly become blue, and are re-converted into indigo-blue.

Indigo-white is insoluble in water, but slightly soluble in alcohol. It is soluble in

caustic alkalis, lime- and baryta-water. The solutions on exposure to oxygen become
covered with a pellicle of regenerated indigo-blue. With an excess of lime it gives

an insoluble compound. Its compounds with alumina and metallic oxides, which are

insoluble in water, may be obtained by double decomposition. Salts of oxide of

copper, when added to its solutions in alkali, convert it immediately into indigo-blue,

the oxide of copper being reduced to suboxide. Indigo-blue is also converted into

indigo-white, when it is exposed to the action of fermenting or putrefying substances,

in the presence of water. Here the decomposing organic matter is the reducing

agent, and ammonia, which is usually formed during the process of putrefaction, is

the solvent of the indigo-white. If a piece of cotton, wool, or silk be dipped into an
alkaline solution of indigo-white, and then exposed to the atmosphere, it acquires a
blue colour, which may be made deeper by repeated dippings, and subsequent

exposure. It is on this property of indigo-white that the dyeing with indigo

depends.

The true chemical formula of indigo-blue, which was first discovered by Mr. Crum,
is C'^H^NO-; and 100 parts contain therefore by calculation 7328 carbon, 38

1

hydrogen, 10*68 nitrogen, and 1223 oxygen. The formula of indigo-white is

C'*H®N02, and it differs therefore from indig6-blue by containing 1 atom more of

hydrogen, which is taken up during the so-called reduction of the latter, and lost

again by oxidation during its reconversion into indigo-blue.

Since the value of indigo depends entirely on the quantity of indigo-blue which it

contains, it is of great importance to ascertain the exact amount of the latter in any
given sample of the article. Before commencing the determination of the indigo-

blue, a weighed portion of the indigo ought to be heated for some hours at 212° F.,

and then weighed again. The loss in weight which takes place represents the amount
of water contained in the sample. A weighed quantity of the dried indigo is then

to be heated over the flame of a lamp until all the organic matter has been burnt

away. By weighing the residue which is left the amount of ash or inorganic matter

is ascertained. In order, in the next place, to determine the amount of indigo-blue,

several methods have been devised by various chemists, none of which however
yield very accurate results. Of these methods the following are the principal ones

:

1. A weighed quantity of finely-pounded indigo is rubbed with water in a porcelain

mortar. An equal weight of pure lime is then slaked with water, and the hydrate is

well mixed with the indigo. The mixture is then poured into a stoppered bottle of known
capacity, and the mortar is well rinsed with water, which is added to the rest. The
bottle is now heated in a water-bath for several hours, and a quantity of finely-pounded

sulphate of iron is added ; the bottle is then filled up with water, the stopper is in-

serted, and after the contents have been well shaken the whole is allowed to repose for

some hours, until the indigo has become reduced and the sediment has sunk to the

bottom. A portion of the clear liquor is then drawn off with a siphon, and the

quantity of liquid having been accurately measured, it is mixed with an excess of

muriatic acid, and the precipitate, after having been oxidised, is collected on a weighed
filter and well washed with water. Lastly, the filter with the indigo-blue is dried

at 212° F, and weighed, and the weight of the filter having been subtracted from
that of the whole, the weight of the indigo-blue is ascertained. Supposing now that

the whole quantity of liquid had been 200 measures, that 50 measures had been
drawn off yielding 10 grains of indigo-blue, then the sample contained on the whole
40 grains of the latter. For 60 grains of indigo it is necessary to take from I lb. to

2 lbs. of water.

According to IV^r. John Dale of Manchester, who has had great experience in the
valuation of indigo for practical purposes, this method, though rather long and tedious,

still gives more accurate results than any other. The quantity of indigo-blue in-

dicated by it is generally below the actual quantity contained in the sample. Accord-
ing to Berzelius, this loss arises from the lime forming an insoluble compound with a
portion of the reduced indigo-blue. Mr. Dale, however, is of opinion, that even when
every precaution has been taken, a certain loss, proceeding from some hitherto un-
ascertained cause, cannot be avoided. When, for instance, pure indigo-blue is treated

with lime and copperas in the manner just described, the quantity which is again
obtained by precipitation from any portion of the liquid is always less than what it

should be by calculation, even when no excess of lime has been employed.
2. The second method of determining the indigo-blue is performed as follows :

—

About 15 or 20 grains of pure indigo-blue, obtained by precipitation from an indigo
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vat, and tho same quantity of the indigo to be tested, which must be previously ground
to a fine powder, are weighed off, and each of them is treated with about 12 times its

weight of concentrated sulphuric acid in a flask or porcelain basin. After being
heated at a temperature of 120° to 140° E. for about 24 hours, and occasionally well
agitated, the two liquids are mixed with water, so that the volume of tiie two shall

be exactly equal. Two equal measures of a weak solution of hypochlorite of lime
are then taken, and to the first is added a quantity of the solution of pure indigo.

The chlorine liberated by the excess of sulphuric acid in the solution destroys the
blue colour of the indigo-sulphuric acid. More of the solution must be added until

the liquid begins to acquire a greenish tinge, and the number of measures necessixry

for the purpose is noted. The same experiment is then made with the solution of
crude indigo. The quantity of indigo-blue in the latter is of course in inverse ratio

to the number of measures which are requisite in order to take up the whole of tho
chlorine which is liberated. If, for example, the same quantity of hypcxihlorite of
lime decolourises 167 measures of the solution of pure indigo-blue and 204 measures
of the solution of crude indigo, then the quantity of indigo-blue contained in 100 parts
of the latter is given by the following proportion:—204 : 167: : 100 : x = 8r8.
A number of samples of indigo may be tested in this manner at the same time.

Care must be taken to prepare a fresh solution of indigo-blue for every series of trials,

since this solution undergoes a change on standing, which renders it quite inapplicable

as a standard of comparison. It is necessary also to pay great attention at the

moment when the greenish colour indicating an excess of the sulphate of indigo

begins to appear, for it will often be found that this colour disappears after standing a
few minutes, and a fresh quantity of the blue solution must then be added cautiously,

until the greenish tinge becomes permanent, even after standing for some time.

Modifications of this process have been introduced by various chemists by the use of
permanganate of potash, chlorate of potash, or bichromate of potash, in the place of
hypochlorite of lime ; but as the principle on which the process depends is in each
case identical and the modus operandi is almost the same, it will be unnecessary to enter

into any minute description of these modifications. The whole method is, however,
open to serious objections, and the results which it affords cannot at all be depended
on. In the first place, it is difficult to institute a strict comparison between the dif-

ferent shades of colour resulting from the decomposition of the sulphate of indigo in

different cases, since the pure green tinge observed when an excess of the pure
sulphate has been added to the decomposing agent, gives place to a dirty olive or

brownish-green, when a solution of crude indigo is employed, in consequence of the

impurities contained in the latter. Secondly, it is almost impossible to avoid the

formation of a certain quantity of sulphurous acid during the action of concentrated

sulphuric acid on crude indigo. This sulphurous acid during the following operation

becomes oxidised before the blue sulphate is destroyed, and hence the percentage of

indigo-blue is apparently raised. In employing this method, it is common to find

more than 80 per cent, of indigo-blue in a good sample of indigo, whereas the best

qualities seldom contain above 60 per cent., and average qualities between 40 and 50
per cent. This method may show a percentage of 70 indigo-blue, when the method
first described indicates between 50 and 60.

3. The third method of estimating the indigo-bluo is performed in the following

manner :—Equal weights of the samples to be tested are treated with equal quantities

of concentrated sulphuric acid in the manner above described, and the solutions are

then diluted with water and introduced into graduated glass cylinders, water being

added to each until they all exhibit exActly the same shade of colour. The richer the

sample is in indigo-blue, the greater will be the quantity of water necessary for this

purpose, the number of measures of water required in each case indicating the relative

amount. The great objection to this method consists in the circumstance, that tho

different kinds of indigo do not give the same shade of blue when their solutions in

sulphuric acid are diluted with water, some exhibiting a pure blue colour, others a

blue with a greenish, or purplish tinge. It therefore becomes difficult to institute an
exact comparison between them.

Employment of Indigo in Dyeing.—As indigo-blue is insoluble in water, and as it can

penetrate the fibres of wool, cotton, silk, and flax only when in a state of solution, tho

dyer must study to bring it into this condition in the most complete and economical

manner. This is effected either hy exposing it to the concurrent action of alkalis

and of bodies which have an affinity for oxygen superior to its own, such as certain

metals and metallic oxides, or by mixing it with fermenting matters, or finally, by
dissolving it in a strong acid, such as tho sulphuric. The first method is that which
is employed in the

Copperas or Common blue Vat.—Before being used the indigo must be broken into

small pieces, the size of nuts, moistened with hot water, and then left for a day ; after
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which it is reduced to a soft paste in a mill. The indigo-mill is represented in fgs.

1210 and 1211.

a, is a four-sided iron cistern, 2 feet 11 inches lon^, 19 inches broad, and 18 inches

dejep, cylindrical or rounded in the bottom, and resting upon gudgeons in a wooden
frame. It has an iron lid b, consisting of two leaves, between which the rod c moves

to and fro, receiving a vibratory motion from the crank d. By this construction, a

1210 1211

frame e, which is made fast in the cistern by two points ef ef, is caused to vibrate, and
to impart its swing movement to six iron rollers/,/,/, four inches in diameter, three

being on each side of the frame, which triturate the indigo mixed with water into a
fine paste. This mill is capable of grinding 1 cwt. of indigo at a time. Whenever
the paste is uniformly ground, it is drawn off by the stopcock g, which had been

previously filled up by a screwed plug, in order to prevent any of the indigo from
lodging in the orifice of the cock, and thereby escaping the action of the rollers.

Mills of other forms are also used occasionally. One of these consists of a hemi-

spherical iron vessel open at the top, in which a stone of corresponding shape is fixed,

so as to leave a small space between it and the sides and bottom of the vessel, in which
the indigo undergoes the necessary trituration with water, the motion being produced
by means of a vertical shaft fixed to the centre of the stone.

The other ingredients necessary for setting the vat are copperas or protosulphate

of iron, newly slaked quicklime, and water. Various proportions of these ingredients

are employed, as for instance, 1 part by weight of indigo (dry), 3 parts of copperas,

and 4 of lime ; or 1 of indigo, 2\ of copperas, and 3 of lime ; or 8 of indigo, 14 of

copperas, and 20 of lime ; or 1 of indigo, | of copperas, and 1 of lime. The sulphate

of iron should be as free as possible from the red oxide of iron, as well as from sulphate

of copper, which would re-oxidise the reduced indigo-blue. The vat having been
filled with water to near the top, the materials are introduced, and the whole after

being well stirred several times is left to stand for about twelve hours. The chemical
action which takes place is very simple. The protoxide of iron which is set at liberty

by the lime reduces the indigo-blue, and the indigo-white is then dissolved by the
excess of lime, forming a solution, which, on being examined in a glass, appears per-

fectly transparent and of a pure yellow colour, and becomes covered wherever it

comes into contact with the air, with a copper-coloured pellicle of regenerated indigo-

l)lue. The sediment at the bottom of the vat consists of sulphate of lime, peroxide of

iron, and the insoluble impurities of the indigo, such as indigo-brown in combination
with lime, as well as sand, clay, &c. If an excess of lime is present, a little reduced
indigo-blue will also be found in the sediment in combination with lime.

The copperas vat is employed in dyeing cotton, linen, and silk. For cotton goods
no other kind of vat is used at the present day. The dyeing process itself is very
simple. The vat having been allowed to settle, the goods are plunged into the clear

liquor, and after being gently moved about in it for some time are taken out, allowed
to drain, and exposed to the action of the atmosphere. Whilst in the liquid the fabric

attracts a portion of the reduced indigo-blue. On now removing it from the liquid it

appears green, but soon becomes blue on exposure to the air in consequence of tlie

oxidation of the reduced indigo-blue. On again plunging it into the vat, the de-
oxidising action of the latter does not again remove the indigo-blue which has been
deposited within and around the vegetable or animal fibre, but on the contrary, a
fresh portion of reduced indigo-blue is attracted, which on removal from the liquid is

again oxidised like the first, and the colour thus becomes a shade darker. By repeat-
ing this process several times, the requisite depth of colour is attained. This effect

cannot in any case be produced by one immersion in the vat, however strong it may
be. The beauty of the colour is increased by finally passing the goods through
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diluted sulphuric or muriatic acid, which removes the adhering lime and oxido of
iron. After being used for some time, the vat should be refreshed or fed with copperas
and lime, upon which occasion the sediment must first be stirred up, and then allowed
to settle again, so as to leave the liquor clear. The indigo-blue, however, is in course
of time gradually removed, and by degrees the vat becomes capable of dying only pale
shades of blue. When the colour produced by it is only very faint, it is no longer
worth while using it, and the contents are then thrown away. In dying cotton with
indigo, it seems to be essential that the reduced indigo-blue should be in combination
with lime. If potash or soda be used in its stead it is impossible to obtain dark
shades of blue.

When cotton piece goods are to be dyed of a uniform blue, they are not submitted
to any preparatory process of bleaching or washing. Indeed, the size contained in

iinbleached goods seems rather to facilitate than to impede the dyeing process. In
dying these goods a pecidiar roller apparatus is employed. When certain portions
of the fabric are to retain their white colour a different plan is adopted. The pieces

having been bleached, those portions which are to remain white are printed with so-

called resists. These resists consist essentially of some salt of copper, mixed with an
appropriate thickening material. The copper salt acts by oxidising the reduced
indigo-blue at the surface, and thus rendering it insoluble before it can enter the
interior of the vegetable fibre, since it is only when deposited within the fibre itself

that the colouring matter becomes durably fixed. The pieces are now stretched upon
square dipping frames, made of wood or of iron, furnished with sharp hooks or points

of attachment. These frames are supended by cords over a pulley, and thus
immersed and lifted out alternately at proper intervals. In dyeing, a setof 10 vats is

Tised, the first vat containing 5 or 6 lbs. of indigo, and the quality increasing gradually
up to 80 lbs. in the last vat. The pieces are dipped for V^ minutes in the first vat,

then taken out and exposed to the air for the same length of time, then dipped in the

second vat, and so on to the last. After passing through the last vat, a small bit of

the calico is dried, in order to see whether the colour is sufficiently dark. If it is not,

the whole series must be dipped once more in the same vat in which the last dipping

was performed. When the bottom of the vat is raked up so as to have more lime in

suspension, the vat becomes what the dyer calls hard, that is to say, the oxide of

copper of the resist is precipitated in a compact state, and consequently acts with

more efficiency. But when the vat has been at rest for some time, and there is little

lime in suspension, then it is called soft. When it is in this state, the oxide of copper

is thrown down in a bulky form, and when the pieces are afterwards agitated in the

liquor, in order to detach the oxide of iron which always floats about in the v<at, and
attaches itself to the fabric, and which, if left adhering, would cause light stains,

technically called groundhig ; then the oxide of copper is also detached, and the indigo

penetrates to those parts which are to remain white. When cotton yarn is dyed in

the copperas vat, the latter is generally heated by means of steam-pipes passing

through the liquor, the object being to give to the colour the peculiar gloss or lustre,

which is required in this class of goods. No preparatory process is required, except

simply steeping in hot water. In dyeing, wooden pins are put through the hanks,

their ends resting on supports passing over the top of the vat, and the yarn is then

slowly turned over, one half being in the liquor, the other half over the pins. It is

then taken out, wrung, exposed to the air, and again dipped, this operation being

repeated until the requisite shade is obtained.

The methods employed for producing the colours called China blue and fencU blue

on calico have been described under Calico-Printing.

The urine vat is prepared by digestion of the ground indigo into warmed stale urine,

which first deoxidises the indigo-blue, and then dissolves it by means of its ammonia.
Madder and alum are likewise added, the latter being of use to moderate the fermen-

tation. This vat was employed more commonly formerly than at present, for the

purpose of dyeing woollen and linen goods.

Woad Vat.—In former times, woad was the only material known to the dyers of

Europe for producing the blue colour of indigo. For this purpose it was previously

submitted to a peculiar process of fermentation, and the product was named pastel in

France. For most purposes indigo has taken the place of woad in the dye-house,

and for cotton goods it is now used alone. In the dyeing of woollen goods, however,

the use of woad has been retained to the present day, for the purpose rather of

exciting fermentation and thus reducing the indigo which is employed at the same
time, than of imparting any colour to the material to be dyed. Indeed, the woad
used by woollen dyers in this country contains no trace of colouring matter. Various

substinces, such as rhubarb-leaves, turnip-tops, weld, and other vegetable matters,

have accordingly been tried, but without success, since the fermentation is more
steadily maintained by means of woad than by any other material. Pastel, which
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does contain a little blue-colouring matter, is preferred to woad by many of the French

dyers. The mjiterials employed in the ordinary woad or pastel vat, in addition to

woad and indigo, are madder, bran, and lime. In the so-called Indian or potash vat,

madder, bran, and carbonate of potash are used : in the German vat, bran, carbonate

of soda, and quicklime without woad. The chemical action which takes place in the

woad vat is not difficult to understand. The nitrogenous matters of the woad begin,

when the temperature is raised, to enter into a state of fermentation, which is kept

up by means of the sugar, starch, extractive matter, &c., of the madder and bran. In
consequence of the fermentation, the indigo-blue becomes reduced, and is then dis-

solved by the lime, thus rendering the liquid fit for dyeing. Great care is necessary

in order to prevent the process of fermentation from passing into one of putrefaction,

which if allowed to proceed would lead to the entire destruction of the indigo-blue in the

liquor. If any tendency to do so is observed, it is arrested by the addition of lime, which
combines with the acetic, lactic, and other organic acids that commence to form when
putrefaction sets in. On the other hand, an excess of lime must also be avoided, since the

reduced indigo-blue is therebyrendered insoluble, and unfit to combine with the material.

The following account of the method of dyeing woollen goods with indigo, as carried

on at present in Yorkshire, may suffice to give a general idea of the process :

—

The dye-vats employed are circular, having a diameter of 6 feet 6 inches, and a
depth of 7 feet, and are made of cast iron fths of an inch in thickness. They are sur-

rounded by brickwork, a space of 3 inches in width being left between the brickwork
and the iron, for the purpose of admitting steam, by means of which the vats are

heated. The interior surface of the brickwork is well cemented. In setting a vat

the following materials are used :— 5 cwts. of woad, 30 lbs. of indigo, 56 lbs. of bran,

7 lbs. of madder, and 10 quarts of lime. The woad supplied to the Yorkshire dyers

is prepared and grown in Lincolnshire. It is in the form of a thick brownish-yellow

paste, having a strong ammoniacal smell. The indigo is ground with water in the

usual manner. The madder acts in promoting fermentation, but it also serves to give
a reddish tinge to the colour. The lime is prepared by putting quicklime into a
basket, then dipping it in water for an instant, lifting it out again, and then* passing

it through a sieve, by which means it is reduced to a fine powder, called by the dyers

ware. The vat is first filled with water, which is heated to 140° Fahr., after which
the materials are put in, and the whole is well stirred until the woad is dissolved or

diffiised, and it is then left to stand undisturbed over night. At 6 o'clock the next
morning the liquor is again stirred up, and 5 quarts more lime are added. At 10
o'clock, 5 pints of lime are again thrown in, and at 12 o'clock the heat is raised to

1 20° Fahr., which temperature must be kept up until 3 o'clock, when another quart
of lime is introduced. The vat is now ready for dyeing. When the process of fer-

mentation is proceeding in a regular manner, the liquid, though muddy from insoluble

vegetable matter in suspension, is of a yellow or olive-yellow colour ; its surface is

covered with a blue froth or a copper-coloured pellicle, and it exhales a peculiar
ammoniacal odour ; at the bottom of the vat there is a mass of undissolved matter, of
a dirty yellow colour. If there is an excess of lime present, the liquor has a dark
green colour, and is covered with a greyish film, and when agitated, the bubbles which
are formed agglomerate on the surface, and are not easily broken. Cloth dyed in a
liquor of this kind loses its colour on being washed. This state of the vat is remedied
by the addition of bran, and is of no serious consequence. When, on the other hand,
there is a deficiency of lime, or in other words, when the fermentation is too active,

the liquor acquires first a drab, then a clay-like colour ; when agitated, the bubbles
which form on its surface burst easily, and when stirred up from the bottom vnth a
rake it effervesces slightly, or frets as the • dyers say. If the fermentation be not
checked at this stage, putrefaction soon sets in, the liquid begins to exhale a fetid

odour, and when stirred evolves large quantities of gas, which burn with a blue flame
on the application of a light. The indigo is now totally destroyed, and the contents
of the vat may be thrown away. No further addition of woad is required after the
introduction of the quality taken in first setting the vat, the fermentation being kept
up by adding daily about 4 lbs. of bran, together with 1 quarter 3 pints of lime. In-
digo is also added daily, for about 3 or 4 months. The vat is then used for the purpose
of dyeing light shades, until the indigo contained in it is quite exhausted, and its

contents are then thrown away.
Woollen cloth before being dyed is boiled in water for 1 hour, then passed im-

mediately into cold water. If it be suffered to lie in heaps immediately after being
boiled, it undergoes some change, which renders it afterwards incapable of taking up
colour in the vat. When a purple bloom is required on the cloth, it is dyed with cud-
bear to a light purple shade before being dipped. In dyeing, the cloth is placed on a
network of rope attached to an iron ring, which is suspended by four iron chains at
a depth of about 3 feet beneath the surface of the liquor. The cloth is stirred about
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in the liquor by means of hooks for about 20 or 30 minutes. It is then taken out
and well wrung. It now appears green, but on being unfolded and exposed to the air

rapidly becomes blue. When the vat contains an excess of lime the cloth has a
dark green colour when taken out. It is then passed through hot water and dipped
again, if a darker shade is required. When woollen flocks are to be dyed, they are
placed in a net made of cord, which is suspended by hooks at the side of the vat.

They are then transferred to a stronger net and wrung out by several men. In dye-
ing flocks a more active fermentation of the vat is required than with cloth.

The process of dyeing by moans of sulphate of indigo is quite diflferent from indigo
dyeing in the vat. This process was discovered by Barth, at Grossenhayn in Saxony,
about the year 1740, and the colour produced by it is hence called Saxon blue. The
method of purifying sulphate of indigo, by immersing wool in the solution of crude
indigo in oil of A-itriol, previously diluted with water, has been described above. The
process of making sulphate of indigo or extract of indigo, as it is called, as now prac-

tised on the large scale, is as follows :— 1 lb. of indigo is mixed with from 8 to 9 lbs.

of oil of vitriol, and the mixture is left to stand for some hours in a room, the tem-
perature of which is 90° Fahr. It is then diluted with water, and filtered through
paper. There is left on the filter a dirty olive-coloured residue, which is used for

some purposes by woollen dyers. By now adding common salt to the liquid, a blue
precipitate of sulphate of indigo is produced, which is collected on a filter, and
washed with a solution of salt in order to remove the excess of acid. No neutra-

lisation -with alkali is required when this plan is pursued. The blue produced on
wool and silk by means of sulphate of indigo is very fugitive, and is now seldom
required, its place having been in a great measure taken by the blue from prussiate of

potash. The chief use of sulphate of indigo is for dyeing compound colours, such as

green, olive, grey, &c.—E.S,

On a new Method of Dyeing and Printing by means of Indigo.—^By reason of its

insolubility, alike in neutral and in alkaline solvents, the colouring matter of indigo

cannot be fixed upon any textile fibre until it has been reduced, i.e., converted into

white indigo, which is soluble in alkalis and solutions of the alkaline earths. The
energetic reducing properties of hydrosulphito of soda, and its almost instantaneous

action upon indigo, which it converts into white indigo, in presence of an alkaline

solution even at ordinary temperatures, have induced Messrs. Schutzenberger and
Lalande to examine the practical employment of this salt in the various applications

of indigo in the arts of dyeing and printing.

The indigo vats most generally used in modern times are the sulphate of iron (green

copperas) vat for vegetable fibres, and the fermenting vat for wool-dyeing. The main
defect of tlie copperas vat is the presence of a bulky sediment of oxide of iron and of

sulphate of lime, which requires to subside before the clear portion of the liquid can

be used for dyeing. The fermentation vat is difficult to work, and is subject to

accidents, or morbid changes, which sometimes in the course of a few hours involve

the entire loss of the indigo which they contain. (Such accidents are not unfrequently

due to the malice of some workman, and are, of course, a kind of rattening.) The
hydrosidphite vat, which the authors propose in lieu of the present methods, both for

animal and vegetable fibres, is ' set ' as follows :—Bisulphite of soda, marking 30° to

35° Baume (1'26 to 1'30 specific gravity), is put in a covered cask filled up to the

surface with coils of sheet zinc, or granulated zinc. This arrangement serves to in-

crease the points of contact between the liquid and the metal. After standing for about

an hour, the liquid is drawn off into milk of lime, which precipitates the salts of zinc.

The whole is well stirred, and the clear liquid is separated either by filtration and
pressure or by decantation, water having been previously added. During all these

operations air should be as far as possible excluded. If the hydrosulphite of soda thus

obtained is mixed with ground indigo, and the amounts of lime or soda needful to

dissolve the reduced indigo, we immediately obtain a yello-vinsh solution, which contains

no insoluble matter except the eartliy matters present in the indigo. By this process

1 kilogramme of indigo maybe reduced and dissolved in such a concentrated state that

the liquid does not exceed 10 to 15 litres. In dyeing the beck is filled with water

—

a suitable amount of reduced indigo added, and the operation is performed in the cold

for cotton and at a hand-heat for wool. The dye-liquid being clear for its entire depth,

the dyeing process can be conducted without loss of time. The excess of hydrosulphite

present constantly reduces the scum of oxidised indigo which forms on the surface of

the bath, and successive quantities of the concentrated solution of indigo are added

from time to time as they are required. By means of this facility of keeping the vat

at any degree of strength required, any shade may be produced with the least possible

time and trouble. As regards cotton-dyeing the new process is distinguished for its

ease and rapidity. In wool-dyeing all risk of spoiling the indigo is avoided. Shades

are produced at once brighter and more solid than with the old vats, and it is easy to
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obtain upon wool bright blue bottoms such as were formerly producible only by means
of the sulphate of indigo, and which were, of course, much more fugitive.

In printing with indigo, the process hitherto followed has been to use white indigo,

or indigotate of tin obtained by precipitating a tin vat with hydjocliloric acid or by
adding to the clear portion of a copperas vat a mixture of hydrochloric acid and salt

of tin. This precipitate is thickened with gum, and printed upon the calico. It is

then fixed by treatment with milk of lime. The goods are then successively passed

through blcaching-liquor, sulphuric acid, and a soap-bath. The process is at once

difficult, delicate, and expensive. It is only by constant and anxious attention that

running and injuries to the accuracy of the design are avoided during the treatment

with lime-water, and only a very small fraction of the indigo is actually deposited

upon the fibre. The numerous attempts hitherto made to replace the above-described

process with some other means of fixing indigo have not proved successful. We need
only mention as instances, China blue, pencil blue, and printing with a concentrated

indigo-vat in an atmosphere of coal-gas in order to exclude atmospheric oxygen. The
new method, as tested by the authors upon a manufacturing scale, consists mainly in

printing with an alkaline solution of dissolved indigo suitably concentrated and
thickened, the colour containing, moreover, a large excess of hydrosulphite of soda.

The presence of this salt keeps the indigo-blue constantly in a perfectly-reduced state,

which would otherwise become oxidised. It thus supersedes in a much more con-

venient manner the use of coal-gas. The printing can bo carried on in common air

with ordinary machines. Oxidation is so little perceived that after an hour of working
the colour remains reduced to yellow. On the other hand, by printing on dissolved

indigo, immediate fixation is secured as the colouring matter is almost entirely

utilised. Experience shows that with shades of equal depth, solid blues are obtained
at an expenditure of from 50 to 60 per cent, less indigo than with the old process.

The shades obtained are more beautiful and solid, and the design comes out more dis-

tinct and better defined. The new blue not needing to be fixed by any subsequent
process after printing, can be applied simultaneously with the majority of other colours,

such as aniline-black, garancine colours, whether obtained by dyeing or steaming,

catechu, chrome colours, albumen colours, &c. Novel styles can be thus originated,

which could scarcely be executed by any other process. The new colour is obtained

by thickening with gum, or any other suitable substance, an alkaline solution of white
indigo sufiiciently concentrated, and adding to the mixture a sufficient quantity of

hydrosulphite of soda. After printing, the indigo is oxidised by hanging up the pieces

for twelve to fourteen hours. They are finally washed and soaped.

Our Imports of indigo in 1871 and 1872 were as follows :

—

18 71 18 72

Places

Quantities Value Quantities Value

cwts. & cwts. £
From Germany.... 405 12,914 ...

„ France .... 2,393 75,558 ... ...

„ Egypt .... 7,608 148,800 3,077 61.400

„ India (French Possessions) 1,5^6 37,275 252 6,013

„ Philippine Islands . 1,080 25,182 1,947 30,616
„ United States of America . 600 16,394 253 7,372
„ Mexico .... .... ... 777 19,949
„ Central America 13,799 322,587 12,901 305,316
„ New Granada (the United

States of Colombia) 4,165 118,448 4,532 104,752
„ British Possessions, South

Africa .... 419 15,780 ...

„ British India

:

Bombay and Scinde 395 8,397 1,694 26,499
Madras 29,486 715.304 19,413 508,042
Bengal and Burmah . 42,707 1,391,602 41,002 1,370.591

„ Strains Settlements . 259 7,497
„ Other countries

Total .

1,'6*64 49,003 1,213 34,300

106,307 2,937,224 87,320 2,482.347

ZXTBZGO-BRO'WIM'. A brown substance of uncertain composition obtained from
commercial indigo.

Vol. II. 3 N
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ZxniZGO-COPPSR, The native protosulphide of copper, known also as Covelline.

IXTBIGO-CREEXr. A green substance obtained from indigo by adding potash
to an alcoholic solution of an alkaline hyposulph-indigotate.

XM'DZGO-PITRPZiZ:. Finely-powdered indigo is added to twenty times it weight
of acid sulphate of soda in a state of fusion, and the mixture is heated and stirred

till a sample colours water violet. The paste thus produced is then intimately mixed
with 70 or 80 times. its weight of water, and the colouring matter is precipitated by
common salt and washed with saline water. After drying it forms a mass of inter-

laced silky crystals having a coppery lustre.

Z3r3>ZGO-1£IiB. A red substance found in commercial indigo. Por particulars

relative to this and other indigo colours, consult Watts's ' Dictionary of Chemistry,'
and the authorities there quoted.

ISTDZSUO'E. See Aniline-Violet.
IDTDIUM:. This metal was discovered in 1863, by Professors Keich and Richter,

who detected it, by the aid of spectrum analysis, in the zinc-blende of Freiberg in

Saxony. The spectrum of salts of indium is characterised by two indigo-blue lines,

one very bright, and the other fainter. Indium is a soft, malleable, lead-grey metal,

of specific gravity 7'2. The atomic weight is believed to be 74. The metal is readily

soluble in hydrochloric acid, forming a deliquescent chloride of indium. The salts

of indium have hitherto been but imperfectly studied, and none of them have yet

found any application in the arts.

nrCRAZir. Wools, &c., are said to be dyed ingrain when they are subjected to

that process before manufacture.
mrx. {Encre, Fr. ; Tinte, Ger.)

Writing Ink may be and is prepared in many diflferent ways ; but it is essentially a
tanno-gaJJate of iron.

Nut-galls, sulphate of iron, and gum are the only substances truly useful in the

preparation of ordinary ink ; the other things, often added, merely modify the shade
and considerably diminish the cost to the manufacturer upon the great scale. Many
of these inks contain little gallic acid or tannin, and are therefore of inferior quality.

To make 12 gallons of ink, we may take 12 pounds of nut-galls, 5 pounds of green
sulphate of iron, 5 pounds of gum Senegal, 12 gallons of water. The bruised

nut-galls are to be put into a cylindrical copper, of a depth equal to its diameter, and
boiled during three hours, with three-fourths of the above quantity of water, taking

care to add fresh water to replace what is lost by evaporation. The decoction is to

be emptied into a tub, allowed to settle, and the clear liquid being drawn ofiP, the lees

are to be drained. The gum is to be dissolved in a small quantity of hot water, and the

mucilage thus formed, being filtered, is added to the clear decoction. The sulphate

of iron must likewise be separately dissolved, and well mixed with the above. The
colour darkens by degrees, in consequence of the peroxidation of the iron, on ex-

posing the ink to the action of the air. But ink aflFords a more durable writing wlien

used in the pale state, because its particles are then finer and penetrate the paper more
intimately. When ink consists chiefly of tannate of peroxide of iron, however black,

it is merely superficial, and is easily erased or effaced. Therefore, whenever the

liquid made by the above recipe has acquired a moderately deep tint, it should bo

dmwn off clear into bottles and well corked up. Some ink-makers allow it to mould
a little in the casks before bottling, and suppose that it will thereby be not so liable to

become mouldy in the bottles.

From the comparatively high price of gall-nuts, sumach, logwood, and even oak
bark are too frequently substituted, to a considerable degree, in the manufacture of

ink ; but always injuriously.

The ink made by the recipe given above, is much more rich and powerful than many of

the inks commonly sold. To bring to their standard a half more water may safely be

added, or even twenty gallons of tolerable ink may be made from that weight of materials.

Sumach and logwood admit of only about one half of the copperas that galls will

take to bring out the maximum amount of black dye.

Lewis, who made exact experiments on inks, assigned the proportion of throe parts

of galls to one of sulphate of iron, which, with average galls, will answer very well

;

but good galls will admit of more copperas.

Red Ink.—This ink may be made by infusing for three or four days in weak
vinegar, Brazil wool chipped into small pieces ; the infusion may then be boiled

upon the wood for an hour, strained and thickened slightly with gum arabic and
sugar. A little alum improves the colour. A decoction of cochineal with a little

water of ammonia, forms a more beautiful red ink, but it is fugitive. An extem-
poraneous red ink of the same kind may be made by dissolving carmine in weak
water of ammonia, and adding a little mucilage.

Blue Ink.—Mr. Stephens's patent blue ink is made by dissolving Fmssian blue in



INK 915

a solution of oxalic acid. The blue should be washed in dilute muriatic acid. M.
Harnung has given the following as the best fonnula for blue ink :

—

Mix 4 parts of perchloride of iron in solution with 750 parts of water, then add

4 parts of cyanide of potassium dissolved in a little water ; collect the precipitate

formed, wash it with several additions of water, allow it to drain until it weighs about

200 parts ; add to this one part of oxalic acid, and promote solution of the cyanide

by shaking the bottle containing the mixture. The addition of gum and sugar is

useless, and even appears to exercise a prejudicial effect on the beauty of the ink. It

may be kept without any addition for a long time.

Gold and Silver Inks are prepared by grinding upon a porphyry slab, with a muUer,
gold or silver leaves, with white honey, until they are reduced to the finest possible

state of division. The honey is thoroughly washed from the powdered metals, and
these are mixed up with gum-water.

Indelible Ink.—A very good ink, capable of resisting chlorine, oxalic acid, and ab-

lution with a hair-pencil or sponge, may be made by mixing some of the ink made by
the preceding prescription, with a little genuine China ink. It writes well. Many
other formulae have been given for indelible inks, but they are all inferior in simplicity

and usefulness to the one now prescribed. Solution of nitrate of silver thickened with

gum, and written with upon linen or cotton cloth, previously imbued with a solution

of soda, and dried, is the ordinary permanent ink of the shops. Before the cloths are

washed the writing should be exposed to the sunbeam, or to bright daylight, which
blackens and fixes the oxide of silver. It is easily discharged by chlorine and ammonia.
A good permanent ink may be made by mixing a strong solution of chloride of

platinum with a little potash, sugar, and gum to thicken. The writing made there-

with should be passed over with a hot smoothing iron to fix it.

Another indelible ink may be prepared by adding lamp-black and indigo to a so-

lution of the gluten of wheat in acetic acid. This ink is of a beautiful black colour,

at the same time cheap, and cannot be removed by water, chlorine, or dilute acids,

M. Herberger gives the following directions for its preparation :—Wheat gluten is

carefully freed from the starch, and then dissolved in a little weak acetic acid ; the

liquid is now mixed with so much rain-water that the solution has about the strength

of wine vinegar, that is, neutralises ^th of its weight of carbonate of soda. 10 grains

of the best lamp-black and 2 grains of indigo are mixed with 4 ounces of the solution

of gluten, and a little oil of cloves added. This ink may be employed for marking
linen, as it does not resist mechanical force.

Indelible ink of Dr. Traill is essentially the same as above.

French indelible ink is made of Indian ink difiused through dilute muriatic acid

for writing with quills, and through weak potash-lyo for writing with steel pens.

Marking Ink.—The inks used for marking linen generally consist of a solution of

nitrate of silver, coloured with sap-green, Indian ink, or some other colouring agent,

and thickened with gum. Under the combined influence of light and the organic

matter, the salt of silver is decomposed, and a black stain is produced. This is in-

delible when washed with soap and water, but may be removed by a solution of

cyanide of potassium.

A cheap indelible marking-ink, which resists the action of chlorine, and is employed
by bleachers to mark their goods, is prepared by dissolving coal-tar in naphtha.

Ink-powders are occasionally used, but consist merely of the common constituents of

ink in a dry state. A black ink of this kind may be prepared by mixing 4 parts of

powdered gall-nuts with 2 parts of green copperas and 1 part of gum arabic. This
mixture may be conveniently carried in the form of a powder, and may be prepared
for use by simply dissohdng it in water.

China or Indian Ink.—Proust says that lamp-black purified by potash-lye, when
mixed with a solution of glue and dried, formed an ink which was preferred by
artists to that of China. M. Merim^e, in his interesting treatise entitled De la

Peinture a I'Huile, says, that the Chinese do not use glue in the fabrication of their

ink ; but that they add vegetable juices, which render it more brilliant and more
indelible upon paper. When the best lamp-black is levigated with the purest gelatine

or solution of glue, it forms, no doubt, ink of a good colour, but wants the shining
fractvire, and is not so permanent on paper as good China ink, and it stiffens in cold
weather into a tremulous jelly. Glue may be deprived of the gelatinising property
by boiling it for a long time, or subjecting it to a high heat in a Papin's digester

;

but as ammonia is apt to be generated in this way, M. Merimee recommends starch-

gum, made by sulphuric add, to be used in preference to glue. He gives, however,
the following directions for preparing this ink with glue. Into a solution of glue he
pours a concentrated solution of gall-nuts, which occasions an elastic resinous-looking
precipitate. He washes this matter with hot water, and dissolves it in a spare
solution of clarified glue. He filters anew, and concentrates it to the proper degree

3n2



916 IODINE

for being incorporated with the purified lamp-black. The astringent principle in

vegetjibles does not precipitate gelatine when its acid is saturated, as is done by
boiling the nut-galls with lime-water or magnesia. The first mode of making the ink

is to be preferred. The lamp-black is said to be made in China, by collecting the

smoke of the oil of sesame. A little camplior (about 2 per cent.) has been detected in

the ink of China, and is supposed to improve it. Infusion of galls renders the ink

permanent on paper.

Printing Ink.—This is essentially a combination of lamp-black—finely-divided

carbon—with oil. Mr. Underwood, in a communication made by him to the Society

of Arts, well defines the necessary qiialifiaitions of a good ink :

—

1. It must distribute freely and easily, and work sharp and clean.

2. It must not have too much tenacity for the type, but have a much greater affinity

for the paper, and so come off freely upon it.

3. It must dry almost immediately on the paper, and not dry at all on the type or

rollers : this is a great desideratum, especially for newspapers.

4. It should be literally proof against the effects of tiihe and chemical reagents, and
never change colour.

Great attention must be paid to the quality of the linseed-oil employed, and even

the character of seed from which the oil is obtained should not be neglected.

The linseed-oil is clarified from the fatty matters, and the pure oil is boiled

with great care at a carefully-regulated temperature ; and, during the boiling, the

best pale yellow soap is added to give it consistency, and the required dryers aro

also now mixed with it. The best black is that obtained from the smoke of naphtha,

the combustion being carefully regulated. Tliis black is ground up carefully with

the drying oil, which has assumed the character of a varnish, and the ink is complete.

Ixa-KZSTG-ROIiI.ER. See FBiKTma.
ZSrOSITE. A variety of glucose, or grape-sugar, occurring in the muscles of the

heart and of certain other organs. It is also found in the kidney-bean, whence it is

sometimes termed phaseomannite.

Xia-STAHrTAXTEOUS XMCATCHES. See Matches.
XIirDIiIIi9r. A substance similar in its properties to starch, discovered by Eose

in 1804. It has been obtained from elecampane root, potato and dahlia tubers, from
dandelion roots, and many other similar plants. See Watts's ' Dictionary of Chemistry.'

I2TVZ:RTZ:I> SIJGJSlB., a peculiar kind of sugar, formed by the prolonged

boiling of ordinary cane-sugar with water.

IODIC IVXERCITRT. See Mercury.
IODISES. Compounds of iodine with metals or radicals. The more important

are described under the respective metals, as iodide of potassium, under Potassium.
lODIITE {lod, Fr. ; Jod, Got.) is one of the elementary substances ; it was

accidentally discovered in 1812 by M. Courtois, a manufacturer of saltpetre at Paris,

lie found that, in the manufacture of soda from the ashes of seaweeds, the metallic

vessels in which the processes were conducted became much corroded ; and in search-

ing for the cause of the corrosion, he discovered this now important substance. It

was first described by Clement in 1813, but was afterwards more fully investigated

by Davy and Gay-Lussac.
Gay-Lussac and Clement at first regarded hydriodic acid as hydrochloric acid,

until Sir H. Davy suggested the idea of its being a new and peculiar acid, and iodine

as a substance analogous in its chemical relations to chlorine.

It was named iodine from the Greek word IdSris, violet-coloured, on account of the

colour of its vapour.

Iodine exists in many mineral waters, in combination with potassium and sodium.

In the mineral kingdom, iodine has been found in one or two rare ores, as in a
mineral brought from Mexico, in which it existed in combination with silver, and also

in one from Silesia in combination with zinc. See Ioditk.

It exists also in very small quantities in sea-water, from which it is extracted by
many seaweeds, which act therefore as concentrators of iodine ; these seaweeds, when
dried and ignited, yield an ash, technically called kelp, from which all the soda of

commerce was previously obtained, but the chief value of the kelp now is on account

of the iodine which it yields. The following is the process most generally adopted for

the extraction of the iodine from the seaweeds :

—

The sun-dried seaweed is incinerated in shallow excavations at a low temperature,

for, if the temperature was allowed to rise too high, a considerable quantity of iodide

of sodium would be lost by volatilisation. The half-fused ash or kelp which remains
is broken into fragments, and treated with boiling water, which dissolves about one
half of the ash.

The liquid thus obtained is evaporated, when, on cooling, the more crystallisable

salts separate, viz., sulphate and carbonate of soda, with some chloride of potas-
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sium. The mother-liquor still contains the iodide of sodium, sulphide of sodium,

and some carbonate of soda. This liquor is then mixed with about one -eighth of its

bulk of sulphiuric acid, and allowed to stand for twenty-four hours ; carbonic and

sulphurous acid, and sulphuretted hydrogen gases escape, a fresh quantity of sulphate

of soda crystallising out, mixed with a precipitate of sulphur.

The supernatant acid liquor is then transferred to a leaden still, to which is adapted

a double tubulated leaden head luted on with pipe-clay ; it is then heated to 140°

Fahr., when binoxide of manganese is added.

The temperature may be gently raised to 212° Fahr., but not higher, as some

chlorine would come over, and combine with some of the iodine, forming chloride of

iodine.

This iodine is condensed in spherical glass condensers, each having two mouths

opposite to each other, and inserted the one into the other, the end one being fitted to

the neck of the leaden head.

The iodine is purified by resublimation.

The following formula represents the reaction :

—

Iodine Water

+ I + 2H0.
+ 1^ + 2H^O.

The British iodine is largely manufactured at Glasgow, from the kelp of the west

coast of Ireland and the western islands of Scotland.

In Mr. E. C. C Stanford's method of preparing kelp, the dried and compressed sea-

weed, instead of being burnt in the open air, is distilled in retorts with superheated

steam, and thus all loss of iodine is prevented.

The methods of preparing iodine from the mother-liquor of the kelp have been
variously modified. Thus, the use of oxide of manganese may be dispensed with ; or

chlorine of gas may be transmitted through the mother-liquor ; or the liquor may
be distilled with chloride of iron.

Another source of commercial iodine is to be found in Chili saltpetre, or native

nitrate of soda. This salt in its raw state always contains iodine, though in only

very small proportion. This iodine may be extracted from the mother-liquor left in the

process of refining the salt, by treating the liquor with sulphurous or with nitrous acid.

Iodine is a crystallisable solid, its primary form being a rhombic octohedron. It is

however usually met with in micaceous, soft, friable scales, having a greyish-black

colour, a metallic lustre, and an acrid hot taste. Even at ordinary temperatures, and
more especially when moist, it is sensibly volatile, emitting an odour like that of

chlorine, only much weaker.

At 225° F. it fuses, and at 347° F. boils, and is converted into a magnificent violet

vapour. It may nevertheless be distilled, in the presence of steam, at a temperature
of 212°, as is seen in the process of manufacture.

Iodine, in the solid state, has a specific gravity of 4-947, the specific gravity of the
vapour being, according to Dumas, 8*716. Iodine is only very slightly soluble in

water, it requiring 7,000 parts of water to dissolve it; even then it imparts a yellow
colour to the solution, and is used in that state as a test for starch, with which it forms
a beautiful blue compound, which is, however, destroyed by heat.

Alcohol and ether dissolve it more readily; but the most powerful solvents of
iodine are the solutions of the iodides. Iodine stains the skin, and most organic
substances, of a brown coloxir; it attacks the metals rapidly; iron or zinc being
readily dissolved by it if placed in water with it, an iodide of the metal being
formed.

All the compounds of iodine with the metals and with hydrogen are decomposed
by chlorine, and even by bromine, iodine being set free. Advantage is taken of this

fact in detecting the presence of iodine. K the iodine exists in combination with a
metal, or as hydriodic acid, its solution will not form the characteristic intense blue
compound with starch, but on the addition of a little chlorine, or solution of bleaching
powder, the iodine is set free and forms the blue compound with the starch. If, how-
ever, the iodine exists as iodic acid, it will not act upon starch until reduced by some
reducing agent, as sulphurous acid. In using the chlorine care must be taken not to
use too much, as it would unite with the iodine and prevent it acting on the starch.

Iodine is used to a considerable extent in medicine
;
particularly for glandular

swellings, and goitre. It is also much used in photography, and in the preparation of
certain coal-tar colours. The chemical symbol for iodine is I; its atomic weight
126*88 ; and the combining volume of its vapour 2.

The price of iodine has sufiercd recently (1873-4) some remarkable fluctuations.
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Messrs, Evans, Lescher, and Evans, in their monthly Drug-market Report for February,

state that, in consequence of the makers having failed to carry out the combination

which has hitherto kept up the price, iodine has suddenly, though not unexpectedly,

fallen more than 60 per cent, in value, and in like manner iodide of potassium has

equally declined. The immediate result of the fall is an immense demand from all

quarters, everyone having let their stocks run out, greater than can be supplied at the

moment. The decline has been followed immediately by a slight advance, which has

now been considerably further augmented.
XOSZTE, or lODTRZTE. A native iodide of silver, consisting of iodine 63'109

and silver 46-380. It is found at Guadalajara in Spain, at Albarradon near Mazapil
in Zacatecas (Mexico), and at Delirio mines near Chaiiarcillo in Chili. See Silver.

XOIiZTZ:. A name applied to the mineral otherwise known as cordierite or dichroitc,

in allusion to the violet colour which it frequently presents. See Dichroite.
IPECACXTAXBA. The root of the Cephaelis I'pecacuanha, valued in medicine

as an expectorant, emetic, purgative, and sedative. It owes its active principle to an
alkaloid called emetina. The cultivation of the ipecacuanha plant has recently been
introduced into India.

ZRX3>ZTT]II. A rare white metal, found in connection with platinum and osmium.
Smithson Tennant in 1804 discovered that certain black scales which remained after

native platinum was dissolved in nitro-muriatic acid, was an alloy of two metals,

iridium and osmium. For a full account of the methods of separating this native

alloy from platinum, and of separating iridium and osmium from each other, consult

Watts's ' Dictionary of Chemistry.' The native alloy on account of its hardness is

used to point metallic pens. See Iridosmine.

ZRZDZTJXHI OXZDZi. A substance is so known in the Eussian mint. It consists,

according to Deville, of:—volatile substances (and oxygen), 28'0
; soluble salts, 12*0;

platinum, 3'8 ; rhodium, 1*8; palladium, 0*4; copper, 0-6; iron, 07; iridium and
loss, 52-7= 100-0.

ZRZBOSMZXTE. A native alloy of iridium and osmium found with native

platinum.

ZRZSB BZAMOITBS. A name sometimes applied to rock-crystal found in

Ireland. It is occasionally cut and polished by the jeweller, and mounted in bog-oak.

ZRZSH GREZSir. An architect's name for the green serpentinous marble of

Connemara in Western Galway.

ZRZSH XVIOSS. A term applied to the seaweed, otherwise known as Carrageen
moss {Chondrus crispus). It is used in the preparation of bandoline, and of a jelly

for invalids. See Alg^.
ZROSr {Fer, Fr. ; Eisen, Ger.) is a metal of a bluish-grey colour, and a dull fibrous

fracture, but it is capable of acquiring a brilliant surface by polishing. Its specific

gravity is 7*78. It is the most tenacious of metals, and the hardest of all those which
are malleable and ductile. It is singularly susceptible of the magnetic property, but in

its pure state soon loses it. When rubbed it has a slight smell, and it imparts to the

tongue a peculiar astringent taste, called chalybeate. In a moist atmosphere iron

speedily oxidises, and becomes covered with a brown coating called rust.

Every person knows the manifold uses of this truly precious metal. It is capable of

being cast in moulds of any form ; of being drawn out into wires of any desired strength

or fineness ; of being extended into plates or sheets ; of being bent in every direction

;

of being sharpened, hardened, and softened at pleasure. Iron accommodates itself to all

our wants, our desires, and even our caprices ; it is equally serviceable to the arts, the

sciences, to agriculture, and war ; the same ore furnishes the sword, the ploughshare,

the scythe, the pruning hook, the needle, the graver, the spring of a watch or of a

carriage, the chisel, the chain, the anchor, the compass, the cannon, and the bomb.
Iron in the state of peroxide, and in several chemical combinations, enters largely

into our Pharmacopoeias, this metal having been long a favourite medicine.

This metal has been found in a native state ; but it is obtained by a metallurgical

process from certain ores of iron, which are scattered over the crust of the globe with
a beneficent profusion proportioned to the utility of the metal. They are found under
every latitude, and every zone ; in every mineral formation, and are disseminated in

every soil.

The minerals containing iron as an essential constituent, and in considerable quantity,

are very numerous, as the metal is found in the native state, forming very complicated

mixtures with other elements, in masses of mainly extra-torrestial origin, and combined
with arsenic, and sulphur, in various proportions in the different varieties of copper-

iron- and arsenical-pyrites, and also with oxygen forming different oxides, which in their

turn unite with water and with carbonic acid, forming the hydrates and carbonates

of iron ; these being the only minerals available for metallurgical treatment under
ordinary circumstances. The silicates, sulphates, and phosphates of iron are also of
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great importance, in studying the production, of the ores of iron proper and in influ-

encing their qualities for the smelter, but the interest is only an indirect one.

It is thought advisable in this place to describe only such native productions of iron

as are of some such economic value, reserving for notice under their mineralogical

names such as are merely interesting as minerals.

Useful Ibon Ores.—See Ieon Ores in its alphabetical place for the rare varieties.

Native Iron.—This species, which is very rare, occurs in small grains and plates, or

massive and disseminated. It is malleable and ductile, more so than ordinary malle-

able iron, and ranges in specific gravity between 7 and 7"8. It contains carbon, and
occasionally some other metal, but not nickel. A specimen from Gross Kamsdorf, in

Thuringia, analysed by Klaproth, yielded 92-6 iron, 6 lead, and 1-5 copper: its struc-

ture was foliated and its texture crystalline. Native iron was found by Schreiber, in

a vein at Oulle, near Allemont in Dauphin^. A specimen containing 91 '8 iron and
7'0 carbon (Skepard), was observed at Canaan in Connecticut, in a vein, two inches

broad, lying in mica slate ; another specimen was found in sandstone at Penn Yan, in

New York. John states that it is mixed with the platinum grains from South America,

and more recently M. Molnar has af&rmed that he has found native iron in the gold

sands at Olahpian. Mossier has found volcanic iron in lava at Graveneire in

Auvergne ; it had a steel-grey or silver-white colour, foilated texture, and hackly

fracture ; and Dr. Andrews states that he detected native iron in grains in the basaltic

rock from the Giant's Causeway. These instances would seem to prove the actual

existence of native iron, which was for a long time disputed.

Native Meteoric Iron.—This species is distinguished from the last by containing nickel

and sometimes cobalt. It is very malleable, often cellular, but sometimes compact,
and in parallel plates which pass into rhomboids or octohedrons. When polished and
etched with acids, it exhibits linear and angular markings, or Widmanstatfs figures,

as they have been termed, and from which an impression may be printed on paper. A
great number of undoubted meteorites have been described and analysed. The follow-

ing Table from Nicol's Manual of Mineralogy ' exhibits the composition of some of

the most remarkable :

—

1

Iron Nickel Cobalt Copper
nese

Magne-
sium

Sulphur
Chlo-
riue

Insol.

matter
Total

93-78 3-81 0-21 ... ... 2-20 100
2 88-04 10-73 0-46 0-07» 013 0-05 trace ... 0-48 100
3 88-23 8-52 0-76 ... trace 0-28 trace ... 2-21 100
4 89-78 8-89 0-67 ... ... ... ... ... ... 99-34

5 85-61 12-27 0-89 ... ... ... ... ... ... 98-77

6 90-88 8-45 0-67 0-002 ... ... ... ... 100
7 66-56 24-71 ... ... 3-242 ... 4-00 1-48 ... 99-99

8 90-24 9-76 ... ... ... ... ... ... 100
9 83-57 12-67 ... ... ... ... ... 0-91' ... 99-54

10 92-58 5-71 ... trace* ... ... ... ... 1-40 99-69
11 81-8 11-9 1-0 ... 0-2 ... 51 ... ... 100

» With tin+0-04 carbon.
* +2-30 sulphide of iron.

' With chromium.
* With arsenic.

The insoluble matter in the above contains in 100 parts :-

In No. Iron Nickel Phosphorus Silica Carbon Magnesium Total

65-99

48-67

68-11

44-1

15-01

18-33

17-72

24-50

14-02

18-47

14-17

11-4

2-04

? 100

1-42

9-66

98-4

9513
1000
900

The above analyses are of :—1. A mass of 103 lbs. weight, which fell at Bohumilitz,
in Bohemia, in 1829. 2. A mass weighing 1,600 lbs., found in 1748, near Kras-
nojarsk, on the Yenisei. 3. The so-called ' Verwiinschte Burggraf,' from Elbogen
in Bohemia, which weighed 191 lbs, 4. A mass of 71 Vienna pounds weight, which
fell at Hraschina, near Agram, in Croatia, on May 26, 1751. 5. A mass in the
Haarlem Museum, found in 1793, on the plain between the Great Fish Eiver and Graf
Keynet, in the Cape Colony, originally weighing 300 lbs. 6. Found at Lenarto, in

Hungary, original weight 194 lbs. 7. From Clairbome in Alabama. 8. From Petosi.
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9. Is a more recent analysis of the same. 10. From Lockport in North America,

11, From Bitburg, near Treves, which weiglied above 3,300 lbs.

According to Shepard (' Silliman's American Journal '), the fall of meteoric stones

is confined principally to two zones. The one, belonging to America, lies between 33°

and 44° N. lat., and is about 26° in length. Its direction is more or less from N.E.
to S.W., following the general line of the Atlantic coast. Of all the occurrences of

this phenomenon during the last 50 years, 92'8 per cent, have taken place within
those limits, and mostly in the neighbourhood of the sea. The zone of the eastern

continent, with the exception that it extends 10° further to the north, is bounded by
the same degrees of latitude, and follows a similar north-east direction ; but it has
more than twice the length of the American zone. Of the observed falls of aerolites,

90*9 per cent, occurred within this area, and were also concentrated in that half of

the zone which extends along the Atlantic.

Amongst the remarkable masses of meteoric iron the following must be named :

—

that found by Don Eubin de Celis, in Tucnman in South America in 1783, weighing
300 cwts. ; that discovered in 1784 on the Kiacho de Bendego in Brazil, estimated to

measure 32 cubic feet, and to weigh 17?300 lbs. ; and that on the Red River in

Louisiana, weighing above 3,000 lbs., and presenting distinct octahedral crystals.

The Swedish expedition to Greenland discovered some enormous masses of meteoric

iron in 1870, and in 1871 it broiight back twenty specimens, amongst which were two
of enormous size ; the largest, weighing more than 40,000 Swedish pounds, or about
21 tons English, with a maximum sectional area of 42 square feet, is now placed in

the hall of the Royal Academy of Stockholm ; whilst, as a compliment to Denmark,
on whoso territory they were found, the second largest, weighing 20,000 lbs., or about
9 tons, has been presented to the miiseura of Copenhagen. Chemical analyses of these

remarkable masses have proved them to contain nearly 5 per cent, of nickel, with
from 1 to 2 per cent, of carbon, and to be quite identical with many aerolites of known
meteoric origin. These masses were discovered lying loose on the shore, but im-
mediately resting upon basaltic rocks, in which they appear to have been originally

imbedded. Professor Nordenskjold and several others familiar with meteoric irons

consider these masses to be meteorites. See Aerolites.
FranJclinite.—This ore of iron usually crystallises in octahedra, but is also found

massive. According to Rammelsberg, it consists of iron 45*16, manganese 9*38, zinc

20-30, oxygen 25' 16. It is said to occur in amorphous masses at Altenberg, near

Aix-la-Chapelle, but it is found abundantly at Hamburgh, New Jersey, where it

occurs in a metamorphic Silurian limestone with red oxide of zinc and garnet. It is

also found at Stirling Hill in the same locality, where it is associated with WUlemitc
in a large vein, in which cavities occasionally contain crysttils from 1 to 4 inches

diameter. The attempts to use this ore have not been very successful. Dana says

it is ground up and used for a dark paint, and some of it has been smelted for iron,

to which the zinc is thought to give tenacity. The zinc has also been separated and
the residues smelted for spiegeleisen. See Fbanklinite. .

Magnetite, Magnetic Iron Ore, Native Loadstone, or Octahedral Iron Ore.—This

very rich and valuable ore occurs especially in igneous or metamorphic rocks, either

in distinct crystals^ or, as in many .basalts, disseminated through the mass, when it

frequently imparts magnetic properties to the rocks, especially to greenstone, serpentine

and basalt. It also forms beds in gneiss, in chlorite-, mica-, hornblende-, and clay-slates,

in marble, greenstone, and other rocks, but seldom appears in veins. The largest

known masses occur in the northern parts of the globe, in Scandinavia, Lapland,

Siberia, and North America. Less extensive masses occur in the Hartz, in Saxony,

Bohemia, Silesia, and Styria; and in Southern Europe, in Elba and Spain. Magnetite is

the most important ore of iron in Norway, Sweden, and Russia. The Dannemora mines
in Sweden, wrought in an open quarry 150 feet broad, and 500 feet deep, furnish the

fine Oeregrund iron, largely imported into England for the manufacture of steel.

Some highly magnetic varieties, especially from Siberia and the Hartz, form natural

magnets, possessing distinct polarity. Others become polar only after contact with

magnets of sufficient power. Magnetic iron ore is found in rather considerable masses

not far from Haytor on Dartmoor, and near the village of Brent, at the southern

extremity of Dartmoor. It is also found in Cornwall, in the vicinity of the Indian

Queens ; near Penrv'n, Ponsanooth, and a few other localities. Magnetic iron ore

fuses with extreme difficulty ; it is not acted upon by nitric acid, but when powdered
is soluble in hydrochloric ; its specific gravity varies from 4*24 to 5'4. The chemical

formula of pure magnetite is FeO.I<VO', corresponding to 31*03 of protoxide, and
68*77 of peroxide of iron, or of 72*40 iron, and 27*60 oxygen, which agrees closely

with the analyses of Berzelius, Kobell, and Kar.«iten.

Analyses I. and II. are of magnetic iron ore from Cornwall by Noad ; III. of Dan-
nemora magnetite by Ward :

—
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Water ....
I. n. III.

2-50 3-20 0-11

Protoxide of iron 2000 1300 27-55

Peroxide of iron 44-40 66-50 5893
Protoxide of manganese 016 0-56 010
Alumina .... 5-20 3-60 0-20

Lime .... 0-60 0-56 0-38

Magnesia .... 1-00 1-52 0-61

Sulphuric acid 0-04 . . 0-04. 0-10

Phosphoric acid . 0-50 - 0-57- trace

Insoluble residue

Total .

24-20 - 9-40 12-54

90-60 98-95' 100-61

Metallic iron 468 67-56 61-16

HcBinatite; Specular Iron; Fer oligist'e; Micaceous Iron Ore.—This ore has a

metallic lustre ; colour, iron black to steel grey, but often tarnished ; the light trans-

mitted through the thin edges of its crystals appears of a beautiful red colour. Its

powder is always of a well-marked brown-red hue, passing into cherry red, which
distinguishes it from the black oxide ore ; its fracture is conchoidal or uneven ; it is

brittle, and its specific gravity is 52. Its chemical composition is Fe^O', or 70-03 iron,

and 29-97 oxygen ; in the reducing flame of the blowpipe, it becomes black and mag-
netic.

Specular iron includes specimens of a perfect' metallic lustre." The specular variety

occurs chiefly in crystalline rocks in large beds or veins. The mines of the island

of Elba, celebrated from antiquity, still furnish the finest crystals, which occur in

druses of the massive variety, along with pyrites and quartz ; fine crystals are like-

wise produced from St. Gotthard, Praniont, in the Vosges mountains, the Hartz,

Altenberg in Sweden, and from Katharinehburg in the Ural.

Micaceous iron ore is that variety of haematite which has a distinctly micaceous

character. Beautiful specimens of the micaceous variety occur at Zorge and other

parts of the Hartz. At Hennock, not far from Haytor on 'Dartmoor, a very large lode

of the micaceous ore exists ; it is also found near Tavistock in Devonshire, at Huel
Owles tin mine, and Botallack tin iand copper mine at St. Just in Cornwall, and in

Wales, Cumberland, and Perthshire. It also occurs in volcanic rocks, as in Auvergne,

on Vesuvius, ^tna, and the Lipari Islands, especially Stromboli, where some fine

crystals, three inches broad and four long, have been procured.

Hcematite is a term more strictly applied to the red varieties of the specular iron

ores, on account of the red colour of its powder, from cti/ia, blood. The red haematites

are those which have a distinctly red colour when scratched, or which yield a red

streak. One variety is known as fibrous red iron. If soft and earthy, it is called red

ochre ; a peculiar variety of this kind is found near Rotherham in Yorkshire, and is

known as raddle. It is used for polishing lenses in Sheffield, ami largely employed for

marking sheep. The red chalk used for drawing is a variety of the -same kind.

Red hcematite.—This ore is found in the greatest abundance in- the mountain or

carboniferous limestone formations. The most abundant ^deposits in this country are

those of Lancashire and Cumberland.
The haematite of Whitehaven occurs in the carboniferous limestones near the out-

crop or surface-edge of the slaty rocks upon which that formation rests. The greater

part of the excavations from which it is extracted are subterraneous, and so extensive

is often the mass of iron ore in which th& workings are carried on, that it is difficult in

such situations to obtain a clear idea of the nature of this important deposit. ( War-
ington Smyth.) ' ...
The following are the quantities of red haematite produced since 1868 :

—

Lancashire

:

Barrow-in-Fumess
Cumberland

:

Hodbarrow .

Whitehaven .

Total .

1868 1869 • 1870 1871 1872

tons

767,625

201,380

725,248

tons ,

784,507

198,705

848,974

tons

871,938

474,a43
1,014,1,43

tons

931,048

\ 207,146

. 976.874

tons

909,077

211,771

954,505

1,694,253 1,932,186 2,061,024 2,115,068 2,075,353
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The price, wliich was about Us. or 135. a ton in 1865, varies now (1873) from 30s. to

36s. per ton, owing to the great demand for haematite pig-iron for Bessemer-stool making.
In addition to the above, it is thought desirable, as showing the very large quan-

tities of ore which are raised fix)m these haematite mines, to give the detailed produce
for a single year, 1872 :

—

Lancashire.

No. District or mine Quantities VJilue

Askham
Crossgate

Dalton Mine
Dunnerdale
Elliscales

Goldmine
Highfield

Lindale Moor
Lindale Cote Eure Pits . . . ,

Lindale Moor and Gilbrow and Whitriggs
Longlands
Martin
Moot Hall . . .

Monsell
JSewton ......
Park
Parkhouse
Pennington
Plumpton
Roanhead and Askham
Stainton and Bolton Heads
Stank
Thwaite Feart
Urswick ......
Whitriggs
Sundry other mines ....

Total of Lancashire iron ore

tons cwts

6,718

28,793

27,693

2,105

18,749
Nil.

15,784

4,407

42,679

158,341

352
28,605

1,500

24,174

6,300

262,305

26,191

2,421

4,307

170,769

1,770

6,052

1,761

322
10,965

65,013

909,079 12

7,000

36,991 6

34,616 6

1,453 1

23.436 6

19,680

5,508

52,848

197,926
343

35,769

1,875

30,220

7,875

327,881

32,738

3,026

5,383

213,461

2,212

7,565

2,289

390

13,706

15

15

6

15

6

2 7

6

1,118,186 19 7

Cumberland.

No. District or mine Quantities Value

tons cwts. £ s. d.

1 Bigrigg and Cleator Moor . 73,913 92,391

2 Birks .... 10,773 13,466 5

3 Cleator .... 69,183 86,478 16

4 Cropfield .... 63,068 78,835

5 Cropgill .... 36,370 46,562 10

6 Eskdale . 3,000 3.750

7 Eskett 26,760 33,450

8 James and John 8.520 10,660

9 James's Mine and New Pit 9,055 18 11.319

10 Eronington Parks 4,569 1 4,659 1

11 High House 20,090 17 25,112

12 Hodbarrow 211,771 264,713 18

13 Kelton and Knockmurton 14,435 18,044

14 Montreal . 241,048 301,310

15 Salter and Eskatt Park 103,000 128,760

16 Waterblear 600 600

17 Winder (1.) . 540 676

18 Winder (2.) 3,938 4,922 10

19 Woodend . 16,928 1 16,928 1

Sundries , 37,063 ...

Total of Cumberland iron ore . 054,605 9 1,178,416 17
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The following analyses of some carefully-selected samples of the haematite of the

carboniferous limestone are by Messrs. Dick and Spiller. {Memoirs of the Geological

Survey of Great Britain. The Iron Ores of Great Britain. Part I.)

LindaU Moor,
Cleator Moor Cleator Moor Ulverstone near

Peroxide of iron....
TJlverBtone

95-16 90-36 86-50 94-23

Protoxide of manganese 0-24 ' 010 0-21 0-23

Alumina ... 0-37 ... 0-51

lame 007 0-71 2-77 0-05

Magnesia ... 006 1-46 trace

Phosphoric acid.... trace trace trace trace

Sulphuric acid .... trace trace 0-11 0-09

Bisulphide of iron trace 0-06 ... 0-03

Water, hygroscopic . ... ... ... 0-39

,, combined ... ... ... 017
Insoluble residue 5-68 8-54 6-55 5-18

Carbonic acid ....
Total .

... ... 2-96 ...

101-15 100-20 100-56 100-88

Metallic iron .... 66-6 63-25 60-55 65-96

The carboniferous limestones of Derbyshire and Somersetshire also contain veins

and deposits of haematite, though of a quality not equal to those of Lancashire ; the

same ore is also met with in the Devonian series of Devon, West Somerset, and Com-
mill. See HEMATITE.
Brown Hematite.—Under this term are included the following minerals :

—

1. Turgite, of the composition 2Fe'0' +H0 -with 5*6 per cent, of water.

2. Gothite „ Fe'O'+HO „ 10-1

• „ 2Fe20' + 3HO
2. Gothite

Limonite 14-4

Of these minerals, the first also known as hydro-hcematite, resembles the ordinary

red haematite, giving a bright red streak, but decrepitates when heated. It has
hitherto been considered to be of rare occurrence ; but latterly it has been

generally recognised that the red ore of Bilbao is to a considerable extent of this

composition, and probably all hydrated ores giving a red as distinguished from a
brown streak may be referred here. Gothite is a finely-crystallised mineral, which
has been found at Kestormel in Cornwall in great abundance ; other varieties are

known as Lepidocrocite and StUpnosideriie.

Limonite includes all the massive and earthy varieties. The so-called hydrate of
iron is a calcareous brown haematite, occurring at the base of the Cheadle coal-field in

North Staffordshire. It is highly esteemed in South Staffordshire for making special

classes of pig-iron.

Brown haematites being in all cases produced by the alteration of other ores, their

quality is in great part determined by the composition of the mineral from which they
have been derived. Substantially they may be referred to the action of atmospheric
air and water upon two minerals—namely, carbonate of protoxide of iron, and iron

pyrites—and in a lesser degree they may be formed from magnetite or silicates

containing protoxide of iron. Beds of clay ironstone (argillaceous carbonate) are

usually altered at the siirface into an earthy brown haematite, and lodes of spathic

carbonate are at times changed to considerable depths into a similar substance, which
change in composition is often not attended -with any alteration of form, but the mass
becomes spongy in the interior, giving a free passage to the reducing gases in the

furnace, which renders them easily reducible ; a change that is further accelerated by
the fissuring produced by the expulsion of the confined water on heating. The great

brown iron ore lodes of Bilbao, which occur in cretaceous limestones, are supposed to

be likely to produce spathic ores when worked to greater depths.

The change of iron pyrites into brown iron ore is familiar to all miners under the
term of gozzan, where the pyritic contents of lodes have been changed to a red rusty
mass, which is taken as an indication of the presence of the sulphides of the more valu-

able metals in depth. These gozzans are not workable as iron ores, mainly from
the presence of quartz, and sulphides and arsenides of other metals. A very good
ore derived from the alteration of iron pyrites is shipped in considerable quantities
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from Santander, and masses of the original mineral may be found unchanged in the
centre of some of the larger masses.

When the original carbonate contains manganese, the derived brown ore will

generally be associated with pyrolusite or other highly-oxidised manganese ores,

forming an intimate mixture suitable for simultaneous reduction, with the production
of a highly manganesiferous pig-iron. Such ores are common in the Siogcu districts

of Rhenish Prussia, and in the neighbourhood of Carthagena in Spain, from which
latter locality they are largely exported to England, Belgium, and other parts of
Europe.
The largest developments of this class of ore in England are in the lower secondary

strata, where it is found at different horizons in- the oolitic rocks all through the
midland counties, from Wiltshire to Lincolnshire; the most important localities being
in Northamptonshire. As a rule these are of a low quality, containing not more than
35 per cent, of iron, with a considerable quantity of sand, and a high proportion of
phosphorus ; but from the low cost at which they can -be raised, being got in open
quarry workings, they are in great demand for mixing with the higher class but more
expensive ores of Wales and South Staffordshire, besides being largely smelted on the

spot.

In addition to the ordinary atmospheric action, the production of brown iron ores is

largely due to organic agency in the so-called bog- and lake-ores, which are produced
by the action of minute vegetable organisms {diatorns), on iron in solution in stagnating

waters. These ores are generally very impure, containing large quantities of sand
and a good deal of phosphorus ; bog-ore is usually found in irregular concretions,

forming at times connected beds, but more generally they are detached in swampy and
forest-ground at a short distance below the surface. The lake-ores which are found
in Sweden and Finland are entirely of organic origin ; they form small granular
or disc-like concretions, which are dredged up from the beds of lakes during the winter.

The formation goes on continuously, so that, after clearing the ground, a fresh deposit

of workable thickness is re-formed in about twenty years. The varying nature of
ores of this class will be seen from the following analyses :

—

Analyses of Brown Iron Oresfrom various sowi^ces.

Peroxide of iron

.

I- II. III. IV. V. VI. vn. VIII. IX.

90-05 89-76 59-05 52-83 52-86 67.69 62-59 27-93 25-50

Protoxide of iron ... ... ... ... ... ... ... 5-08

„ manganese 008 004 0-09 0-81 0-51 1-45 8-52 ... ...

Lime.... 0-06 0-49 0-25 14-61 7-46 0-47 ... 0-91 0-02

Alumina . ... 0-63 ... 7-39 4-18 ... 34-47 57-40

Magnesia . 0-20 0-40 0-28 5-70 0-68 0-23 ... 0-62 ...

Carbonic acid ... ... ... 18-14 ... ... ... ... ...

Phosphoric acid . 0-09 0-13 0-06 0-32 1-26 0-18 1-50 ... ...

Sulphuric acid . ... ... 0-09 0-28 006 ... trace ... ...

Silica. ... ... 34-40 ... 13-16 7-81 11-37 9-87 2-80

Water
Organic matter .

9-22 7-05 6-38 4-75

1-30

11-37
1 17-81 16-02 10-36 11-00

Insoluble residue

Metallic iron

\'oi 2-*57 ... 0-04 ... ... ... ... ...

• 63-04 62-86 41-34 36-98 37-00 47-32 43-82 ... ...

I. Black brush ore ; II. Smith ore—Forest of Dean. III. Llantrissant.ore. IV. FroRhall calcareous
ore, or 'Hydrate of iron.' V. Northampton ore, from the infe rior oolite, "Wellingborough.
VI. Lake ore, from Platen, Wermland. Sweden. VII. Bosr iron ore , from Linpen, in East Fries-

land. VIII. Belfast aluminous ore, containing in addition '6'bl of titanioacid. IX. Bauxite, from
Baux, in the south of Frana , with 3-10 of titanic acid.

A special class of brown iron ores has of late become of considerable importance.

These are the aluminous ores, consisting essentially of mixtures of hydrated peroxide

of iron and alumina. The proportion of iron varies considerably, but they are valued

chiefly for the alumina, on account of its fluxing power, being used to prevent the

reduction of silica and the formation of extra siliciferous iron when smelting haematite

containing quartz. These ores are known as • Belfast aluminous ores,' from their oc-

currence in the county of Antrim ; and by the mineralogical name of Bauxite, from the

locality in the south of France where it was first discovered. A yet more aluminous

variety is obtained in Carniola. The Irish ore occxrrs in a thin irregular bed of con-
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cretionary pisolitic structure, interstratified in tlio great mass of basalt covering the

whole of the county of Antrim north of Belfast.

Passing east from Slievananee, the iron-beds are worked from the face of the

basaltic escarpment overhanging Milltown, Red Bay, at the entrance of GlenaritF

Glen. The beds dip west about 6°, and are about 200 feet above the upper limit

of the White Limestone. Fiirther to the east the iron-band has been traced to near

Garron Point. Two miles to the west of Carnlough the ferruginous series is seen at

a height of 600 feet above the sea-level, dipping at an angle of about 40° E. magnetic.

The matrix of the pisolitic ore, 22 inches in thickness, is of a bright vermilion-red

colour, becoming browner as it passes downward ; it then passes into a friable

yellowish ochre, 4^- feet thick, which, in its turn, graduates into a blue lithomarge 35

feet thick. Overlying the pisolitic ore is a semi-prismatic basalt, the columns of

which are perpendicular, and consequently include with the underlying strata an angle

of 50°.

Other outcrops are worked at Ballyvaddy and Tully, near Glenarm, and at Ante-
ville, Kilwaughter, and Shane's Hill, near Larne.

The following Table of analyses of the pisolite ores of Antrim is from Messrs. Tate
and Holden's paper, published m the * Quarterly Journal of the Geolpgical, Society '

:

—

LitJiomarge is an aluminous mineral found in Ireland, with the Antrim ore.

u
-2 s s 1

Names of mines •

1 ^ 1
t

a C

Peroxide of iron....
\4 H K rt m

45-00 45-50 59-40 77-22 7100 81-50

Protoxide of iron ... ... ... ... 18-00

Oxide of manganese . trace trace ... ... trace 2-57

Titanic acid. r 2-00
}•••Vanadic acid

trace ... trace

Alumina, soluble in acids

„ insoluble
136-44

3-00

1
32-50 1 2-80 ... ... 4-20

C.M. r insoluble
^'^'^\ soluble . .

3-50

0-50 1 10-40 20-65 9-00 8-50

Magnesia . 2-44 ... ...

Lime .... 0-56 0-35 •93

Water of combination . 18-00 12-65 8-40 2-13 ... 1-96

Percentage of metallic iron . 31-50 31-85 41-58 54-05 63-70 65-20

d d c a c
g S '%

Analyst . , a 1 <1
1 w

o O o o p
l-J i-s fi >-i T-S Ph

Silica .

Alumina.
Peroxide of iron

Lime
Magnesia
Sulphide of iron

Soda .

Potash .

Water .

I.

Basalt
II.

Basalt
III.

Lithomarge
IV.
Ochre

V.
Bole

: }

39-72

14-32

27-87

4-15

400

9-94

53-70

25-41

8-95

4-55

trace

1 4-30

49-75
29-88

6-61

0-43

1-47

6-35

4-48

56-40

3-46

24-14

0-90

15-l'o

30-88

2076
26-16

2-60

19-60

I. Slieve Gallion ; Dr
IV. Drumrankin, ne

. Apjohn. II
ar BaUymena

;

Antrim ; Professor He
Dr. Apjohn. V. Bole

)dges. III. Li
Germany.

thomarge

;

Germany.



926 IRON

* There can be no doubt that the lithomargo and bole alternatiug with compact
basalts are but decomposed basalts. The passage from basalt to lithomargo and bole
can be traced in all cases ; not unfrequently large masses of basalt are to bo seen in

the midst of the lithomargo, the concentric layers presenting all the varieties of
texture and colour between the hard and black basalt of the interior and the purple
or yellowish argillaceous masses in which the basalt appears to be imbedded. Again,
the boles often contain cavities filled with the ordinary zeolites of the amygdaloid
basalts.

' Observations in the field and the preceding comparative analyses go far to prove
that the bole and lithomargo are the resultants of aqueous action in combination with
acidulated gases, which, dissolving out certain mineral substances, has effected the
decomposition of the basalts, especially of the more felspathic ones.'

—

Tate and
Holdcn.

The following is a series of analyses of Forest of Dean ores, by Dr. Noad :—

"Wat^r .

I. II. m. IV. V.

3-16 6-80 2-90 2-11 7-70

Garb, lime 27-00 25-50 39-60 14-10 18-40

„ magnesia 15-00 18-30 25-00 17-10 18-80

Oxide manganese ... ... ... ... 0-20

Peroxide of iron 40-80 38-10 29-00 69-70 36-62

Alumina . 6-00 3-60 ... 1-89 ...

Sulphuric acid . traces traces traces traces traces

Phosphoric acid traces traces traces 0-20 0-30

Insoluble residue 8-84 8-70 3-50 610 1800

100-80 100-00 100-00 100-26 100-02

This brown iron ore is also found at Alston Moor and Weardale, Durham, but is only

used to a limited extent on account of its association with lead and zinc. It occurs at

Llantrissant, near Cardiff; in many parts of Devon, especially at Smallacombe, near

Newton Abbot ; and at Sharkam Point, near Brixham. It has also been recently found
at Poltimore, near South Molton, in Devonshire, much of it containing considerable

quantities of manganese. In Cornwall the brown haematite is worked at Restormel,

near Lostwithiel; at several places around St. Austell; in Constantino; and other parts.

Some of the brown haematites contain a large percentage of manganese. Their

general composition is illustrated in the following analyses {Dr. Noad)

:

—

I. II. III. IV.

Water . .

Oxide of manganese
Lime

.

Magnesia .

Alumina .

Peroxide of iron

Sulphuric acid .

Phosphoric acid .

Insoluble residue

12-86

3-08

1-72

1-20

68-57
0-11

1-01

12-00

12-80

9-60

1-10

0-92

68-46

0-11

1-02

9-50

12-40

8-80

r-*2o

1-20

67-77

010
1-12

8-80

13-20

11-20

1-08

1-04

66-98

0096
1-054

11-200

100-64 101-20 99-79 100-86

The brown iron ores of the secondary formations have of late years assumed

considerable importance. In the Lias, the Oolite, and in the Lower Greousand for-

mations, brown haematites (that is, hydrated oxides of iron), generally impure and

sandy, are found. They range almost continuously from the northern parts of Wilt-

shire to the wolds of Yorkshire, passing through Oxfordshire, Northamptonshire, and

Lincolnshire, appearing as an ochreous brown oolitic rock. The most imporr^mt bed

is that occurring in the lower part of the great oolite, from the neighbourhood of

Banbury through Northamptonshire. The extent of the workings in Northampton-
shire will bo best judged of by the following details of the quantities of iron ore

produced from the mines of Northamptonshire in 1872 :

—
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No. District or mine

Blisworth .

Brixworth (Denby) .

Castle Dykes (Stowe)

Cogenhoe
Duston, Northampton
Duston
Gayton
Wellingborough ,

Glendon .

Finedon . . .

Btirton

Gayton
Chapter Lands, IrtUingbord

Islip, Thrapstone

Ditto

Newbridge {Twywell)

East End, Wellingboro'

Woodford .

Eingstead . ,

Irchester .

Total of Northamptonshire

Quantity

J

}

tons

83,514

10,850

1,500

25,000

63,703

87,019,

33,961

149,953

cwts.

7

3

98,148 10

114,868 11

35,700

70,000
65,914

73,502
43,498

46,961

15
1

1,004,093 7

Value

£ s. il

31,317 15

4,168 15

562 10

9,357

23,889

32,632

12,735

56,232

36,805 10

43,074

13,387 10

26,250

24,715 15

27,563 5

16,311 15

18,735

377,736 15

In some places the Northamptonshire ore appears to be the result of an alteration

of an argillaceous carbonate, similar to the Cleveland ore.

The importance of the iron ores of Yorkshire (North Biding or Cleveland District)

will be shown by the production of Cleveland ore in 1872.

No. District or mine Quantities Value

1

2

3

4

5

6

7

8

9

10
11

12

13

14

Upleatham .

Ditto {Hob Hill)

Lofthouse

Liverton

Normanby .

Cliflf (Brotton)

Skelton (Guisbro')

Port Mulgrave
Belmont
Spa or Margrave Park
Spa Wood (Guisbro')

Eskdale side

.

Huntcliffe {Brotton)

Brotton
While seventeen mines

the inspector of mines

made
J of

returns to

•

tons cwts.

588,031

273,548

432,455

266,236
254,272 7

111,820
166,419 9

141,525

181,068 8

35,933 19

63,393 19

30,339

180,473 6

392,783 12

2,156,650

£ s. d.

1,056,862

806,219

Total of CIeveland . 4,974,950 1,863,081

The following are the quantities of brovn haematite -which have been produced since

1868:—

1868 1869 1870 1871 1872 ]

Tons Tons Tons Tons Tons
\

Cornwall ..... 8,310 4,619 11,214 21,947 48,190'

Devonshire .... 11,105 6,399 10,193 14,124 29,361;

Somersetshire .... ... 626 2,110 2,645 2,000
Gloucestershire (Forest of Dean) 160,722 165,250 168,254 199,111 180.271^

Frampton Cotterell . 6,566 6,773 15,249 8,487 9,20 L,

Wiltshire . . 75,084 104,795 101,423 159,894 96.1171
Northamptonshire 449,116 540,259 761,248 779,314 1,004,093:
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1868 1869 1870 1871 1872

Tons Tons Tons Tons Tons
Oxfordshire .... ... 10,167 38,803 28,330 63,536

Lincolnshire .... 205,699 253,024 248,329 290,673 318,802
Staffordshire (Churnet Valley) . 76,995 72,851 62,882 87,830 110,458
North Wales .... 500 62 100 4,730

South Wales .... 83,835 82,871 107,326 83,824 72,965
Isle of Man .... 220 1,291 ... ... ...

Ireland ••• — 70,600 107,734 146,550

The Yorkshire ores occupying a somewhat uncertain position are placed with the

argillaceous carbonates, p. 930.

The iron ores of Lincolnshire—which are placed by Mr. Judd in the greensand or

lower cretaceous formation (the neocomian of D'Orbigny)—are thus described by him :

—

'The existence in this district (the neighbourhood of Claxby) of fragments of

iron-slag, calcined ore, and charcoal, associated with Roman pottery, indicates that

tliese ores were known and worked at a very early period.
* The only ironstone in this district (between Claxby and Nettleton) which is now

sufficiently rich to repay the working, is a rock almost entirely made up of small and
beautifully-polished oolitic grains of hydrated peroxide of iron. The earthy material,

full of large concretionary masses of ironstone, which was at first thought to be

equally valuable, is found to yield so small ah average percentage of iron, that it is

not worked. The oolitic ironstone rock is crowded with fossils, the shells of the

gigantic Pecten cinctus being especially abundant. It also frequently exhibits veins

of beautifully-crystallised calcspar. The ore is thus an eminently calcareous one : it

3'ields on analysis from 28 to 33 per cent, of metallic iron.
' The useful bed of ironstone averages 6 feet 6 inches in thickness. It is mined by

means of adits driven into the face of the hill.'

—

Quarterly Journal of the Geological

Society, 1870.

In 1872, 62,653 tons were raised at Claxby; while at Troddingham, near Brigg,

256,149 tons were produced.

Carbonate of iron ; Sparry iron ; Spathose iron ; Spathic iron ; Sph/Brosiderite ;

Spatheisenstein.—This important species has been divided into two varieties ; spathose

iron proper, and the compact carbonate, the day-ironstone of the coal-formation.

Sparry iron appears to range through nearly the same series of formations as the

anhydrous haematites : it occurs in beds and masses often of immense extent, especially

in Styria and Carinthia. In the Erzberg, near Eisenerz in Styria, it rests on gneiss,

and is wrought in an open quarry. The Stahlberg and Momel, near Schmalkald, the

vicinity of Siegen, and Miisen in Westphalia, show similar extensive masses ; whilst

in Anhalt and the Hartz it forms large veins in grejrvvacke or in Devonian limestone.

Other very extensive deposits of this ore are found in the Pyrenees, and the Basque

provinces of Spain, as near Bilbao ; and at Pacho near Bogota in New Granada.

Most of these localities yield fine crystals ; and these also occur in metallic veins at

Joachimsthal in Bohemia, Freiberg in Saxony, Olausthal in the Hartz, Beeralston in

Devonshire, Alston Moor in Cumberland, and in many of the mines of Cornwall,

where the rare hexagonal prisms have been found. In England the crystalline carbonate

of iron occurs in the Devonians of South Somersetsliiro and North Devon. It exists

in numerous lodes upon Exmoor, although they have been but partially worked. On
the Brendon and Eisen hills there have been mines for several years, those mines

producing in 1872, 27,913 tons. At Perranzabuloe in Cornwall an immense deposit of

spathose iron exists, and is now (1874) being worked to a considerable extent, a

railway having been constructed to carry the ore to the southern ports. It is also

found in the carboniferous limestones of Northumberland and Durliam, especially in

Weardale, which district produced in 1872, 97,953 tons.

The specific gravity of sparry carbonate of iron varies from 3*00 to 3*67. Its

primitive form is, like that of carbonate of lime, an obtuse rhombohcdron. Witliout

changing this form, its crystals are susceptible of containing variable quantities of

carbonate of lime, till it passes wholly into this mineral. When heated before the

blowpipe, it turns brown without melting, and becomes attractiible by the magnet
after being slightly heated in the flame of a candle. Even by a short exposure to the

air after its extraction from the mine, it also assumes the same brown tint, but with-

out acquiring the magnetic quality ; after long exposure to the air it becomes wholly

converted into hydrated hjematite.

The variations in composition of this important mineral are shown in the following

analyses :

—
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Protoxide of iron

Sesquioxide of iron

Protoxide ofmanganese
Magnesia .

Lime ....
Carbonic acid

Steinheim,
Hanau

Rancid,
Pyrenees

MUsen,
Siegen

Ehrenfrie-
dersdorf

Henry,
Somerset-

shire

Noad,
Somerset-

Bliire

63-75

0-75

0-25

traces

34-00

63-50

6-60

0-70

39-20

43-59

17-87

0-08

0-24

38-22

36-81

25-31

38-36

87-33

8-52

12-66

4-52

traces

35-80

62-56

4-82

2-41

1-26

38-68

98-76 99-90 100-00 100-47 98-82 99-72

Spathic ores vary very much in appearance according to the. amount of manganesQ
present ; the richest, such as those of Siegen, are coarsely crystalline "vvith curved

cleavage faces of a pearly lustre; while the Styrian, which contains but little mian-

ganese, although otherwise very pure, is of a dull granular fracture. The Cornish

ore from Perran is also very dull and unlike the crystalline mineral.

Coal'ineasure iron stones.—The compact carbonate of iron has no relation ex-

ternally with the sparry variety. It comprehends most of the clay-ironstones, parti-

cularly those which occur in flattened spheroidal masses of various sizes among the

coal-measures. The colour of this ore is often a yellowish brown, reddish grey, or a
dirty brick-red. Its fracture is close grained, it is easily scratched, and gives a yellow-

ish brown or grey powder. It adheres to the tongue, has an odour slightly argillaceous

when breathed upon ; blackens at the blowpipe without melting, and becomes attract-

able by the magnet after calcination. The ironstones of the coal-formation admit of

a natm-al division into two great classes, viz. the argillaceous, and the hlaclchand or

carbonaceotis. The earthy or lithoid carbonates occur in some regions in the upper
limestone shales, and they extend upwards through the coal-measures proper towards
their higher limits ; they likewise occur in extensive beds in the Jtirassic formation,

particularly in Ni.rth Yorkshire ; near the upper limit of the Lias, or base of the

oolites proper ; and again higher, as nodules and perhaps as beds, in the middle oolites,

or Oxford clays. They are also found extensively as courses of nodules in the

Wealden series, and as beds in the Greensand. When these grey carbonates contain

lime in abundance, and when clay is not largely present, they are sometimes changed
by atmospheric influences into hydrated haematites ; in Northamptonshire, for example,

and widely in France. The only great coal-fields in Great Britain in which these

ores do not occur in sufficient abundance to form the basis of a large production of
iron, are those of Northumberland and Durham, and of Lancashire. The great im-
portance of the argillaceous and blackband ironstones of our coal-fields is clearly

shown by the fact, that they supply a very large proportion of the entire iron produced
{Blackwell). They vary considerably in their percentage of iron, which is generally

not more than 30 to 33 per cent., but occasionally ranges as high as 40 per cent.

They are rarely used when they contain less than 25 per cent. The varying pro-
portions of iron, silica, and alumina which they contain is shown in the subjoined
analyses of the ore from different localities :

—

Berthier

Bressac Aveyron St. Etienne

I. n. in.
Water
Carbonic acid 35-50 28-90 38-4
Protoxide of iron .... 35-00 64-20 41-8

„ manganese 0-30 1-10 4-1

Lime 0-30 0-2

Magnesia 1-60 0-90 0-3

Silica 26-50 12-80 12-3

Alumina 11-80 1-80 3-2

Peroxide of iron

Sulphuric acid ^. ,
. . ,

Phosphoric acid
^^ ^iermined . ... ... ...

100-70 100-00 100-30

Vol. II. ;{Q
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Scotch varieties Dr. Colquhoun

Carbonic acid .... IV.
32-53

V.
30-76

VI.

3617
VII.

33-10
Protoxide of iron 35-22 38-80 63-03 47-33

„ manganese
Lime.... ... 0-07 013

8-62 6-30 3-33 2-00
Magnesia . 519 6-70 1-77 2-20
Sihca. 9-56 10-87 1-40 6-63
Alumina . 5-34 6-20 0-68 4-30
Peroxide of iron

.

1-16 0-33 0-23 0-33
Carbon 2-13 1-87 3-03 1-70
Sulphur 0-62 0-16 0-02 0-22

100-37 101-00 98-61 97-94

Dr. Noad
Welsh varieties

Red vein Red vein pin Soap vein Black pin

vni. IX. X. XI.
Silica 8-31 16-40 9-64 12-00
Alumina (insoluble) 3-13 5-00 4-46 4-00
Carbonate of iron 73-79 57-99 77-34 71-70
Oxide of manganese -92 -64 •63 1-42
Carbonate of :ime 2-95 3-45 2-64

magnesi 3-80 8-58 •90 4-23
Alumina (soluble) 2-62 3-52 2-50 1-16
Phosphoric acid . •53 •75 •57 •48

Sulphuric acid . traces traces traces traces
Bisulphide of iron

.
-17 •24 •19 traces

Potash •48 •45 •53 •49

Organic matter and water . 2'36 2-34 2-24 1-64

MetAllic iron .

98-96 98-36 98-80 99-74

36-62 28-00 37-3 34-6

Mr. Crowder |

Cleveland ironstones
Easton Nab main scam) Button I<ow Cross

xn. XIIl. XIV. XV.
Silica. ..... 11-95 7-65 16-65 16-65

Peroxide of iron 6-73 1-20 ... 1-80

Protoxide of iron ,
39-05 43-35 37-41 35-75

Alumina . 13-83 9-88 9-86 4-95

Lime .
2-52 0-58 3-08 7-39

Magnesia . 2-72 5-35 trace 2-98

Sulphur trace 0-09 trace trace

Phosphoric acid 1-02 3-87 0^67 6-06

Carbonic acid 16-38 22-36 26-32 23-47

Water 5-80 5-07 6-11 4-89

100-00 100-00 100-00 100-00

Blackband, from the neighbourhood of Poatypool, South Wales Dr. Noad

XVI. xvn.
Carbonaceous t natter . 15-00 13-42

Carbonate of iron . 61-00 64-44

„ magnesia . . • ... . 10-90 13 64

„ lime

-

13-20 8-60

100-00 100-00

Iron pe t cent.

.

29-6 3M
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The coal-measnro ironstones, for the five years ending 1872, were produced in these
Islands as follow :

—

ArgiUaceous Carbonate, including BlacMand.

1868 1869 1870 1871 1872

tons tons tons tons tons

Somersetshire .... 4,625 3,146 3,036 2,673 1,000

Shropshire 278,641 318,483 337,627 415,972 408,426

Warwickshire .... 14,795 15,000 17,600 34,075 43,376

Staffordshire, North . 709,796 600,000 847,252 976,250 361,603

Staffordshire, South . 340,578 350,000 450,000 706,666 641,960

Derbyshire .... 368,440 352,072 384,865 492,973 307,183

Northumberland and Durham . 125,000 129,600 125,000 203,948 197,963

Yorkshire

:

WestEiding .... 785,629 230,906 307,717 407,997 466,305

Cleveland .... 2,785,307 3,094,677 4,072,888 4,681,901 4,974,950

North Wales . . . . 36,813 33,431 59,140 51,887 23,045

South Wales . . . . 628,855 622,130 462,729 884,890 1,174,629

Scotland 1,250,000 1,960,000 3,500,000 3,300,000 3,270,000

Ireland 27,169 48,804 9,768 ... 30,000

Total Iron Ore produce of the United Kingdom in 1872.

Counties, &c. Quantities Value

tons cwts. & s. d.

Cornwall . 48,199 19 27,033 11 8

Devonshire . 29,361 15,524 2
Somersetshire 30,913 8 30,163 8

Gloucestershire 199,453 5 149,588
Wiltshire . 96,117 10 36,168

Oxfordshire . 63,636 47,652
Northamptonshire 1,004,093 7 377,736 15

Lincolnshire . 318,802 79,675
Shropshire . 408,425 163,669

Warwickshire 43,375 16,246

Staffordshire, North 361,603 216,961

Staffordshire, South ,• 641,950 420,135
Derbyshire . 307,183 184,308 8

Lancashire , 852,064 12 1,063,186 19

Cumberland . , , 917,452 1,141,416 17

r,^..{^^
:

4,974,950 10 1,863,081

466,305 174,864

Northumberland and Durham 97,953 13 36,730
North Wales.... 27,775 19,710

South Wales and Monmouthshire 1,247,594 744,465 12
Isle of Man .... 994 6 497 6

Scotland .... 3,270,000 817,600
Ireland • 176,550 3 158,562 10

Total iron ore production of the United King-
dom 15,584,857 2 7,774,874 3 9

Titanate of iron ; Titanitic iron ; Bmenite.—This variety occurs in various forma-
tions, as in the miascite of the Ilmen mountains ; in talc, with dolomite, at G-astein in

Salzburg ; in the zircon-syenite at Egersund in Southern Norway ; and in gneiss, with
magnetic iron ore, at Tvedestrand, and Krageroe, near Arendal ; and in enormous
quantities in the Upper Laurentian or Labrador series of the lower St. Lawrence Valley,

and Labrador in Canada, with hypersthene and rutile in Labradorite gneiss, the so-

called norite rock. The sand produced from the waste of these rocks produces the
titaniferous iron sands, which are treated in the American bloomary. Its chemical

3o2



932 IRON

composition is a titantite of protoxide of iron and magnesia in variable proportions,

with peroxide of iron or magnetite ; its value as an iron ore depends upon the pre-

dominance of the latter components. Titaniferous ores, when not containing more
tlian 8 per cent, of titanium, may be treated advantageously, as they yield good iron

from the absence of sulphur and phosphorus ; but with larger proportion of titanium
they become too refractory, and require too much flux to be smelted alone, the propor-
tion of fuel required being greatly increased.

History ofIron-Smelting.—There is abundance of evidence that iron was well known
in the early ages, and was applied to various useful purposes. The earliest method of
working the furnace where ores wore smelted seems to have been by exposing them to the
wind : the furnaces, perforated with holes, were built on eminences, and could only be
worked when there was a strong breeze ; the fire was regulated by opening and shutting

the apertures. Mungo Park gives, in his 'Travels in Africa,' the following interesting

account of an iron-smelting operation in Kamalia, at which he himself assisted : • The
ironstone was broken into pieces the size of a hen's egg ; a bundle of dry wood was first

put into the furnace, and covered with a considerable quantity of charcoal ; over this

was laid a stratum of ironstone, and then another of charcoal, and so on until the fur-

nace was quite full. The furnace was a circular tower of clay, about 10 feet in height
and 3 in diameter, surrounded in two places with withes, to prevent the clay from
cracking and falling to pieces by the violence of the heat. Bound the lower part, on a
level with the ground, but not so low as the bottom of the furnace, which was somewhat
concave, were made seven openings, into each of which were placed three tubes of clay,

and the openings again plastered up in such a manner that no air could enter the fur-

nace but through the tubes, by the opening and shutting of which the fire was regulated.

The fire was applied through one of the tubes, and blown for some time with bellows
made of goat's skin. The operation went on very slowly at first, and it was some hours
before the flame appeared above the furnace ; but after this it burnt with great violence

all the first night, and the people who attended put in at times more charcoal. On
the day following the fire was not so fierce, and on the second night some of the tubes
were withdrawn, and the air allowed to have free access to the furnace ; but the heat
was still very great, and a bluish flame rose some feet above the top of the ftirnace.

On the third day from the commencement of the operation all the tubes were taken
out, the ends of many of them being vitrified with the heat, but the metal was
not removed until some days afterwards, when the whole was perfectly cool

;
part

of the furnace was then taken down, and the iron appeared in the form of a large

irregular mass, with pieces of charcoal adhering to it. It was sonorous, and when
any portion was broken off, the fracture exhibited a granulated appearance like broken
steel.'

That the iron ores of Monmouthshire and Gloucestershire were extensively worked
by the Eomans during the period of their reign in Britain is certain, from the immense
beds of iron cinders that have been discovered in the Forest of Dean ; it is probable

that Bath was the principal seat of their foundries; relics of their operations, in the

form of cinders and coins, have likewise been discovered in Yorkshire and in other

counties. During the reign of William the Conqueror, Gloucester was the city where
the trade of forging iron was chiefly carried on, the Forest of Dean supplying the

ores. It is uncertain when the art of casting was first discovered ; cannon are

supposed to have been fiirst used in England by Edward III., who used them in

his invasion of Scotland in 1327, at Cressy, and at the siege of Calais in 1346.

These cannons were not, however, cast, but were constructed on the same prin-

ciples as coopers construct their barrels ; a number of iron bars, fitting as close as

possible to each other, were arranged round a cylinder of wood, and were then bound
together by strong iron hoops ; the wood being driven out, there remained an iron

pipe which formed the barrel. This mode was superseded by ceutiing the cannon of

bronze.

During the 14th and 15th centuries, iron and steel were imported into this country

from Germany, Prussia, and other places, and also iron from Spain ; but as several

improvements in the manufacture has taken place in the course of this period in

England, laws were made towards the conclusion of the 16th century, prohibiting the

importation of any of the articles manufactured in this country in iron and steel.

During the reign of Elizabeth, the consumption of charcoal by the iron furnaces was
BO great, that it was deemed necessary to enact laws to prohibit the erection of new
furnaces, and to prevent the felling of timber for fuel

;
persons interested in the

manufacture of iron were consequently compelled to turn their attention to the finding

of some substitute for charcoal, and in the reign of James I. and Charles I, many
attempts were made to smelt iron with pit-coal, but without success ; the consequence

"was the entire abandonment of iron-making in many parts of the country, and a great
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decrease in the manufacture in others ; so complete indeed was the failure of all the

experiments made to substitute pit-coal for charcoal, that all attempts -wrere abandoned

till the early part of the next century, when pit-coal was first used (1713) by Mr.

Abraham Darby in his furnace at Colebrook Dale ; and in the 44th volume of the

Philosophical Transactions, published in 1747, it is stated, that 'Mr. Ford, from iron

and coal, both got in the same Dale (Colebrook), makes iron brittle or tough as ho

pleases, there being cannon thus cast so soft, as to bear turning like soft iron.' Not-

withstanding, however, the establishment of the fact that iron ore could be smelted,

and iron manufactured with pit-coal, and although great efforts were made, by
increasing the column of blast by the substitution of steam-power for that of

horses and human labour, there appears to have been a steady and progressive

diminution in the quantity of iron produced in this country ; and recourse was had to

foreign markets, particularly to those of Sweden and Kussia, for the necessary and
increasing demand. Thus, the imports of iron between the years 1711 and 1776 were

as follow :

—

Tons

1711 to 1718 15,642

1729 „ 1735 25,601

1750 „ 1755 . . 34,072

1761 ,,1766 48,980

In 1740 there were only 59 blast-furnaces in work in England and Wales, the total

make of which amounted to not more than 17,350 tons, being an average of 294 tons

per annum for each furnace, a quantity very little exceeding that sometimes made in

a single week in some of the furnaces in Wales at the present day.

The earliest contrivance for throwing a powerful and constant blast into the furnace

was a forcing pump, worked by a water-wheel or by a steam-engine ; and it appears

that the first cylinders, at least of any magnitude, were erected at the celebrated

Carron Iron Works in the year 1760 by Mr. John Smeaton. These cylinders were

four feet six inches in diameter, exactly fitted with a piston, moved up and down by
means of a water-wheel ; in the bottom of the cylinder was a large valve, like that

of a bellows, which rose as the piston was lifted up, and thus admitted the air into the

cavity of the cylinder below. Immediately above the bottom was a tube which went
to the furnace, and as it proceeded from the cylinder, was furnished with a valve

opening outwards. Thus when the piston was drawn up, the valve in the bottom
rose and admitted the air that way into the cylinder, while the lateral valve shut, and
prevented any air from getting into it through the pipe. When the piston was thrust

down, the valve in the bottom closed, while the air, being compressed in the cavity of

the cylinder, was violently forced out through the lateral tube into the furnace. There
were four of these large cylinders applied to blow the furnace, and so contrived, that

the stroke of the pistons, being made alternately, produced an almost uninterrupted

blast. A large column of air, of triple or quadruple density, was thus obtained, and
effects equivalent to these great improvements followed. The same furnace that

formerly yielded ten and twelve tons weekly, now sometimes produced forty tons in

the same period, and on the average in one year 1,500 tons of metal (Scrivenor) ; and
such was the impulse given to the trade by this unexpected success of a powerful blast

with pit-coal, that in 1788 the manufacture of pig-iron in England, Wales and Scotland,

amounted to 68,300 tons, being an increase of 50,950 tons on the quantity manufactured

previous to the introduction of pit-coal.

A new era in the history of ^e iron manufacture may be considered to have been

established in 1788-90, by the introduction of the double power-engine of James
Watt, the regular and increased effects of which powerful machine was soon felt

in most of the iron districts ; the proprietors of furnaces greatly increased their make,
and fresh capital was embarked in the trade ; in the short period of eight years the

manufacture of pig-iron was nearly double, being in the year 1796 (according to the

return sent to the Chairman of the Committee of the House of Commons, on the sub-

ject of the coal trade, when Mr. Pitt had in contemplation to add to the revenue by
a tax upon coal at the pit-mouth) 125,079 tons from 121 furnaces—104 English and
Welsh, and 17 Scotch ; the English and Welsh furnaces producing an average of 1,048

tons each per annum, and the Scotch furnaces 946 tons. In 1806, the number of

furnaces in blast in Great Britain was 173, and the make 258,206 tons of pig-iron,

being an increase in ten years of 133,127 tons per annum; of these 162 were coke-

furnaces, the average produce of each of which had risen to 1,546 tons. In this year
great excitement existed in the iron trade, in consequence of the proposal of Lord
Henry Petty to levy, as a war-tax, a duty of 405. ^qv ton on pig-iron ; he introduced

a bill into the House of Commons having this object, and succeeded in carrying it,
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notwithstanding a powerful opposition, by a majority of ten mombors; tho measure
was however abandoned.

In France in 1801, the quantity of cast-iron produced amounted to 140,000 tons,

from 550 blast-furnaces, of which only one (that of Creusot) was worked with coke.

In 1809 a description of the English process of making iron was published by Order
of Council, by M. do Bonnard (an engineer of mines) ; another engineer of mines
(M. de Gallois), after having passed several months in England, established at St.

Etienne the second blast-furnace in Franco, wherein the minerals were treated in tho
same manner as tho English, and in which coke was employed ; but the difficulties

he had to encounter proved a bar to his success, and ho is said to have died prema-
turely from tho grief and trouble which tho enterprise occasioned him (Scrivenor).

The employment of pit-coal in the manufacture of iron received a very slow develop-

ment in France, for in 1818 the quantity of cast iron made with coke was very small,

and no wrought iron was prepared with pit-coal ; in 1824 not more than 3,000 tons of

cast iron were made with coke, but in 1828 it had risen to 17,000 tons. Though this

did not amount to a tenth of tho whole produce, nevertheless the quantity of bars made
with pit-coal amounted in this year to 48,000 tons, being nearly one-third of the total

manufacture of wrought iron.

Theory of Iron Smelting—The production of metallic iron from its ores is efiected

by exposing the ore at a suitable temperature to tho action of a reducing gas, such as

hydrogen, carburetted hydrogen, or carbonic oxide ; the first of these is employed in

the laboratory, but for practical purposes only the latter can be used. If the reduc-

tion is effected at a comparatively low heat such as a dull redness, the product is a
dark grey powder which is stable if kept out of contact with tho air, but which burns
when shaken out into the air at ordinary temperatures, and still more brilliantly in

oxygen, forming the so-called pyrophoric iron. This substance is only of interest as

a pharmaceutical product {Ferrum reductum). The reduction by carbonic oxide is

effected in all cases where the ore is exposed to tho gases arising from the combustion

of carbonaceous matter, whether the fuel be burnt separately, as in reverberatory gas

or cementation furnaces, or in contact with ore, as in the various forms of blast-fur-

nace. The simplest cases which can occur under these circumstances are represented

by the following equations :

—

I. With hydrogen as the reducing agent Fe^O" + 3H = 2Fe + 3H0
n. „ carbonic oxide „ „ Fe20'» + 2CO = 2Fe + 2C02

The products vary : in the first case, two equivalents of iron and three of water, and
in the second two equivalents of carbonic acid to the same quantity of iron for each

equivalent of peroxide of iron. Such a result cannot, however, be got on the large

scale, from the fact that finely-divided metallic iron when exposed to a high tempera-

ture in contact with carbon either in the solid or gaseous form takes up a proportion

of the latter substances, forming carbonised compounds, which are known as malleable

iron, steel, and cast iron, according to the amount present. In the first case, the amount
is very small, not exceeding a few thousandths of an unit per cent. ; but the presence of

carbon may be verified by the production of fetid hydrogen gas, owing to tho presence of

volatile hydrogen-carbons when even the finest and softest wrought iron is dissolved

in an acid. Steel contains from about 0*10 to about 2 per cent, of carbon. When
the proportion exceeds 2 per cent., and it may in some cases reach as high as 6 per

cent., the product is known as cast iron.

In addition to carbon, iron is found on the large scale to contain other substances

;

the most important of these in modifying its physical properties are silicon, phosphorus,

and sulphur. These aro derived from tho impurities of the ore
;
quartz, phosphate of

lime, and some metallic sulphide, being almost invariably present in tho minerals

treated on the large scale, and a proportion of these substances is certain to bo reduced

if the conditions of temperature and exposure be favourable ; silica, under the action of

carbon in the presence of iron, being readily reducible in almost any proportion, ac-

cording to the temperature ; thus, at a very high heat as much as 22 per cent, of silicon

may bo combined with iron
;

practically, however, nothing like as much can bo ob-

tained ; about 6 per cent, may be regarded as a maximum. When phosphate of lime

is present in tho ore under tlie ordinary condition of reduction in tho blast-furnaco,

almost the whole of tho phosphorus is obtained in the iron. Sulphur is obtained in

like manner from metallic sulphides.

Of the alloys of iron with other metals there is only one of any practical import-

ance, namely, that with the allied metal manganese, which may combine with it in

all proportions up to about 30 per cent. Copper, when present in iron, even in minute
quantity modifies its properties in a marked and prejudicial manner, but there is no
proof of these two metals actually combining.
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The earthy and foreign substances, besides modifying the quality of the iron, by

their partial reduction play another and more important part in the economy of iron-

smelting in procuringthe so-called slag, cinder, or scoriae, that is a fusible product usually

more or loss glassy, which is formed by the addition of appropriate solvents or fluxes,

in order that the otherwise infusible earthy matters such as quartz, sand, clay, at

present in the ore, and the ash of the fuel may be separated
_
and removed from

the reduced metal, which would otherwise be incapable of coalescing into a connected

mass, whether by fusion or otherwise. These flxixes, according to the nature of the

process, may be either lime, magnesia or other alkaline bases, alumina, or in some

cases the oxides of iron or manganese. The heat required for this operation is

very considerable, and requires a considerable consumption of fuel above that

necessary for the reduction and fusion of the metal. A further and still larger

source of expenditure of heat is due to the fact that when the carbonic acid produced

in the reduction of the ore is exposed to carbon at a high temperature it is partially

reduced with the production of carbonic oxide, which escapes, carrying a large propor-

tion of the total heating power of the fuel, unless special arrangements are adopted

for utilising it.

Practically, therefore, the reactions of iron-smelting may be expressed synoptically

in the following manner :

—

MATEKIAUB PEODUCTS

Iron Ore . Oxides of iron .... L-^-y Iron : with some carbon, sili-

Silica '-^
- ~~^^—'^ con, phosphorus.

Alumina and otherearthy matters"~"^^^^<rr''' x
Phosphate of Lime . . •'''^^^^^:;:^^,/^
Sulphides ———Il^^^==!s:fe^

Fluxes . Carbonate of Lime . . . y ;;_IIIIII^^^^^^ Slag : silica, alumina, and
Aluminous minerals . , . —^7^ ^^^^^^"^ lime, protoxide of iron

Protoxide of Iron.... y^^

—

and manganese, and sul-

Protoxide of manganese . .
y^^,,^-'^"''^ phide of calcium.

Fuel . . Carbon..... /^
•

••< ^^^^ Gases : carbonic acid, and
Earthy matters of Ash . .

^^...---'''^ carbonic oxide, nitrogen,^

—

and water.

Blast , . Air, with some water-vapour

Production of malleable iron directly from the ore.—The simplest processes of iron-

smelting are those in which malleable iron is produced directly from the ore. They
are still practised to a considerable extent in India and other parts of the East, and
were formerly universally employed in Europe, but now they have become almost
extinct ; the latest representatives being the Catalan and Corsican forges, and the

Stuck-'ofen, or lump-furnace, which is to be found in one or two places in eastern

Europe. These processes consist essentially in the exposure of pure ore to the action

of heat in small blast-furnaces, which may be either open hearth-fires, like a smith's

forge, or have low shafts or stacks, a few feet high, in which the ore and fuel are

charged alternately, the combustion being urged by a blast of air introduced through
one or more nozzles below. The operation is continued until a lump of malleable iron

is formed in the bottom of the furnace from the reduction of the ore, or a portion of

the ore ; the remainder being employed in fluxing the silica and other earthy matters
both in the ore and the ash of the fuel. This is effected by a partial reduction of the

ore from peroxide of iron—which is chemically indifferent to silica at a high tempera-
ture—to the state of protoxide, which combines readily with it ; forming a fusible

slag or cinder at the welding temperature of iron. The spongy and slightly-alloyed

mass of iron so produced is then consolidated by hammering, which compacts it to a
solid mass, the liquid cinder being expelled by the blows of the hammer. The same
reaction takes place in all processes where no special fluxes are added for fluxing the
silica, the flux being essentially silicates of protoxide of iron, infusible at compara-
tively low temperatures ; and, under these conditions, only wrought iron can be
produced, the ore not being kept in contact with carbon for a suf&ciently long time
to produce cast iron, except to a very small extent.
The following are the principal processes in which malleable iron is produced

directly :

—

1. The Catalan and Corsican forge.

2. The German and American bloomary fires.

3. The Stiick-Ofen or lump-furnace.
4. The Chenot or retort-furnace.

6. The Siemens' direct-furnace.

Of these the first and second are conducted in open fijes, and differ only in details of
manipulation ; the former using the ore partly in the state of lumps, which are reduced,
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and partly in the stato of fine dust or greillade, which principally goes into the slag

;

while in the latter the whole of the ore is powdered and clayed in alternate layers with

the fuel. The Stuck-Ofen is larger than the open fire, and the operation is continued for

several hours ; the lump of reduced iron being removed by breaking away the breast

of the furnace, instead of pulling it out from the top. The common Indian method of

making iron is conducted in a furnace of this class, but of very small dimensions

;

not more than 5 or 6 feet high, instead of 15 or 20 feet, as is used in Europe, In
the Chenot and similar processes the reduction is effected in fire-clay retorts, with
the production of spongy masses of iron ; while in the last, or Siemens' process,

which is of recent introduction, the ore is melted in a cylindrical vessel, with a refrac-

tory lining, and reduced by churning it up with carbonaceous matter ; lime, or other

fluxes, being previously introduced to combine with the silica, and prevent unnecessary

loss of iron hy scorification.

In the Catalan, or French method, the ore previously roasted in a kiln is afterwards

strongly torrefied in the forge before the smelting begins ; operations which follow in

immediate succession. Ores treated in this way should be very fusible and very

rich ; such as black oxide of iron, haematites, and certain spathose iron ores. From
100 parts of ore, 60 of metallic iron have been procured, but the average product

is 35. The furnaces employed are rectangular hearths, figs. 1212 and 1213, the

water-blowing machine being employed to give the blast. There are three varie-

ties of this forge : the Catalan, the Navarrese, and the Biscayan. The dimensions

of the first, the one most generally employed, are as follow : 21 inches long, in

the direction ^/, ;?^. 1213 ; 18-^ inches broad, at the bottom of the hearth or creuset,

1212 1213

in the line a b; and 17 inches deep, fig. 1212, The tuyfere, q p, is placed 9i inches

above the bottom, so that its axis is directed towards the opposite side, about 2 inches

above the bottom. But it must be moveable, as its inclination needs to be changed,
according to the stage of the operation, or the quantity of the ores. It is often raised

or lowered with pellets of clay ; and even with a graduated circle, for the workmen
make a great mystery of this matter. The hearth is lined with a layer of brasque

(loam and charcoal-dust worked together), and the ore, after being roasted, is sifted
;

the small powder being set aside to be used in the course of the operation. The
ore is piled up on the side opposite to the blast in a sharp saddle ridge, and it

occupies one-third of the furnace. In the remaining space of two-thirds the char-

coal is put. To solidify the small ore on the hearth, it is covered with moist cinders

mixed with clay.

The fire is urged with moderation during the first two hours, the workman being
continually employed in pressing down more charcoal as the former supply burns
away, so as to keep the space full, and prevent the ore from crumbling down. By a
blast so tempered at the beginning the ore gets well calcined, and partially reduced

in the way of cementation. But after two hours, the full force of the air is given
;

at which period the fusion ought to commence. It is easy to see whether the torre-

faction be sufficiently advanced by the aspect of the flame, as well as of tlie ore, which
becomes spongy or cavernous ; and the workman now completes the fusion, by de-

taching the pieces of ore from the bottom, and placing them in front of the tuyere.

"When the fine siftings are afterwards thrown upon the top, they must be watered,

to prevent their being blown away, and to keep them evenly spread over the whole
surface of the light fuel. They increase the quantity of the products, and give a
proper fusibility to the scoriae. When the scoriae are viscid, the quantity of siftings

must be diminished; but if thin, they must bo increased. The excess of slag is

allowed to run off by the chio or floss-hole. The process lasts from five to six hours,

after which the pasty mass is taken out, and placed under a hammer to be cut into

lumps, which are afterwards forged into bars.

•Each mass presents a mixed variety of iron and steel, in proportions which may bo
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modified at pleasure ; for, by using much of the siftings, and making the tuyire dip

towards the solo of the hearth, iron is the chief product ; but if the operation be con-

ducted slowly, witli a small quantity of siftings, and an upraised tuyere, the quantity

of steel is more considerable. This primitive process is favourably spoken of by
M. Brongniart. The weight of the lump of metal varies from 200 lbs. to 400 lbs. As
the consumption of charcoal is very great, amounting in the Palatinate or Rheinkreis

to seven times the weight of iron obtained (though in the Pyrenees it is only thrice),

the Catalan forge can be profitably employed only where wood is exceedingly cheap

and abundant.

In smelting and refining by a continuous operation, three different stages may be

distinguished :—1. The roasting of the ore to expel the sulphur, which would be less

easily separated afterwards. The roasting dissipates likewise the water, the carbonic

acid, and any other volatile substances which the minerals may contain. 2. The de-

oxidisement and reduction to metal by exposure to charcoal or carburetted vapours.

3. The melting, agglutination, and refining of the metal to fit it for the heavy hammers
where it gets nerve. There are several forges in which these three operations seem
to be united in a single one, because, although still successive, they are prac-

tised at one single heating without interruption. In other forges, the processes are

performed separately, or an interval elapses between each stage of the work. Three
systems of this kind are known to exist:— 1. The Corsican method; 2. The Catalan

with wood charcoal ; and, 3. The Catalan with coke.

The furnaoes of Corsica are a kind of semicular basin, 18 inches in diameter,

and 6 inches deep. These are excavated in an area, or a small elevation of masonry,

8 or 10 feet long by 5 or 6 broad, and covered in with a chimney. This area is quite

similar to that of the ordinary hearths of our blast-furnaces.

The tuyere stands 5 or 6 inches above the basin, and has a slight inclination down
wards. In Corsica, and the whole portion of Italy adjoining.the Mediterranean shores,

the iron ore is an oxide similar to the specular ore of the Isle of Elba. This ore con-

tains a little water, some carbonic acid, and occasionally pyrites, but in small quantity

Before deoxidising tlie ore, it is requisite to expel the water and carbonic acid com-

bined with the oxide, as well as the sulphur of the pyrites.

The operations of roasting, reduction, fusion, and agglutination are executed in the

same furnace. These are indeed divided into two stages, but the one is a continuation

of the other. In the first, the two primary operations are performed at once :—the

reduction of a portion of the roasted ore is begun at the same time that a portion of

the raw ore is roasted : these two substances are afterwards separated. In the second

stage, the deoxidisement of the metal is continued, which had begun in the preceding

stage ; it is then melted and agglutinated, so as to form a ball to be submitted to the

forge-hammer.
The roasted pieces are broken down to the size of nuts, to make the reduction of

the metal easier. In executing the first step, the basin and area of the furnace must
be lined with a brasqice of charcoal-dust, 3, 4, or even 5 inches thick : over this brusque

a mound is raised with lumps of charcoal, very hard, and 4 or 5 inches high. A
semicircle is framed roimd the tuyere, the inner radius of which is 5 or 6 inches.

This mass of charcoal is next surrounded with another pile of the roasted and broken
ores, which must be covered with charcoal-dust. The whole is sustained with large

blocks of the raw ore, which form externally a third wall.

These three piles of charcoal, with roasted and unroasted ore, are raised in three
succ&sive beds, each 7 inches thick : they are separated from each other by a layer

of charcoal-dust of about an inch, which makes the whole 24 inches high. This is

afterwards covered over with a thick coat of pounded charcoal.

The blocks of raw ore which compose the outward wall form a slope ; the larger
and stronger pieces at the bottom, and the smaller in the upper part. The large
blocks are sunk very firmly into the charcoal-dust, to enable them better to resist the
pressure from within.

On the bottom of the semicircular weU formed within the charcoal lumps, kindled
pieces are thrown, and over these, pieces of black charcoal ; after which the blast of
a water-blowing machine (trompe) is given. The fire is kept up by constantly throw-
ing charcoal into the central well. At the beginning of the operation it is thrust
down with wooden rods, lest it should affect the building ; but when the heat becomes
too intense for the workmen to come so near the hearth, a long iron rake is employed
for the purpose. At the end of about 3 hours, the two processes of roasting and
reduction are commonly finished : then the raw ore no longer exhales any fumes, and
the roasted ore, being softened, unites into lumps more or less coherent.

The workman now removes the blocks of roasted ore which form the outer casing,
rolls them to the spot where they are to be broken into small pieces, and pulls down
tho brasque (small charcoal) which surrounds the mass of reduced ore.
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The second operation is executed by cleaning the basin, removing the slags, cover-
ing the basin anew with 2 or 3 brasques (coats of pounded charcoal), and piling up to
the right and the left two heaps of charcoal-dust. Into the interval between these
conical piles two or three baskets of charcoal are cast, and on its top some cakes oi
the reduced crude metal being laid, the blast is resumed. The cakes, as thoy heat,

undergo a sort of liquation, or sweating, by tho action of the earthy glasses on the
unreduced black oxide present. Very fusible slags flow down through the mass ; and
tho iron, reduced and melted, passes finally through the coals, and falls into tho slag

basin below. To the first parcel of cakes others are added in succession. In pro-
portion as the slags proceeding from these run down, and tho melted iron falls to

the bottom, the thin slag is run off by an upper overflow or chio hole, and the reduced
iron kept by the heat in tho pasty condition, remains in the basin : all its parts get

agglutinated, forming a soft mass, which is removed by means of a hooked pole in

order to bo forged. Each lump or bloom of malleable iron requires 3 hours and a half

for its production.

The iron obtained by this process is in general soft, very malleable, and but little

steely. In Corsica foxir workmen are employed at one forge. The produce of their

labour is only about 4 cwts. of iron from 10 cwts. of ore and 20 of charcoal, mingled
with wood of beech and chestnut. Though their ore contains on an average 65 per

cent, of iron, only about 40 parts are

extracted ; evincing a prodigious waste,

which remains in the slags.

The difference between the Corsican
and the Catalonian methods consists

in the latter roasting the ore at a
distinct operation, and employing a

second one in the reduction, aggluti-

nation, and refining of the metal. In
the Catalonian forges, 100 pounds of

iron are obtained from 300 pounds
of ore and 310 pounds of charcoal;

being a produce of only 33 per cent.

It may be concluded that there is a notable loss, since the sparry iron ores, which
are those principally smelted,

contain on an average from 54

to 66 per cent, of iron. The
same ores smelted in the ordi-

nary blast-furnace produce

about 45 per cent, of cast iron.

In some parts of America,

particularly in tho States of

Vermont and New Jersey, the

Catalan forge was at one time

employed for smelting the rich

magnetic ores which there

abound. The form of this fire

(which is nearly uniform every-

where), and tho manipulation

with it in America, is* thus

described by Overman :—The
whole is a level hwirth of stone-

work, from 6 to 8 feet square,

fig. 1214, at the corner of which
is the fireplace, a, from 24 to 30

inches square, and from 1 6 to 1 8,

often 20, inches deep. Inside it

islined with cast-iron plates, tho

bottom plate being from 2 to 3

inches thick. Fig. 1215 repre-

sents a cross section through

the fireplace and tuy6re, commonly called tue iron ; d represents tho fireplace, which,

as remarked above, is of various dimensions. The tuyire b is from 7 to 8 inches

above the bottom, and more or less inclined according to circumstances. The blast

is produced by wooden bellows of the common form, or more generally by square

wooden cylinders, urged by water-wheels. The ore chiefly employed is the crystal-

lised magnetic ore. This ore very readily falls to a coarse sand, and when roasted

varies from the size of a pea to the finest grain. Sometimes the ore is employed

without roasting. In the working of such fires much depends on the skill and

1215
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experience of the workman. The result is subject to considerable variation, that

is, whether economy of coal or that of ore is our object. Thus a modification is

required in the construction either of the whole apparatus or in parts of it. The
manipulation varies in many respects. One workman by inclining his tuyere to

the bottom, saves coal at the expense of obtaining a poor yield. -Another by carrying

his tue iron more horizontally at the commencement, obtains a larger amount of

iron, though at the sacrifice of coal. Good workmen pay great attention to the

tuyere, and alt^r its dip according to the state of the operation. The general manipu-
lation is as follows :—The hearth is lined with a good coating of charcoal-dust ; and
the fire-plate, or the plate opposite the blast, is lined with coarse ore, in case any is

at OUT disposal. If no coarse ore is employed, the hearth is filled with coal, and the

small ore piled against a dam of coal-dust opposite the tuyere, a. The blast is at first

urged gently, and directed upon the ore, while the coal above the tuyere is kept cool.

Four hundred pounds of ore are the common charge, two-thirds of which are thus

smelted, and the remaining third, generally the finest ore, is held in reserve, to be
tlirown on the charcoal when the fire becomes too brisk. The charcoal is piled to

the height of two, sometimes even three and four feet, according to the amount of ore

to be smelted. When the blast has been applied for an hour and a half, or two
hours, most of the iron is melted, and forms a pasty mass at the bottom of the hearth.

The blast may now be urged more strongly, and if any pasty or spongy mass yet

remains, it may be brought within the range of the blast and melted down. In a
short time the iron is revived, and the scoriae are permitted to flow through the

tapping hole c, so that but a small quantity of cinder remains at the bottom. By
means of iron bars, the lump of pasty iron is brought before the tuyere. If the iron

is too pasty to be lifted, the tuyere is made to dip into the hearth ; in this way the

iron is raised from the bottom, directly before, or to a point above the tuyere, until it

is welded into a coherent ball, twelve or fifteen inches in diameter. This ball is

brought to the hammer or squeezer, and shingled into a bloom, which is either cut in

pieces to be stretched by a hammer, or sent to the rolling mill to be formed into

marketable bar iron. A mixture of fibrous iron, cast iron, and steel, is the result of

the above process ; the quality of the iron depends entirely on the quality of the ore,

for there are no opportunities for the exercise of any skill to create improvements in

the process—poor ores cannot be smelted at all. In Vermont, where the rich mag-
netic ores are employed, 4 tons of ore and 300 bushels of charcoal are required to

produce 1 ton of blooms.

Although the old process of making iron directly from the ore has been completely
abandoned in Germany, it is still employed to a considerable extent in the United
States, where it was introduced early in the eighteenth centiiry ; and has latterly been
employed in Canada for the treatment of the black magnetic and titaniferous sands
of the Labrador. The following description of the process has been given by Dr.

Sterry Hunt :—The hearth or furnace (also known as the bloomary fire, Jersey or

Champlain forge) varies in length and breadth in different localities from 27 by 30
inches to 28 by 32 inches, and the depth from 20 to 25 inches above the tuyere, and
from 8 to 14 inches below; the sides are made of cast-iron plates, and the bottom
usually of beaten earth or cinders, but in the best-constructed hearths a hollow cast-

ing cooled by water is preferred. At East Middlebury in Vermont, the bottom plate

is 4 inches thick, with a hollow space of 2 inches within it. The side plates, which
are 1^ inch thick, are slightly inclined inwards, and rest on ledges on the bottom
plate. A water-box, measuring 12 by 8 inches, is let into the tuyere plate; and the
water, after cooling the tuyere, passes tlirough the bottom plate. The tuyere is placed
12 inches above the bottom at such an inclination that the blast may strike the
middle of the hearth. It is of segmental form, measuring 1 inch in height by f inch

wide. In front of the furnace, at a height of 16 inches above the bottom, is placed a
flat iron hearth 18 inches wide. The side plate beneath it is provided with a tap-hole

for drawing off the cinders from time to time. The cast-iron plates used in the con-
struction of these furnaces last for two years.

The blast employed has a pressure of from 1^ to If lb. to the square inch, and is

heated by passing through a stove of the ordinary siphon-pipe pattern, placed in an
upper chamber above the furnace, and heated by the waste flame. The temperature
at East Middlebury is said to be from 280° to 320°. The use of hot blast is attended
with a considerable saving both of time and fuel, 240 bushels of charcoal being suffi-

cient to produce a ton of bloom with hot, while 300 are required with cold blast. The
weight of the charcoal may be estimated at from 16 to 18 lbs. per bushel.

The working of the furnace is conducted in the following manner:—The fire having
been made up and the furnace heaped -svith charcoal, the ore in coarsely-pulverised
form is scattered at short intervals over the top of the burning fuel, and in its passage
downwards is reduced to the metallic state, the grains agglomerating to an irregular

mass or lump at the bottom, while the earthy matters form a liquid slag or cinder.
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which is drawn oflf from time to time through the openings in the front plate. Fresh
ore and coal are continually added, until at the end of 2 or 3 hours a sufficiently largo

loup is formed. This is then lifted before the tuyere to get a good welding heat, and
shingled to a bloom under the hammer, the reheating of which is usually eflfected in

the same fire.

In the larger sized furnaces a loup of 300 lbs. is produced every 3 hours, making
the produce per day of 24 hours, 2,400 lbs. of blooms ; in some cases it is said 1,500

lbs., or even more, are produced in 12 hours,

The essential difference between the Catalan and the American forge consists in the

method of charging. In the former the greater part of the charge of ore, in compani-
tively large lumps, is placed at the commencement of the operation on the sloping

wall of the hearth opposite the tuyere, only the small ore, or greillade, being add^d
subsequently. In the American or Gorman method, on the contrary, the whole of tho

ore is reduced to a fine state of division, and is added by small proportions : a plan

which dispenses with the charging of the furnace after each operation, and permits of

a continuous system of working.

In order further to economise the waste heat, the plan is usually adopted in the

Franche-Comt6 fire, of passing the flame and gases from two hearths into a chamber,

which serves for the reheating of the blooms when it is required to draw them out

into bars ; a set of small blast-pipes, placed just above the forge, serves to heat a
portion of air, which is led into the chamber to burn any carbonic oxide gas that may
have escaped. The gases from tho reheating chamber are afterwards employed to

heat the principal blast of the forgo in the usual manner.

At Ausable, in the State of New York, the ores employed are dressed so as to yield

about 60 per cent, of iron—2 tons being required to make 1 ton of blooms ; while at

the New Russia forges, where a nearly pure magnetite is smelted, 3 tons of

dressed ore are stated to yield 2 tons of blooms. The loss at this rate would not be

more than 6^ per cent, on the theoretical contents of the ore : a result which could

scarcely be obtained by any other method.

At Moisie in Quebec, where titaniferous black sand is treated, the results

obtained are not so favourable, owing to the more refractory character of the ore.

The tuyere is laid nearly horizontal, as it was found that the strong inclination

used vnth coarser ores could not be advantageously used with the fine sands. A less

dense blast is also used, the average working pressure being about 1 lb. to the square

inch. Each hearth yields eight loups, or about 15 cwts. in the day of 24 hours ; tho

consumption of charcoal being at the rate of 466 bushels to the ton of blooms. This
charcoal is chiefly produced from small and light wood, such as spruce, fir, and birch,

the weight being only 15 lbs. to the bushel, about 62^ cwts. being consumed to make
a ton of iron.

This very unfavourable result is due to the imperfectly cleaned state in which the ore

is smelted ; the quartz, but more especially the titanic acid, using up a large portion

of the protoxide of iron, in order to form a slag. The amount of titanic acid in the

slags is in some cases as high as 34 per cent, and the iron from 40 to 52 per cent.

By the use of magnetic machines for separating the ore before treating it in tho furnace,

it would be possible to remove the non-magnetic and more highly titaniferous part,

which is practically worthless, leaving a comparatively pure magnetite, which could

be more advantageously smelted.

The quality of the iron produced in the bloomary fire at Moisie is said to be very

superior, as the result of experiments made upon it in England shows that it possesvses

a tensile strength equal, or superior, to that of the best Yorkshire iron, and works
easily both cold and hot. This excellence is to be attributed to the almost perfect

freedom of the magnetic sand from sulphur and phosphorus. A sample taken from

a bloom when examined gave only -0094 per cent, of sulphur and '00184 per cent, of

phosphorus, and no trace of titanium could be found.

The Fourneaux apiece of the French, or Stuck-6fen oi t\iQ Germans, resembles fg,
514, Copper. The tuyere (not shown there), having a dip towards the bottom of the

hearth where the smelted matter collects. When the operation is finished, that is at

least once in every 24 hours, one of the sides of the hearth must be demolished, to

take out the pasty mass of iron, more or less pure. This furnace holds a middle

place in the treatment of iron, between tho Catalan forge and the cast-iron Floss- Ofen,

or high blast-furnaces. The Stuck-Ofen are from 10 to 15 foot high, and about 3 feet

in diameter at the hearth. Most usually there is only one aperture for the tuyfere and
for working ; with a small one for the escape of the slag ; on which account, the

bellows are removed to make way for the lifting out of tho lump of metal, which is

done through an opening left on a level with tho sole, temporarily closed with bricks

and potter's clay, while the furnace is in action.
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This outlet being closed, and the furnace filled with charcoal, fire is kindled at the

bottom. Whenever the whole is in combustion, the roasted ore is introduced at the

top in alternate charges with charcoal, till the proper quantity has been introduced.

The ore falls down ; and whenever it comes opposite to the tuyere the slag begins to

flow, and the iron drops down and collects at the bottom of the hearth into the mass or

Stuck ; and in proportion as this mass increases, thefloss-hole for the slag and the tuyfere

is raised higher. When the quantity of iron accumulated in the hearth is judged to

be sufficient, the bellows are stopped, the scoriae are raked oflf, the little brick wall is

taken down, and the mass of iron is removed by rakes and tongs. This mass is then

flattened under the hammer into a cake from 3 to 4 inches thick, and is cut into two
lumps, which are submitted to a new operation ; where it is treated in a peculiar

refinery, lined with charcoal brasque, and exposed to a nearly horizontal blast. The
above mass seized in the jaws of powerful tongs, is heated before the tuyere ; a por-

tion of the metal flows down to the bottom of the hearth, loses its carbon in a bath

of rich slags or fused oxides, and forms thereby a mass of iron thoroughly refined.

The portion that reniains in the tongs furnishes steel, which is drawn out into bars.

This process is employed in Carniola for smelting a granular oxide of iron. The
mass or Sti'ick amounts to from 15 to 20 hundred-weight after each operation of 24
hours. Eight strong men are required to lift it out, and to carry it under a large hammer,
where it is cut into pieces of about 1 cwt. each. These are afterwards refined, and
drawn into bars as above described. These furnaces are now almost generally aban-
doned on the Continent, in favour of charcoal high or blast-furnaces.

Chenois Process.—As far back as 1823, M. Adrien Chenot introduced a process for

preparing metallic iron, in a spongy form, direct from the ore by cementation in

charcoal. The ore usually employed in this process is brown haematite, which, in the

form of lumps, is mixed with wood-charcoal in more than sufficient quantity to effect

its deoxidation. The furnace used for reduction consists of a cubic pedestal of masonry,
surmounted by a truncated cone, and containing two rectangular chambers or retorts,

which widen in the lower part to facilitate the descent of the reduced charge. Each
retort is surrounded by a series of vertical flues, communicating below with the fire-

places and above with a large flue. The reduced iron is discharged from the retorts

on to a special cooler, where oxidation is prevented. The daily charge of a furnace,

working with a single retort, at Hautmont, consisted of about 1^ ton of calcined

Sommorostro ore (containing 55 per cent, of iron), and about \ ton of wood-charcoal.

This cliarge would yield about 12 cwts. of iron-sponge, and about 2 cwts. of charcoal

would be regained as the excess over the quantity needed for reduction. At the same
time there is about 1 ton 6 cwts. of coal consumed as fuel. The reduction occupies

three days, but as the freshly-formed sponge is allowed to remain three days in the
cooler, the entire process occupies six days. When perfectly reduced, the iron sponge
presents a bright grey colour, and is so soft that it maybe readily sliced with a knife;

it is easily ignited, and when set on fire burns until it is completely oxidised. The
specific gravity is very variable, but the average is about 1*25.

In addition to the ' external ' or ' indirect ' method described above, Chenot's sponge
may be obtained by an ' internal ' or * direct ' method, in which the ore is reduced not
by means of solid charcoal, but by a hot current of carbonic-oxide gas. The furnace in

which this reduction is effected is similar to that used for the indirect process, excepting
that the reducing chamber is connected with gas-furnaces for generating the carbonic
oxide. A modification of Chenot's direct method, by M. Tourangin, has been used both
in France, and near Bilbao, in Spain. The iron-sponges are balled up in a charcoal
hearth. It should be remarked, that the raw material suited for Chenot's process
should be a pure ore, such as haematite or spathose ore, porous in texture, and not
fusible at the temperature at which the reduction is effected.

Gurlt's Process.—In 1857, Dr. Adolph Gurlt introduced a process for reducing iron-

ores by means of gaseous fuel, maintaining that either cast-iron steel, or wrought-iron
could be obtained according to the proportion of carbon in the reducing gases.

It was said that the process effected a saving of about 60 per cent, of fuel,

compared with that consumed in the blast-furnace. The reduction and cementation
of the ore requires a current of reducing gases, which may be generated at a moderate
temperature ; but the fusion of the reduced iron must be effected at a higher tempera-
ture in a current of neutral gas, that is to say, neither reducing nor oxidising. Hence
the process was resolved into two operations conducted in separate furnaces. The re-
duction was effected in a furnace with a shaft similar to that of an ordinary blast-
furnace, and supplied with carbonic oxide from a gas-generator. The fusion was
conducted in a closed hearth, connected with two gas-generators, and supplied with a
blast through tuyeres. Experiments made by Gurlt, in 1857, at the Eheinbach Hiitte,

near Bonn, decidedly failed, but the process was afterwards successfully worked, in a
modified form, at Santa Ana de Bolueta, in Biscay. The ore used at Boluota was
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Sommorostro brown lisematite, containing aboiit 65 per cent, of iron. The gasos wero
generated from oak- and beech-wood charcoal. The iron was obtained in spongy
masses, having tlie form of the pieces of ore from which they wero reduced. The
sponge was protected from oxidation by cooling under charcoal-dust. Three charges
were worked daily; these consisted in the aggregate of 72 cwts. of ore, with 18J cwts.

of charcoal, and produced 26| cwts. of iron-sponge. Gurlt's fusion-furnace was not

employed at Bolueta, but the sponges were welded in the Catalan forgo. Every 100 lbs.

of finished bar-iron represented a consumption of 285 lbs. of raw ore, and 174 lbs. of

wood-charcoal. It is maintained that the loss of iron is compensated by the saving in

fuel ; hence the process has been recommended where fuel is dear, and a supply of

pure and porous ores is readily accessible.

Sicmc7is's processes for the direct 'production of malleable iron.—The production of

wrought iron or steel directly from the ore has recently been brought prominently into

notice by Mr. Siemens, who has adopted several methods based upon the use of his

regenerative gas-furnace for this purpose. The following are some of the methods
employed, as described by the inventor :

—

A Method of producing spongy iron by means of a rotative furnace.—This furnace

consisted of a long cylindrical tube of iron of about 8 feet diameter, mounted upon
antifriction rollers ; the brick lining of it was mounted with longitudinal passages for

heating currents of air and gas, prior to their combustion at the one extremity of the

rotary chamber. The flame produced passes thence to the opposite or chimney end,

where a mixture of crushed ore and carbonaceous material was introduced. By the

slow rotation of this furnace, the mixture advanced continually to the hotter end of

the chamber, and was gradually reduced to spongy iron. This dropped through a
passage constructed of refractory material on to the hearth of a steel melting furnace,

where a bath of fluid pig-metal had been provided. The supply of reduced ore was
continued till the carbon in the mixture was reduced to the minimum point before

indicated. The rotation was then arrested to prevent further descent of reduced ore ;

Spiegel was added, and the contents of the melting-furnace tapped into a ladle, and
thence into ingots.

This rotary furnace was erected by Mr. Siemens at the Landore Works, in 1869, and
it was so far successful, as the reduction of the ore was accomplished in a compara*
tively short time. A difficulty, however, presented itself, which led to its immediate
abandonment ; it was found that the spongy metal produced absorbed sulphur from
the heating gases, and was rendered unfit for the production of steel ; the spongy Iron,

moreover, upon its introduction into the steel melting furnace, floated upon the metallic

bath without being readily absorbed into it, and was in great part reoxidised and
converted into slag by the action of the flame in the furnace.

These experiments proved that the successful application of reduced ores could not

be accomplished through their conversion into spongy metals, and fully explained the

want of success which had attended the previous efforts of Clay, Chenot, Yates, and
others to produce iron directly from the ore. On the other hand, Mr. Siemens observed

that in melting iron ores no sulphur was absorbed from the flame ; and it occurred to

him that by melting ores mixed with fluxing materials in a furnace so arranged as to

accomplish its fusion in a continuous manner and on a large scale, the fused ore might
be acted upon by solid carbonaceous matter, so as to separate the metallic iron in a

more compact form, while the earthy constituents of the ore would form a fusible slag

with the fluxing material. Experiments proved that this reduction by precipitation

of the iron could be accomplished only at an intense heat, exceeding the welding heat

of iron, but that the iron so produced was almost chemically pure, although the ores

and the fuel used might contain a very considerable percentage of sulphur and phos-

phorus.

The furnace used for carrying out this process of fusion and precipitation consists

of a reverberatory gas-furnace, having two beds formed by the ore itself: on the

upper bed a lake of fused ore is formed, which can be let off into the lower bed by
piercing the intervening bank of unfused ore ; the lower bed is divided into two
compartments, each provided with a door, used alternately. The dense carbonaceous

material, such as anthracite or hard coke, to be used for the precipitation of the iron

in the lower bed, is reduced to a state of powder and mixed with about an equal

weight of pulverulent ore. This mixture is spread over the bottom surface of the

working bed, and the fluid ore is let in upon it. By stirring with a rabble it is

transformed into a pasty and foaming mass, which in the course of from 40 to 60

minutes is shaped into a metallic ball in a bath of fluid cinder, which may 1)6

shingled in the usual manner and formed into bar-iron, or transferred to the pig-

iron bath of a steel melting furnace, where it readily dissolves. The accomplishment

of this process involves, however, a certjiin degree of manual labour and skill, as,

if it bo carelessly conducted, the yield of iron will bo unsatisfactory. Tho analysis
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of the slags shows a variable percentage of iron, amounting rarely to less than 16

per cent., but reading occasionally up to 40 per cent.

A fonn of rotating furnace, represented in fig. 1217 in longitudinal section, and in

an end elevation mfig. 1216, has been found to give very successful results in practice.

It consists of a cylindrical chamber of wrought iron mounted upon friction-rollers, and

capable of receiAnng motion at different speeds from pairs of spur-wheels driven by a

steam-engine. The arrangements for forcing, which are those of the usual regenera-

tive gas-furnace, are placed at one end of the cylinder, while the other is closed by a
working door with a stopper-hole like that of an ordinary reverberatory furnace, as

1216

*Tii"*=ii=«

seen in fig, 1216. The slags are received into a waggon, which rune upon a railway,

in a pit below the cylinder. The lining or fettling of the cylinder is formed of a
bauxite or aluminous iron ore, which is ground up with a little graphite, and strongly

heated. The iron of the ore is thus reduced to the metallic state ; and the alumina,

from the intense and long-continued heating, is converted into a dense substance

resembling emery, which is capable of resisting abrasion by the materials of the

charge, as well as being unaffected chemically.

The rotative furnace is worked as follows :

—

The ore to be smelted is broken up into fragments, hot exceeding the size of peas or

beans ; to it is added lime or other fluxing material in such proportion that the gangue
contained in the ore and flux combines with only a little protoxide of iron into basic

and fluid slag. If the ore is hsematite, or contains silica, it is preferable to add alumina
in the shape of aluminous iron ore ; manganiferous iron ore may also be added with
advantage. A charge of say 20 cwts. of ore is put into the furnace when fully heated

while it is slowly revolving. In about 40 minutes this charge of ore and fluxing

material will have been heated to a bright redness, and from this time from 5 cwts. to

6 cwts. of small coal of uniform size (not larger than nuts) are added to the charge,

whilst the rotative velocity is increased in order to accelerate the mixture of coal and
ore. A rapid reaction is the result ; the peroxide of iron being reduced to magnetic
oxide begins to fuse, and at the same time metallic iron is precipitated by each piece

of carbon, while the fluxing materials form a fluid slag with the siliceous gangue of the

ore. The slow rotative action is again resorted to, whereby the mass is turned over
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and over, presenting continually new sxirfaces to the heated lining and to the flame

within the rotator.

Diiring the time of this reaction, carbonic oxide gas is evolved from the mixture of

ore and carbon, and heated air only is introduced from the regenerator, to effect its

combastion witiiin the rotating chamber. The gas from the gas-producers is entirely,

or almost entirely, shut off during this portion of the process. "When the reduction of

the iron ore is tlius nearly completed, the rotator is stopped in the proper position for

tapping off the fluid cinder; after this the quick speed is imparted to the rotator,

•whereby the loose masses of iron contained in it are rapidly collected into two or three

metallic balls. These are taken out and shingled in the usual way of consolidating

puddled balls ; the furnace is tapped again, and is ready to receive another charge of

ore. The time occupied in working one charge rarely exceeds two hours : and sup-

posing that 10 cwts. of metallic iron is got out per charge, the apparatus is capable of

turning out at least 5 tons of puddled bar per diem. If anthracite or hard coke is

available for effecting the reduction of the ore, it sliould be crushed much finer than

when coal or brown coal is used, the idea being that each particle of the reducing agent

should be consumed during the period of chemical reduction. If wood is used, it must
be charged, for the same reason, in still larger pieces.

It is feasible to push the operation within the rotator to the point of obtaining cast

steel. If this is intended, the relative amount of carbonaceous matter is somewhat
increased in the first instance, so that the ball if shingled, would be of the nature of

puddled steel, or contain even more carbon mechanically enclosed.

It may however be asked, why the rotating furnace should admit of the complete

combustion of carbon, whereas in the blast-furnace such complete combustion is, as is

well known, not possible, because each atom of carbonic acid formed would immediately

split up into two atoms of carbonic oxide by taking up another equivalent of carbon

from the coke present ? The following explanation will serve to elucidate this point

:

In the rotative furnace streams of carbonic oxide are set up within the mass under
reaction, and this carbonic oxide on reaching the surface meets the current of intensely-

' heated air proceeding from the regenerators, and completes with its perfect combustion

within the free space of the chamber. The carbonic acid thus generated comes in no
further contact with the carbon, consequently it cannot split up, but is drawn away
unchanged into the chimney, while the evolved heat is taken up by the sides of the

chamber, and transmitted by reverberation and conduction to the mixture of ore, fluxes,

and coal.

Charcoal Blast-Furnace.—The
general form of the charcoal blast-

furnace, as used in the United

States, where this fuel is com-

mon, is shown in vertical section

in fig. 1219, and in section

through the tuyere arches in

fig. 1218. The ores designed to

be smelted in this furnace are

hydrated oxides of iron, such

as brown haematite, brown iron-

stone, pipe-ore, and bog-ores.

The height is 35 feet; hearth

from base to the boshes, 5 feet 6

inches ; width at the bottom, 24
inches ; and at top, 36 inches.

The tuyeres are 20 inches

above the base. The boshes are

9 feet 6 inches in diameter, and
measure from the top of the

crucible 4 feet, which gives about
60° slope. The blast is con-

ducted through sheet-iron or
cast-iron pipes laid below the

bottom stone into the tuyeres.

The top is furnished with a
chimney, by which the blaze from
the tunnel head is drawn off.

Around the top is a fence of iron

or wood. Fig. 1220 shows the
method of preparing and arranging the hearthstones, d is the bottom stone, made
of a fine close-grained sandstone, from 12 to 15 inches thick, at least 4 feet wide, and

Vol. II. 3 P

1218
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6 feet long ; it reaches underneath at least half of the dam-stone h. This bottom stone
is well bedded in fire-clay, mixed with three-fourths sand. After the bottom stone
is placed, the upper part of which must bo three-fourths of an inch lower at the dam-

1219

1220

stone than at the back, the two
side stones, c, are laid embedded
in fire-clay. These stones must
be at least 6 feet and a half
long, reaching from 18 inches
behind the crucible to the middle
of the dam-stone. Their form is

most commonly square, that is, a

prism of four equal sides; the

transverse section of the grain

must be in all cases placed to-

wards the fire; the side stones

are sometimes square, but often

bevelled according to the slope of

the hearth. Upon these stones

the tuyere stones, d, are bedded

;

the latter suffer much from heat,

and therefore ought to be of

the best quality. They should

be from 20 to 24 inches square,

or even larger : the tuyere holes,

/, a kind of taper arch, are cut

out before the stones are bedded.

These stones do not reach further

than to the front or tymp-stone, g,

and are therefore scarcely 4 feet

long ; the top stone e, is generally

sulficiently high to raise at once

the crucible to its destined height.

After both sides are finished, the

back stone / is put in, and then

the tymp-stone, g ; the space be-

tween the hearthstones and the

rough wall of the fiirnaco stack

is filled and walled up with

common brick or stones.

In starting a cliarcoal furnace,

it is first thoroughly dried by
burning a fire for several weeks
in the interior, which has a
temporary lining of bricks. The
lower part of the furnace or the

hearth is then filled gradually

with charcoal, and when the fuel

is well ignited, and the furnace

half filled, ore may bo charged

in ; but it is sometimes advisable

to increase the draught by form-

ing grates by laying across the

tymp a short iron bar, as high up as the duni-stone, by resting upon this bar six or

seven other bars or ringers, and by pushing their points against the back stone of

the hearth. There is not much iron made during the first 24 hours ; most of the

ore is transformed into slag, and the iron which comes down gets cold on the bottom
stone, where it is retained ; the blast should not be urged too fast at first, but in-

creased gradually, in order to avoid the serious evil arising from a cold hearth ; if

all goes on well, the hearth will be free from cold iron or clinkers in a week, the

yield of iron will increase, and the burden may bo increased likewise. The average

charge of charcoal, which should bo dry, coarse, and hard, is about 1-5 bushels. Ac-
cording to Overman's experience, the most favourable height for a charcoal furnace is

35 or 36 feet ; if below this standard they consume too much fuel, if above they are

troublesome to work ; if it be desired to enlarge the capacity of a furnace, he thinks
it better to increase the diameter of the boshes, or to curve the vertical section. There
is much difference of opinion amongst managers of furnaces on the subject of the

proper size for the throat of the furnace ; the tendency of narrow throats would seem
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to be to consume more coal than wide ones, inasmuch as in Pennsylvania and through-

out the whole west, where narrow tops are preferred, the consumption of charcoal per

ton of iron is from 160 to 180 bushels, while in the State of New York, and further

east, where the furnace throats are wider, the consumption is from 120 to 130 bushels.

Another subject which demands the strictest attention is the regulation of the blast.

A weak soft charcoal will not bear a much greater pressure than from half a pound
to five-eighths of a pound to the square inch ; strong coarse charcoal will bear from
three-quarters of a pound to a pound ; and again, it may be laid down as a rule, that

the larger the throat in proportion to the boshes, the stronger ought to be the blast,

and that a narrow top and wide boshes, while they permit a weaker blast, involve the

loss of much fuel. In every case a careful roasting of the ores at charcoal furnaces

will prove advantageous ; this is the surest means of saving coal and blast, and of

avoiding more annoyances in the working of the furnaces.

The above account represents the form of blast-furnace as constructed at the time

of the former edition of this work. Other modifications have since been introduced

mainly in the direction of increased size, and the avoidance of strongly-contracted

slopes as sudden changes in dimensions.

English Process of Iron-mahing.—The 'Mineral Statistics ' gives us the quantity of

pig-iron produced in Great Britain in the year 1872, as follows :

—

Tons
Northumberland 38,766
Durham * T". 760,172
Yorkshire, North Eiding . . . •

." . 1,122,114

Do. West Eiding 148,636

Derbyshire . .
' 283,375

Lancashire . . 524,041
Cumberland 440,575
Shropshire 133,046
North Staffordshire 275,925
South Staffordshire and Worcestershire . . 673,470
Northamptonshire and Lincolnshire . . . 96,413
Gloucestershire, Wilts, and Somerset . . . 97,481
North Wales 54,698
South Wales . . . . . . . 1,002,623

Scotland 1,090,000

Of the Blast-Furnace.—The blast-furnaces at present in use are of various sizes,

being from 35 to 90 feet in height, and at the boshes, or widest part, from 12 to 30
feet. The internal form commonly adopted consists essentially of two frustums of

cones meeting each other at their bases, at the point where the widest part or the top

of the boshes is situated. From this point the furnace gradually contracts both
upwards to its mouth, and downwards to the level of the tuyeres below. The hearth,

properly speaking, is that part of the furnace only which receives the fluid metal
and cinder, as they fall below the level of the tuyeres. It forms a short prolongation

from that point of the lower inverted cone. From the boshes upward the width
gradually decreases to the tunnel-head, which varies from 7 to 9 feet in diameter,

according to the size of the furnace. The hearth is generally a cube, from 2^ to 3

feet square. The air is introduced by one, two, or three small apertures, called

tuyeres. When two tuyeres are used, the orifices of their blow-pipes are about 3

inches in diameter, and the pressure of the blast is from 2\ to 3 lbs»on the square
inch. To prevent the tuyeres from being melted by the intense heat to which tliey

are exposed, a stream of cold water is caused constantly to flow round their nozzles

by an arrangement which will be immediately understood by an inspection of fig^

1221, which represents a sec-

tion of a tuyere nozzle thus 1221
protected, the cold water en- <i

tering the casing by the tube

a, and the hot water run-

ning off by the tube b. The ((^

upper part of the furnace
above the boshes is called

the cone or body. It is

formed by an interior lining
J

of fire-brick, about 14 inches HI

in thickness, between which
and the exterior masonry is a casing of fine refractory sand compactly rammed in,

air-holes being left for the escape of aqueous vapour. In the base of the furnace
3p2
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four arches are loft, the back and sides are cjiUcd tuyhe houses, the front is called the
cinder fall ; the bottom of the furnace is formed eitlier of Lirgo blocks of coarse sand-
stone or of large fire-bricks. The materials are charged into the furnace through the

tuunel-head, which is provided with one or more apcrturfs for the purpose. The
general form of a blast-furnace is shown inyi^. 1222, and the following measurements
represent the interior structure of two that worked well :

—

Height from the hearth to the throat or mouth
„ of the crucible or hearth

„ of the boshes

„ of the cone

,, of the chimney or mouth
AVidth of the bottom of the hearth

'

„ at its upper end .

„ of the boshes *
.

„ at one-third of the belly

„ at two-thirds of ditto .

„ at mouth .

Inclination of the boshes '

No. 1 No. 2
feet feet

45 49

H. 6

8 7

30* 3G
8 12^

H 2

3 A
12f m
12 ii>

8^ 9^
44

52069°

1222

1223

\ /
\ /
\ /

b
\ 1

4"

"i^-- 1 1

Fig. 1223 represents the hearth and boshes in a verticil side section, a is the

tymp-stone, and b the tymp-plate, for confining the liquid metal in the hearth
;

the latter is wedged firmly into the side-walls of the hearth ; c is the dam-stone,
which occupies the whole breadth of the bottom of the hearth, excepting about 6
inches, which space, when the furnace is at work, is filled before every cast with
a strong binding sand. This stone is faced outside by a cast-iron plate d, called

the dam-^XoXa, of considerable thickness and peculiar shape. The top of the dam-
stone, or rather the notch of the dam-plate, lies from 4 to 8 inches under the level

of the tuyfere-hole. The space under the tymp-plate, for 5 or 6 inches down, is

rammed full for every cast with a strong loamy earth or even fine clay, a process

called tymp-stopping.

The blowing-machines employed in Staflfordshiro are generally cast-iron cylinders,

' The width of the hearth differs greatly in the furnaces in different localities. In Scotland it

varies from 6 to 8 feet ; in the "Welsh furnaces from 5 to 8 feet. When coke is used as fuel, Mr. Truran
thinks 6 feet a sufficient -width for all purposes; but with coal, with full-sized furnaces, 16 to 19 feet
across the boshes, he thinks a 7-feet hearth to bo more advantjipeous.

' The diameter of the boshes in some of the Welsh furnacos is as much as from 18 to 19 foot
' The angle with which the boshes rise in different furna<-(s varies from 50° to 80°. Mr. Trnrnn

thinks that when the full smelting power of the furnace is desired, the angle should not be less than
70°, which is about that of the Scotch furnaces.
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in which a metallic piston is exactly fitted as for a steam-engine, and made in the

same way. Towards the top and bottom of the blowing-cylinders orifices are left

covered with valves, which open inside when the vacuum is made with the cylinders,

and afterwards shut by their own weight. Adjutages conduct into the iron globe or

chest the air expelled by the piston, both in its ascent and descent, because these

blowing-machines have always a double stroke.

The pressure of the air is made to vary through a very considerable range, according

to the natiire of the fuel and the season of the year ; for as in summer the atmosphere
is more rarefied, it must be expelled with a compensating force. The limits are from
1^ to 3^ lbs. on the inch, the average in Staffordshire being 3 lbs. The orifices, or
nose-pipos, through which the air issues, also vary with the nature of the coke and
the ore.

In a blast-apparatus employed at the Cyfartha works, moved by a 90-horse
steam-power, the piston-rod of the blowing-cylinder is connected by a parallelogram
mechanism with the other end of the working-beam of the steam-engine. The cylinder

is 9 feet 4 inches in diameter, and 8 feet 4 inches high. The piston has a stroke

8 feet long, and it rises 13 times in the minute. By calculating the sum of the space
percursed by the piston in a minute, and supposing that the volume of the air ex-
pelled is equal to only 96 per cent, of that sum, we find that 12,588 cubic feet of air

are propelled

every minute.

1224 (i^!^j^^^---Jf n III JK'y^
Hence a

^^^^ ' y-(/ /fix / ^ horse - power
applied to

Blowing - ma-
chines of this

nature gives on an average 137
cubic feet of air per minute.

At the establishment of Cyfartha

for blowing seven smelting fur-

naces, and the seven corresponding

fineries, three steam-engines are

employed, one of 90 horse-power,

another of 80, and a third of 40,

which constitute on the whole a
force of 210 horses, or 26 horses

and |th per furnace, supposing the

fineries to consume one-eighth of

the blast. In the whole of the

works' of Messrs. Crawshay, the

proprietors of Cyfartha, the power
of about 340 horses is expended
in blowing 12 smelting furnaces

and their subordinate fineries

;

which gives from 25 to 26 horses

for each, allowing as before ^th for

the fineries. Each of the furnaces

consumes about 3,567 cubic feet of

air per minute.

As an example of the blowing

power used in Cleveland, the blast-

furnaces at Ayresome may be se-

lected. They are four in number :

each 18 feet high ; 25 feet width

of boshes; 15 feet broad at throat,

with cup and cone ; 10 feet 6 inches

broad. The hearth is 8 feet dia-

meter ; 3 feet deep below tuyeres,

and 4 feet above them. There are

10 boilers for four furnaces, but

only 8 are in use at a time. They
are plain cylinders, 60 feet long,

and 4^ feet in diameter.

There are 3 blast-engines; but

2 only required to blow the four

furnaces. • They have 96-inch blast- and 40-inch steam-cylinders ; the steam-pressure

is 50 lbs., and the blast 4| lbs. in the engine house, equal to 4 lbs. at the tuyeres.
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One engine, blowing two furnaces making 750 tons of pig-iron per week, gives 11,500
cubic feet of blast per minute, at 30 strokes per minute ; but when making 'soO
tons, 32 strokes are required.

1225
The form of the blast-furnace

from the boshes to the throat is

exhibited in Jig. 1222 as a truncated
cone, and such was formerly in-

variably the construction ; of late

years, however, considerable varia-
tions have been introduced. In
Scotland the body of the furnace
frequently is carried up cylindrical,

or nearly so, for a considerable
height, terminating with the usual
truncated cone to the mouth ; in

other places a curved line is sub-
stituted for a straight one. The
form adopted in some furnaces at
Ebbw Vale and Blaina is shown in

fig. 1224 in vertical section, and in

fig. 1225 in horizontal section at the
tuyere level.

The diameter of the throat or
filling place is a subject of very great importance to the operations of the furnace.

Most iron masters are, we believe, agreed as to the impolicy of the narrow tops for-

merly adopted ; the waste of fuel in such furnaces, where the width of the throat

scarcely averaged one-fourth of the diameter of the furnace, was very great, the

average yield of coal to the ton of crude iron exceeding 6 tons ; by enlarging the

throat to one-third, the consumption of coal was reduced to 4 tons ; and by continuing

the enlargement to one-half, it was reduced to 2 tons. Mr. Truran states that, on
reducing the diameter of the throat of a furnace at Dowlais from 9 feet to 6, the

make of pig-iron weekly fell off from 97 tons to an irregular make of from 50 to 70
tons ; and that while with the 9-feet throat the consumption of coal was 45 cwts. to

the ton of iron, it rose with the 6-feet throat to 70, 80, and 90 cwts., the quality of

the iron being exceedingly bad. On enlarging the throat to 9| feet, the make, for

a period of six months, averaged over 160 tons, with a good yield of coal and other

materials. Mr. Truran appears to question the utility of reducing the diameter of

the furnace at the top, which was only adopted in the first place from an erroneous

impression that the furnace could be filled best through a contracted mouth ; but it

may be questioned whether this widening of the throat may not be carried too far, so

as to disperse the heated gases too rapidly, and whether a diameter much greater

than one-half of the largest dimensions of the furnace above the boshes can with

utility be adopted. On this subject Mr. Kenyon Blackwell says:

—

' If that part of the blast-furnace commencing at the point where it attains its

greatest width were continued of the same wide dimensions upwards to its mouth, two
objectionable results would ensue : first, the upper part of the furnace would be cooled

by the too rapid dispersion of the ascending column of heated gases, and by the entire

absence of the reverberating effect of the contracted mouth ; and, secondly, the mate-

rials could not be equally spread from the filling-holes over so wide a surface. The
diameter of the upper part of the furnace ought, therefore, to be such as will cause the

materials thrown in at the filling-holes to distribute themselves equally in their

descent over every part of the sectional area of the furnace, and will produce such a

reverberation only of heat as shall be sufficient to expel the water and carbonic acid

contained in the materials, without consuming any of the carbon of the fuel, which
ought to remain intact until it reaches the lower regions of the furnace, where it is

vaporised as carbonic oxide, and produces the reactions on which the reduction of the

ore depends.'

An example of the largest and most improved modern type of blast-furnace as used

in the Cleveland district is shown in fig. 1226, which represents one of the Newport
furnaces at Middlesbrough in a vertical section. The fotmdation, up to the ground
level, consists entirely of brickwork resting upon clay. From this point a circular

base is carried to a height of 7 feet in solid brickwork, mainly of fire-brick, with a
stone curb all round, on which the supporting columns rest. These columns are

18 feet 6 inches in height, averaging 2 feet 4 inches in diameter, with a thickness of

metal of 2 inches. They serve tx) support tiie structure from the angle of the bosh
upwards ; the lower part being carried partly by the wrought-iron conical casing, and
partly by the brickwork and stanchions which surround the hearth. The whole of the
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from the tuyeres upwards is cased with wrought-iron plates, those of the lower

al mrt beinff A^ inch thick, while those of the barrel vary from ^ths of an inch

1226

furnace

or conical part being ^
below to fths of an inch at the top. The

interior of the furnace is lined throughout

with fire-brick lumps 6 inches thick, and

of dimensions varying with the internal

diameter, no two courses being alike. The

backing between the inner lining and the

shell is of ordinary fire-brick. Up to a

short distance above the tuyeres every fire

lump is chisel-dressed on both beds and

joints, and the same is also the case with

the hearth lumps, which consist of two

courses set on an edge and breaking joint

;

the lower course being 18 inches deep and

the upper one 3 feet. The following are

the principal dimensions of the furnace :

—

Diameter of the hearth, 8 feet ; depth at

tuyeres, 3 feet 6 inches ; diameter at the

bosh, 28 feet ; diameter of the bell-opening,

13 feet ; total height from the hearth to the

platform, 83 feet ; the cubical capacity is

30,085 cubic feet. There are four tuyeres,

each with a nozzle 6 inches in diameter,

and the dam opening is 2 feet wide. The
pig-beds are necessarily of large dimensions,

being capable of holding 1,200 moulds for

each furnace. The slag-boxes are eight in

number, and large enough to contain

upwards of 3 tons of slag each.

Calcination of the Ironstone. — This is

effected either in kilns, or in the open air

;

the object being to separate carbonic acid,

water, sulphur, and other substances vola-

tile at a red heat. The operation is per-

formed most effectually, and probably at the

smallest cost, in kilns. The interior shape
of the calcining-kilns differs in different

works, but they may all be reduced to that

of the common lime-kiln. A coal-fire is first lighted at the bottom of the kiln, and
the ironstone is placed over and around, until the floor is covered with red-hot ore

;

a fresh layer of ironstone, with about 5 per cent, of coal, is then laid on, to the depth
of 8 or 9 inches ; and when this is red hot, a second layer is added, and so on gradu-
ally till the kiln is filled. By the time this is done, the lowermost layer is cold and
fit to draw ; so that the working of the kiln is a continuous operation. When the ore

is calcined in the open air, a heap mingled with small coal (if necessary) is piled up
over a stratum of larger pieces of coal, the heap being 5 or 6 feet high, by 15 or 20
feet broad. The fire is applied at the windward end, and, after it has burnt a certain

way, the heap is prolonged at the other extremity, as far as the nature of the ground,
or the convenience of work, requires. From the impossibility of regulating the

draught, and from exposure to the weather, the calcination of ore cannot be so well
performed in the open air as in kilns ; and as to the relative cost of the two methods,
Mr. Truran calculates that the quantity of coal per ton of ore is, in the kiln, one
hundred-weight of small, and in the open air, two hundred-weights of small, and a
half hundred-weight of large ; and that while the cost of filling the kiln is barely a
penny per ton, that of stacking the heaps on the open-air plan, and watching them
during the period they are under fire, amounts to fourpence per ton. Against this

must, however, be placed the cost of erecting the kiln, which according to the same
authority amounts, for a kiln of a capacity equal to 70 tons of argillaceous ore, which
will calcine 146 tons weekly, to 160Z. The ironstone loses by calcining from 25 to 30
per cent, of its weight ; it has undergone a remarkable change by the operation ; in

the raw state, it is a grey or light brown stony-looking substance, not attracted by
the magnet ; after calcination it has a dry feel, adheres strongly to the tongue, is

cracked in all directions, is of a light reddish colour throughout, and acts power-
fully on the magnet. It should be carried to the furnace as soon as possible, or if

kept should be carefully protected from the rain.

The calcining kilns, fig. 1227, were erected at Middlesbrough, from the designs of
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Johu Gjers. They were of a circular form, and have -wTought-iron shells ; but unlike

ordinary kilns of this class, the shells are made of the same shape as the interior of

the kilns, so that there is a uniform thickness of 15 inches of fire-brick lining in all

parts. The shell and lining of each kiln rest upon an annular cast-iron entiiblaturo,

which is supported by eight hollow cast-iron pillars cast on the base plate. 13y this

arrangement a space for drawing the charge is left all round tlie bottom. The prin-

cipal dimensions of each kiln are: Internal diameter at the bottom, 14 feet; at the

largest part, 20 feet ; and at the top, 18 feet. The height from the base plate to the

top of the columns, 2 feet 3 inches ; the thickness of the entablature, 4 inches. Height
of the shell from the top of the entablature on which it rests to the level of the largest

diameter, 9 feet 2 inches; and from that level to the top of the shell, 12 feet 2 inches
;

total height of each kiln, from the base plate to the top of the shell, 22 feet. The
base plate is 2^ inches thick, and is 20 feet in diameter; it is cast in eight pieces, and
rests upon brickwork, in which the air-passages are formed. The cubic contents of

each kiln is 6,600 cubic feet.

1227

As will be seen in fig. 1227, each kiln is provided with a cast-iron central cone,

made in two pieces, so arranged that an annular space is left between them. This
cone spreads the calcined ore outwards towards the openings through which it can be
withdrawn, and it also acts beneficially in assisting to break up any large scars or

lumps partly fused together, which may happen to come down. The central cone

might, as far as the mere spreading action is concerned, be made plain and in a single

piece ; but the form shown in the figure has been adopted by Gjers with a view of, in

some cases, employing the annular space between the two cones for the admission of

waste gas from the furnace. Where the quantity of furnace-gas is not sufficient to be

applicable to this purpose, the double cones still furnish the means of gi^^ng a good
air-supply to the kilns.

In the case of the particular kilns we are describing, the central cones are each 8 feet

in diameter at the bottom, and 8 feet high, and the air is conducted to them through

eight channels or flues formed in the brickwork at the base of each kiln. In addition

to these passages, there are a number of holes, j?^. 1127, for the supply of air formed
in the outer shell. The kilns are placed at a distance of 25 feet apart from centre to

centre, and each is surrounded at the top by a gallery formed of wrought-iron brackets

covered with cast-iron plates. The galleries of four kilns are connected with each other

at four points, the space between the kilns being bridged over with wrought-iron girders.

Westman's Calcining Kiln.—Kilns in which the waste gases of the blast-furnace are

applied to the calcination of ores are extensively used in Sweden, and liave thence

been introduced into Kussia and the United States. The improved form given to

these kilns by Westman, in which the gases are burnt by introduction of a blast of

air, is represented in the accompanying woodcuts. Fig. 1228 is a vertiaxl section of

the kiln, the right half being taken through the line a b, and the left half through a. c

in^^. 1229. B'ig. 1229 shows horizontal sections at different heights along the lines

M N, K L, and H I of fig. 1228. The shaft, a, is everywhere circular in horizontal sec-

tion. The raw ore is introduced through the shoot, b, which when not in use is closed

by a trap-door, and is delivered in the middle of the kiln through the moveable hop-

per, c. The opening, d, allows the throat, a' b', to be examined, and thus it may be

seen whether the luln is properly filled and the ore duly distributed, whilst it also

allows the ore to be re-arranged when necessary. The gas is conveyed through the

circular main, e, and passing through the channel, q, enters the furnace through the

twelve passages, k ; the supply of gas may bo regulated by means of horizontiil slid-

ing valves. The air necessary for combustion is introduced through the tube, h, and
enters the furnace through twenty-four openings in the hollow ring, /. The roasted
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charge is withdrawn through six passages, i, and air serving to oxidise the sulphur in

the hot ore also gains access through these apertures. The openings, I, m, serve for

introducing bars for worlcing the ores when necessary ; o, o, are sight-holes ; and, n,

is the chimney, furnished with a damper for regulating the draught.

1229

The diameter of the shaft varies in different

kilns from 6 to 10 feet, and the number of pas-

sages for withdrawing the roasted ore may vary

from 5 to 10. The following figures have been

given by Westman as representing the quantities

of ore roasted in 24 hours with kilns of various

With 5 passages for drawing
the charge .

M 6 >» J.

» 8 „ „

22 to 30 tons.

28 „ 36 „
35 „ 48 „
45 „ 60 „

The temperature inWestman's kiln can be governed

by regulating the admission of air and gas, and if

•I necessary by addition of solid fuel. When the
L kiln is at'a proper working temperature, it exhibits

(g a red heat in the neighbourhood of the discharge

passages, i ; the ore sinters in front of the gas-
- openings, k ; is in a pasty condition in the

neighbourhood of the holes, / ; in an almost pasty state, but having the edges sharp,

at m, and the temperature gradually diminishes in the upper part of the furnace. If

the ores are very sulphurous, they are roasted twice. After the first roasting the ore

is broken up, weathered by exposure to the air, and again roasted at a higher tempera-

ture. It is said that by the perfect method of roasting in this kiln, it is possible to

produce good pig-iron in the blast-furnace from Swedish ores containing too much
sulphur to be otherwnse smelted.

Flicx.—The flux that is used .in the blast-furnace is limestone, either in the state of

carbonate as it comes from the quarry, or calcined in kilns, by which it is deprived of

water and carbonic acid. The lowest bed of the coal-formation usually rests on
limestone, and in the coal-formation itself are found not only the ore and its most
appropriate fuel, but the pebbly grits which afford the blocks of refractory stone neces-

sary for building those parts of an iron furnace that are required to endure the utmost
extremity of heat, as well as those seams of refractory clay, of which the fire-bricks

are composed, with which the middle and upper parts of the furnace are lined. In
Styria where the spathic ores contain large quantities of protoxide bases, such as lime,

magnesia and manganese, siliceous and aluminous fluxes are sometimes required in

the form of quartzose schists and clay-slate. Very siliceous haematites are beneficially

fluxed by the addition of coal-measure shale, in addition to the limestone, or preferably

by the aluminous brown haematite found in the basalt of Antrim. Titaniferous iron

ores also require the use of aluminous fluxes, such as Labrador felspar or even ordinary
brick in addition to limestone.

The composition of the limestone to be used in smelting operations is of consider-

able importance ; where calcareous ores are used, the presence of silicic acid in the

limestone is advantageous ; if clay ores are the main material from which iron is
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manufactured, a magnesian limestone is preferable, but ati aluminous limestone should
bo used whci-o siliceous ore predominates. Chemical analysis alono can determine to

which class a particular limestone belongs, as there is often' nothing in the external
appearance by which a pure limestone may be distinguished from one containing 40
or 50 per cent, of foreign matter.

Carbonised pit-coal, or coke was. till within the last twenty-five years, the sole com-
bustible used in the blast-furnace. Coal is coked either in the open air or iu kilns.

In the former, as practised in Staffordshire, the coal is distributed in circular

heaps about 5 feet in diameter by 4 feet high, and the middle is occupied by a low
brick chimney piled with loose bricks, to open or to leave interstices between them,
especially near the ground. The larger lumps of coal are arranged round this

chimney, and the smaller ones towards the circumference of the mass. When every-

thing is adjusted a kindling of coals is introduced into the bottom of the brick

chimney, and, to render the combustion slow, the whole is covered with a coat of coal

dross, the chimney being loosely covered with a slab of any kind. Openings are

occasionally made in the crust, and afterwards shut up, to quicken and retard the

ignition at pleasure during its continuance of twenty-four hours. Whenever the

carbonisation has reached the proper point for forming good coke the covering

of coal dross is removed, and water is thrown on the heap to extinguish the com-
bustion, a circumstance deemed useful to the quality of the coke. In this operation in

StaflTordshire coal loses the half of its weight, or two tons of coal produce one of coke.

In order to prepare larger quantities of coke at once, long ridges are often substi-

tuted for circular heaps, the length of which varies with circumstances and the con-

sumption of coke ; they sometimes extend to the length of 200 feet. On erecting one
of these ridges a string is stretched along the coking station, in the direction of which
large pieces of coal are placed slanting against each other, leaving a triangular space

between them, so that a longitudinal channel (ignition passage) is formed, through
which the string passes. In arranging the pieces it is necessary to pay attention to

the natural stratification of the coals, which should be at right angles to the longitudinal

direction of the ridge. Parallel with the first series of coals is placed a second, and
then a third, and so on ; but the pieces constantly diminish in size until the station

measures 6 feet on both sides. Upon this substructure the heap is then made,

without particular care in the arrangements, the largest pieces below and the smallest

above, until it has reached a height of about 3 feet. To facilitate the ignition, stakes

are rammed in at distances of 2 feet from each other, projecting above throughout

the whole length of the ridge, which, when subsequently removed, leave vacant

spaces for the introduction of burning coal. The ridge, being thus kindled at more
than 100 distinct spots, soon breaks out into active combustion. As soon as the burner

observes the thick smoke and flame cease at any one part, and a coating of ash

making its appearance, he endeavours immediately to stop the progress of the fire by
covering it with powdered coal-dust, repeating the operation until the whole ridge is

covered, when it is left two or three days to cool ; the covering on the side exposed

to the wind should be thicker and increased in stormy weather. When the fire is

nearly extinguished, which occurs in two or three days, the coke is drawn. This

mode of coking is simple, but not very economical. The fire proceeding from tlie

upper part of the ridge in a downward direction, towards the lower and interior parts,

converts the coal in the upper strata into coke before that in the interior has acquired

the temperature necessary for charring, and is still in want of a supply of air, which
can only be furnished from without, and must not be excluded by a covering. During
the time, therefore, that the inner parts of the heap are being converted into coke, the

outer portions are being uselessly, though unavoidably consumed. For further deUiils

concerning coking, see the articles Coal and Coke.

The ' blowing-in ' of a coal blast-furnace is an operation which requires much
care and experience. A fire of wood is first lighted on the hearth ; upon tin's is

placed a quantity of coke, and when the whole is well ignited, the furnace is

filled to the throat with regular charges of ciilcinod ore, limestone, and coke, and
the blast, which should at first be moderate, is turned on. At the works around

Merthyr Tydvil, the first charges generally consist of 6 cwts. of ailoined argil-

laceous ore and If cwt. limestone, to 4 cwts. of rich coke; this biirden is kept

on for about 10 days, it is then increased to 6 cwts. of calcined ore and 2^ cwts. of

limestone (Truran). The cinders usually make their appearance in about 12 hours

after blowing ; the metal follows in about 10 hours after, collecting in the hearth to the

amount of 3 or 3^ tons in 60 hours after blowing. If all goes on well about 22 tons

of metal will be produced in the first week, 38 tons in the second, 55 in the third, and
nearly 80 in the fourth; after 10 or 12 weeks the produce will average 110 tons.

By forcing the furnace in its infancy a much greater produce of iron may be obtiiined,

though to the injury of its subsequent working. Mr. Truran relates the following

case in point. A furnace was blown in at the Abersychan works with such volumes
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of l)last and rich burden of matorials that a cast of several tons was obtained within

H hours after applying blast. The first week's blowing produced 200 tons, at which

r ite it continued for two or three weeks, when it rapidly diminished, falling so low as

19 tons for one week's make. From this deplorable state it was made to produce 26

tons, and, after considerable delay, 100 tons ; but with a large increase in the yield of

materials over that at the other furnaces. When a furnace is first blown in it should

be made to produce grey iron ; but the tendency of forcing is to produce a white iron

with a dark scouring cinder.

The quantity of air thrown into a blast-furnace in full work is enormous, exceeding

in weight the totals of all the solid materials used in smelting. A furnace working
on foundry iron of a capacity of 275 yards receives 5390 cubic feet of air per

minute, which amounts weekly to 1,695 tons ; when working on white iron a larger

volume of blast is employed, averaging 7,370 cubic feet per minute, or 2,318 tons per

week.
The disorders to which blast-furnaces are liable have a tendency to produce white

cast iron. The colour of the slag or scoriae is the surest test of these derangements,

as it indicates the quality of the products. If the furnace is yielding an iron proper

for casting into moulds, the slag has an uniform vitrification and is slightly translucid.

When the dose of 01*6 is increased, the slag becomes opaqxie, dull, and of a greenish

yellow tint, with blue enamelled zones. Lastly, when the furnace is producing white

metal, the slags are more or less black and glossy. The scoriae from a coke are much
more loaded with lime than those from a charcoal blast-furnace. This excess of lime

appears adapted to absorb and carry ofi" the sulphur which would otherwise injure the

quality of the iron. From numerous analyses Dr. Noad made of blast-furnace cinders,

we select the following as illustrating their general composition under diflferent conditions

of the furnace :

—

Analyses of Blast Furnace Cinders.

Silica ....
Alumina ....
Lime
Magnesia ....
Protoxide of manganese .

Protoxide of iron

Potash ....
Sulphuret of calcium
Loss

I. IL III. IV. V. VI. VII.

40-20
17-00
30-34
7-16

traces
1-90

1-26

1-70

•43

38-49
14-12

34-35
6-14
1-54

2-10

1-48

1-16

•62

41-12

22-00

29-48
1-88

traces
3-60

not determined
1-09

•83

40-50

12-48

26-55
3-20

11-20
3-20

1^15

2-20

•52

49-40
21-08
17-56
4-96
1-04

3-60
•87

j-
1^49

40-56
27-33
10-30

2-75

2-00

13-12

1-90
•46

1-58

42-96
20-20

10-19

2-90

1-53

19-80
1-10

}
1-32

100-00 100-00 100^00 100-00 100-00
1
100-00 100-00

I. Mean of four analyses of grey iron cinders from a furnace at Blaina, South Wales. II. Mean
of four analyses of grey iron cindei-s from an iron work in Staffordshire. III. Mean of four

analyses of grey iron (cold blast) cinders from Pontypool, South Wales. IV. Mean of four 1

analyses of green cinders from a furnace at Ebbw Vale, Monmouthshire, smelting spathose ore.
]

V. Mean of four analyses of blast-furnace cinders from Sweden. VI. Mean of four analyses of

white iron cinders from a furnace at Cwm Celyn Iron Works, Monmouthshire. VII. Mean of

four analyses of white iron cinders from the same works, the furnace ' scouring.'

The following Table exhibits the ' yields ' of materials per ton on the iron made
in various works. During the month ending July 25, 1857, there were consumed

in four furnaces at Ebbw Vale 1,354 tons 14 cwts. of coke ; 1,792 tons of coal ; 2,440

tons 19 cwts. of calcined mine ; 1,818 tons of 10 cwts. red ore; 1,347 tons 6 cwts. of

calcined cinders ; and 1,226 tons 7 cwts. of burnt lime. The quantity of pig-iron made
was 2,305 tons 7 cwts. :

—

Yields of Materials per Ton of Iron.
-^ -^

I. II. m. IV. V. VI. vn. vin. IX.

cwLs. civts. cwts. cwts. cwts. cwts. cwts. cwts. cwts.

Calcined mine . 48 28 46 33 27 21 37i
%\Haematite . 10 10 10 15f

11^
72

Cinders 10 25 ! Hi
coke coke

Coal . 50 42 36 34 40 34 34

Limestone . 17 14 16 16 5 15 13 4i 18i

I. Dowlais foundry iron. U. Dowlais forge iron. III. Dowlais inferior forge iron. IV. Hir-

wain foundry iron. V. Dimdyvan, Scotland, foundry iron. VI. Ponty pool cold blast-

foundiy iron. VII. Ebbw Vale forge iron. VIII. Cwm Celyn forge iron. IX. Coalbrook
Vale foundry iron.
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The 'cinders' mentioned in the foregoing Table are not those from the blast-

furnace, but are derived from the cast iron during the processes of 'refining,'

•puddling,' &c., by which the cast iron is converted into wrought iron. These
cinders are very rich in iron, which exists in tliem principally in the form of silicate

of the protoxide. They often occur beautifully crystallised, particularly aftc-r they
have been calcined : an operation which is always performed on them in well-con-

ducted works, and which has for its object the removal of the sulphur and the per-

oxidation of a portion of the iron. Tlicso cinders, thougli very rich in iron, are

always contaminated to a considerable extent with both sulphur and phosphorus, as
might be expected, seeing that they are the results of operations which have for their

objects the removal of the foreign matters contained in the pig-iron. The tendency
of the former is to make the metal what is called ' hot short,' so that it cannot be
worked while hot under the hammer; the tendency of the latter element is to make
the iron ' cold short,' so that it breaks when an attempt is made to bend it when cold.

The separation of sulphur is very perfectly effected by the calcination of tlie cinder,

and it is interesting to trace the progress of its gradual elimination. In some parts of

the heap (which often contains several thousand tons of cinder) large masses of

prismatic crystals of pure sulphur may be found, but usually nearly the entire surface

of the heap is covered with a thin layer of sulphate of iron, sometimes crystallised,

but generally in various stages of decomposition ; lower down in the heap, where the

heat is greater, the sulphate of iron disappears, and in its place red oxide of iron,

without a trace of sulphur, is found. In calcining a heap of cinders care is required

not to allow the heat to rise too high, or immense masses will become melted together,

involving the necessity of blasting, which entails much expense. After the heap has
been burning for some months, streams of water are directed over the surface, by
which much soluble sidphate of iron is removed. Unfortunately, the process of

calcination does not remove any of the phosphoric acid, which necessitates a judicious

employment of these cinders in the blast-furnace. Dr. Noad repeatedly submitted
* forge cinders ' to analysis, and we give in the following Table the average results of

his experiments :

—

Aimlyses of Forge Cinders.

Silica ....
Protoxide of iron

.

Peroxide of iron .

Sulphnret of iron

.

Oxide of manganese .

Alumina
Lime ....
Magnesia
Phosphoric acid ,

I. II. III. IV. V. VI.

6-000
63-750
11-420
5-760

1-680
2-400
1-232

traces
7-268

6-67

72-60
6-30

4-56

1-77

2-22
-12

traces
5-36

32-000
52*200
5-000
1-953

not determined
9-600

traces
traces

•252

15-300
61-720
19-980
5-396
-960

1-300
•420

traces
4-140

12-300
67-360
2-850
6-600

not determined
5-600

traces

traces
6-320

12-800
10-500
70-000

•620

1^140
•427

traces

traces
4-500

99-516 99-60 101-105 1 99-216 100-030 99-987

I. Tap cinder from refined metal. II. Tap cinder from puddling furnace. III. Cinder from
re-heating furnace. IV. Mixed cinder from the heap after a few days' burning, V. Cinder
squeezed out of the puddled bar during the process of shingling. VI. Specimen from a large

heap of thoroughly calcined cinder.

Hoi-blast.—One of the greatest improvements ever made by simple means in any
manufacture, is the employment of hot air instead of the ordinary cold air of the
atmosphere, in supplying the blast of furnaces for smelting and founding iron. The
discovery of the superior power of a hot over a cold blast in fusing refractory lumps
of cast iron was accidentally observed by Mr. James Beaumont Neilson, engineer to

the Glasgow Gas "Works, about the year 1827, at a smith's forge in that city, and it

was made the subject of a patent in tho' month of September in the following year.

No particular construction of apparatus was described by the inventor by which the

air was to be heated, and conveyed to the furnace ; but it was merely stated that tlie

air may be heated in a chamber or closed vessel, having a fire under it, or in a vessel

connected in any convenient manner with the forge or furnace. From this vessel the

air is to be forced by means of a bellows into the furnace. Tho quantity of surface

which a heating furnace is required to have for a forgo is about 1,260 cubic inches
;

for a cupola furnace, about 10,000 cubic inches. Tho vessel may be ionclosed in

brickwork, or fixed in any otlier manner that may be found desirable, the application

of heated air in any -way to furnaces or forges, for the purpose of working iron, being
the subject claimed as constituting the invention.

Whenever a forced stream of air is employed for combustion, the resulting tempe-
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rature must evidently bd impaired by the coldness of the air injected upon the fuel.

The heat developed in combustion is distributed into three portions : one is communi-

cated to the remaining fuel ; another is communicated to the nitrogen of the atmosphere

and to the volatile products of combustion ; and a third to the iron and fluxes, or other

surrounding matter, to be afterwards dissipated by wider diffusion. This inevitable

distribution takes place in such a way, that there is a nearly equal temperature

over the whole extent of a fire-place, in which an equal degree of combustion exists.

We thus perceive that if the air and the coal be very cold, the portions of heat ab-

sorbed by them might be very considerable, and suificient to prevent the resulting tem-

perature from arising to a proper pitch ; but if they were very hot they would absorb

less caloric, and would leave more to elevate the common temperature. Let us sup-

pose two furnaces charged with burning fuel, into one of which cold air is blown, and
into the other hot air, in the same quantity. In the same time, nearly equal quantities

of fuel will be consumed with a nearly equal production of heat ; but notwithstanding

this, there will not be the same degree of heat in the two furnaces, for the one

which receives the hot air will be hotter by all the excess of heat in its air above

that of the other, since the former air adds to the heat while the latter abstracts from
it. Nor are we to imagine that by injecting a little more cold air into the one fur-

nace, we can raise its temperature to that of the other. With more air indeed we
should burn more coals in the same time, and we should produce a greater quantity

of heat, but this heat being difiiised proportionally among more considerable masses

of matter, would not produce a greater temperature ; we should' have a larger space

heated, but not a greater intensity of heat in the same space.

Thus, according to the physical principles of the production and distribution of

heat, fires fed with hot air should, with the same fuel, rise to a higher pitch of tem-
perature than fires fed with common cold air. This consequence is independent of

the masses, being as true for a small stove which burns only an ounce of charcoal

in a minute, as for a furnace which burns a hundred-weight; but the excess of

temperature produced by hot air cannot be the same in small fires as in great, be-

cause the waste of heat is usually less the more fuel is burned.

This principle may be rendered still more evident by a numerical illustration. Let
us take, for example, a blast-furnace, into which 600 cubic feet of air are blown
per minute ; suppose it to contain no ore but merely coal or coke, and that it has
been burning long enough to have arrived at the equilibrium of temperature, and
let us see what excess of temperature it would have if blown with air of 300° C.

(572° F.), instead of being blown with air at 0° C.

600 cubic feet of air, under the mean temperature and pressure, weigh a little more
than 45 lbs. avoirdupois; they contain 10*4 lbs. of oxygen, which would bum very
nearly 4 lbs. of carbon, and disengage 16,000 times as much heat as would raise by
one degree per cent, the temperature of 2 lbs. of water. These 16,000 portions of
heat, produced every minute, will replace 16,000 other portions of heat, dissipated by
the sides of the furnace, and employed in heating the gases which escape from its

mouth. This must take place in order to establish the assumed equilibrium of caloric.

If the 45 lbs. of air be heated beforehand up to 300° C, they will contain about ^th
part of the heat of the 16,000 disengaged by the combustion, and there wall be there-

fore in the same space ^th of heat more, which will be ready to operate upon any
bodies within its range, and to heat them gth more. Thus the blast of 300° C. gives
a temperature which is |ths of the blast at zero C, or at even the ordinary atmospheric
temperature; and as we may reckon at from 2,200° to 2,700° F. (from 1,200° to
1,500® C), the temperature of blast-fiirnaces worked in the common way, we perceive
that the hot-air blast produces an increase of temperature equal to from 270° to 360° F.
Now, in order to appreciate the immense effects which this excess of tempera-

ture may produce in metallurgic operations, we must consider that often only a
few degrees more temperature are required to modify the state of a fusible body,
or to determine the play of affinities dormant at lower degrees of heat. Water is

solid at 1° under 32° F. ; it is liquid at 1° above. Every fusible body has a deter-
minate melting point, a very few degrees above which it is quite fluid, though it may
be partly below it. The same observation applies to ordinary chemical affinities.

Charcoal, for example, which reduces the greater part of metallic oxides, begins to
do so only at a determinate pitch of temperature, under which it is inoperative, but a
fjw degrees above it is in general lively and complete. It is unnecessary in this article

to enter into any more details to show the influence of a few degrees of heat more or
less in a furnace upon chemical operations, or merely upon physical changes of state.

Figs. 1230, 1231, exhibit the apparatus of a hot blast as mounted at the Codner Park
works, belonging to William Jessop, Esq., in every requisite detail. The drawings
from which the wood-cuts are faithfully copied were kindly furnished for this work
by Mr. Joseph Glyn, F.R.S., the distinguished engineer of the Butterly Iron Works.
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Tho smelting furnaces have now generally throe tuyeres, and throe sets of air-

heating furnaces. The figures show two sets built together ; the third set being de-
tached on account of peculiar local circumstances. Tiio air enters tho horizontal
pipe A, iu the ground plan,.%. 1230, on one side of the arched or siphon pipes, shown
in upright section in Jiff. 1231, and passes through these pipes to the horizontal pipe b,

on tlie other side ; whence it proceeds to the blast-furnace. These siphon pipes are
flattened laterally, their section being a parallelogram, to give more heating surface,

and also more depth of pipe (in the vertical plane), so as to make it stronger, and less

liable to bend by its own weight when softened by the red heat. This system of
arched pipe apparatus is set in a kind of oven, from which the flue is taken out at the
top of it; but it thence again descends before it reaches the chimney, entering it

nearly at the level of the lire-grate (as with coal-gas retorts). By this contrivance

1230

^:^gy^ r/ ^<^^^--imy:^;Mi>f-^^--z^i^. ^/y/^<^>^'^/9:-:^^^^-«y'^.>-m

^x*

the pipes are kept in a bath of ignited air, and not exposed to tlio corroding influence

of a current of flame. The places and directions of these oven-flues are plainly marked

in the drawing.

Fig. 1232 is a plan of tho blast-furnace, drawn to a smaller scale than that of the

preceding figures.

The three sets of hot-blast apparatus all communicate with one line of conducting

pipes A, which leads to the furnace. Thus in case of repairs being required in

one set, the other two may be kept in full activity, capable of supplying abundance of

hot air to the blast, though of a somewhat lower temperature.

During a visit which Dr. Urc made to Mr. Jcssop, at Buttcrly, he found this emi-

nent and very ingenious ironmaster had made several improvements upon his hot-
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blast arrangements, whereby he prevented the alteration of form to which the arched

pipes were subject at a high temperature, as also that he was about to employ five

tuyeres instead of three. For a drawing and explanation of his furnace-feeding

apparatus, see Smelting.

The experiments through which Mr. Neilson's important discovery was introduced

into the iron manufacture were made at the Clyde Iron Works, where the fuel gene-

1231

AFt-

rally made use of was coke, derived from splint coal ; during its conversion into
coke, this coal sustained a loss of 55 per cent. During the first six months of the
year 1829, when all the cast iron in the Clyde Iron Works was made by means
of the cold blast, a single ton of cast iron required for fuel to reduce it, 8 tons l^cwt.
of coal converted into coke. During the first six months of the following year, while
the air was heated to near 300° Fahr., 1 ton of cast iron required 5 tons Z\ cwts. of
coal converted into coke. The saving amounted U) 2 tons 18 cwts. per ton of iron,
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from which must be deducted the coal used in heating the air, which was nearly 8 cwts.
This greiit success induced the Scotch ironmasters to try a higher temperature, and
to substitute raw coal for coke ; and during the first six months of the year 1833, the

blast being heated to 600°, 1 ton of cast iron was made with 2 tons 6^ cwts. of coal.

Add to this 8 cwts. of coal for heating, and we have 2 tons 13^ cwts. of coal to make
1 ton of iron. An extraordinary impetus was given by this discovery to the iron

manufacture of Scotland, where, from the peculiar nature of the coal, and from the

circumstance that, with a heated blast, Mushet's blackband ironstone could be exclu-

sively used, its importance was more highly felt than in England and Wales. Ac-
cording to Mr. Finch's statement (Scrivenor's ' History of the Iron Trade '), there

were in 1830 only eight works in operation in Scotland, which made in that year

37,500 tons of pig-iron; in 1838 there were eleven works, consisting of 41 furnaces,

which made 147,500 tons, being an increase in eight years of 110,000 tons per

annum; in 1859 there were fifty furnaces in blast, making 195,000 tons ; in 1851,

750,000 tons of pig-iron were made ; and in 1856, with 127 furnaces in blast, the

make rose to 880,500 tons. The influonL-e of hot blant has likewise been felt in the

anthracite districts of South Wales, where that coal is now successfully used, and
where several new furnaces have in consequence been erected. In short, notwith-

standing the opposition with which the introduction of hot blast was met by engineers,

as being destructive of the quality of the iron, so great Imve been the advantages

derived from it that at the present time more than ninetecn-twentieths of the entire

produce of the kingdom is made in furnaces blown with heated air.

Of late years there has been a constantly increasing denuuid, especially in the

Cleveland district, for more highly heated blast ; and furnaces are now blown with

air at a red heat, or almost beyond the power of endurance of cast-iron hejiting pipes.

For this purpose the regenerative principle of Siemens has been advantageously
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applied. It consists of storing up the heat of the hurning fuel in cellular piles of fire-

brick, which are subsequently made to give up their heat to the blast before it enters

the furnace. The most successful form of this apparatus is that known as Whitwell's

stove which is represented in figs. 1233-1237. It consists of a series of parallel

walls of fire-brick, connected by ribs and arches into a system of rectangular flues,

1233 1234

1235

which are alternately heated by the combustion of the waste gas from the top of the
furnace, and cooled by passing a current of cold air in the reverse direction. For the
more perfect combustion of the gases, ventilating holes for the admission of air are
perforated through the walls at a and d. The arches at the top of the stove are pro-

1236 1237

vided with moveable covers at e, and similar covered holes are placed at the bottom
of the stove at f, for the purpose of clearing out the dust which always accumulates on
the brick-work when the furnace is used for heating. / is the gas inlet valve ; c, the
chimney valve used during the heating period ; d, the cold-blast inlet valve, and a,
the hot-blast valve. The latter is made with a hollowwater cooled shell and seat'

Vol, II, 3 a '
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and the outlet main, 3 feet in diameter, is lined with fire-brick 9 inches thick. Fig,

1235 shows the general arrangement of these stoves as applied to a blast-furnace at

Consett in Durham. They are four in number, each being 22 feet in diameter, and
25 feet high, and containing 250 tons of brick, arranged so as to give 9,000 feet of

heating surface. They are worked in pairs, the current being changed every two hours.

The furnace makes from 400 to 600 tons of pig-iron per week, with an average con-

sumption of coke of 19 to 19^ cwts. per ton ; the ore yields about 46i per cent. The
effective blast-temperature is from 1,100° to 1,300° Fahr.

Mr. Truran, in his work on the iron manufacture of Great Britain, gives it as

his opinion that the effects of hot blast have been greatly exaggerated, and that it

is to improvements in the preparation of fuel and ore in the furnaces, in blowing en-

gines, and in the smelting process, far more than to the heating of the blast, that we
must refer the great reduction in the yields of coal in recent times ; he thinks that

the comparatively large produce which has been obtained from the Scotch furnaces is

to be referred to the general use of carbonaceous ore, which melts at a low tempera-

ture ; and which, from its comparative freedom from earthy matters, requires but a
minimum dose of limestone for fluxing. Against this opinion of an English writer on
iron smelting, we may place that recorded by an American metallurgist, Mr. Overman,
who has written a large and in many respects a valuable treatise on the manufacture

of iron, as conducted in America. 'The economical advantages arising from the

application of hot blast, casting aside those cases in which cold blast will not work at

all, are immense. The amount of fuel saved in anthracite and coke furnaces varies

from 30 to 60 per cent. In addition to this, hot-blast enables us to obtain nearly

twice the quantity of iron within a given time that we should realise by cold blast.

These advantages are far more striking with respect to anthracite coal than in relation

to coke or to bituminous coal. By using hard charcoal, we can save 20 per cent, of

fuel, and augment the product 60 per cent. From soft charcoal we shall derive but

little benefit, at least where it is necessary to take the quality of the iron into con-

sideration.'

The following Tables, embodying the general results of an extended series of experi-

Carron Iron, No. 2.

Tensile strength in lbs. per square inch
Compressive strength In lbs. per inch, from
castings torn asunder ....

Ditto, from prisms of various forms
Ditto, from cylinders
Transverse strength from all experiments .

Power to resist impact
Transverse strength of bars one inch square

in lbs

Ultimate deflection of do. in inches
Modulus of elasticity in lbs. per square inch
Specific gravity

Devon Iron, No. 3.

Tensile strength
Compressive strength
Transverse do. from experiments generally

.

Power to resist impact
Transverse strength of bars one inch square
Ultimate deflection do
Modulus of elasticity

Specific gravity

Coed Talon Iron, No. 2.

Tensile strength ....
Compressive strength .

Specific gravity . . . .

Carron Iron, No. 8.

Tensile strength
Compressive strength
Specific gravity

BuFtERY Iron, No. 1.

Tensile strength
Compressive strength
Transverse strengtn
Power to resist Impact
Transverse strength of bars one inch square

UlLlraate deflection do
Modulus of elasticity
Specific gravity

16,683 (2)

106,375 (3)

100,631 (4)

125,403 (13)

.. (11)

(9)

476 (3)
1-313 (3)

17,270,600 (2)

7,066

(5)

(4)

448 (2)
•79 (2)

22,907,700 (2)

7,295 (4)

18,855 (2)

81,770 (4)

6,955 (4)

14,200 (2)

115,542 (4)

7,135 (1)

17,466 (1)

93,366 (4)

(5)

(2)

463 (3)

1-55 (3)

15,381,200 (2)

7,079

13,505 (3)

108,540 (2)

100,738 (2)

121,685 (13)

(13)

(9)

463 (3)
1'337 (3)

16,085,000 (2)

7,(M6

21,907 (1)

145,435 (4)

(5)

(4)
537 (2)
1-09 (2)

22,473,650 (2)

7,229 (2)

16,676 (2)

82,739 (4)

6,968 (4)

17,765 (2)

133,440 (3)

7,056 (1)

18,434 (1)

86,397 (4)

(5)

(2)

436 (3)

1-64 (3)

13,730,500 (2)

6,958

o, representing
1 BlMt by 1000

1000: 809

1000:1020^ C^
1000:1001 ^gS
1000 : 970J S

^

1000: 991

1000 : 1005

1000: 973
1000 : 1018
1000: 931

1000: 997

1000 : 1417
IfJOO : 2786
1000 : 1199
1000 : 1380
1000: 981

1000: 991

1000: 884
1000 : 1012
1000 : 1002

1000 : 1250
1000 : 1156
1000: 989

1000:
1000:
1000
1000
1000:

769
926
931
9G3
942

1000 : 1068
1000 : 893

1000 : 989
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ments on the relative strength and other mechanical properties of cast iron, obtained

by the hot and cold blasts, are extracted from a report presented to the British

Association (1837) by Messrs. Eaton, Hodgkinson and William Pairbaim.
Of the three columns of numbers, the first represents the strength or other quality

in the cold blast iron, the second that in the hot^ the third is the ratio of these qualities

;

the figures included in parentheses indicate the number of experiments from -which

the results have been deduced.

These results contain nearly the whole of the information afforded by the investi-

gation. From the numbers in the tables, it will be seen that in Buffery iron No. 1

cold blast somewhat surpasses hot blast in all the following particulars : 1, direct

tensile strength ; 2, compressive strength ; 3, transverse strength ; 4, power to resist

impact; 5, modulus of elasticity or stiffness; 6, specific gravity: while the only

numerical advantage possessed by the hot-blast metal is that it bends a little more
than the cold before it breaks. In No, 2 the advantages of the rival kinds are more
nearly balanced, still rather in favour of the cold blast. No. 3 hot-blast Carron iron

resists both tension and compression better than cold blast of the same denomination ;

and No, 3 hot blast from the Devon works in Scotland is remarkably strong, while

No. 3 cold blast is comparatively weak, notwithstanding its high specific gravity.

On the whole it would appear from the experiments, that while the irons of No. 1 have
been somewhat deteriorated in quality by the ' hot blast, those of No. 3 have been
benefited by its mollifying powers ; while those of No. 2 have been but very slightly

affected ; and from the evidence brought forward, it is rendered highly probable that

the introduction of a heated blast, whilst it has, perhaps, to a certain extent, injured

the softer irons, has improved those of a harder nature ; and considering the small

deterioration that the irons of the quality No. 2 have sustained, and the apparent
benefit of those of No, 3, together with the saving effected by the heated blast, there

seems good reason for the process becoming so general as it has done.

The following general summary of results, as derived from the experiments of

Messrs. Hodgkinson and Fairbairn on the transverse strength of hot and cold blast

iron exhibits at one view the ultimatum of the whole investigation :

—

These irons are from Mr. Hodgkinson's experi-

ments :

—

Carron iron, No. 2
Devon iron. No. 3

Buffery iron. No. 1

These irons are from Mr. Fairbaim's experi-

ments :

—

Coed Talon iron. No. 2 .

Coed Talon ditto, No. 3 .

Elsicar and Milton, ditto .

Carron ditto, No. 3 .

Muirkirk, No. 1 . , .

Mean . • « ^

Ratio of Strength

:

that of Cold Blast
being represent-
ed by 1000

1000 : 990*9

1000 : 1416-9

1000 : 9307

1000 : 1007
1000 : 927
1000 : 818
1000 : 1181
1000 : 927

1000 : 1024-8

Ratio of Powers to

sustain Impact

:

Cold Blast being
1000

1000 : 1005-1

1000 : 2785-6

1000 : 962-1

1000 : 1234
1000 : 925
1000 : 875
1000 : 1201

1000 : 833

1000 : 1226-3

Dr. Thompson's chemical examination of several samples of hot and cold blast iron

is appended to this report. According to the experiments of this distinguished

chemist, iron smelted by Jiot blast contains a greater proportion of iron, and a smaller

proportion of silicon, carbon, and aluminium, than when smelted by cold air. The
mean specific gravity of 8 specimens of Scotch cold blast iron No. 1 was 6*7034 ; the

mean of 5 specimens of hot blast from the Carron and Clyde iron works was 7-0263,

so that> the density of cold-blast iron is less than that of hot. The mean of 6 analyses

of cold-blast iron No, 1 gave 3^ atoms of iron, 1 atom of carbon, silicon, and alumi-
nium ; the proportion of these three constituents being very nearly 4 atoms of carbon,

1 atom of silicon, and 1 atom of aluminium ; consequently Scotch cold-blast iron consists

of 20 atoms of iron (with a little manganese), 4 atoms of carbon, 1 atom of silicon,

and 1 atom of aluminiiim. The mean of 5 analyses of hot-blast iron No. 1 gave 6^
atoms of iron and manganese to 1 atom of carbon, silicon, and aluminium, from which
it would appear that cast iron smelted with a hot-blast is purer than when the blast

is cold. This, however, is not the case, as the numerous analyses of both varieties

3q2
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that have been made during the last fow years concur in pro^^ng. Hot-blast grey-
iron smelted with mineral coal, contains a much higher percentage of silicon than the
same variety of cast iron smelted from the same ores by cold blast ; in other respects^

provided the process of reduction is complete, i.e. when little or no iron passes off with
the slag, there is very little chemical difference between the two varieties, as will be
seen in the following Table, which contains the results of a series of analyses of hot-
and cold-blast iron, which Dr. Noad had occasion to make, under circumstances
peculiarly favournble for instituting the comparison, the furnaces working with the
same ores, and making the same class of iron, viz., good No. 3 grey pig.

Analyses of Cast Iron No. 3, smelted by Hot Blast,

SiUcon . .

Graphite .

Sulphur .

Phosphorus

I

I. n. m. IV. V. VI. vn. vni. Mean

2-600
3-520
0-045

0-318

letallic ii

3-140
3-100
0-090
0-422

onperet

3-380
3-210

0-079
0-308

nt. .

2-440
3-102
0-069
0-394

3-200
3-340

0-072

0-422

3-190

3-320

0-046
0-480

3-120
3-340

0-072

0-320

. 93-16

2-260
3-294

0-064

0-374

2-900
3-290

0-067

0-379

Analyses of Cast Iron No. 3, smelted by Cold Blast,

SiUcon
Graphite '

.

Sulphur
Phosphorus

I. n. m. IV. V. VI. vn. vm. Mean

1-050
3-370

0-024
0-210

Metallic i

1-400
3-184
0-037
0-314

ron per c

1-029
3-270
0-045

0-387

ent.

0-940
3-140

traces
0-361

1-372

8-333

0-029
0-372

1-486
3-274

0-037

0-372

1-466
3-242
0-028
0-342

. 95-0

1-400
3-197

0-024

0-354

1-268

3-251

0-028

Q-339

The true reasc)n of th€5 frequeiit inferiority of hot-blaSt iron has been correctly given
by Mr. Blackwell. Furnaces blown with heated air exert greater reductive power
than those in which a cold blast is used. This has led, since the introduction of hot
blast, to the extensive use in iron smelting of refractory ores not formerly smelted, a
large part of which have been ores of a class calculated to produce inferior iron ; and
it is to the use of ores of this nature, far more than to any deterioration in quality,

arising from a heated blast, that this inferiority of Hot-blast iron is to be ascribed.

Utilisation of tlie waste gases given off from the furnace-head.—The agent in the

blast-furnace by which the oxide of iron is reduced is carbonic oxide, the presence of

which therefore in great excess is indispensable to the operation of the furnace. The
flames rising from the tunnel-head, which makes a blast-furnace at night such an im-
posing object, are occasioned principally by the combustion of this gas, on coming into

contact with the oxygen of the atmosphere. The attention of practical men was first

called to the enormous waste of heat which this useless flame entailed by Messrs.

Bunson and Playfair, and the application of the gas to a useful purpose may be ranked
next to that of the heated blast, as the most important of the recent improvements in

the iron manufacture. The gases evolved from iron furnaces where coal is used as

the fuel contain the following constituents : vizT. nitrbgen, timmdnia, carbonic acid, car-

bonic oxide, light carbureitcd hydrogen, olefiant gas, carburetted hydrogen of unknown
composition, hydrogen, sulphuretted hydrogen, and aqueous vapour. The nature of the

combustible gas stands in a relation so intimate to the changes suffered by the

materials put into the furnace, that its different composition in the various regions of

the furnace indicates the changes suffered by the materials introduced as they descend

in their way to the entrance of the blast. Now as the examination of this column of

air in its various heights in the furnace must be the key to the questions upon wliich

the theory and practice of the manufacture of iron depend, it was of the first import-

ance to subject it to a rigid examination; this accordingly has been done by the above-

named eminent chemists, and subsequently by M. Ebelmon. We shall return to a con-

sideration of the results they obtained presently, confining our attention at present to

the composition of the gases at tlie mouth of the furnace, and to the methods which
have been adopted to utilise them.

In order to arrive at a knowledge of the composition of those gases, M. Bunsen
first studied minutely the phenomena -which would ensue were the furnace filled -with
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fuel only : by a careful distillation of a known -weight of coal, and analysing of the

products, he obtained results embodied in the subjoined table :

—

Carbon ...... . 68-925

Tar . . . a . . . . . 12-230

Water . . 7-569

light car]3uretted hydrogen .. , ., . 7-021

Carbonic oxide.

.

. . 1-135

Carbonic jicid . . 1-073

Condense(^ hydrocarbon and defiant gas . 0-753

Sulphuretted hydrogen . . 0-549

HydrogeA. .,. ., .. .... . . 0-499

Ammonia . . . .... . 0-211

Nitrogen • .. . 0-035

.:,Ai-:tI;;

100-000

Now, in the furnace,, the oxygen intsoduced by the blast is consumed in the im-
mediate vicinity of the -tuyere, being there converted into carbonic oxide, and the coal

loses all its gaseous products of distillation much above the point at which its com-
bustion commences, near, in fact, the top of the furnace ; the fuel with which the

blast comes into contact is therefore coke, and upon calculating the amount of car-

bonic oxide produced by the combustion of 68"925 per cent, of carbon, and the

nitrogen of the air expended in the combustion, we get as the composition by volume
of the gases escaping from a. furnace filled with Gasforth coal the following :

—

Nitrogen ; . 62-423

Carbonio oxide 33*163

Light carburetted hydrogen . . . . 2-527
' Carbonic acid , 0-139

Condensed hydrocarbon 0-151

Sulphuretted hydrogen 0-091

Hydrogen 1-431

Ammonia....••,. 0*070

100-000

With this preliminary information, Bunsen proceeded to calculate the modification

of the gaseous mixture occasioned by the introduction into the furnace of iron-ore

and limestone. The materials used for the production of 140 lbs. of pig-iron were :

—

420 lbs. calcined iron-ore ; 390 lbs. coal ; 170 lbs. limestone. From 100 parts of
the coal, 67-228 parts of coke were obtained ; but from this must be deducted 2-68

ashes, and 118 carbon entering into combination -with the iron; which leaves as the
quantity of carbon actually burnt into carbonic oxide before the tuyere 63-368

;
part

of this carbonic oxide undergoes oxidation into carbonic acid at the expense of the
oxygen in the oxide of iron which it reduces ; a further quantity of carbonic acid is

derived from the limestone ; so that the gases retximed to the mouth of the furnace by
the combustion of the 67'228 parts of coke, the reduction of the corresponding-
quantity of ore, and the decomposition! of limestone, consist of

—

Nitrcgen 282-860
Carbonic acid....... 59-482
Carbonic oxide . . .... 121-906

464-248

Add to this the products of the distillation of the coal, and -we get the following as
the percentage compositions by "weight and measure of the gases issuing from the
mouth of the furnace :

—

By weight. By volume
Nitrogen . , , . 59-559 . . 60-907
Carbonic acid . . 12-765 . . 8-370
Carbonic oxide . 26-006 . 26-846
Light carburetted hydrogen . 1-397 . 2-536
Hydrogen . 0-078 . 1-126

Condensed hydrocarbon . . 0-108 . 0-112

Sulphuretted hydrogen . . 0-053 . 0-045

Ammonia , , . 0-054 . 0-068

100-000 100-000
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The calculations of tlio quantity of hoat capable of being realised in the furnace by
the combustion of the furnace-guses are founded on the data on the heut of combustion
given in the posthumous papers of Dulong, according to which

—

1 kilogramme, or 15,444 grains, of
'

Carbon burning to CO, heats 1 5,444 grs. of water to 1499°0
C0^ 7371°

Carbonic oxide , . 2502**

Hydrogen 34706°
Light carburetted hydrogen .... 13469''

defiant gas 12322°
Sulphuretted hydrogen . . . . . 4476°
Ammonia • . 6060°

Using these numbers, it is found that by the combustion of 100 of the furnace-gases,

there are generated from the

69*559 nitrogen 0000
12"765 carbonic acid 0000
26*006 carbonic oxide 65067
1-397 carburetted hydrogen .... 18826
0-078 hydrogen 2704
0-108 olefiant gas 1331
0*053 sulphuretted hydrogen , . . , 238
0-034 ammonia 208

88374=

units of heat generated, the unit being understood to mean the amount of heat neces-

sary to raise 1 kilogramme = 2-204 lbs. = 15,444 grains of water from 0° Centigrade to

1° cent. The amount of heat realized in the furnace is limited to that produced by
the expenditure of the oxygen, corresponding to 59*559 nitrogen in the production of

carbonic oxide ; this amounts to 20,001 units : hen<je follows the remarkable conclusion,

that in the furnace which was the subject of expeyimeni not less than 81*54 per cent,

of the fuel is lost in the form of combustible matter still fit for use, and that only

18-46 per cent, of the whole fuel is realised in carrying out the processes in the furnace.

A more practical measure of the economy of fuel in the blast-furnace is that given

by Mr. Lowthian Bell. See p. 978.

The temperature which should be produced by the flame of the fiirnace-gases when
burnt with air is found by dividing the units of heat, viz. 883*74 arising from the

combustion of 1 kilogramme of the gases by the number resulting when the quantity

of the products of combustion is multiplied by their specific heat (1-9338 x 02696):
we thus get the number 3083° F. ; but this is below the truth, inasmuch as there is an
accession of combustible gases at the mouth of the furnace, arising from the decompo-
sition of the liquid products of the distillation of the coal in its passage over the red-

hot fuel. Making proper correction for this, and using numbers derived from actual

experiments, Messrs. Bunsen and Playfair calculated the temperature of the gases

when generated under favourable conditions at 32J4° E., and oven this may bo in-

creased to 3632° F., a temperature far above that of cast iron, by the using a bla.st

sufficiently heated. In utilising these waste gases, care must be taken not to remove
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them from the furnace till they really are waste, that is, until thoy have done their

work in the furnace. It is obvious that no combustible matter could be removed from

the lower regions of the furnace without seriously deranging the operations essential

1239

to the reduction and smelting of the ore. In order to remove the gases eiffectually,

and without injury to the working of the furnace, and in such a state as will permit
tiieir combustion to be effected with most advantage, the height of the furnace must'
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be raised, the full width of the mouth being retained, and the gases must be withdrawn
sufficiently far below the mouth for them to bo obtained dry, and also beneath th&
point where they begin to enter into combustion from conUict with the atmospheric air.

Various modes of collecting the gases have been tried ; the best seems to be that
adopted at Ebbw Vale, Sirhowy, and Cwm Celyn. A funnel-shaped casting, equal in

its largest diameter to the throat of the furnace, projects into the interior a depth of

4 or 6 feet ; the orifice at the bottom, from 3 to 6 feet in diameter, is closed by a conical

casting, the apex upwards, from which a chain proceeds to a lever having a counter-

poise at the other end. (Seofy. 1241.) The materials are filled into the funnel-shaped

receptacle, and are charged into the furnace with a uniform distribution, by lowering

tile cone by means of suitable machinery, which again returns it to its place whea
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emptied. The circular space around the funnel, inside the furnace, fotms a chamber

for the reception of the gases, from which they are conveyed by brick tunnels or iron

piping to the place of combustion. The whole arrangement will be clearly understood

by an inspection of the accompanying plans, /^s. 1238, 1239, 1240, 1241, 1242, kindly

furnished to the writer by the proprietor of the Cwm Celyn and Blaina Iron Works.

Fi^. 1243 shows the plan of extracting the gases which is adopted at the Brymbo
Iron Works, near Wrexham, the same being the patent of C. E. Darby.

It consists of a large pipe or tube inserted into the middle of the top part of the

furnace, which descends a short distance down into the materials, and is carried over

the top of the side of the furnace in the form of a siphon, a continuation of which

pipe is taken to the boilers, or hot air-stoves, where the gas is burned in the usual

way. The principal advantage claimed by this method, is that it puts no check on
the free escape of the gases, by which the driving of the furnace is impeded, and the

quality of the iron deteriorated. The patentee estimates the saving of fuel with two
furnaces making 240 tons of iron per week, by applying the gas to the blast-engine

boilers and hot air-stoves, 1,200^. a year. Thus :—Consumption of fuel at engine

and stoves equal to 7 cwts. of good coal per ton of iron, made at d\d. per cwt., is

2s. Q\d., say 25. per ton on 12,480 tons, or 1,248^.

The causes of derangement in the working of blast-furnaces when the gases are

drawn oflf to be utilised elsewhere, have been diligently studied by Mr. George Parry,

of Ebbw Vale ; and he has kindly furnished us with the following resume of his ob-

servations, for insertion in this article

—

The manner in which the waste gases were formerly collected was by sinking an
iron tube, 7 feet deep, into the throat of the furnace, the diameter of the tube being

about 3 feet less than that of the throat, thus leaving an annular space of 18 inches

between the walls of the furnace and the sides of the tube. From this space the

gases were allowed to pass off by the pressure within the furnace, through a pipe

which penetrated the ring and walls. When the tube was kept full of minerals, about
^rd or Jth only of the gas escaped into the open air, the rest passing into the annular
chamber ; and when this state of things was continued, those troublesome adhesions

of masses of semifused materials above and around the boshes, technically termed
* scaffolds,' occurred, with the usual accompaniments of black cinder and inferior

iron. It is evident that when the tube was kept full of materials, the contents acted as

a loose stopper to the current of hot gases forced up by pressure from beneath, and
diverted them towards the annular space where there was no such resistance, thus
leaving the minerals in the central parts of the furnace insufficiently supplied with the
upward current, and consequently with heat ; the minerals, on the other hand, sur-

rounding this cold central cone, were supplied with more than their usual quantity of

heat, as was evidenced by the burning of tuyeres, and by the destruction of the

brickwork in their neighbourhood. In this state of things, the ores in the external

portions of the furnace would become reduced and converted into grey metal ; while
those in the central portion would, according to the degree of deviation of the
ascending current of heated gases from them, descend to 5ie point of fusion either

thoroughly deoxidised, and slightly carbonised, or possibly with a portion still in the
state of oxide, and mixing there with the properly-reduced ores, enter into fusion with
them, producing a mixture of irons which must necessarily prove of inferior quality,

and a black cinder from the unreduced oxides. When the iron tube in the throat of
the furnace was kept only partially filled with minerals, much more gas escaped into

the open air, as might have been expected, and consequently more traversed the
central parts of the furnace ; and it was always observed that when that mode of filling

was adopted, the furnace worked much better ; but then the object, viz. that of eco-

nomising the gases, was not attained. Differently-formed furnaces were found to be
disturbed in different degrees by this system of drawing off the gases : the old conical

narrow topped furnaces were affected very much less than the improved modern
domed top furnace of large capacity, from which all attempts to take off any useful
portion of the gases proved absolute ruin. It might be argued, that as the same
quantity of blast and fuel were used as heretofore, the ascending current of heated
gases ought to produce the same deoxidising and carbonising effect on the superin-
cumbent mass, whatever direction they might take in making their escape at the
upper region of the furnace ; for if the central part should not have been sufficiently

acted upon, the external annulus would have more than its usual share of chemical
influences. But when it is considered that iron is only capable of taking up a certain
quantity of carbon, and no more, it follows that after having received this dose, its

ftirther exposure in the external parts of the furnace where the heated gases abound
can do nothing towards supplying the deficiency of carbon in the metal reduced in

the central part. From these considerations it became evident, that no system of
drawing off the gases around the sides, whether by the insertion of an iron tube into
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the throat, or by lateral openings through the walls into a chamber surrounding the

top of the furnace, can be adopted without more or less injury to its action ; and that

the only unobjectionable mode would be to take the gases from a chamber above the

surface of the minerals, thus equalising the pressure on the whole sectional area of

the mouth, and thereby allowing an equally free flow for the ascending current up
the middle, as well as up the sides of the furnace. By this method the wliolo of the

waste gases would become utilised, instead of a portion only, and the furnace -vt^ould

be restored to its original state, inasmuch as the direction of the flow of heated gases

-would not be interfered with by unequal resistance. To form this chamber, the fur-

nace must be covered in, and fed through a hopper, a plan long adopted at the Codner
Park Iron "Works, with the supposed advantage of scattering the minerals around the

sides of the furnace, and preventing their acciunulating in the centre : a conical charger

of this description, but fixed in the throat of the blast-furnace, was in use at the

Cyfartha Works more than half a century ago, the minerals being thrown by
baskets to the centre of the cone, and allowed to roll down to the sides of the furnace,

thus giving a cup form to the surface of the minerals, the larger lumps of course

rolling to the centre, and affording a freer passage in that direction for the upward
current. It was not, however, until January 1851, that a trial was made, at the

Ebbw Vale Works, of an apparatus of this description for collecting the gases. It

was then supplied to one of the old forms of conical furnace with a narrow top, and
the trial proved eminently successful, the furnace producing any quantity of iron re-

quired according to the burden, as usual. Several other furnaces were similarly fur-

nished in and around the neighbourhood, and it was now thought that the principle of

taking off the gases from a chamber above the surface of the minerals, together with
the conical mode of charging, were the only indispensable conditions to success for all

furnaces ; and some even which were originally built too narrow at the mouth were
actually improved by the new method of charging, which did not allow of the sur-

faces of the minerals rising higher than about 6 feet from the top ; thus giving to the

furnace a diminished height, and, as a consequence of its conical shape, a wider
mouth. Further experience, however, demonstrated the fallacy of this general con-

clusion.

A large domed furnace was furnished with the same kind of charging-apparatus

which proved so successful in former instances ; but, to the astonishment of all, it

turned out a complete failure, the same derangements occurring as in the former
cases, where a portion only of the gases was collected, by sinking a tube into the

throat. Now this furnace could not be filled to within 6 or 7 feet of the top, and at

that depth the diameter was 13 feet 6 inches, owing to the sharp sweep of the dome
;

the actual working furnace was therefore 37 feet high, instead of 44 feet, with a
mouth 13 feet 6 inches, instead of 8 feet; and as the minerals cannot lie so close

against the smooth sides of the walls as they do locked in each other in the more
central region of the furnace, a much freer discharge of the gases up the sides must
take place ; and on boring a hole through the side of the furnace, in the neighbour-

hood of the boshes, it was found that, 2 feet in, the coke and other minerals were at

a white heat, but a little further on towards the centre, lumps of black blazing cojil

were found, with ironstone which had not even attained a red heat. The charging-

apparatus was now raised with the furnace 5 feet, and the minerals drawn up an
inclined plane to the charging-cup, thus enabling it to be kept full to within a sliort

distance of the old mouth, after which the furnace worked as usual. That diminished

height was not the cause of the bad working of the furnace was afterwards proved,

the furnace having been blown out for repairs, and re-lined with brickwork, giving it

that form and proportion deemed necessary from the experience gained ; the height

being now only 37 feet instead of 44, and the diameter of the mouth 7 feet 6 inches,

or one-half of that of the boshes. The same charging-apparatus which failed before,

mounted 6 feet above the mouth, was used, and the furnace has now been working
uninterruptedly for five years, turning out as much as 160 tons of grey pig-iron per

week, or, when burdened for white-iron, 300 tons ; economising the whole of its gns,

and as much under the control of the manager as any furnace, either closed-top or

open-top, can reasonably be expected to be. It is clear, therefore, that the covering

of the top has nothing whatever to do with the action of a furnace kept full to the

mouth, and having the proper form and proportions from that point downwards. The
mouth must be understood to be that part of the furnace which represents the mean
height of the surfiico of the minerals, and not the top of the masonry, and the question

arises, what proportion should that bear in diameter to the boshes or widest part,

and what the latter should be with reference to height in order to secure a maximum
economical effect on the quality of the iron made, and on the yield of fuel. This stito

of perfection can exist only when the isothcriiial lines in the furnace are parallel to

the horizon. The temperature of the minerals at any given height above the tuyeres
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"being tho samo through the wholo horizontal sectional area at that height, and conse-

quently arriving at tlie zone of fusion in an equally prepared state. If the mouth of

the furnace bo too wide, the heated gases have a greater tendency to pass up the sides

than through the centre, thus destroying the horizontality of the lines of equal tem-

perature, and giving ihom a curved form with the convex side downwards ; hence ores,

at different temperatures, and of various stages of preparation, will occupy any given

horizontal sectional area of the furnace ; these descending together and mixing in the

zone of fusion will produce evils in proportion to the extent of the deflection of the

curves from a horizontal line. On the contrary, if the mouth of the furnace be too

narrow in proportion to the other parts, we may expect an undue portion of the gases

to pass up the centre, leaving the minerals around the sides comparatively unacted

upon. It is easy to see that evils of the same kind as before must exist here, the

isothermal lines becoming now concave downwards, instead of convex, giving as before,

through any horizontal section of the furnace, ores at various temperatures, and at

different degrees of deoxidation or carburation, according to the depth which they may
have attained in the furnace. There are several instances of furnaces originally built

with too narrow tops, being greatly improved by widening them ; this may conve-

niently be done by feeding them through a conical chai^er, which, by lowering the

surface of the minerals, virtually increases the width of the mouth : on the other

hand, furnaces having the opposite defect of being too wide at the top, may be

benefited to some extent, provided the walls are nearly perpendicular, or do not widen
too rapidly downwards, by employing as large a cone as it is possible to work in the

throat ; for, by the use of this feeder, the minerals must fall close to the sides, and
the larger lumps roll to the axis of the furnace, and so facilitate the passage of the

gases in that direction, besides giving to the surface a concave or cup form, and
consequently a diminished height and resistance to the upward current in the middle.

This principle of improving the charging of such defective fxirnaces is even carried

out to some extent in feeding open-top furnaces where the gases are wasted. The
charging-plate is so placed as to prevent the nose of the barrow from projecting any
distance into the furnace ; the minerals, being thus discharged close to the edge, the
larger lumps have a tendency to roll over towards the centre, leaving the smaller at

the ring-walls, to check the upward current in that direction.

The above considerations will materially assist in furnishing an answer to the oft-

repeated and very important question, * What form and proportions should a blast-

furnace have to produce the best results in quality of iron, and in economy of fuel,

whether worked on the open-top principle, or enclosed for the purpose of utilising

the waste gases ?
' Experience has proved that when the mouth of the furnace is

one-half the diameter of the widest part, good work is obtained, and that any de-

viation from that proportion, if in excess, has been productive of great derangement
in its action. The height of the furnace should also bear a certain proportion to

the greatest diameter, in order to secure an uniform flow of the ascending current
through all its parts ; for if the widest part hear too great a relation to the height,

the boshes must necessarily be of a low angle, and consequently the minerals

-Q. . around the sides near their top be at too great a distance

oat of the direct line of passage of the ascending current,

^^ and consequently remain only partially prepared for fusion.
•^ The proportions recommended by Mr. Parry, and which

have been practically tested most satisfactorily in several

instances, are as shown in fig. 1244. The mouth b' b' one-
half the diameter of the widest part c c, and this should not
be at a less depth than its own diameter. The sides of
the furnace to this depth should be formed slightly dome-
fashioned, for the purpose of giving to that region a larger
capacity than would be obtained by a conical form. The
radius of the curve should be at right angles to the axis of

the furnace, and formed by a prolongation of the line repre-
senting the greatest diameter. When the radius is set at a
great angle with this line, which is t)ften done to give greater
capacity to the domed part, tiie distortion produced by the
sharpness of the curve may leave a segment of the minerals
unacted upon by the gases in their passage to the mouth, and
entail greater evils than would be compensated for by in-

creased capacity. The curve is continued below the widest
part of the furnace till it meets the top of the boshes d d,

the angle of which should not be less than 70°, and start from the point of the
tuyeres //. The depth also from the widest part to the tuyeres should not be less
than its own diameter plm half the diameter of the tuyeres. These proportions
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give a blast-furnace, of any dotenninate height fixed upon, the largest possible capacity

it is capable of receiving, while remaining free from any distortion of form, likely

to give a place for minerals to lie out of the way of the action of the upward gaseous
current ; when the height exceeds the proportion to its greatest diameter indicated

in the figure, an unnecessary sacrifice in its capacity is the only loss entailed. The
height above the mouth must be regulated by the kind of hopper used for charging,
where it is intended to carry oflf the gases.

Doubtless when the true principle of collecting these gases without injury to the
blast-furnace becomes more generally known, attention will be directed to the easiest

and most convenient mode of introducing the minerals. The conical charger has only
one disadvantage, that namely of allowing a great waste of gas during the charging

;

probably some kind of revolving hopper may be contrived to remedy this defect. It

is of course assumed that the furnace is supplied with a proper quantity of blast, and
of a density proportionable to the diameter across the tuyeres, so as to maintain a
vigorous combustion of the fuel to the very centre of the hearth, the top of which is

indicated by the letters e e, for unless this is attained, a cold cone of minerals will

remain in the centre, and produce derangements which no degree of perfection in the

form of the furnace in the higher region can remove.

Theory of the Blast-furnace.—Analyses of the gases from a furnace at Alfreton, in

Derbyshire, at various depths below the surface, gave to Messrs. Bunson and Playfair

the results embodied in the subjoined Table. The furnace was supplied with 80

charges in the course of 24 hours, each charge consisting of 390 lbs. of coal, 420 lbs.

of calcined ironstone, and 170 lbs. of limestone, the product being 140 lbs. of pig-iron.

The gases were collected through a system of tubes of malleable iron, 1 inch in

diameter, and were received in glass tubes 4 inches long, and | of an inch in diameter.

The well-known skill of M. Uunsen as a gas analyst is a guarantee of the accuracy of

the determinations.

Composition of the Gases taken froith different depths in the Furnace.

Nitrogen .

I. II. HI. IV. V. VI. vn. vni. IX.

5 ft. 8 ft. lift. 14 ft. 17 ft. 20 ft. 23 ft. 24 ft. 34 ft.

55-35 54-77 52-57 50-95 55-49 60-46 58-28 56-75 58-05

Carbonic acid 7-77 9-42 9-41 9-10 12-43 10-83 8-19 10-08 00-

Caxbonic oxide . 25-97 20-24 23-16 19-3 18-77 19-43 29-97 25-19 37-43

Light carboretted
hydrogen . J5-75 8-23 4-5Y 6-64 4-31 4-40 1-64 2-33 0-00

Hydrogen . 6-73 6-49 9-33 12-42 7-62 4-83 4-92 5-65 3-18

defiant gas

.

0-43 0-85 0-95 1-57 1-38 0-00 0-00 0-00 0-00

Cyanogen . 0-00 0-00 0-00 00 0-00 0-00 trace trace 1-34

From these analyses it appears :

—

1. That at a depth of 34 feet from the top, within 2 feet 9 inches of the tuyire, the

gas was entirely free from carbonic acid, but contained an appreciable quantity of

cyanogen.

2. That the nitrogen is at a minimum at 14 feet.

3. That carburetted hydrogen is found so low as 24 feet, indicating that at that

depth coal must be undergoing the process of coking.

4. That hydrogen and olefiant gases are at a maximum at 14 feet.

5. That the proportions between the carbonic acid and carbonic oxide- are irre-

gular, which is probably to bo explained by the fact that water is decomposed as its

vapour passes through the layers of hot coal.

The average composition of the gases evolved from the materials used in the blast-

furnace is somewhere between the two following numbers :

—

Nitrogen . * ,

Carbonic acid

Carbonic oxide

Light carburetted hydrogen
Hydrogen • ,

Olefiant gas .

Sulphuretted hydrogen .

Anunonia ...

60-907 . 67-878

8-370 . . 9-823

26-846 . 24-042

2-636 . 2.743
1-126 . 4-972

0112 . 0-392

0-045 . 0035
0068 . 0-115

100-000 100-000
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The proportion of nitrogen to oxygen, as an average deduced from these analyses, is

79*2 to 27. The product of the combustion of coal gives the same proportions as

those existing in atmospheric air, viz, 79-2 : 20-08. The excess of oxygen must
therefore depend upon the carbonic acid of the limestone, and tlie oxygen of the ore

given to carbon during the process of reduction. Now, as at a depth of 24 feet the

gas collected contained 27*6 and 26'5 oxygen to 79-2 nitrogen, it is held that at this

depth the gas must already have accumulated all the oxygen of the ore, and the car-

bonic acid of the limestone ; and the conclusion is drawn that, in hot-blast furnaces fed

with coal, the reduction of the iron and the expulsion of the carbonic acid from the

limestone takes place in the boshes of the furnace. The exact region of the furnace

in which the melting of the iron and the formation of slag are effected is not exactly

defined, but it is assimied that the point of fusion is at the top of the hearth. The
region of reduction in a furnace smelting with coal must be much lower than when the

fuel is coke or charcoal, because a large portion of the body of the furnace must be
taken up in the process of coking, and the temperature is thereby so depressed, that

it is sufficient neither for the reduction of the ore, nor for the expulsion of carbonic

acid from the limestone.

The mean general residts obtained by M. Ebelmen from a charcoal-furnace at

Clerval are given below. The methods of analysis adopted by this chemist were
altogether different from those employed by Messrs. Bunsen and Playfair. For details,

we refer to his memoir in the Annates des Mines, vol. xix. p. 89, 1851.

No. of analysis . . ^ n. m. IV. V. VI. VII.

Depth below mouth , 3ft.3in. 3ft.3in. 9ft. 9 in. 9 ft. 9 in. 19 ft. 6 in. 19 ft. 6 in. 27 ft. Tymp.

Carbonic acid .

Carbonic oxide .

Hydrogen .

Carburetted hydrogen
Nitrogen . .

12-01

24-65
5-19
0-93

57-22

11-95

23-85
4-31

1-33

58-56

4-14
31-56

3-04

0-34

60-92

4-23

31-34
2-77

0-77

60-89

0-49

35-05
1-06

0-36

63-04

0-07

35-47
1-09

0-31

63-06

0-00

37-55
1-13

0-10

61-22

0-93

39-86
0-79

0-25

58-17

Total3 . 100-00 100-00 100-00 100-00 100-00 100-00 100-00 100-00

Oxygen, per 100 nitro-

gen.... 42-5 40-8 32-7 32-7 28-5 28-2 80-7 35-8

Carbon - vapour, per
100 nitrogen . 32-8 31-7 29-6 29-6 28-5 28-5 30-7 35-9

I. Q-as taken a short time after the introduction of the charge : II. the same taken
a quarter of an hour after charging : III. gas collected through a cast-iron tube four

inches in diameter ; it rushed out with a noise and gave a sheet of flame, carrying

with it particles of charcoal and dust : IV. gas collected by boring the masonry ; it

rushed out violently, burning with a blue-coloured flame: V. the same taken an
hour after : VI. gas collected by boring the masonry at the back of the furnace

about 3^ feet above the tuyere ; it burnt with a white flame, giving off fumes of oxide

of zinc ; it was collected through porcelain tubes : VII. gas collected through gun-
barrels lined with porcelain ; it was evolved with sufficient force to project scoriae

and even cast iron.

The furnace was working with cold blast under a pressure of -44 inch of mercury.
The charges had the following composition :—Charcoal, 253 lbs. ; minerals (various),

397 lbs. ; limestone, 254 lbs. Thirty-two charges were driven in twenty-four hours

;

the furnace was stopped after every twenty charges ; the produce being 3,970 lbs. of
black cast iron ; the daily yield being about 6,175 lbs.

The experiments show that while the carbonic acid progressively diminishes down-
wards, the carbonic oxide progressively increases, the former altogether disappearing
at a depth of 27 feet. On examining the numbers representing the oxygen and
carbon referred to 100 nitrogen, it is seen that they diminish progressively to a depth
of 19 feet, the oxygen combined varying from 42-5 to 28-2. The proportion of carbon,
in the same zone rises from 28-5 to 32-8 : a result brought about as much by the car-

bonic acid disengaged from the minerals as from the gaseous products of the distilla-

tion of the charcoal. It is seen that the reduction of the mineral is already considerably
advanced at the depth of 19^ feet; and this, so to speak, without any consumption of
charcoal, but through the conversion of carbonic acid into carbonic oxide. The hy-
drogen decreases as the carbonic oxide increases ; showing that this gas exercises no
influence in the reduction of the ore.
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The results obtained by M. Ebelmen from a coTco-furnace at Seraing wore as
under :

—

No. of experiment I. 11. III. IV. V. VI.

Depth 1ft. 1ft. 4 ft. 9 ft. 10 ft. 10 ft. 12 ft. 46 ft.

Carbonic ftcid , .

Carbonic oxide . ,

Hydrogen ....
Carbutettcd hydrogen

.

Nitrogen ....

11-3!)

21-61

2-71

0-20

67-06

11-39

28-93

3-04

66'64

9-85

28-06
0-97

1-48

69-64

1-54

33-88

0-69

1-43

62-46

1-08

85-2

1-72

0-33

61-67

1-13

36-35

2-08

0-29

61-15

0-10

86-30
2-01

0-25

61-34

0-00

45-05
0-25

0-07

64-63

Totals .... 100-00 100-00 100-00 100-00 100-00 100-00 100-00 100-00

Oxygen, per 100 nitrogen . 45-0 46-6 40-0 29-6 30-2 30-6 29-9 41-2

Carbon-vapour, per 100 ni-

trogen .... 86-2 85-7 33-0 29-4 29-6 30-0 29-9 41'8

I. Gas obtained by plunging an iron tube, three centimeters in diameter, about
one foot into the furnace : II. the same ; the gas burnt spontaneously : III. and IV.
two consecutive analyses of the same gas : V. the gas was collected by an iron tube :

VI. gas collected by piercing the masonry two feet above the tuyeres ; the gas was
accompanied by fumes of cyanide of potassium, but no cyanogen could be detached.

The furnace was' 50 feet high ; the air was supplied through two tuyeres, and was
heated to 212°

; it was driven at the rate of 26,840 gallons per minute under a pressure

of '6 of mercury. The charges were composed of, unroasted minerals 1,434 lbs.,

forge cinders 1,434 lbs., limestone 948 lbs., coke 1,765 lbs. The metal was run
every twelve hours, and 17,500 lbs. of white crystalline cast iron obtained, which was
run on thin plates and run directly to the puddling-furnace. The yield of the

mineral was 42 per cent, and the consumption of coke 1,500 per 1,000 of cast iron,

rising from 1,800 to 2,000 per 1,000 of iron when the furnace was working for foundry
iron.

The analyses show a rapid diminution of carbonic acid, and indicate that in the

upper regions of the furnace an energetic reduction of ore takes place by the oxide

of carbon under the influence of the high temperature of the ascending gases.

Between one and nine feet the limestone is calcined. The reduction of the ore takes

place at this region by the conversion of carbonic oxide into carbonic acid, without
change of volume and without consumption of carbon. The increase in the hydrogen
is too small to induce a supposition that aqueous vapour in decomposing can dissolve

any notable quantity of carbon. The gases collected at a depth of about 12 feet

represent about the mean composition of the gaseous mixture ; from that point to a
depth of 45 feet, two-thirds of the total height of the furnace, the gases do not

sensibly vary, and are combined almost entirely of carbonic oxide and nitrogen. At
12 feet the oxygen is to the nitrogen as 29'9 to 100 ; in atmospheric air it is as 26*3

to 100. The difference, 3-6, represents the oxygen arising from the reduction of the

silicates of iron constituting the forge cinders, which is thus seen to take place

between the tuyere and a depth of 12 feet. These silicates are well known to be

decomposed with difficulty, but they are reduced at the high temperature prevailing

in that zone of the furnace, and their reduction gives rise to a corresponding quantity

of carbonic oxide, to a consumption of fuel, and to a considerable absorption of latent

heat. The other minerals are reduced higher up in the furnace, and this is common
to all coke-furnaces, being due to the high temperature of the ascending gases, a
temperature much higher than exists in charcoal-furnaces, a far larger quantity of

combustible being consumed. Ilenco it is that forge cinders can be successfully used

in coke-furnaces ; while in charcoal-furnaces the introduction of small quantities

only alters the working of the furnace, makes the iron whi/e, and corrodes rapidly

the walls of the furnace in consequence of the imperfect reduction.

From his eudiometric experiments on the gases from coke- and charcoal-fumacoB,

M. Ebelmen deduces the following conclusions :

—

1. That the amount of carburetted hydrogen is too small to exercise any influence

over the chemical phenomena of the furnace.

2. That the atmospheric air thrown into the furnace by the tuyere produces suc-

cessively carbonic acid and carbonic oxide, at a small distance from the opening.

The first of these reactions gives rise to an cxcoodingly high tempcniture ; the second,

on the contrary, causes a great absorption of latent heat, and a corresponding lower-

ing of the temperature of the gaseous current. The limit of the zone offusion bears
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relation to the space in wMch the transformation of carbonic acid into carbonic oxide

takes place.

3. That the ascending current, which consists of carbonic oxide and nitrogen, with a

little hydrogen, produces in ascending two distinct effects: it communicates one

part of Its sensible heat to the materials of the descending column ; it becomes charged

with all the volatile products disengaged at diiFerent heights, and it reduces the oxide

of iron to the metallic state. Sometimes this transformation gives rise to an increase

in the quantity of carbonic oxide ; sometimes, on the contrary, it effects the conversion

of carbonic oxide into carbonic acid without change of volume, and
^
without com-

bustion of fuel. Whenever the reduction of oxide of iron takes place with the produc-

tion of carbonic oxide, there is a consumption of fuel, and an absorption of latent heat.

It is essential, therefore, to the good working of the furnace, that the minerals should

arrive completely reduced to that part where the temperature is sufficiently elevated

for the conversion of carbonic acid into carbonic oxide by contact with carbon : this

condition is nearly always realised when the oxide of iron is in a free state in the

mineral. The reduction of the oxide when in combination with silica requires, on the

other hand, a high temperature, and it can only take place in that zone of the furnace

where the carbonic acid has completely disappeared.

4. That the zone where carbonic oxide exists alone is much more extended in coke-

than in charcoal-furnaces, and is nearer the mouth in the former than in the latter
;

it falls lower, however, in the cylinder with hot blast, the quantity of heat remaining

the same.

6. That the volatile gaseous matters from the distillation of the charcoal pass into

the escape gases, and exert no influence on the reduction of the minerals.

The mutual relation of the carbonic acid and carbonic oxide, which is observable

in the analyses of M. Ebelmen, is not found in those of Messrs. Bunsen and Playfair

;

this is attributed by M. Ebelmen to the circumstance that the latter chemists collected

their gases through narrow iron tubes, which, becoming intensely heated and partially

choked by the fragments of ore and fuel introduced by the rapid stream of gas, so

modified the composition of the gases, that the analysis, however carefully conducted,

could not represent accurately their real composition. M. Ebelmen collected his gases

through wide tubes, and from the lower parts of the furnace, by piercing the solid

masonry. It is obvious, however, that none but very general conclusions can be drawn
from the analysis of the furnace-gases, in whatever way they may be collected, for their

composition cannot be the same under all circumstances, the nature of the fuel, the

pressure of the blast, and (as Mr. Parry's experiments prove) the shape of the furnace

itself, must each exert an influence in modifying the circumstances which affect their

composition. Although, therefore, it is impossible to fix the precise region of the furnace
where the reduction of the oxide of iron begins to take place, that is, to define pre-

cisely the limits of the ' zone of reduction,' we may, in considering the theory of the
production of crude iron, divide the furnace into four zones : 1. The zone of reduc-
tion ; 2. The zone of carburation ; 3. The zone of fusion ; 5. The zone of oxidation.

The zone of reduction will vary in extent according as the furnace is working with
coal or with coke, with hot blast or with cold. The zone of carburation commences
just below the top of the bosses, the reduced metal in a soft and malleable state here
acquires carbon, its rapid sinking being retarded by the contraction which the sides

of the furnace begin to undergo from this point downwards. As the carburized
metal passes through the zone of fusion it melts, together with the earthy matters
which serve to protect it from the oxidising effects of the fourth zone, that of oxida-
tion, through which it passes in its passage to the crucible. If the temperature of
the zones of fusion and oxidation be not much higher than the melting point of spe-
cular iron, the metal in the crucible will be white, with little or no graphite ; and if

the iron remain sufficiently long in the zone of carburation to take up the maximum
quantity of carbon, it will be bright iron. The reduction of silicon appears to take
place at about the melting temperature of specular iron : it exists therefore in small
quantity in white iron, and in the greatest abundance in the grey iron smelted from
refractory ores, which require a high temperature.
The proportion of carbonic acid in the gases obtained from different heights in a

furnace, has been studied by MM. E. Montefiore Levi and Dr. Emil Schmidt {Zeit-

schrift des dster Ingenieurvereines, 1852). They found that the zone from which this
gas is entirely absent is of very limited extent, for although it is not met with at a
height of 8 feet from the tuyere, it exists at 9 feet to the extent of 4*78 per cent.,

above which point it diminishes up to 15 feet, where it is 0. From this point it

again increases, amounting at a height of 30 feet to 3*5 per cent. It then gradually
diminishes, imtil, at a point from 37 to 39 feet above the tuyere, it amounts to only
r69 or 1"91 per cent.; after which it goes on increasing with rapidity and regularity
up to the furnace mouth. The carbonic acid existing in the furnace-gases between
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15 and 30 feet is referred by these chemists to the decomposition of the limestone used
as a flux : and its gradual diminution above this point indicates a reaction of consi-
derable importance, that, namely, of the carbonic acid upon the ignited coke carbon
being taken up and carbonic oxide formed. Now, the quantity of carbon taken up by
275 parts of carbonic acid to convert it into carbonic oxide, amounts to 75 parts, and
as in the furnace experimented with, 20,000 kilogrammes of limestone, containing
about 8,000 kilogrammes of carbonic acid were consumed every 24 hours, a loss

of fuel equivalent to 2,173 kilogrammes of carbon was daily occasioned by the con-
version of this carbonic acid into carbonic oxide, and this may be considered equi-
valent to 2,500 kilogrammes of coke with 11 per cent, of ash. The heat absorbed by
the conversion of the carbonic acid of the limestone into a gaseous state is found
by calculation, taking the specific heat of carbonic acid at 0-22, and the heating
power of coke at 600, to be equivalent to that developed by the combustion of
322 kilogrammes of coke. Now it was demonstrated by Dulong that the quantity
of heat disengaged in the conversion of carbon into carbonic oxide is much less

than that disengaged in the conversion of carbonic oxide into carbonic acid, although
the same quantity of oxygen is required in both cases. The conversion of carbonic
acid into carbonic oxide by passing over ignited carbon is essentially a twofold
action : a combination of carbon with oxygen, and a decomposition of carbonic acid
into carbonic oxide and oxygen ; the former is accompanied by development, the
latter by absorption of heat ; the latter preponderates to such an extent as to indicate

a loss of temperature equivalent to the heat developed by the combustion of 1,609
kilogrammes of coke.

These considerations led the authors to employ burnt lime in working blast-furnaces,

and thus to obviate the loss of heat : the results were not at first satisfactory, the
management of the furnace being very difficult, and the slags black and pasty ; but
subsequently the working was regular and good, and the saving of coke and the in-

crease of production are stated to have been very evident ; moreover, the raw iron was
of better quality, and all the interior parts of the furnace, especially the tjrmp-stone,

remained in a much better state of preservation than when limestone was used. The
following table shows the quantity of coke consumed for every 100 kilogrammes of
raw iron, and the production during six months. The figures in the first column refer

to the furnace, in which limestone alone was used ; the second column to the same
furnace, in which burnt lime alone was used ; and the third column to the furnace

in which limestone was used for three months, and burnt lime for the next three

months :

—

Quantity of coke in kilogrammes
consumed for every 100 kilo-

grammes raw iron

Kednction during 28 days,
in kilogrammes

1. 2. 3. 1. 2. 3.

With With . With With With With

April . . . .

limestone burnt lime limestone limestone burnt lime limestone

165 145 163 436,000 601,000 459,000

May ... . 165 147 159 447,000 682,000 461,000

June .... 160 im 164

With
burnt lime

477,000 588,000 488,000

With
burnt lime

July .... 161 146^ 1493 462,000 555,000 537,000
' August 158| 145 146 465,000 636,000 552,000

September . 153 147f
146}

146 477,000 577,000 600,000

Mean.... 160i 154§ 461,000 573,000 516,000

Average from April to

June ... ... 162 ... ... 469,000

Average from July to

September ... ... 147i ... ... 563,000

The very regular and uniform results given in this table, show that by the use of

burnt lime, the consumption of coke for every 100 kilogrammes of raw iron was
reduced by 14 to 15J kilogrammes, while at the same time the production of iroa

increased, within a certain period, as much as 22 to 24 per cent.

Hitherto the opinion of metallurgists, with regard to the use of burnt limo, was
rather unfavourable than otherwise, but since the above experiments wore made (at

Ougrde), it has been employed with good results in England and Wales, and as much
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as 12 kilogrammes of coko have, it is stated, been saved for every 100 kilogrammes of

limestone, which was replaced by 63 of burnt lime.

Mr. Lowthian Bell considers that the economy in the use of caustic lime in blast-

furnaces depends chiefly upon the diiference in price in the fuel used, as the lime is

burnt with small coal in kilns, saving an equivalent of coko, a more expensive fuel in

the furnace. He has, however, found that when caustic lime is exposed to carbonic
acid at a red heat, there is a re-formation of carbonate of lime to some extent, which
is decomposed again at a higher temperature, and that therefore the fuel saved in the
furnace is less than the calorific equivalent of that required for burning the lime.

The greatest development in blast-furnace economy has taken place in the Cleve-
land district, where the amount of fuel required for the production of a ton of pig-iron
has been reduced from 35 to 40 cwts. of coke to 20 cwts. and even in some cases as low
as 17 cwts. This saving has been produced by increasing both the dimensions of the
furnaces and the temperature of the blast, the waste gases being in all cases econo-

Width of
Date Name of Firm Furnaces Height boshes Capacity

No. Feet Feet Cubic feet

1851 Bolckow and Vaughan 3 42 15 4,566
1853 Bell Brothers . 6 m 16^ 6,174

,, Bolckow and Vaughan 6 64 15 7,166

,, Gilkes, Wilson and Co. 2 45i Hi 5,100
1854 Cochrane and Co. 4 55 16 7,175

» B. Samuelson and Co.

.

3 50 14 5,050

„ Bolckow and Vaughan 3 54 15 7,116

M Gilkes, Wilson and Co. 2 65 14^ 6,800
1856 Stockton Furnace Co. . 3 . 50 16 6,341

„ .
Morton Iron Co. . 3 50 15 6,000

1858 Thomas Vaughan 6 66 16 7,000

,, Hopkins, Gilkes and Co. 2 56 16 7,200

>» Jones, Dunning and Co. 2 68 17 8,000

,, Bolckow and Vaughan 1 61 16,^ 7,960
1861 Gilkes, Wilson and Co. 1 65 16 7,700

„ William Whitwell and Co. 3 60. 20 12,778
1862 Bolckow and Vaughan 2 75 161 11,985
1864 B. Samuelson and Co.

.

4 69 20 15,500

„ Lloyd and Co. . 4 67 20 15.000

M Thomas Vaughan 6 81 19 16,000

„ Stevenson, Jacques and Co. 3 70 22 17,000
1865 Gilkes, Wilson and Co. 2 75 21 17,700

„ Bell Brothers 2 80 20^ 15,500

»» Bolckow and Vaughan 2 951 16 15,050
1866 Bolckow and Vaughan 1 75 20 12,972

,, Hopkins, Gilkes and Co. 2 75 24 20.000

» Swan, Coates and Co. . 2 75 20 16,090

„ Bell Brothers . 2 80 17 11,500
1867 Norton and Co. . 2 85 25 26,000

,, Cochrane and Co. 2 76 23 20,024
1868 Gilkes, Wilson and Co. 1 75 24 22,500

„ Stevenson, Jacques and Co. 1 70 23 18,000

» B. Samuelson and Co.

.

1 69 2U 16,000

„ Lloyd and Co. . 2 80 2li 18,000

»i Jones, Dunning and Co. 3 73 18 12,000

„ Bolckow, Vaughan and Co. 2 95^ 22 25,940

»> Bolckow, Vaughan and Co. 1 95i 23 28.800
1869 Thomas Vaughan 3 85 25 26.000
1870 Bell Brothers . 4 80 25 25,000

,, Stockton Furnace Co. . 2 80 24 24,613

>» Swan, Coates and Co. . 1 75 23

1

22,229

it Cochrane and Co. 2 90 30 41,149

» Gilkes, Wilson and Co. 2 85 27 32,000
B. Samuelson and Co. 2 85 28 30.000

1871 Bolckow, Vaughan and Co. 2 95^ 24 28,950

>» Lackenby Iron Co. 2 85^ 254 26,670
»» Gjers, Mills and Co. . 2 85 2a 26,000

Voi.n. 3B
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mised. How very great the change has been may be seen in the preceding toble

giving the dimensions and dates of the erection of new furnaces at the different

works since iron-smelting was commenced in Cleveland in 1851, in furnaces of
the StaflTordshire type.

Mr. Lowthian Bell, to whom we are indebted for an elaborate work on the chemistry
of the blast-furnace, considers that it is not certain whether any greater saving can be
effected by the use of furnaces of 30,000 feet cubic capacity than by those of 10,000
or 12,000 feet, as in either case for similar charges he finds the composition of tho
waste gases and their temperature will be about the same.

Mr. Bell has pointed out that when peroxide of iron is exposed to carbonic oxide at

temperatures between 750° and 850° Fahr., that simultaneously with the reduction of
the ore to metallic iron, with the production of carbonic acid, a converse action takes

place to a small extent, the carbonic oxide being split up into carbon and carbonic

acid, the former being absorbed by the partially-reduced ore. This action is supposed
to play a considerable part in modifying the ordinarily-accepted theory of blast-

furnace action, as it is supposed that the carbon so absorbed is carried down with the
ore into the highly-heated region of the hearth and boshes, where the last traces of

oxygen are removed by its combustion, and the iron becomes fully carburised.

This absorption of carbon is attended with the disintegration of the ore—a fact

which accounts for the disappearance of the lumps of ore in the interior of blast-furnaces

when examined through holes in tho brickwork of the stack made by accident or

design. In such cases the flux and coke retain their original form ; but the ore is

changed in many cases to a black crumbled mass, in which the separate lumps can no
longer be distinguished. The reduction by carbonic oxide of peroxide of iron to the

metallic state commences at the temperature of about 300° to 400° Fahr., but at the

higher point, of about 800°, the spongy metal is reoxidised when brought into conttict

with carbonic acid. The reducing action, therefore, of carbonic oxide in blast-furnace

gas must at the higher temperature become balanced by the oxidising action of car-

bonic acid in proportion as the two gases approach to ' an equality. This is a point of

great importance as affording a true measure of the working of a furnace, which may
be considered to have consumed its fuel properly, when the gases at the throat are

cooled to such a point that the particular dilution of carbonic oxide by carbonic acid,

to which they correspond, is no longer capable of reducing the ore. This is attained

in the Cleveland furnaces when the volume of carbonic oxide to that of carbonic

acid is as 2 to 1, and the temperature from 600° to 700°. Beyond this point the

gases have only a calorific value, namely, their sensible heat and the amount that can
be developed by their combustion in stoves and boilers instead of coal.

The increase of heat in the blast has in general been attended with a marked economy
of fuel up to temperatures of about 1000° Fahr. With more highly heated blast,

such as is obtained in the Siemens and Whitwell stoves, it is less certain whether any
greater saving can be effected. At Consett a distinct saving is claimed for blast at

1300° over the same furnace when blown at 1000°. At Barrow, on the other hand,

no sa\ang was effected by the use of blast at 1500° instead of 1100°, the consump-
tion of coke being the same, in either case about 20" 18 cwts. to the ton of pig-iron

produced.

Varieties and Chemical Constitution of Cast Iron.—In commerce there are four

principal varieties of cast iron, known respectively as Nos. 1, 2, 3, and 4, or darhgny,
bright grey, mottled, and white \ these terms, although convenient, do not, however,

indicate the intrinsic value of the iron thus denominated, as tho variable qualities of

ore, fuel, and limestone may exercise such an influence on the resulting crude iron, as

to render a low denomination of one manufacturer of greater commercial value than

a higher denomination of other makers. The general characters of the four varieties

are these :—No. 1. Colour, dark grey, in large rounded grains, obtained commonly
near the commencement of tho casting when tho furnace is in good working order,

and when an excess of carbon is present ; in flowing it appears pasty, and throws out

blue scintillations. It exhibits a surface where crystalline vegetations develop them-
selves rapidly in very fine branches ; it congeals or fixes very slowly ; its surface,

when cold, is smooth, concave, and often charged with phimbago; it has but a

moderate tenacity, is tender under the file, and susceptible of a dull polish. When
melted over again, it passes into No. 2, and forms the best castings. No. 2, colour

bright grey, of small-grained structure, and interspersed only with small graphite

laminae
;
possesses great tenacity, is easily filed, turned, and bored ; may even bo

hammered to a certain extent ; does not readily crack from change of temperature.

No. 3 is a mixture of white and grey iron. On strongly mottled iron, little stars and
spots of grey iron are found, interspersed in bright or flowery iron ; weakly mottled iron

exhibits white specks on a grey ground. In streaked iron, grey iron is found ulwve
and below, and bright iron in tho middle, with strong demarcations. No. 4. White
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iron varies from tin white to greyish white ; it is very brittle, cracking easily, even

by change of temperature; it is extremely hard, sometimes even more so than
hardened steel, so that it will resist the strongest file, and scratches glass easily.

Fracture sometimes laminar, sometimes lamino-radiating, sometimes finely splintered,

sometimes dense and conchoidal. As the fracture changes from laminal to conchoidal,

the colour likewise varies from white to greyish. Mean specific gravity, 7"5. Ex-
pands less than grey cast iron when heated, cannot be welded, because it becomes
pasty at the very lowest welding heat. When heated to the melting point it does

not suddenly pass into the fused state like, grey pig-iron, but is converted before

fusing into a soft pasty mass. In this variety of pig-iron the whole of the carbon is

united to the iron ; it is never used for casting, but always for conversion into

malleable iron. The bright iron obtained from spathic iron-ore contains the largest

proportion of carbon (5'3 per cent, according to Karsten). The white iron resulting

I'rom derangement flows imperfectly, and darts out in casting abundance of white
scintillations ; it fixes very quickly, and on cooling exhibits on its surface irregular

asperities, which make it extremely rough; it is exceedingly hard, though it is easily

broken, the fracture being radiated and lamellar ; the bar-iron it affords is of inferior

description. This kind of iron is always produced when the furnace is carrying a
heavy burden of forge cinders containing sulphur and phosphorus.
Thus there are two distinct kinds of white cast iron : 1st. That obtained from ores

containing a large proportion of manganese crystallising in iron plates ; this variety
is highly prized for making steel. 2nd. That resulting from a heavy mineral burden,
or from a general derangement of the furnace, or from the rapid chilling of fused grey
iron crystallising in small plates ; both are hard and brittle, the first more so than the
hist. Cast iron, which by slow cooling is grey, becomes white when it is cooled
rapidly; on the other hand, when white iron is melted and allowed to cool very
gradually, a portion of the carbon crystallises out as graphite, and grey cast iron is

produced.

In some iron works six varieties of pig-iron are recognised, which may be classified

thus :— 1. First foundry iron, large crystals; 2. Second foundry iron, large and small
crystals mixed; 3. Dark grey, all small crystals; 4. Bright grey; 5. Mottled;
6. White, verging on mottled.

The subjoined table exhibits the composition of some different varieties of Conti-
nental, English, and American crude irons. The methods of determining the various
elements which nearly always accompany cast iron, are given at the end of this article.

Descrip-
tion

Iron
Carbon,
combined

Carbon,
free

Phos-
phorus

Sulphur SiUcon
Man-
ganese

Total Sp. gr.

a 93-66 0-48 3-85 1-22 trace 0-79 trace 100-00 7-077
Ociinan b 93-29 2-78 1-99 1-23 „ 0-71

'
100-00 7-43

c 91-42 1-44 2-71 1-22 3-21 " 100-00 7-16

French d 95-18 3-40 0-45 0-03 0-80 99-86
e 93-39 l-OO 0-18 0-38 3-75 1-30 100-00 7-159

f 94-87 0-04 3-07 0-22 trace 1-80 100-00 7-54
American . ff

96-35 1-14 1-50 0-21 0-01 0-79 " 100-00 7-67
h 96-65 2-79 ., 0-17 0-06 0-32 99-89 7-53

Silesiau . i 91-45 4-94 0-12 trace 0-75 3-38 100-64 7-6

J 90-75 3-62 3-26 ^ 0-25 2-00 99-88
k 92-63 1-40 1-20 1-30 1-40 2-80 100-73

Scotch I 92-06 2-62 0-46 0-04 3-83 1-80 100-81
m 92-76 2-50 0-79 0-04 2-88 1-80 100-77

English .
n 89-45 2-30 0-57 0-02 4-88 2-22 99-44
o 94-10 1-87

1 1-92 0-21 trace 1-30 1-12 100-52

P 95-27 2-42 1-08 0-87 0-36 100-00

? 93-55 2-80 1-66 0-14 1-85 100-00

Welsh ,
r 91-92 4-00 0-07 0-01 0-21 3-65 98-86
s 86-00 4-23 0-06 0-00 0-62 8-40 99-31

t 91-29 4-17 0-07 0-01 0-21 4-11 99-86
« 94-71 1-21 1-34 2-64 C-10 100-00

a. Very grey pig, from Lerbach in the Hartz, co d blast

;

b, Mottled iron, from the royal works in
the Hartz, cold blast ; c, Normal grey pig, from tlle same iYOrks, hot blast ; d, Grey charcoal pig,
cold blass ; e, Wliite pig, from Finny, very shorlt and brittle

; /, American grey pig, charcoal

;

g, American mottled iron ; h, American charcoal, white iron ; i, SUesian white charcoal iron, very
crystaUine

; /, The same, but less crystalline ; k, G reyScotch coke pig, from the Calder iron works

;

I, Scotch coke, Ko. 3 pig-iron ; m, Glengarrick, N0. 3 pig n, Coalbrookdale Lightmoor best first
fomidry iron; o. Grey pig-iron, from Dudley, istaffordsllire ; p, Ordinary Aberdare white pig

;

q, Grey cinder pig ; r, White crystalUne pig-iron, smelted fTom manganiferous ore ; s, The same
;

i. The same ; u, Ordinary white pig.

Besides the substances enumerated in the above table, other metals, such as copper,
arsenic, chromium, titanium, cobalt, zinc, tin, aluminium, and the metals of the alkalis

3b2
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and alkaline earths, are occasionally found in crude iron, but very rarely in quantities

that can at all affect the qualities of the product. The elements, the quantitative

estimation of which has been given in the above analyses, do, however, materially

modify the physical qualities of cast iron. We shall, therefore, offer a few obser-

vations on each.

Carbon.—Iron can take up any quantity of carbon up to a little over 6 per cent.,

at which point it becomes saturated : the compound thus formed is the white crystal-

line pig or specular iron (»') (r) (s) {t) ; when absolutely pure, its composition is 94-88

iron, and 6'12 carbon: it is a tctra-carhuret, Fe^C. The most highly carburettod iron

which Faraday and Stodart could produce consisted of 92'36 iron, 5G4 carbon. There
seems no reason for admitting, as some metallurgists have done, the existence of a
polycarburet of iron, containing 18'3 per cent, of carbon, inasmuch as iron containing

under 6 per. cent, appears to be completely saturated. The specific gravity of pure
tetra-carburet of iron is 7*66 ; it is the most fusible of all the carburets of iron, its

melting-point being 1600° Cent. ; it is brittle and silver-white, and crystallises in

oblique prisms, which are frequently tabular. According to Gurlt the carburet of

iron existing in grey pig is the octo-carburet, Fe^C, the crystals of which belong to

the regular or cubic system, but almost always appears in grey iron in the form of

confused octohedral groups. The specific gravity of pure octo-carburet of iron, ac-

cording to the same authority, is 7"15, and its composition 97*33 iron, and 2*63

carbon ; its colour is iron-grey, its hardness is inferior, and its fusibility less than

that of specular iron ; the groups of crystals often found in cavities in large castings

are composed of this peculiar carburet. Gurlt very ingeniously endeavours to show
that in grey pig-iron the carbon of the octo-carburet is partially replaced by silicon^

sulphur, and phos'phorus, and the iron by manganese and other metals. In like

manner the carbon of the tetra-carburet may be partially replaced by silicon, phos-

phorus, or sulphur, the eliminated carbon appearing in the form of graphite : the

same decomposition is effected by heat, and specular iron, if exposed to a temperature

considerably above its fusing-point, becomes grey ; if cooled slowly, the graphite

separates in lai^e flakes, if rapidly, in minute particles. Some metallurgists suppose

that in grey cast iron a portion only of the iron is chemically united with carbon,

the rest of the metal being dissolved in the carburetted compound in tlie form of

malleable iron. Dr. Noad inclines to the opinion of Gurlt, that the whole mass of

the iron is in a state of combination with the electro-negative constituents, such as

carbon, sulphur, phosphorus, and silicon. Thus in the white pig-iron of heavy
burden {u), there is a deficiency of carbon, that element being replaced by sulphur

and phosphorus.

Karsten gives as the mean of several analyses, 3*6865 per cent, as the quantity of

carbon in cast iron smelted with charcoal from spathic ore. He states that iron

containing as little as 2*3 per cent, of carbon still retains the properties of cast iron,

particularly the faculty of separating graphite when allowed to cool slowly. With
2 per cent, of carbon iron is not forgeable, and scarcely so if it contain only TO per

cent. With this quantity of carbon it is steel, though not of the weldablo kind (cast

steel) ; even with so small a proportion of carbon as 1-75 per cent, it is weldable only

in a slight degree ; the latter property increases as the hardness of the iron decreases.

An amount of from 1*4 to 1*5 per cent, of carbon in iron denotes the maximum of both

hardness and strength. Iron containing 0*5 per cent, of carbon is a very soft steel,

and forms the boundary between the steel {i.e. iron which may yet be hardened) and
malleable or bar-iron. These limits lie perceptibly higher if the iron be pure ; and
lower if it contain silicon, sulphur, and phosphorus.

The composition of the various carbides of iron, according to Berthier, is as under :

—

FeC» FeC FeC Fe'C Ffi^C Fe«C

Iron . . 0-600 0-690 0-819 0-899 0-947 0-9643

Carbon . 0*400 0-310 0183 0-101 0-053 0-0357

In the blast-furnace, the reduced iron may take up carbon in two different ways :

1. By immediate contact with the incandescent fuel ; and 2. By taking carbon from
carbonic oxide ; thus Fe + 2C0 = FeC + CO^. That iron decomposes carbonic oxide

is considered by Le Play and Laurent to be proved by the following experiment

:

pure oxide of iron and charcoal were heated in two separate porcelain boats, placed in

a glass tube ; the air in the tube furnished oxygen to the carbon ; carbonic oxide was
formed, which was converted into carbonic acid, at the expense of the oxygen of the

oxide of iron ; the carbonic acid was again transformed into carbonic oxide, by taking
up a fresh quantity of carbon, which was again converted into carbonic oxide l)y

taking oxygen from the oxide of iron, and this went on until the whole of the oxido

of iron was reduced; the metallic iron then decomposed carbonic oxide, producing

carbonic acid and carbide of iron : and this went on till a certain quantity of carbon
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had combined with the iron, when the action ceased. If the charcoal be very strongly

ignited previous to tJie experiment, the carbonisation of the iron does not take place,

neither does pure carbonic oxide carbonise iron when passed over the metal at a red

heat: the effect in the experiment above described may therefore be due to the

carburetted hydrogen evolved from the charcoal. Iron begins to take up carbon

when heated only to the softening-point, the carbon gradually penetrates the metal,

converting it first into steel and then into cast iron ; conversely melted cast iron gives

up carbon to soft iron, which it converts into steel. "When white iron (Fe*C) is

heated with acids, nearly the whole of the carbon is eliminated in combination with
hydrogen. Grey iron only gives up to hydrogen the carbon which was chemically

combined with the iron, the uncombined carbon or graphite remains unacted upon
;

the dark spot produced upon grey iron by a drop of nitric acid arises from this sepa-

ration of graphite. For the amounts of carbon in the different varieties of steel, see

Steel.

Phosphorits.—In very few specimens of crude iron is this element wholly absent

;

when it exists in small quantities only, it is said rather to improve the iron for

castings, as it imparts to the metal the property of fusing tranquilly ; in a larger

proportion, it weakens the iron. In like manner a very small quantity of phosphorus
hardens bar iron, without materially influencing the other properties, but when it

exceeds '5 per cent, it renders the bar brittle, cold-short, as it is termed. According
to Schafhaeutl, both cast iron and steel are improved by phosphorus and by arsenic

;

he found the latter in the celebrated Dannemora iron, and in the Lowmoor iron, and
the former in the equally famous Eussian (CCND) iron.

Sulphur.—This element imparts to crude iron the property of becoming viscid, and
of solidifying quickly with cavities and air-bubbles. It is not certain to what extent,

or if at all, the presence of minute proportions of sulphur reduces either the tenacity

or the toughness of cast iron of given quality in other respects. It is stated in the
Keport of the Commission of Inquiry, as to the manufacture of ordnance on the
Continent, on the authority of Schiir and Mitscherlich, that in certain Swedish works
pyrites is thrown into the furnace, with the other constituents of the charge, to pro-
duce the fine grey mottled iron required for gun founding, and it is added that the
effect may be analogous to that of the oxidising fliime in a reverberatory-furnace. It

is certain that sulphur possesses the property of concentrating carbon in iron : and as
mottled iron is a mixture of white and grey iron, it is not difficult to see how the
addition of pyrites may determine the formation of this variety of cast iron in a
furnace, which without it would produce grey iron only ; but it is scarcely credible
that any intelligent founder would resort to such a method of making iron for casting
cannon, in which the highest possible degree of tenacity is required. The fine grey
mottled iron, which from its tenacity is known to be best fitted for large castings, is

said to be prepared without difficulty, by charging the furnace partly with roasted
and partly with raw ore, and so regulating the blast that the yield shall be regular,
and the slag nearly colourless : these two ores, having different degrees of fusibility,

are reduced after different periods in the furnace, and hence afford one of them grey,
and the other white iron ; the result being, provided the minerals are properly pro-
portioned, a mottled iron, harder and more tenacious than grey iron, obtained by
mixing or smelting in the cupola. It is desirable that the temperature of the ftirnace
should be kept as low as possible, the production of dark grey graphitic iron resulting
always from intensity of heat.

When sulphur is melted with iron containing the largest amount of chemically-
combined carbon, sulphuret of iron is formed on the surface ; underneath, a layer of
graphite, and beneath that, a layer of iron with the maximum of carbon ; and when
ffrei/ iron containing 3*31 per cent, of graphite is melted with sulphur, white iron
(containing 94-03 iron, 4*93 combined carbon, and no graphite), is formed. The ten-
dency of sulphurous ores to produce white metal in their treatment in the blast-furnace
has long been known. It was supposed that this was occasioned by the too great fusi-

bility which the sulphur gave to the cast iron ; but ores containing large proportions of
phosphoric acid will produce very grey iron, notwithstanding their fusibility, so that
this explanation does not serve : the experiments above described point to the true
reason. The sulphur present in the ore (if as sulphuric acid reduced in the furnace)
enters into combination with the iron, displacing a corresponding proportion of carbon,
which becomes concentrated in the remainder of the metal, forming white iron. To
guard against this, and in order to obtain a metal which shall contain a minimum
amount of sulphur, the slags should contain the maximum amount of lime, M. Berthier
having shown that this earth decomposes sulphuret of iron at a high temperature, in
the presence of carbon. M. Janoyer states that the proportion of lime and silica in
the slag may be as 54 to 36 : it is doubtful whether such a highly basic cinder would
be sufficiently fusible. Direct experiments, however, have shown that the amount
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of sulphur in cast iron diminishes in proportion as the amount of limo in the slag

increases. A still bettor flux is oxide of manganese, and it is found that when the

manganiferous spathose ore constitutes part of the burden of the furnnco, sulphur
almost entirely disappears from the crude iron. M. Janoyer believes that ho has
proved experimentally, that the whitening of cast iron smelted from sulphurous ores,

is due, in part at least, to the subtraction of a portion of its carbon, and its volati-

lisation in the form of sulphurot of carbon, by which the temperature of the furnace

is lowered ; but his experiments on this point require confirmation. The presence of

a very small quantity of sulphur acts very injuriously upon bar iron, so small a pro-

portion as Yo^ rendering the metal 'hot-short,' that is, incapable of being worked at

a red-heat under the hammer. If the quantity of sulphur in the crude iron exceeds

O-i per cent., it is scarcely possible to manufacture it into good wrought iron.

Silicon,—Like carbon this element enters into combination with iron in all propor-

tions up to as high as 8 per cent. The largest quantity found by Karsten in pig-

iron was 3-46 per cent., but in the above table a specimen {n) is quoted from Coal-

brookedale containing 4-88 per cent. : and Dr. Noad found it in a sample of Nova
Scotia iron, as much as 58 per cent. Generally speaking, grey cast iron contains

more silicon than white, and the greater the quantity of graphite in the crude iron the

larger the amount of silicon, because the higher the temperature of the furnace ; but
this again will depend materially on the quality of the coal, from the ash of which the

silicon is probably principally derived. A clean strong coal yielding a small per-

centage of ash furnishes a cast iron with less silicon than an inferior coal, the mineral

burden being the same. Pig-iron smelted with hot blast contains more silicon than
when the blast is cold, because of the higher temperature which prevails in the fusion-

zone of the furnace. Some analyses illustrating this fact have been already given.

According to the experiments of MM. Janoyer and Gauthier the amount of silicon

in hot-blast cast iron may be greatly influenced by Varying the proportion of lime-

stone in the furnace. Pig-iron obtained with a charge yielding a cinder in which the

lime and alumina were to the silica as 7 is to 10, had little strength, breaking readily,

and analysis showed that it contained 3 per cent, of silicon. By increasing the amount
of lime in the charge, so as to obtain a cinder in which the bases were to the silica as

8 is to 10, and at the same time employing a blast of the highest attainable temperature,

the iron produced had a much greater strength. When the proportion of bases to

silica in the cinder was as 20 is to 19, the iron contained only an inappreciable amount
of silicon, and the strength was increased in the proportion of 65 to 45. When the

maximum quantity of lime was used, the consumption of fuel was on the average in-

creased to the extent of 6 per cent.

The experiments of MM. Janoyer and Gauthier induced the furnace manager of

the Blaina Iron Works to increase the yields of lime on one of his furnaces to as great

an extent as in his judgment itwould bear, and when the furnace was under the full

influence of the excess of flux to forward him samples of the grey pig for analysis.

The following results show that, contrary to the statement of MM. Janoyer and
Gauthier, no advantage, as regards a diminution in the amount of silicon, was hereby

obtained, the proportion of that element being not perceptibly altered, though there

is a slight diminution observable in the percentage of sulphur.

Grey pig, with usual
burden of lime.

Grey pig, with extra
burden of lime.

Sulphur .

Silicon

• . 0067 .

. 2-900 .

. 0-045

. 2-930

As the presence of silicon in pig-iron affects in a remarkable degree the yield as

well as the strength of puddled bars, it is of importance that this element should be
removed as effectually as possible by a refining process before the crude iron is sub-

mitted to the puddling process. Pigs with 3 per cent, of silicon gave about 6 per

cent, of silica, and this requires somewhere about 12 per cent, of iron to form a cinder

sufficiently fluid to allow the puddled iron to become aggregated into balls ; this can

of course be obtained only by burning that amount of iron in the puddling furnace

after the expulsion of the carbon, and while the mass is in a powdery state. This

powdery mass is composed of small granules of iron mixed up with a gluey infusible

cinder. The puddler turns over this mass repeatedly to expose the iron to the oxidising

influence of the furnace ; the silica now taking up sufficient oxide of iron to give it

fluidity begins to separate from the iron, and forms a pool at the lx)ttom. After some
time the puddler, finding the mass of cinder accumulating pretty fast, makes the first

attempt to ' ball up.' In order to save as much iron as possible, he keeps the damper
down and works the powdery mass at as low a red heat as possible. The balls, even

when made, will not bear much heat under the hammer without falling to pieces,
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hence an imperfect weld in the hammered mass and rolled bar is the result, and
although the iron may be chemically pure it is deficient in strength. By protracting

the process and wasting more iron, there is no doubt but that the iron might be im-
proved, for the cinder would become richer in oxide, more fluid, and consequently
offer less resistance to a perfect weld. Iron, on the contrary, with a small percentage

of silicon may be * balled up' directly it is * dried,' and the short time required for

that operation can be conducted at the highest part of the furnace. A good welding
of the mass is the consequence : such iron is strong, and the labour of the puddler in

obtaining it is much less than in the former case. Every pound of silica must have
twice its weight of iron to form a cinder sufficiently rich in oxide to allow the
particles of iron to become properly agglutinated. Such being the influence of
silicon on both the yield and the strength of wrought iron, and such being the waste
attendant on its removal in the refinery, it becomes an object of much practical im-
portance to prevent as far as possible the formation of a silicide of iron in the blast-

furnace, and the observations of MM. Janoyer and Grauthier on this point require
careful verification.

Manganese.—The presence of this element in pig-iron does not appear to exert
much influence either for good or for bad on the quality of the metal, and even when
it exists in quantity amounting to 4 or 5 per cent, in the crude iron, it disappears
almost entirely during the conversion of the cast iron into wrought or malleable. It
has already been observed that the cinder from iron smelted from manganiferous ores
contains, generally speaking, more sulphur than slags or cinders from iron ores con-
taining no manganese. We have had numerous opportunities of confirming this, and
have therefore on this account alone attached more importance to the existence of
manganese in iron ores ; but our attention has more recently been directed to another
point which we think especially worthy the notice of iron manufacturers, namely, to

the almost perfect removal of phosphorus from pig-iron containing a very large pro-
portion of that element, and at the same time a high percentage of manganese. "We
shall merely here quote a few analyses in illustration of the purifying action we have
alluded to.

Iron made from a highly phosphorised ore containing no manganese :

—

Phosphorus
per cent.

Pig 3-030

Puddled bar 0-838

Eough down bar ...... 0-572

The finished bar was cold-short ia the highest degree, it was in fact nearly worthless.
Iron made from a highly phosphorised ore containing a large percentage of man-

genese :

—

Phosphorus. Manganese.

Pig 2-60 .... 7-20
Puddled bar . . . O'SO . . . . 1 ^ oa

Do 0-20 . . .
.j>0-30

Finished bar . . .0-11

The iron was carefully watched during the puddling process. It melted very thin,

and took rather more work than usual ; as soon as the boiling commenced it was very
violent, the metal forcing itself out of the door-hole until it was checked. When it

' came to nature,' as the workmen term it, it worked beautifully and stood any amount
of heat, in fact the heat could with difficulty be raised to the requisite degree. The
yield was 22 cwts. 2 qrs. 24 lbs. of pig to produce one ton (of 22 cwts.) of puddled bar

;

this is about the yield of good mine iron when properly puddled. The finished bar
exhibited none of the cold-short quality, it was exceedingly ductile, indeed excellent
horseshoes were made from it. The puddling cinder had the following composition :

—

Silica 8-240
Protoxide of iron 70*480
Oxide of manganese 12-800
Phosphoric acid . . , . , . . . 7'660
Sulphur -535

99-715

Other
^
observations have shown that highly manganiferous pig (without phos-

phorus) is puddled with difficulty, and sometimes with considerable waste, so that the
advantages of an alloy of manganese would seem to be confined to those varieties of
crude iron into the composition of which phosphorus largely enters.
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Spiegeleisen is at present made, on the large scale, in Germany, Russia, ami Sweden,
and curiously enough, the ores from which it is reduced are of extremely different and
distinct characters in each of these countries. In Germany it is made chiefly from
the manganiferous spathic carbonate of iron ; in Russia, it is reduced from ferruginous

oxides of manganese ; and in Sweden, it is produced by smelting a mixture of

knebelite and manganiferous garnet, both of which minerals are compound silicates of
iron and manganese. In one point, however, they all agree, which is, that in all these

ores the oxides of manganese and iron, if not in actual combination as compound
silicates, or carbonates, are at any rafie in a very intimate admixture with one another,

and therein lies one of the most important points connected with this manufacture ;

for it would appear, wherever true ores of manganese have been added to the usual

charge of the blast-furnace, in the expectation of obtaining spiegeleisen rich in man-
ganese, that this has not succeeded, or at most, that only a small fraction of the

manganese added has combined with the iron, the major part having been carried off

in the slag ; for which reason, when it is desired to produce a cast iron containing

much manganese, it is requisite that this metal should be added to the charge in the

shape of some strongly ferruginous compound, thereby facilitating the process of re-

duction, since a mixture of the two oxides of manganese and iron is much more easily

reduced to the metallic state, and so enabled to unite with the iron from the rest of

the charge than oxide of manganese alone, which unless the heat is very intense, and
the reducing action of the furnace nearly perfect, is extremely apt to go into the slag in

the state of silicate from which it subsequently cannot, or can only with great difficulty,

be recovered. The oxides of manganese are, it must be remembered, infinitely less

easily reduced, and require more time as well as a much higher temperature than the

oxides of iron ; and from what has already been said, it will naturally follow that in

making spiegeleisen particular attention should be paid to the following points :

—

1

.

The mineral used as a soiirce of manganese should be in itself highly charged

with iron, so as to facilitate and ensure the reduction of as large an amount of the

manganese contained in it as possible.

2. The charge of the furnace should be highly basic, or, in other words, an excess

of limestone or, preferably, burnt lime, should be used.

3. The working of the furnace should be much slower than is usual in iron smelting,

in order to allow more time for the reduction of the oxides of manganese.

4. The temperature of the blast-furnace should be as high as possible, using as hot

a blast as can be obtained ; and, as coke admits of the use of a sharper blast, and
aflfords a greater heat, it is to be preferred to charcoal in this manufacture.

In Russia, the spiegeleisen produced at Nischne-Tagilsk is smelted with charcoal,

and is known for its good character, it is reduced from a mixture of the native oxides

of iron, which in themselves contain some manganese with ferruginous Braunite, which
contains about 40 per cent, metallic manganese, with 10 per cent, metallic iron, in inti-

mate admixture.

In order to increase the amount of manganese in grey pig-iron, which already con-

tained 1*2 per cent, of manganese, so as to obtain a spiegeleisen, trials have been made
at Wotkinski, by re-melting this pig-iron in a cupola, with the addition of from 12 to

15 per cent, of clean native oxide of manganese (manganite or pyrolusite), which have

resulted in making a spiegeleisen containing between 5 and 6 per cent, metallic

manganese.
In Sweden, spiegeleisen has been produced in several parts but principally at

Schisshyttan and Ramshyttan, in Dalecarlia, where it is obtaine<l by smelting a

mixture of knebelite and manganiferous garnet, which contains an average of about

42 per cent, iron with 13 per cent, manganese, in the blast-furnace (which is 47 feet

high, and has two tuyeres) with as hot a blast as could be obtained from an iron-pipe

apparatus. The fuel employed is a mixture of half charcoal half coke, and the ore is

fluxed with 30 per cent, of its weight of limestone. The ore frequently contains

visible specks of galena, pyrites, and zinc blende, but it is stated that no sulphur is

found in the spiegeleisen, although the slag which, when the furnace is working well,

has a peculiar yellowish green colour, is said to contain 4 per cent, sulphur up to as

much as 1 6 per cent, oxide of manganese.

The ordinary spiegeleisen obtained at Schisshyttan contAins an average of 1 3 per

cent, manganese, with about 4 per cent, carbon, or 6 per cent, carbon, silicon, &c.

Occasionally it has been as high as 17 per cent. Mr. Alexander Keiller, the manager
of these works, found that some which averaged 15 per cent, of manganese with only

1\ per cent, carbon was altogether difforcnt in appearance, and could not be made to

assume the crystalline bladed reflecting fracture, peculiar to spiegeleisen, and from

which its name is derived, and in consequence, was regarded with prejudice in the

market by the buyers, who judge from appearance alone. He also stated that he had
latterly succeeded in producing a cast iron, containing as much as 23 per cent, of man-



IRON 985

^ 3, along with only 2 per cent, of carbon ; such an alloy would be a considerable

step in advance, as it would to a great extent overcome the objection to the employment

of spiegeleisen, which, from its containing a large percentage (4 to 5) of carbon, is less

suited for the production of very soft qualities of Bessemer steel. An alloy of iron

and manganese made in Carniola, containing 33 per cent, of manganese, has a granular

fracture very unlike spiegeleisen.

It appears when the quantity of manganese contained in a cast iron exceeds a certain

point, that there is a tendency for the carbon to diminish in percentage. Mr. Henderson,

of Glasgow, states on this subject :
' It is a well-established fact, that in proportion to

the increase of manganese in the alloys with iron, so the carbon decreases, so much so,

that when you get to 30 per cent, manganese, the carbon is down to 0"25 or 0*40 per cent.'

In the Filipstad mining district in Sweden, numerous attempts to produce spiegel-

eisen by adding the native oxides of manganese, particularly Hausmannite, which

contains 72 per cent, metallic manganese, and occurs abundantly in that district, had

failed, the iron so produced not containing more than about 4 per cent, of mangawisa,

as the excess of that metal was invariably carried off in the blast-furnace slag. We
understood that a considerable quantity of Hausmannite had been exported to Sheffield

from this part of Sweden in the summer of 1871, for the use of steel manufacturers

there. The German manufacture of spiegeleisen, which is by far the largest of all, is

principally carried on in the northern part of Nassau, and the southern portion of

"Westphalia. The ores used for the produotion of spiegeleisen are found in mineral

lodes which traverse the Devonian geological formation on the eastern bank of the

Rhine. They are the so-called spathic iron ores, which are carbonates of iron contain-

ing variable quantities of carbonate of manganese in intimate combination with one

another. They usually contain more or less copper and iron pyrites, with, occasionally,

traces of galena and zinc blende, and more frequently a large admixture of quartz,

which is picked out as cleanly as possible by hand after the ore has been roasted,

when the quartz is more easily distingushed by the eye, since it remains whole whilst

the iron has become reddish-brown through oxidation.

The following analyses show the chemical composition of the ores from three of the

principal mines :

—

Carbonate of iron

„ manganese .

„ lime .

„ magnesia
Insoluble matter

Percentage of metallic iron

„ „ manganese

Stahlberg Kirschenbaum Huth

74-47

17-08

1-34

. 6-7o
1-08

76-04

13-50

1-13

7-87

0-95

75-39

18-20

1-50

508
0-18

99-72 99-49 100-35

41-70

8-16

42-58
6-46

42-21

8-70

Before being smelted, these ores are roasted in kilns from 18 to 20 feet high, with
two grates one above the other ; they are filled with coke (small) and ore, using 8-4

cubic feet of the former to 2^ tons of the latter, and lighting the whole from the lower
grat*. The ore in each kiln (about 7 tons) is raked out once a day through an aper-

ture made by removing some of the upper grate bars. The object of this roasting, in

which the ore loses about one-third its original weight, is to expel the carbonic acid
from the ore and convert it into oxide ; it also enables, as before mentioned, the quartz
mixed with the ore to be picked out by hand.
At the Lohe blast-furnace, which belongs to the Coeln-Muesener Company, the fuel

employed is either charcoal or coke alone or more often a mixture of both. The
charges employed are with charcoal alone, 1,035 lbs. roasted ore, with 180 lbs. lime-
stone to each cubic feet of charcoal, which is chiefly made from beech and oak woods

;

with coke alone, it is 2,197 lbs. roasted ore, with 602 lbs. limestone to each 42 cubic
feet of coke; and with the mixture of charcoal and coke the charge was 1,233 lbs.

roasted ore, with 360 lbs. of limestone to each 10^- cubic feet of coke, mixed with 20
cubic feet of charcoal. As a rule, about 40 such charges would be run down in the
24 hours, or a total of about from 1,700 to 1,800 centners per week.
The dimensions of the blast-furnace are as follow :—Total height, 42-4 feet ; height

from sole of hearth to tuyeres, 2-1 feet; height from sole to top of hearth, 43 feet

;

height from top of hearth to bosheSj 9*0 feet; and thence to top of furnace, 28-5 feet.
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The diameter of the hearth, the sides of which were parallel, -was 4*3 feet ; diameter
at boshes, 11-3 feet; and at top of furnace, 6-3 feet: the top being covered with a
moveable cover, which opens to admit the charge.

The temperature of the hot-blast was lower than it ought to be ; rarely exceeding
572° Fahr. The blast is introduced into the furnace by three tuyeres, the diameter

of which, and the pressure of blast, being varied accordiog to the nature of the fuel

made use of, being from 16-6 lines in diameter, and 16 lines mercurial pressure up to

21 lines diameter, with 22 lines pressure.

It is found by experience that the peculiar bladed texture of spiegeleisen depends
more on the percentage of carbon than of the manganese ; for with very high per-

centages of the latter, this crystalline structure is not more, if as mxich, developed as

with low percentages of that metal. Tliis structure is also much better developed if

the iron, when tapped, ho covered with slag, so as to allow it to cool more slowly, for

which reason it is usual to let a considerable quantity of slag accumulate in the

furnace, so as to cover the cast when it is tapped out. When the iron is poor in

carbon, that portion of the cast which has cooled under the slag is invariably more
bladed in texture than when not so covered ; but if the iron is very rich in carbon
(containing, say, 5 per cent, carbon), but little difference is observable. It is there-

fore advisable to let the iron run out of the furnace as quickly as possible, as, if not

so done, it frequently happens that the iron does not have the desired bladed texture

well developed in it. When the percentage of manganese in the cast iron is large,

and the iron is tapped very hot, a strong oxidation, with evolution of flames, is seen

on the surface of the cast, and presents a very curious appearance.

In these works, in order to get good results, care is taken to work the furnaces

slowly, so as to keep the manganiferous ore exposed as long as possible to a powerful

reducing action, in order to get as much of the manganese reduced along with the iron

as possible ; and for this purpose a strong pressure, very hot blast, and very basic

charge, are required. The zone of combustion must not (as occasionally happens in

Westphalia) be allowed to rise too high above the tuyeres ; and should this Uike place,

the remedies in general use are, to diminish the pressure of the blast, and use the ore

in a finer state of division, and wet it with water.. In Westphalia this is generally

attributed to the charcoal or coke being of a worse and more open porous texture than

usual.

Coke is becoming more and more used, and is now alone employed at the Char-
lottenhiitte, which produces nearly one-half the spiegeleisen made in the district.

All accounts agree that it is much superior to either charcoal or the mixture of char-

coal and coke, pro%nded only it be of good quality, and free from sulphur ; and it is

stated, when coke is employed, that several per cent, units more of manganese can be

got into the spiegeleisen than when the same charge is smelted with charcoal, and,

for this reason, it is particularly suited for smelting ores rich in manganese. It is

also stated that in this district the attempts to increase the amount of manganese in

the spiegeleisen, by manganese ores added to the charge, have not succeeded, and that

the manganese in such additions has for the most part gone into the slag.

The charge at this furnace consists of about §rds roasted spathic ores, ^rd brown
haematite, containing manganese, and a portion of the latter being replaced by a brown
manganese ore from Nassau, containing 25 per cent. Fe. and 19 to 20 per cent. Mn.,

which is now generally used throughout the Rlienish district ; with good fuel, and
about 50 per cent, of limestone on the weight of the ore, about ^ of the manganese, or

even more, may be reduced. When making spiegeleisen, tlie furnace produces up to

70 tons per day, with a consumption of about 22 cwts. of coke to the ton. ^
Spiegeleisen, showing an apparently identical fracture to the eye, may vary

immensely in its percentage of manganese, and in practice each cast or tapping

should be assayed for itself. This, however, is not done in the Siegen district, where,

although it is the general custom to regard the spiogel as conUiining an average

of 10 per cent., it will be found in actuality to vary from 7 to 11 per cent, when
analysed.

The following analyses show the chemical composition of spiegeleisen from this

district when made with coke :

—

Hamm. Hoclidahl.

Carbon . 4-129 6-04

Silicon . 0-468 0-41

Sulphur . 0015 0-08

Copper . 0-291 0-16

Manganese . 8-706 7-57

Iron . . 85-929 86-74

99-628 100-00
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In Styria and Austria, where the coke used is very impure, containing 3J per cent,

of sulphur, only about ^ to i of the total manganese is reduced.

At Newark, in New Jersey, spiegeleisen is made from the residues obtained in the

treatment of the mixed zinc and iron ores of Franklin, in the same State. The ore is

an intimate mixture of franklinite and red zinc ore, with a massive green variety of

vvillemite or silicate of zinc. It occurs in crystalline limestone, forming an irregular

bed, which in places is 62 feet thick, the different minerals being very intimately

mixed. A mixture of finely-crushed ore, with lime and anthracite, is treated in an

oven-shaped calciner, having a cast-iron bed perforated with numerous narrow slits,

through which air is blown by a fan in sufficient quantity to burn the coal and
oxidisb the zinc-vapour as it forms. The oxide of zinc produced in this process passes

through a long series of condensing-tubes and cooling-chambers, the current being

kept up by exhausting-fans until it is sufficiently cooled to be collected by bags made
of cotton cloth. The residue remaining in the furnace after the removal of the zinc is

a black cindery mass, containing the whole of the iron and manganese of the frank-

linite, and the silica of the willemite, besides some imdecomposed zinc oxide : it is

estimated to contain 25 per cent, of iron, and 4 per cent, of zinc, and is smelted for

spiegeleisen. The furnaces employed are very small, being only 20 feet high, and

7 feet across the boshes ; the hot-blast is of about 200° temperature, and a pressure

of 4 lbs. is used. The fuel used is anthracite, and some limestone is added as a flux.

Four blank charges of clean slags are made in twenty-four, to prevent scaflfolding.

Great difficulty is experienced in working the furnaces, owing to the large amount of

zinc remaining in the ore, which deposits in the gas-flues at the throat, and necessi-

tates the use of an elaborate system of wrought-iron condensers for separating the

oxide of zinc from the gases, before they can be burnt in the hot-blast stoves and
steam-boilers. The oxide of zinc obtained in cleaning out the condenser being too

much discoloured to use as paint, is sent to the spelter furnaces for reduction, and
makes a very high quality of zinc. The consumption of fuel is very high, being at

.
the rate of 3| tons per ton of iron. The weekly make of the furnace is about 25
tons.

"When making spiegeleisen, the slags are of the usual bright-green colour charac-

teristic of manganese ; but when the furnace is too heavily burdened, and produces

No. 2 iron, corresponding to the German Weisstrahlig , the colour changes to a deep

brown. Owing to the large relative proportion of manganese to iron in the residues,

the spiegeleisen produced is very rich in manganese, and at times is said to contain as

much as 10 per cent.

In connection with the production of spiegeleisen, sundry improvements in the
manufacture of manganese have been proposed. Among others, the following pro-
cesses are said to be most advantageously used in America :

—

Manganese may be produced in a condition pure, or nearly so, without melting, and
used in the manufacture of ferrb-manganese and spiegeleisen in a manner producing a
better quality of product, in less time, and at less expense than by the old processes.

The process consists in a thorough mixture of pulverised oxide of manganese 10 parts,

and 3 parts of solid carbon, like coke or charcoal. These ingredients are inclosed in

metallic or earthen cases, large enough for the desired charge, and having the opening
temporarily closed with a metallic sheet, or covering of earth, to prevent the admis-
sion of air while allowing the escapement of gases. These cases are charged in an
ordinary furnace to a bright red, bare yeUow, and are subjected to this heat for twelve
or fifteen hours, according to quantity. In the process the carbon unites with the
oxygeff, and passes off as carbonic acid gas, and gives as a product nearly pure man-
ganese. To secure spiegeleisen the pig-iron is melted, and about 12 per cent, of the
manganese is charged into it and melted. The proportion of ingredients is run off

when melted into ingots, as spiegeleisen, when it is used in the ordinary way. Ferro-
manganese is produced by charging a greater per cent, of manganese into the molten
pig-metal, say 25 or 30 per cent. The manganese counteracts red shortness in the
steel, apparently by uniting with the free oxygen or metallic oxides which may be in

the steel, being particularly useful in the manufacture of boiler-plate steel.

The inventor considers his process will be most valuable to those using an open
hearth steel-melting furnace, such as the Siemens, as it has been for a long time a
great desideratum to obtain a pure metallic manganese, especially in manufacturing
the softer grades of steel, such as roUer-plate, tank-plate, &c. He claims that the
use of ferro-manganese conduces to the life of the furnace, because when rails are
desired containing from \{jo ^ oi one per cent, carbon, the bath of molten metal has
to be run doAvn in carbon as low as wrought iron, otherwise when the spiegeleisen is

added the percentage of carbon will be higher than desired, and also adding some
silicon, which is injurious. It is well known that a much greater heat is required to

keep a bath of molten metal liquid, containing no more carbon than wrought iron.
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than when it contains about ^ of one per cent, carbon. It has also boon proved that

a furnace making steel that never runs lower in Gvrbon than ^ of one per cent,

lasts from three to four times as long as one that runs the steel down to wrought

iron. Therefore it is cheaper to use manganese or ferro-manganeso than spiogel-

eisen.

The Conversion of Crude or Carhurised Iron into Malleable Iron.—This is effected

by one or more .operations, which are necessarily of an oxidising nature, the object

being to eliminate from the cast iron the carbon in the form of carbonic oxide gas,

and the silicon, sulphur, phosphorus, and other foreign bodies in the form of oxidised

products, which pass either partially or wholly into the scoriae or cinders. The pig-

iron is either subjected to a preliminary docarburation iu the oxidising blast hearth,

or ' refinery,' and the operation thus commenced afterwards completed in the oxi-

dising air furnace, or ' puddling furnace
;

' or the complete conversion of the crude

iron is effected by one operation in the puddling furnace, by the process aiUed ' boilijig.*

It is said {BlackwcU) that, at several works abroad, the attempt to arrest the progress

of docarburation in the puddling or boiling furnace at that point in which the con-

version has proceeded only so far as to leave the iron in the state of steel, or sub-

carburet, has been successful, and that a valuable natural or puddled steel, not requiring

cementation before conversion into refined or cast steel, has been the result.

English Method of Refining.—The finery furnace is composed of a body of brick-

work, about 9 feet square, rising but little above the surface of the ground. The
hearth, the bottom of which is of millstone grit, placed in the middle, is 2,\ feet deep;

it is rectangidar, being in general 3 feet by 2, with its greatest side parallel to the face

of the tuyeres, and it is made of cast iron in four plates. On the side of the tuyeres

there is a single brick wall, on the three sides sheet-iron doors are placed, to prevent
the external air from cooling the metal, which is almost always worked under an
open shed or in the open air, but never in a space surrounded by walls. The chimney,
from 15 to 18 feet high, is supported upon four columns of cast iron ; its lintel is 4 feet

above the level of the hearth, in order that the labourers may work without restraint.

The air is supplied by the blowing cylinders which supply the blast-furnace, and enter

the hearth through 6 tuyeres, so arranged that the current issuing from those on the

opposite sides of the crucible are not disposed in the same plane. These tuyeres, like

those in the furnaces in which cast iron is made, are provided with double casings,

through which a current of cold water is constantly flowing, and each pipe is furnished
with a suitable stop valve for regulating the volume of the blast. The tuyeres are

placed at the height of the lip of the crucible or hearth, and are inclined towards the

bottom, at an angle of from 25° to 30°, so as to point upon the bath of melted metal
as it flows. The quantity of air blown into

the fineries is considerable, being nearly 400
cubic feet per minute for each finery. The
ground plan of a finery is shown in fig.

1245, A being the hearth, b the tapping-hole,

n the chill mould, and aa a a a a the nozzles

of the tuyferes. The operation of refining

crude iron is conducted as follows : A fire is

lit in the centre of the hearth, which is first

urged by a gentle blast; a charge of pig,

about 2 tons, is then laid on, and the whole
is covered up dome-form with a heap of coke

;

the full power of the blast is now turned on,

the cast iron melts, and flowing down gradu-

ally collects in the crucible, more coke being

added as the first quantity burns away. The
operation proceeds by itself, the melted metal

r^g^^^^

is not stirred about as in some modes of
^^^W' refinery, and the temperature is always kept

high enough to preserve the met^vl liquid.

During this stage the coals are observed con-

>s^^ tinually heaving up: a movement due in part
"^ "^ to the action of the blast, but in part to

an expansion caused in the metal by the discharge of carbonic oxide gas. When all

the pig-iron is collected at the bottom of the hearth, which happens in about two
hours, it is blown vigorously for some time longer, the t-ip-hole is opened, and the

fine metal runs out with the slag into tlie chill mould, or pit, as it i.s called, which has
been previously washed with a thin clay liquid, to prevent the refined metal from
adhering to its surface. The chill mould is in a prolongation of the tapping-hole ; it

is a heavy cast-iron trough, about 10 feet long, 3 feet broad, and 2 to 2^ inches deep.
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The slag, from its inferior specific gravity, forms a crust on the surface on the metal

:

its separation is facilitated by throwing cold water in large quantities on the fluid

mass immediately that the entire charge has left the refinery. This sudden chilling

of the metal makes it exceedingly brittle, so that it can be broken into smaller pieces

by heavy hammers, for the subsequent operation of puddling, The refined metal is

very white, hard, and brittle, and possesses in general a fibrous radiated texture ; or

sometimes a cellular, including a considerable number of small spherical cavities, like

a decomposed amygdaloid rock. The loss of iron in the refinery process is very large,

varying from 10 to 20 per cent. In the Welsh iron works, 1 ton of white iron takes

from l| to 2 hours to refine, the consumption of coke being from 6 to 8 cwts., and the

loss about 3 cwts. Grey iron takes from 7 to 9 cwts. of coke per ton, the time required

to refine being from 2^ to 3 hours, and the loss of iron per ton 4 cwts. The pig-iron to

be decarburised in the refinery is frequently mixed with rich silicates (forge cinders),

and occasionally with oxides of iron, the object being to protect the melted metal in

some degree from the oxidising effects of the blast, and to react on the carbon which

it contains. The quantity employed depends on the degree to which the pig-iron is

carburised. The crude iron, from which wrought iron of the best quality is produced,

is that possessing a medium degree of carburation, or what is generally termed grey

pig-iron. White iron, which possesses an inferior degree of fluidity to grey pig-iron,

and which comes as it is termed more rapidly to nature, is that quality which is most
generally employed in the manufacture ofwrought iron, especially when the conversion

is effected in the single operation of boiling in the puddling furnace ; but this species

of pig-iron being the result of imperfect re-actions in smelting, is always more impure

than grey iron obtained from the same materials, and does not produce wrought iron

of the best quality.

The coke employed in the refinery should be as free as possible from shale, and
shoiild contain only a low percentage of ash ; it should especially be free from sul-

phuret of iron, which it often contains in considerable quantity, as it is found that

nearly the whole of this sulphuret enters into combination with the metal, and does

not pass off in the slags.

Refineries are sometimes worked on hot fluid iron, run direct from the hearth of

the blast-furnacej a considerable saving, both of time and fuel, being hereby effected.

Various proposals have been patented for the emplojonent of fluxes to assist in the re-

moval of the impurities of cast iron, both in the refining and puddling furnaces. Thus Mr.
Hampton patented, in 1855, a flux, prepared by slaking quicklime with the solution of

an alkali, or alkaline salt. MM. Du Motay and Fontaine propose, in a patent secured in

1856, to purify and decarbonise iron in the refining and puddling furnace, by the em-
ployment of fluxes prepared from the scorise of the puddling furnace, from oxides of iron

and silicates or carbonates of alkalis, or other bases. Mr. Pope (1856) proposes to add
the residue obtained by the distillation of Boghead or Torbane mineral to such fuel as is

employed in the refining of iron. Mr. Sanderson, of Sheffield (1855), employed for the

refining of iron such substances as sulphate of iron, capable of disengaging oxygen
or other elements, which will act upon the silicium, aluminium, &c., contained in the

metal. These and various other schemes have been suggested with the object of lessening

the enormous waste which pig-iron undergoes on its passage through the refinery ; for as

the process is at present conducted, the partial elimination of the carbon, sulphur, phos-

phorus, &c., is only effected at the expense of a large quantity of iron, which is oxidised

by the blast, and passes in the form of silicate into the slag; the desideratum is the dis-

covery of some method of reducing the oxide of iron, and substituting for it some other

base, which will form with silica a sufficiently fusible silicate. Mr. Blackwell suggests

that the decarburation of pig-iron might be effected by remelting it in a cupola-furnace,

either alone, or with minerals containing nearly pure oxides of iron ; the oxide of iron

would be reduced by the carbon of the pig-iron, while the silicates of the fuel, with
the silica, alumina, and other easily oxidisable alloys eliminated from the crude

iron, would be separated in the form of fusible earthy glass. The employment-of
steam as a purifying agent for crude iron has been patented by several persons. Mr.
Nasmyth in 1854 obtained a patent for the treatment of iron in the puddling furnace

with a current of steam, which being introduced into the lower part of the iron, passes

upwards, and meeting with the highly heated metal, undergoes decomposition, both
elements acting as purifying agents. The steam employed is at a pressure of about 5
pounds per square inch, and passes into the metal tlu*ough a species of hollow rabble,

the workman moving this about in the fused metal until the mass begins to thicken,

which occurs in from five to eight minutes after the introduction of the steam; the
steam-pipe is then removed and the puddling finished as usual.

The advantages are said to consist in the time saved at each heat or puddling
operation Tfrom ten to fifteen minutes) ; the very effective purification of the metal

;

and the possibility of fcreatiiig highly carbonised pig-iron, at once in the puddling
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furnace, the preliminary refining being thus avoided. In October 18o5, Mr. Bessemer
patented for a somewhat similar process for tlio conversion of iron into steel : the steam
highly heated, or a mixture of air and steam, being forced through the liquid iron

run from the furnace into skittle-pots, steam being xised only at an early stage of the

process, and the treatment finished with heated air. In the early part of the same year

Mr. Martien of New Jersey obtained a patent for a partial purification of crude iron,

by causing air or steam to pass up through the liquid metal, as it flows along gutters

from the top-hole of the furnace or finery forge ; and he subsequently proposed to include

with the air or steam, other purifying agents, such as chlorine, hydrogen, and coal-gas,

oxides of manganese, and zinc, &c. Other methods of treating crude iron with air and
steam were made the subjects of patents by Mr. Bessemer in December 1855 and
January 1856. In October a patent for the emplojmient of steam in admixture with
cold blast in the smelting furnace and fining forge, was obtained by Messrs. Armitage
and Lee, of Leeds, and in August a patent was obtained by Mr. George Parry, of the

Ebbw Vale Iron Works, for the purification of iron by means of highly-heated steam.

The fluid iron is allowed to run into a reverberatory furnace previously heated, and the

steam is made to impinge upon it from several tuyeres, or to pass through the metal. Steel

is to be obtained by treating highly carburetted iron with the steam, and then running
it into water, and fusing it with the addition of purifying agents, or adding to it in

the furnace a small quantity of clay, and afterwards about 10 or 15 percent, of calcined

spathose ore. Mr. Parry observing that when steam was sent through the molten
iron, as in Mr. Nasmyth's process, the iron quickly solidified, conceived the idea of

communicating a high degree of heat to the steam by raising the steam-pipe a couple

of inches above the surface of the metal, so that it might be exposed to the intensely-

heated atmosphere of the furnace ; and also of inclining the jet at an angle of 45°, so

as to give the molten mass a motion round the furnace while the pipe was maintained

in the same position at a little distance beyond the centre : when this was done, in a
few minutes the iron began to boil violently, the rotatory motion of the fluid bringing

every part of it successively into contact with the highly-heated mixture of steam and
atmospheric air, and no solidification taking place. Having thus ascertained the pro-

per way of using steam as a refining agent, it occurred to Mr. Parry that, as the pre-

sence of silicon in the pigs for puddling affects in a remarkable degree the yield of

iron, as well as its strength, it is a matter of consequence that this element should be

removed as completely as possible previous to the puddling operation ; the steaming

of the iron would probably therefore be more profitably applied in the refinery than in

the puddling furnace. Pig-iron containing 3 per cent, of silicon gives 6 per cent, of

silica, which, to form a cinder sufficiently fluid to allow the balling-up of the iron,

would require from 10 to 12 per cent, of iron ; and this can, of course, only be obtained

by burning that amount of iron in the puddling furnace, after the expulsion of the

carbon, and while the mass is in a powdery state. The superheated steam is injected

on the surface of the iron in the refinery by water tuyeres, similar to those used for

hot blast at smelting furnaces ; they are inclined at an angle of about 45°
; some are

inserted at each side of the door of the furnace, and are pointed so as to cross each

other, and give the iron a circulating motion in the furnace. The tuyeres are from

fths to I an inch in diameter ; a little oxide of iron or silicate in a state of fusion on the

surface of the iron accelerates the action, as in common refineries, and increases the

yield of metal, but to a much greater extent than when blasts of air are used. The
bteam having been turned on, the mass of iron commences circulating around the in-

clined tuyeres, and soon begins to boil, and the action is kept uniform by regu-

lating the flow of the steam. The most impure oxides of iron may be used in this

process, such as tap cinder or hammer slag from puddling furnaces, without injury

to the quality of the refined metal made ; the large quantities of sulphur and
phosphorus which they contain being elFectually removed by the detergent action of

the heated steam. When 4 cwts. of cinders are used to the ton of pig, 20 cwts. of

metal may be drawn, the impurities in tlio pig being replaced by refined iron from the

cinders.

Dr. Noad had several opportunities of witnessing this refining process at the Ebbw
Vale Iron Works, and made the following analysis of the cinders and metal, which
fully bear out the above statements :

—

Pig-iron Refined metal

Graphite . 2-40 . . 0-30

Silicon . . 2-68 . . 0-32

Slag . . 0-68 . . 000
Sulphur

.

. 0-22 . . 018
Phosphorus . 0-13 . . 0-09

Manganese , . 0-86 , . 0-24
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Forge cinders thrown
into the i-cfinery

. 1-34 .

Cinder run ou
the refinery

. 0-16

. 2-06 . . 0-129
Sulphur. . . .

Phosphoric acid

A ton of grey iron may be refined by steam in half an hour, using seven jets of

steam fths of an inch in diameter, and with a pressure of from 30 to 40 lbs. ; the tem-

perature of the steam being from 600° to 700° F., the orifices of the tuyeres being

2 or 3 inches above the surface of the iron. As the fluidity of the metal depends

upon the heat which it is receiving from the combustion of the fuel in the grate, and not

on any generated in it by the action of the steam, it is evident that the supply of the

latter in a given time must not exceed a certain limit, or the temperature of the fluid

iron will become reduced below that of the furnace. This, however, partly regulates

itseK, and does not require much nicety in the management, for, if too much steam be

given the ebullition becomes so violent, as to cause the cinders to flow over the

bridges, giving notice to the refiner to slack his blast. The ' forge cinders ' used in

the steam refinery contain 66 per cent, of iron ; the ' run out ' cinder contains only

26 ; 40 per cent, of iron, or thereabouts, have therefore been converted into refined

metal, and the resulting cinder is as pure as the ordinary Welsh mine, with its yield

of 25 per cent, of iron. The following is the result of one week's work of the steam
refinery :

—

cwts. qrs. lbs.

Pigs used 396 15
Metal made 393 3 1

Loss

Yield .

The quantity of cinder (puddling) used was 3i cwts. per ton of pig. When 1| cwt,

of cinders were used to 1 ton of pig, the yield was invariably 20 cwts. over a make of
about 100 tons.

Refiving by Gas {German method).—The most simple form of gas reverberatory
furnace is that known as Eck's furnace {figs. 1251 to 1256), which is employed at the
government works of Gleiwitz and Konigshiitte, for refining iron made on the spot. The
following description and plan of this furnace are extracted from a report to the
Secretary of State for War, from the superintendent of the Eoyal Gun Factories,

Colonel Wilmot, K. A., and the chemist of the War Department, Professor Abel.
The gas-generator (which replaces the fire-place of the ordinary reverberatory

furnace) is an oblong chamber, the width of which is 3 feet. 9 inches, and the height
from the sole to the commencement of the sloping bridge 6

feet 4 inches. It tapers slightly towards the top, so as to

facilitate the descent of the fuel, which is introduced through

1246 •
;

^ lateral opening near the top of the generator. Its cubical

U
:

;
i

contents are about 44 feet.

1248 1^ 'S — ''

i i

The air necessary for the produc- ,049
tion of the gas is supplied by a feeble

blast, and enters the generator from
the two openings or tuyeres of a long
air-chest of iron plate {figs. 1246,

.,

,:
;

1247, 1248) fixed at the back of the
|a! :^ ^j

i

chamber, near the bottom. The space
between the air-chest and the sole of
the chamber serves as a receptable
for the slag and ash from the fuel.

There are openings on the other side

1247 ^^ ^^® chamber, opposite the tuyeres,

r^ which are generally closed by iron
' U pings, but are required when the

tuyeres have to be cleaned out.
There is an opening below the air-chest, through which fire is introduced into the
chamber, when the furnace is set to work, and which is then bricked up, until at the
expiration of about 14 days it becomes necessary to let the fire die out, when the slag
and ash which have accumulated on the sole of the chamber are removed through
this opening.

The hearth of the furnace is constructed of a somewhat loamy sand ; its general
thickness is about 6 inches, its form is that of a shallow dish, with a slight incline
towards the tap-hole ; the iron is prevented from penetrating through the hearth by
the rapid circulation of cold air below the fire-bridge and the plate of the hearth.

Figs. 1249 and 1250 represent the upper oblong air-chest provided with a series of

1250
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tuyeres, which enter the top of the furnjico just over the fire-bridge at an angle

of 30°. The iiir forced into tlie furnace through the tuyeres serves to inflame un I burn
the gases rushing out of the gcuorator, and tlie direction of the blast throws the ro-

sultiug flame down upon tlie metal on the hejirth, in front of the bridge. This air-

Longltudlnal Section.

chest communicates, like the other one, by pipes, with the air accumulator of the

neighbouring blast-furnace. The amount of pressure employed is about 4 \hs. ;
but

the supply of air, both to the generator and the inflammable gases, admits of accurate

regulation by means of valves in tlie connecting pipes. There is an opening in the
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arch at both sides of the furnace, not far from the bridge, into which, at a certain stage

of the operations, tuyeres are introduced (being placed at an angle of 25°) also connec-

ted with the blast-apparatus, and provided with regulating valves.

1253 1264

Cross section at c, d, ou Plan,

The refining process is conducted as follows :—The liearth of the furnace having
been constructed or repaired, a brisk coal-fire is kindled in the generator, through
tho opening at the bottom, which is afterwards bricked up. About 20 cubic feet of

Vol. II. 3 S
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coals are then introduced from above, and the necessary supply of air admitted to

the generator through the lower air-chest. Wlien these coals have been thoroughly
ignited, the generator is filled with coals, and a very moderate supply of air admitted
through the tuyeres below (for the generation of the gas), and those over the bridge
(for its combustion) until the furnace is dried, when the supply of air at both places

is increased, so as to raise the hearth to the temperature necessary for baking it

thoroughly, upon which, about 40 cwts. of iron are introduced ; the metal being dis-

tributed over the whole hearth as uniformly as possible, and the size of the pieces

being selected with the view to expose as much surface as possible to the flame.

The fusion of the charge of metal is effected in about three hours, the coal used
amounting to about 3| cubic feet per hour. The gas-generator is always kept filled

with coal, and the supply of air admitted from below is diminished by a regulation

of the valve, whenever fresh coal is supplied, as the latter, at first, always yields gas

more freely. The arrangement of the upper row of tuyeres efiects the combustion
of gases just as they pass from the generator on to the hearth. The hottest portion of

the furnace is of course near the fire-bridge, i.e. where the blast first meets with tlie

gases. During the melting process the iron is shifted occasionally, so that the cooler

portion near the flue may in its turn become melted without loss of time. When
the iron is ascertained to be thoroughly fused, about 5 lbs. of crusted limestone are

thrown over its surface for the purpose of converting the dross which has separated

into fusible slag. The two side tuyeres are now introduced into the furnaces through
thq^penings above alluded to, the width of the nozzle employed depending upon the

power of the blast used. The air rushing from these tuyeres impinges with violence

upon the iron, and the two currents meeting an eddying motion is imparted to the

fused metal. In a short time the motion produced in the mass is considerable ; tlio

supernatant slag is blown aside by the blast, and the surface of the iron thus exposed

undergoes refinement, while it changes continually, the temperature of the wliolo

mass being raised to a full white heat, by the action of the air. The iron is stirred

occasionally, in order to insure a proper change in the metal exposed to the action of

the blast. A shovelful of limestone is occasionally thrown in (the total quantity

used being about 1 per cent, of the crude iron employed). The slag produced is ex-

ceedingly fusible, and is allowed to remain in the furnace until the metal is tapped,

and on cooling it separates from it completely.

The duration of the treatment in this furnace after the metal is fused, varies from
two hours and a half to five hours, according to the product to be obtained. For
the preparation of perfectly white iron, the treatment is carried on for five hours. A
sample is tapped to examine its appearance when it is believed to be sufficiently

treated.

When the charge is to be withdrawn from the furnace, the side tuyere nearest the

tap-hole ?.s withdrawn, so that the blast from the opposite tuyere may force the metal

towards the hole. The fluid iron, as it flows from the tap-hole is fully white hot, and
perfectly limpid; it chills, however, very rapidly, and soon solidifies. A few pails

of water are thrown upon those portions of the metal which are not covered with the

slag, which flows out of the furnace, the object being to cool it rapidly, and tlius

prevent the oxidation of any quantity of iron. The loss of metal during the tre^it-

ment is said not to exceed 6 per cent.

With regard to the purification which the iron undergoes in the gas reverberatory

furnace, it appears to be confined chiefly to the elimination of carbon and silicium,

the amount of sulphur and phosphorus undergoing but little alteration, as appears from
the following analyses {Abel)

:

—
Pig-iron Refined iron

Silicium .... 4-66 .... 062
Phosphorus . . , 0-56 .... 050
Sulphur . . . 0-04 .... 003

Nevertheless, the iron thus refined is highly esteemed for all castings which are

required to possess unusual powers of resistance ; some experiments made to ascertain

the comparative strain borne by the refined metal, and the same metal as obtiiincd from
the blast-furnace, showing the strength of the former to be greater by one half than

that of the latter.

The Operation of Puddling.—In the year 1783 and 1784, Mr. Henry Cort of Gosport
obtained two patents, one for the puddling, and the other for the rolling of iron, ' Dis-

coveries,' says Mr. Scrivenor, 'of so much importance in the manufacture, that it

must be considered the era from which we may date the present extensive and
flourishing state of the iron trade of this country.'
The object of Mr. Cort's process was to convert into malleable iron, cast or pig-

iron, by means of the flame of pit-coal in a common air furnace, and to form the re-
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suit into bar by tbe use of rollers in tlie place of hammers. The process wasmanaged
in the following manner :

—

The pigs of cast iron produced by the smelting furnace are broken into pieces, and
are mixed in such proportions according to their degree of carbonisation, that the

result of the whole shall be a grey metal. The mixture is then speedily run into a
blast-furnace, where it remains a sufficient time to allow the greater part of the scoriae

to rise to the surface. The furnace is now tapped, and the metal runs into moulds of

sand, by which it is formed into pigs, about half the size of those which are broken into

pieces. A common reverberatory furnace heated by coal is now charged with about

2^ cwts. of this half-refined grey iron. In a little more than half an hour the metal
will be found to be nearly melted ; at this period the flame is turned oflf, a little water
is sprinkled over it, and a workman, by introducing an iron bar through a hole in the

side of the furnace, begins to stir the half-fluid mass, and divide it into small pieces.

In the course of about 50 minutes from the commencement of the process, the iron

will have been reduced by constant stirring to the consistence of small gravel, and
will be considerably cooled. The flame is then turned on again, the workmen con-

tinuing to stir the metal, and in three minutes' time the whole mass becomes soft and
semifluid, upon which the flame is then turned oif. The hottest part of the iron now
begins to heave and swell, and emit a deep lambent blue flame, which appearance is

called fermmtation ; the heaving motion and accompanjdng flame soon spread over

the whole, and the heat of th6 metal seems rather to be increased than diminished for

the next quarter of an hour; after this period the temperature again falls, the blue

flame is less vigorous, and in a little more than a quarter of an hour the metal is

cooled to a dull red, and the jets of flame are rare and faint. During the whole of

the fermentation the stirring is continued, by which tlie iron is at length brought to

the consistency of sand ; it also approaches nearer to the malleable state, and in con-

sequence adheres less than at first to the tool with which it stirred. During the next

half hour the flame is turned off and on several times, a stronger fermentation takes

place, the lambent flame also becomes of a clearer and lighter blue, the metal begins

to clot and becomes much less fusible and more tenacious than at first. The fermen-

tation then by degrees subsides, the emission of blue flame nearly ceases, the iron is

gathered into lumps and beaten with a heavy-headed tool. Finally, the tools are

withdrawn, the apertures through which they were worked are closed, and the flame

is again turned on in full force for six or eight minutes. The pieces being thus

brought to a high welding heat are withdrawn and shingled ; after this they are again

heated and passed through grooved rollers, by which the scorise are separated, and
the bars thus forcibly compressed acquire a high degree of tenacity.' But this mode
of refining did not produce altogether the desired residt. It was irregular ; some-
times the loss of iron was small, but at others it was very considerable, and there

were great variations in the quality of the iron, as well as in the quantity of fuel con-

sumed. These difficulties, were, however, removed by the introduction of the coke
finery by the late Mr. Samuel Homfray, of Penydarran, upon which the puddling and
balling furnaces came immediately into general use, with the addition of rollers in

lieu of hammers.
Mr. Cort's first patent, which is for ' rolling,' is dated January 17, 1783 ; his

second, that for 'puddling,' is dated February 13, 1784. It has been attempted,

though we think very unjustly, to detract from Cort's merits as an original inventor,

by referring to the patents of John Payne, and Peter Onions, dated respectively

November 21, 1728, and May 7, 1783. The first was to a certain extent, undoubtedly,
a patent for ' rolling

;

' for the bars rendered malleable by a process indicated, are
' to pass between the large inetall rowlers which have proper notches or furrows upon
their surface ; ' but there is no proof that any practical use was made of Payne's pro-

cess, while that of Cort was almost immediately and universally adopted ; it may be
true, therefore, that Cort was the rediscoverer and not the actual discoverer of the

process of rolling, but this in no way detracts from his merit, inasmuch as by his im-
provements he was enabled to make available that which was previously useless.

The same observation applies to the patent of Onions, which to a certain extent anti-

cipated that of Cort for puddling. Onions employed two furnaces—a common smelt-

ing furnace, and a furnace of stone and brick, bound with iron work and well annealed,

into which the fluid metal was received from the smelting furnace.' When the liquid

metal had been introduced into the second furnace by an aperture, it was closed up
and subjected to the heat of fuel and blast from below, until the metal became
less fluid, and thickened into a kind of paste ; this the workman, by opening a door,

turns and stirs with a bar of iron, and then closes the aperture again, after which
blast and fire is applied until there is a. ferment in the metal ; the adherent particles of
iron are collected into a mass, reheated to a white heat, and forged into malleable iron.

That the process of puddling is here indicated there can be no doubt, but the actual

3 s 2
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operation was impracticable until Henry Cort invented the /Mrwac« in which it could be

conducted.

Neither Mr. Cort nor his family appears to have derived much advantage from his

important discoveries—discoveries which changed us at once from dependcut importers

of iron into vast exporters to every country of the world, and which may bo considered

to have founded the iron industry of Great Britain. So long ago as 1811, the chief

representatives of the trade assembled at Gloucester unanimously acknowledged their

indebtedness to Mr. Cort for the improvements of which he was the author, and this

acknowledgment has been repeated within the last few years by Robert Stephenson,

Fairhairn, Maudslay and Field, Cubitt, Rendcl, Sir Charles Fox, Bidder, Crawshay,

Bailey, and many others. In working out his inventions, Cort is said to haveexpendod
a fortune of 20,000^., and when his patents were completed, the leading ironmasters

of the country contracted to pay him 10s. a ton for their use, so that he would not

only have been repaid, but munificently rewarded, had he not unfortunately connected

himself with a man named Adam Jellicoe, chief clerk of the Navy Pay Office, who
proving to be a defaulter, committed suicide, having previously destroyed the patents

and the agreements with ironmasters belonging to his partner, Henry Cort. Upon
the death of Jellicoe, the premises, stock, and entire eflfects of Cort were sold by a

summary process obtained by the Navy Pay Office, and the unfortunate man was thus

completely ruined.

The ^puddling furnace is of the reverberatory form. It is bound generally with

iron, as represented in the side view, j^. 1267, by means of horizontal and vertical
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bars, which are joined together and fixed by wedges, to prevent them from starting

asunder. Very frequently, indeed, the reverberatory furnaces are armed with cast-

iron plates over their whole surface. These are retained by upright bars of cast iron

lUr-v ^w r:—D—cr-

applied to the side walls, and by horizontal bars of iron, placed across tlio arch or
roof. The furnace itself is divided interiorly into three parts ; the^r^/ac<;, the hearth,
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1260

and the flue. The flreplacs varies from 3^ to 4 J feet long, by from 2 feet 8 inches to

3 feet 4 inches wide. The door-way, by which the coke is charged, is 8 inches square,

and is bevelled off towards the outside of the furnace. This opening consists entirely

of cast iron, and has a quantity of coal gathered round it. The bars of the lire-grate

are moveable, to admit of more readily clearing them from ashes.

Fig. 1258 is a longitudinal section referring to the elevation, ^y. 1257, a-wdfij. 12$9
is a ground plan. When the furnace is a single one, a square hole is left in the side

of the fireplace opposite to the door, through which the rakes are introduced, in order'

to be heated.

a is the fire-door; b, the grate; c, the fire-bridge; dd, cast-iron hearth-plates,

resting upon cast-iron beams e e, which are bolted upon both sides to the cast-iron

binding plates of the furnace
;
/'is the hearth covered with cinders or sand

; g, is the
main working door, which may be opened and shut by means of a lever g', and chain

to move it up and down. \In this large door there is a hole 5 inches square, through
which the iron may be woi*ked with the paddles or rakes ; it may also be closed air-

tight. There is a second working door h, near the flue, for introducing the cast iron,

so that it may soften slowly, till it be ready for drawing towards the bridge, i is the
chimney, from 30 to 50 feet high, which receives commonly the flues of two furnaces,

each provided with a damper plate or register. Fig.

1260, shows the main damper for the top of the

common chimney, which ma_y be opened or shut to

any degree by means of the lever and chain, k, Jig.

1258, is the tap or floss-hole for running off the

slag or cinder.

The sole is sometimes made of bricks, sometimes
of cast iron. In the first case it is composed of

fire-bricks set on edge, forming a species of flat vault.

It rests immediately on a body of brickwork either

solid or arched below. When it is made of cast

iron, which is now beginning to be the general

practice, it may be made either of one piece or of several. It is commonly in a single

piece, which, however, causes the inconvenience of reconstructing the furnace entirely

when the sole is to be changed. In this case it is a little hollow, as is shown in the
preceding vertical section ; but if it consists of several pieces, it is usually made flat.

. The hearths of cast iron rest upon cast-iron pillars, to the number of four or five

;

which are supported on pedestals of cast iron placed on large blocks of stonp. Such an
arrangement is shown in the figure, where also the square hole a, Jig. 1257, for heating
the rake irons, may be observed. The lengtli of the hearth is usually 6 feet ; and its

breadth varies from one part to another. Its greatest breadth, which is opposite the
door, is 4 feet. In the furnace, whose horizontal plan is given above, and which pro-

duces good results, the sole exhibits in this part a species of ear, which enters into

the mouth of the door. At its origin towards the fireplace, it is 2 feet 10 inches
wide ; from the fire it is separated, moreover, by a low wall of bricks (the fire-bridge)

10 inches thick, and from 3 inches to 5 high. At the other extremity its breadth is

2 feet. The curvature presented by the sides of the sole or hearth is not symmetrical

;

for sometimes it makes an advancement, as is observable in the plan. At the ex-

tremity of the sole furthest from the fire, there is a low rising in the bricks of 2.^-

inches, called the altar, for preventing the metal from running out at the floss-hole

when it begins to fuse. Beyond this shelf the sole terminates in an inclined plane,

which leads to the Jloss, or outlet of the slag from the furnace. This floss is a little

below the level of the sole, and hollowed out of the basement of the chimney. The
slag is prevented from concreting here, by the flame being made to pass over it, in its

way to the sunk entry of the chimney; and there is also a plate of cast iron near
this opening, on which a moderate fire is kept up to preserve the fiuidity of the scoriae,

and to burn the gases that escape from the furnace, as also to quicken the draught,
and to keep the remote end of the furnace warm. On the top of this iron plate, and
at the bottom of the inclined plane, the cinder accumulates in a small cavity, whence
it afterwards fiows away ; whenever it tends to congeal, the workman must clear it

out with his rake.

The door is a cast-iron frame, filled up inside with fire-bricks ; through a small hole
in its bottom the workmen can observe the state of the furnace. This hole is at other
times shut with a stopper. The chimney has an area of from 14 to 16 inches.

The hearth stands 3 feet above the ground. Its arched roof, only one brick thick,

is raised 2 feet above the fire-bridge, and above the level of the sole, taken at the
middle of the furnace. At its extreme point near the chimney, its elevation is only
8 inches; and the same height is given to the opening of the chimney. The sole is

covered with a layer of finely-pounded cinders from previous workings mixed with
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mill cinders ,* formerly the bottoms were of sand, by which great loss of iron was
occasioned, and the metal obtained of inferior quality.

The fine metal obtained by the coke is puddled by a continuous operation, which
calls for much skill and care on the part of the workmen. To charge the puddling
furnace, pieces of fine metal are successively introduced with a shorel, and laid one
over another on the sides of the hearth, in the form of piles rising to the roof; the
middle being left open for puddling the metal, as it is successively fused. Indeed, the
whole are kept as far separate as possible, to give free circulation to the air round the
piles. The working door of the furnace is now closed, fuel is laid on the grate, and
the mouth of the fireplace, as well as the side opening of the grate, are both filled up
with coal, at the same time that the damper is entirely opened.
The fine metal in about twenty minutes comes to a white-red heafc, and its thin-

edged fragments begin to melt and fall in drops on the sole of the furnace. At this

period the workman opens the small hole of the furnace-door, detaches with a rako
the pieces of fine metal that begin to melt, tries to expose new surfaces to the action
of the heat, and in order to prevent the metal from running together as it softens, ho
removes it from the vicinity of the fire-bridge. When the whole of the fine metal has
thus got reduced to a pasty condition, he must lower the temperature of the furnace
to prevent it from becoming more fluid. Ho tlien works about with his paddle the
clotty metal which swells up, exhibiting a kind of fermentation occasioned by the
discharge of carbonic oxide, burning with a blue flame as if the bath were on fire.

The metal becomes finer by degrees and less fusible, or, in the language of the work-
men, it begins to dry. The disengagement of carbonic oxide diminishes and soon
stops. The workman continues meanwhile to puddle the metal till the whole charge
is reduced to the state of incoherent sand ; the register is then progressively opened.

"With the return of heat the particles of metal begin to agglutinate, the charge be-

comes more difficult to raise, or, in the labourer's language, it works heavy. The
refining is now finished, and nothing remains but to gather the iron into balls. The
puddler with his paddle takes now a little lump of metal as a nxicleus, and makes it

roll about on the surface of the furnace, so as to collect more metal, and form a ball

of about 60 or 70 lbs. weight. With a kind of rake called in England a dolly, and
which he heats i)eforehand, the workman sets this ball on that side of the furnace

most exposed to the action of the heat in order to unite its different particles, which
he then squeezes together to force out the scoriae. When all the balls are fashioned,

the small opening of the working door is closed with brick to cause the heat to rise,

and to facilitate the welding. Each ball is then lifted out either with the tongs,

if roughing rollers are to be used, as in Wales, or with an iron rod welded to the lump
as a handle, if the hammer is to be employed, as in Staffordshire. It is usual to in-

troduce a fresh charge when the portion under operation has arrived at the pasty con-

dition ; when this is done, the entire process is effected in about 1 ^ hour.

The charge for each operation is from 4 cwts. to 4| cwts. of refined metal, and
sometimes the cuttings of bar-ends are introduced, which are puddled apart. The loss

of iron is hero very variable, according to the degree of skill in the workman, who by
negligence may suffer a considerable body of iron to scorify or to flow into the

hearth and raise the bottom. Taking the average of 85 furnaces for 21 years' work-

ing, Mr, Truran finds the consumption of refined metal to produce one ton of puddle

bars to be 21 cwts. 1 qr. 20 lbs. The consumption of coal is likewise subject to varia-

tion. With coal of good quality, and suitable for reverberatory furnaces, the ton of

puddled bars is produced with a consumption of from 12 to 15 cwts. ; but, if the coal

be of the anthracitic character, from 18 cwts. to 1 ton will be required. About five

puddling furnaces are required for the service of one smelting furnace and one refi-

nery. Each furnace, with good workmen, turns out about 23 tons of puddled bars

weekly.

The cast-iron bottom and sides of the puddling furnace are kept cool by currents of

air, or, in those portions exposed to the greatest heat, by water. The cinders of the

charcoal finery are much esteemed for lining the bottom. When melted into one

uniform mass, with the addition of oxide of iron, these scoriae form a bottom offering

great resistance to the action of the melted metal.

Various patents have been taken out within the last four or five years for the em-

ployment of chemical agents to assist in the piirification of iron in the puddling

furnace : some of these have already been alluded to. One of the latest is that of

M. Charles Pauvert of Ch&tellerault, who proposes to employ a cement composed of

the following substances :—oxide of iron, 14 parts; highly aluminous clay, 30 parts;

carbonate of potash, 1 part ; carbonate of soda, 1 part. The iron is to bo placed with

the cement in layers, and heated in the furnace in the ordinary manner. After ce-

mentation it is welded, and then drawn into bars ; it is stated to become thus as soft

and tenacious as iron made from charcoal. Schafhaeutl's compound, for which a
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patent was secured in 1835, is said by Overman to furnish very satisfactory results,

and where competent workmen are employed, a good furnace is said to make a heat in

two hours, producing neither too much nor too little cinder in the furnace. The com-

pound consists ofcommon salt, 5 parts ; oxide of manganese, 3 parts ; fine white plastic

clay, 2 parts. The pig is heated as in common operations. It is melted down by a

rapid heat, the damper is closed, and the cinder and metal diligently stirred. In the

meantime the above mixture, in small parcels of about half a pound, is introduced in

the proportion of 1 per cent, of the iron employed ; if, after this, the cinder does not

rise, a hammer slag (rolling mill-cinder) may be applied.

Puddling of Iron by Machinery.—The earlier stages at least of the process of

puddling a charge of iron involve operations so simple that it is a matter for some
surprise that they have not long since been carried out by machinery. The constant

stirring of a little pond of molten iron is the thing to be done, and a common bar

of iron, with one end bent down at right angles, is the thing to do it with. The
necessary motions are in no way complex, and so far very simple machinery should

suffice for the operation. The history of attempts at machine-puddling runs back

nearly a quarter of a century. But it is only within the last year or two that the

practical adoption of puddling-machinery has been attended with success. It is

beyond question that the problem presented to the mechanician was formerly in-

vested with difficulties which modern experience proves to have been more or less

imaginary. Too much was attempted, and of course little or nothing done. The
paramount idea was that the laboxir of the puddler should be wholly superseded,

and the entire process, blooming and all, effected solely by the aid of steam-power.

In this lay a great error. There are many processes in the arts which cannot be

effected without the very effectual interference of the human arm guided by intelli-

gence, and puddling is pre-eminently one of these. The only available coiirse to

adopt is to permit the machine to perform the major part of the hard work, leaving

the completion of the process to the man. Mechanism constructed according to this

principle has now been at work for some time with excellent results, and the uni-

versal adoption of machine-puddling is not, we. think, very distant. Mr. Menelaus,

of the Dowlais Ironworks, carried out a series of experiments on a very extended

scale. The system adopted at Dowlais is that known as Walker's, in which the iron

is exposed to the action of flame by the rotation and oscillation of the vessel con-

taining the molten metal, which takes the place of the ordinary hearth. The experi-

ments made at Dowlais were not, however, entirely successful. At the Wombridge
Ironworks, Salop, Mr. Henry Bennett, the manager, introduced a system of his own
invention. Mr. Bennett read a paper on this machine, and the results obtained

from its use, before the Institution of Mechanical Engineers, from which we select

the following remarks :

—

* The importance of the application of machinery to diminish the severe labour of

puddling iron, by performing the merely mechanical process of stirring the iron, has
led to many attempts in that direction ; and, amongst others, it has been attempted
to make a rotary furnace for performing the entire operation by machinery. But not

till lately has any real success been attained, on account of the practical difficulties

that are met with in applying machinery for the pxirpose, arising from the great heat
to which any machinery in the furnace would be exposed, and from the necessity for

not interfering with the draught of the furnace, while making the whole machinery
simple and strong enough to stand the rough usage of the men employed. The design

of the writer in applying machinery to the process of puddling iron has been, there-

fore, to adhere as closely as possible to the ordinary course of hand-puddling, and
to employ the machinery simply to aid the puddler 'by relieving him of the most
laborious part of his work : namely, the stirring or working of the metal in the
puddling furnace. At the same time, the objects aimed at have been, by a more
rapid and uninterrupted process of stirring the metal, to shorten the time of the
puddling, thereby economising the fuel ; to improve the quality of the iron, by ren-

dering the process more uniform and perfect than with hand labour ; and to increase

the work of the furnace, by working larger charges than could be both puddled and
balled-up at one heat by hand labour alone.

'With the machine now described, the ordinary puddling tool, or "rabble," is

worked backwards and forwards in the puddling furnace by a vertical arm outside
the furnace, t« which it is connected by a notch in the handle of the rabble, dropped
loosely on a pin at the bottom of the arm. The arm is cottered at top into a
horizontal slide-bar, working backwards and forwards in a guide-frame overhead

;

this is driven by a connecting rod from a long iron bar, which extends longitudi-

nally over a whole row of puddling furnaces, and has a longitudinal reciprocating
motion given to it by a crank driven by the engine. The guide-frame is centred
on a vertical pin immediately over the door of the puddling-furnace, and is moved
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transversely from side to side with a slow traverse by a crank and worm-wheel,
driven by a worm on a longitudinal shaft extending over the series of puddling
furnaces, alongside the reciprocating bar. By this means the rabble, instofvd of

moving backwards and forwards always in the same line, is worked successively

over every part of the puddling furnace, in linos radiating from the working hole

in the door of the furnace, corresponding exactly to the action in hand-puddling.

In a double furnace, with a door on each side, one of the machines is fixed over

each door, and the two rabbles are made to be always working in different parts

of the furnace, by the two traversing cranks of the guide-frames overhead being

set at right angles to each other. The whole of the machinery is kept clear above
the furnace outside, and completely protected from the heat, and quite out of the

way of the men ; nothing being exposed to the heat except the rabble or puddling-

tool, the same as in hand-puddling. The puddler changes the rabble from time to

tune as it gets heated, by simply lifting it off the pin on the working arm, and
replacing it with a fresh tool, without stopping the machine ; and when the iron

begins to thicken, or is " coming to nature," he Uikes the opportunity of each change
of tool to make a few strokes by hand, in order to collect the metal from the

extreme sides of the furnace into the centre. When the iron is ready for balling-

up, the machinery is disconnected, without stopping it, by merely knocking out the

cotter which fixes tlie working arm in the slide-bar ; the arm then drops out, leaving

the furnace-door entirely free for the puddler to ball up the iron, without his being

in any way inconvenienced by the machinery continuing at work overhead.
' 33y the use of this machine, more work is put into the iron while it is in the

boiling state than can be done by hand, the speed of working being one-half gi-eater

;

and the working is kept up uninterruptedly, without any intervals of rest, such as in

hand labour, during which the metal would remain stationary in the furnace. The
double furnace, worked from each side, effects a great economy in the consumption of

fuel, as compared with a single furnace ; and puddles double the quantity of iron in

the same time. With the machines at work at the Wombridge Ironworks, the con-

sumption of coal in the double furnace, with a charge of 10 cwts., is only 17 cwts. of

coal per ton of puddled bar, as compared witli 28 cwts, per ton in the single furnace

with a charge of 5 cwts. The number of heats worked by the machine per turn of

from nine to ten hours is six heats of 6 cwts. each in the single furnate, and five

heats of 10 cwts. each in the double furnace.'

Mr. Eastwood, of Derby, has patented, and is using with much success, a puddling-

machine, of which the accompanying woodcut (/y. 1261) gives a sufficient example.

1261
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This machine is of the simplest and most compact character, while it is efficient

in work, giving the same motion to the rabble as is done by manual labour ; and
working the iron about so thoroughly that the wliolo is boiled quicker, better, and
much cleaner than a man will or can always do it, thus securing a more uniform and
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better quality of iron, with less percentage of waste : at the same time a larger

quantity of iron may he worked with ease in each heat, thus effecting a saving of

fuel, time, and labour, and the workmen being relieved, lessens the liability of the

underhands absenting themselves from work in hot weather, or when the iron is grey,

through which so much loss is sustained in almost every work, and the puddler is

still enabled to change his rabble as readily as before, and work in the ordinary way,
independently of the machine. The machine, as represented, is made to bolt to the

back side of the front furnace-plate, and its action is as follows :—The chain giving

motion to the shaft, the crank by the connecting-rod working the lever, and the rabble

being attached, is drawn from back to front, and is made to traverse from one jamb
to the other, by the worm on the shaft turning the worm-wheel connected to the jib

by the connecting-rod ; thus every turn of the wheel alters the position of the jib, and
the rabble is sent in another direction, but never in the same direction, owing to the

wheel having an uneven number of teeth, therefore every part of the furnace bottom
is worked over. It is under perfect control, the hand lever throwing in and out of

gear the clutch on the side of the chain pulley, thus starting and stopping it at will.

It does in no way interfere when the furnace is being rebuilt.

In a future page mechanical contrivances introduced by Dr. Siemens and Mr. Danks
will be especially noticed.

77i3 ' Boiling ' Process.—In this operation, which was the invention of Mr. Joseph
Hall, pig-iron is converted into malleable iron without the intervention of the refinery,

and without any excessive waste : it is, therefore, of great value, especially as it

allows of the use of better qualities of pig-iron than those usually employed. The
construction of the 'boiling' furnace does not materially differ from that of the
•puddling' furnace, except in the depth of the hearth, that is, in the distance from
the work plate below the door to the bottom plate, which, in the former, is double, or

nearly so, that of the latter. In the puddling furnace the distance between the bottom
and top seldom exceeds twenty inches, while in the boiling furnace it varies from
twenty to thirty. In jmddling the furnace is charged with metal alone, but in boiling

cinder is charged along with the metal, and the temperature rises much higher. The
bottom of the furnace is covered with broken cinders from previous workings, or
with the tap cinder from the puddling furnace, which has been subjected to a process

of calcination in kilns ; this material, which constitutes an admirable protection to the
iron plates of the furnace, is called by the workmen • bull dog ;

' its preparation was
patented by Mr. Hall in 1839. It is made in the following manner: the tap cinder
from the puddling furnace is placed in layers in a kiln, and so arranged that a
draught shall pass through from the fire-holes on one side to those of the other ; the
kiln is filled up to the top with broken cinders, and over the whole is laid a layer of
coke ; about the third or fourth day, the more fusible part of the cinder begins to run
out of the bottom holes, leaving in the kiln a fine rich porous silicate of iron, which is

the substance used for lining the boiling furnace, the fluid portion being rejected.

In 8 or 10 hours the ' bull dog ' is melted by the intense heat of the furnace, covering
the bottom, and filling up all the interstices in the brickwork ; the heat is now some-
what lowered by diminishing the draught, and the charge of pig (from 3^ to

4jJ- cwts.)

introduced in fragments of a convenient and uniform size, together with 30 or 40 lbs.

of cinder ; the doors of the furnace are now closed, and all access of cold atmospheric
air prevented, throwing fine cinder or hammer slag round the crevices, and stopping
up the work-hole with a piece of coal. In about a quarter of an hour the iron begins
to get red hot ; the workman then shifts the pieces so as to bring the whole to a state
of uniformity as regards heat. In about half an hour the iron begins to melt ; it is

constantly turned over, and at intervals of a few minutes cinder is thrown in ; the sur-
face of the mass is seen to be covered with a blue flame ; it soon begins to rise ; a kind
of fermentation takes place beneath the surface, and the mass, at first but 2 inches
high, rises to a height of 10 or 12 inches, and enters into violent ebullition. During
the time that this ' fermentation ' is taking place, constant stirring is required to pre-
vent the iron from settling on the bottom. The boiling lasts about a quarter of an
hour ; after which the cinder gradually sinks, and the iron appears in the form of
porous spongy masses of irregular size, which are constantly stirred to prevent their
adhering together in large lumps, to facilitate the escape of the carbon, and to sepa-
rate the cinder which, when the operation has been successfully conducted, flows over
the bottom apparently as liquid as water. The iron is now ' bailed up,' as in the
operation of puddling. The objections to the boiling process are : the wear and tear
in the furnace which occurs in treating grey pig-iron, particularly that of the more
fluid description ; the slowness of the operation, and the amount of manual labour
which it entails to produce good results. In some works the crude iron is run
directly into the boiling furnace from the blast-furnace, by which much saving of coal
is effected, and a product of a more uniform quantity obtained ; but the labour of the
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workman becomes more oppressive from the additional heat to which he is subjected
from the close proximity of the blast-furnace. Ironmasters are not agreed as to tho
respective merits of the 'boiling' and 'puddling' systems; some maintain tliat tho
former is more economical than the latter, which involves ' refining; ' others think
that boiling iron has a tendency to communicate to it the ' red short ' quality. Ac-
cording to the observations of Mr. Truran, in several works where both methods are
employed, the largest quantity of iron is first passed through the refinery,

Mr. Hall, the inventor of the boiling system, in descanting on the merits of his pro-
cess, describes how, with the same pig, tho iron may bo made weak and cold short;

or tough, ductile, and malleable. For tho first proceed thus :—Pass the pig through
the refinery, then puddle agi-eeably to the old plan on the sand bottom ; that is, melt
it as cold as possible ; drop the damper quite close before the iron is all melted, dry the
iron as expeditiously as may be, with a large quantity of water ; and, lastly, proceed
to ball in a proper number of ' young ' balls ; the result will be a very inferior quality

of manufactured iron. On the other hand, to produce a malleable iron of very superior

quality, first charge the furnace with good forge pig-iron, adding, if required, a
sxifificiency of flux, increasing or diminishing the same in proportion to the quality

and nature of the pig-iron used. Secondly, melt the iron to a boiling consistency.

Thirdly, clear the iron thoroughly before dropping down the hamper. Fourthly,

keep a plentiful supply of fire upon the gKite. Fifthly, regulate the draught of the

furnace by the damper. Sixthly, work the iron into one mass, before it is divided
into balls ; when thus in balls, take the whole to the hammer as quickly as possible,

after which roll the same into bars. The bars being cut into lengths, and piled to

tlie desired weights are then heated in the mill furnace, welded and compressed by
passing through the rolls, and thus finished for the market. In this way, from the pig

to the finished mill bar, one entire process that of the refinery, is saved. Mr. Hall
states that, by his process, he can obtain malleable iron of any character (premising

that the ores from which the pig is smelted are of good quality), from the softness of

lead to the hardness of steel, and further that he can exhibit different qualities in the

same bar, one end being crystalline, nearly as brittle as glass, the other end equal to

the best iron that can be produced for fibre and tenacity, while the middle exhibits a
character approximating to both ; and, as a further illustration of the excellence of

the iron that may be made by the ' pig-boiling ' process, he refers to a specimen in

the Geological Museum, Jermyn Street, London, labelled * Specimen of two-and-a-

quarter inch round iron, tied cold, manufactured at the Bloomfield Ironworks, Tipton,

Staffordshire.' This specimen has been called a ' Staffordshire knot
'

; it was made
from a bar 2| inches in diameter, and nearly 7 inches in circumference : also to a
' Punched Bar,' ^ inch thick, made at one process for the smithy, commencing with
a ^-inch punch, and terminating with one 6^, without exhibiting the slightest frac-

ture.

Mr. Hall was led to the discovery of the ' boiling ' principle, by noticing the

exceedingly high fusion which took place on subjecting puddling-furnace slag to a
high degree of heat, and the excellence of the bloom of iron produced by the

operation : it occurred to him, that if such good iron could be made from cinder

alone, a very superior product ought to be obtained from good pig-iron, with equally

good fluxes, and the result of experiments fully answered his expectation, though
for a long time he was unable to make his discovery practically useful, on account

of the difficulty of getting furnaces constructed capable of rendering the intense

heat required and the corroding action of the fluxes. Puddling furnaces were then

made of brick and clay, with sand bottoms. He succeeded at last, by lining tho

interior of the furnace with iron, and protecting them with a coating of prepared

tap cinders.

In America the 'puddling' and 'boiling' processes are both in use. Overman gives

preference to the latter as being the most profitable, but it can only bo employed to a
limited extent for lack of cinder ; in a rolling-mill forge, therefore, half the furnaces

are employed for boiling, and half for puddling, the latter supplying cinder for tlio

former. In the eastern States, where the fuel is anthracite, double puddling furnaces

are employed, and a blast is used, the incombustibility of this variety of coal render-

ing it impossible to get the requisite heat merely by tho draught of tho chimney.

Fig. 1262 represents an anthracite furnace bisected vertically through the grate,

hearth, and chimney. It differs from the ordinary puddling furnace chiefly in the

greater depth of the grate, which is made to contain from 20 to 24 inches of coal, and
in the lesser height of the chimney, which, as a l)last is employed, need only be sufli-

ciently high to carry the hot gases out of tho furnace ; the letters a, a, a, a, a, indicate

the position of the iron cross binders, which serve to bind together the cast-iron plates

of the enclosure, and to prevent the sinking of tho roof from the expansion and con-

traction of the brickwork.
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The blast machines are fans, the best form of which is shown in jig. 1263 (Over-

man). The wings of this fan are encased in a separate box ; a wheel is thus formed,

1262

which rotates in the outer box ; the figure shows a horizontal section through the axis.

The wings are thus connected, and form a closed wheel, in which the air is whirled

round, and thrown out at the

periphery. The inner case,

which revolves with the

wings, is fitted as closely as

possible to the outer case, at

the centre near a, a, a, a. The
speed of the wings is some-

times as much as 1,800 re-

volutions per minute. The
motion of the axis is produced

by means of a leather or India-

rubber belt and a pulley.

This variety of fan is used

at the puddling furnaces at

Ebbw Vale, where the fuel is

small coal.

Fig. 1264 is a horizontal section of the double anthracite puddling furnace. The
grate measures 3 feet by 5. The width of the furnace externally is from 6^ to 6 feet.

The hearth is usually 6 feet in length. It has two work-doors, one directly opposite

the other. Two sets of workmen are required, therefore, at the same time ; double
the quantity of metal is charged, and the yield is twice that of a single furnace ; the

economy is in the room, fuel, and labour ; one good puddler only being required to

manage the operation. Double puddling furnaces are also used in several works in

England ; but as Mr. Truran observes, the economical advantages attending them in

point of fuel are lost if the puddlers do not work well to time : they must bring their
heats to the respective stages siinultaneously, for if one is kept waiting for a short
period by the other, the loss of iron more than balances the reduced consumption of
coal. The difficulty of obtaining men who will work well in concert has operated
against the use of the double furnace, which would otherwise certainly supersede the
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single ; as, combined with the process of running the iron in liquid from the blast-

furnace, the consumption of fuel is under the cue-half of the quantity demanded
with single furnaces.

Puddling furnaces are sometimes constructed with what are called ' water boshes.'

The hearth is surrounded with heavy cast-iron plates, in which is formed a passage of

1 inch or li inch bore, through which a current of cold water is caused to flow, the
object being to protect the furnace from tho destructive action of the heat and cinder.

Overman found such furnaces to work well with fusible metd such as is produced
from a heavy burden on the blast-furnace, or from ores contjiining phosphorus ; but
with iron reqniring a strong heat, such as results from a light burden on the blast-

furnace, or when it contains impurities firmly and intimately combined, puddling
furnaces with cooled boshes failed to make good malleable iron.

We do not know whether the iron manufacturers in England will assent to the

following proposition, laid down by the American metallurgist, viz :—
' That the

smaller the amount of coal consumed, or the lower tho temperature of tho hearth
in the blast-furnace, tho better will bo the quality of the metal ; that is, the more
fit it will become for improvement in the puddling furn.ace. The advantage of

heavy burden in the blast-furnace is not only that it reduces the first cost of the

meta,l, but makes a far superior article for subsequent operations. The worst cold-

short, or sulphurous metal, smelted by a low heat, is quite as good as the best metal
from the best ore smelted by a high temperature.' Whatever may bo thought of

the latter part of this quotation, no iron manufacturer will deny that careful at-

tention to the blast-furnace is the best security of success in the puddling furnace,

and that success in the one is in proportion to the economy observed in relation to

the other.

Siemens's Gas Puddling Furnace.—^Mr. C. W. Siemens in the application of his

regenerative gas-furnace to puddling has effected a considerable improvement. His
process must therefore be fully described.

It is thought that it may be convenient to reproduce the figure in section of the gas-

furnace from p. 599, as it prevents the necessity of referring back to that article.

The gas-producer is shown in fig. 1265 ; it is a rectangular fire-brick chamber, one

side of which, b, is inclined at an angle of from 40° to 60°, and is provided with a
grate, c, at its foot. The fuel, which may be of any description, such as coal, coke,

lignite, peat, or even sawdust, is filled in through a hopper, a, at the top of the incline,

and falls in a thick bed upon the grate. Air is admitted at the grate, and in burning,

its oxygen unites with the carbon of the fuel, forming carbonic acid gas, which rises

slowly through the ignited mass, taking up an additional equivalent of carbon, and
thus forming carbonic oxide. The heat thus produced distils off carburetted hydrogen
and other gases and vapoiu-s from the fuel as it descends gradually towards the grate,

and the carbonic oxide already named diluted by the inert nitrogen of the air and by
any small quantity of unreduced carbonic acid, and mixed with these gases and
vapours distilled froni the raw fuel is finally led off by the gas-flue to the furnace.

The ashes and clinkers that accumulate in the grate are removed at intervals of one

or two days.

E is a pipe for the purpose of supplying a little water to the ashpit, to be decom-
posed as it evaporates and comes in contact with the incandescent fuel, thus forming

some hydrogen and carbonic oxide, which serve to enrich the gas ; g is a small plug-

hole, by which the state of the fire may be inspected, and the fuel moved by a bar if

necessary ; and d is a sliding damper by which the gas-producer may be shut off at

any time from the fine.

It is necessary to maintain a slight outward pressure through the whole length of

the gas-flue leading to the furnaces, in order to prevent the burning of the gas in the

flue through the indraught of air at crevices in the brickwork.

Where the furnaces stand much higher than the gas-producers, the required pressure

is at once obtained ; but more frequently the furnaces and gas-producers are placed

nearly on the same level, and some special arrangement is necessary to maintain tho

pressure in the flue. The most simple contrivance for this purpose is the ' elevated

cooling tube.' The hot gas is carried up by a brick stack, h, to a height of 8 or 10

feet above the top of the gas-producer, and is led through a horizontal sheet-iron

cooling-tube, j, {fig. 1265), from which it passes down either directly to the furnace, or

into an underground brick flue.

The gas rising from the producer at a temperature of about 1000° Fahr., is cooled

as it passes along the ovorhwid tube, and tho descending column is consequently

denser and heavier than the ascending column of tho same Icngtli, and continually

overbalances it. The system forms, in fact, a siphon in which tho two limbs are of

the usual length, but the one is filled with a heavier gaseous fluid than the other.

In erecting a number of gas-producers and furnaces the inventor generally prefers
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to group the producers together, leading the gas from all iuto one main flue, from which

the several furnaces draw their supplies.

1265

The puddling furnace, proper, is shown in^s. 1266, 1267, and 1268.

1266

Fig. 1266 is a front elevation of the furnace, showing the gas reversing valve and
flues in section.
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Fig. 1267 is a longitudinal section at a, b, c, d {fig. 1268).
Fig. 1268 is a sectional plan at l, m {fig. 1267).
The peculiarity of the regenerative gas-furnace, as applied either to puddling, or tc

any other process in which a liigli heat is required, consists in the utilisation in the

furnace of nearly the whole of the heat of combustion of the fuel, by heating the
entering gas and air by means of the waste heat of the products of combustion, after
they have left the furnace, and are of no further use for the operation being carried
on. The waste heat is, so to speak, intercepted on its passage to the chimney, by
means of masses of fire-brick stacked in an open or loose manner in certain chambers,
called 'regenerator chambers,' c, e, e', c' {fig. 1267).
On first lighting the furnace the gas passes in through the gas regulating valve, b

{fig. 1266), and the gas reversing valve, b', and is led into the flue, m, and thence into
the bottom of the regenerator chamber, c {fig. 1267) ; while the air enters through a
corresponding ' air reversing valve,' behind the valve bS and passes thence through
the flue, N, into the regenerator chamber, e. The currents of gas and air, both quite

1267

1268

cold, rise separately through the regenerator chambers, c and e, and pass up through

the flues, o, g, and f, f, f {fig. 1268). respectively, into the furnace above, where they

meet and are lighted, burning and producing a moderate heat. The products of com-
bustion pass away through a similar set of flues at the other end of the furnace into

the regenerator chambers, c', e', and thence through the flues, m', n', and through the

gas and air reversing valves, into the chimney flue, o. The waste heat is thus de-

posited in the upper courses of open fire-brick work filling the chambers, c', e*, so

heating them up, while the lower portion, and the chimney flue, are still quite cool

;

then, after about an hour, the reversing valves, b' (through which the air and gas are

admitted to the furnace), are reversed, by means of the levers, p, and the air and gas

enter, through those regenerator chambers, e', c', that have just been heated by the

waste products of combustion, and in passing up through the open brickwork they

become heated, and then on meeting and entering into combustion in the furnace, d, n,

they produce a very high temperature, probably 500° Fahr. higher than when ad-

mitted cold ; the waste heat from such higher temperature of combustion heating up
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the previously cold regenerator chambers, c, b, to a correspondingly higher heat. After

about an hour's work the reversing valves, b*, are again reversed, and the air and gas

enter the first pair of regenerator chambers, c, e, but which are now very hot, and

therefore the air and gas become very hot, and enter the furnace in this state, meeting

and entering into combustion, and thus producing a still higher temperature, probably

600° higher still, and again heating the second pair of regenerator chambers, c', e', so

much higher, which enables them to again heat the air and gas to a still higher

degree, when the valves, b\ are again reversed. Thus an accumulation of heat and

an accession of temperature is obtained, step by step, so to speak, until the furnace is

as hot as is required ; for unless cold materials are put in to be heated, and thus

abstract heat, the temperature rises as long as the furnace holds together, and the

supply of gas and air is continued. The heat is at the same time so thoroughly

abstracted from the products of combustion by the regenerators that the chimney flue

remains always quite cool. The command of the temperature of the furnace and of

the quality of the flamo is rendered complete by means of the gas and air regulating

valves shown at b in^;^. 1266, and by the chimney damper. These are adjusted to

any required extent of opening by the notched rods q, r, and s, {fig. 1266) respectively,

so that having the power of producing as high a temperature as can be desired, there

is also the power of varying it according to the requirements in each case.

The bed of the furnace d d (fig. 1267), is ofthe ordinary construction, formed of iron

plates, and is provided with water-bridges at the ends, as shown, to protect the

' fettling' (or oxide of iron used for lining the furnace) from being melted away. The

overflow from one of the water-bridges is led into a sheet-iron tank below the bed, and

then away. The evaporation from this tank keeps the bottom plates cool and preserves

the cinder covering them from melting off, and the steam is carried away by a draught

of air entering through two holes, i, i (%. 1266), below the tap-hole, and passing off

by small ventilating shafts k, k {fig, 1268), at the back of the furnace.

A heating chamber, h [Jig. 1267), is arranged at each end of the furnace, in which the

charge of pig-iron may be heated to redness before it is introduced into the puddling

chamber, d, d.

The advantages of this furnace for puddling, are that the heat can be raised to an

almost unlimited degree ; that the flame can be made at will oxidising, neutral, or

reducing, without interfering with the temperature; that indraughts of air and cutting

flames are avoided ; and that the gas fuel is free from ashes, dust, and other impurities,

which are carried into an ordinary puddling furnace from the grate. In this last

respect the new furnace presents the same advantages as puddling with wood.

The ordinary furnace received charges of 484 lbs. each, and yielded on an average

426 lbs., representing a loss of 12 per cent,, whereas the gas-furnace received charges

averaging 424 lbs., and yielded 413 lbs., representing a loss of less than 2*6 per cent.

It is important to observe, moreover, that the gas-furnace turned out eighteen heats

in three shifts per 24 hours, instead of only 12 heats per 24 hours, which was the limit

of production in the ordinary furnace.

This rate of working was attained without the employment of any arrangement for

heating the pig-iron before charging it into the furnace, the heating chambers at the

ends not having been used. The adoption of the plan of heating the metal before-

hand, a system already extensively in use both in this country and on the Continent,

effects a further saving of 10 to 1 5 minutes in the time required for working each charge,

as well as a considerable economy in fuel.

The quality of the iron produced from the gas-furnace was proved decidedly superior

to that from the ordinary furnace, being what is technically called best best in the one,

and best in the other case, from the same pig.

The economy of fuel was greatly in favour of the gas-furnace. The saving of fuel

in puddling cannot be less than 40 to 50 per cent, in quantity, while a much cheaper
quality may be used.

The composition of ' fettling ' was, however, greater in the gas-furnace, and the

superior yield was naturally attributed by the forge managers to that cause.

By the use of the water-bridge the amount of ' fettling ' required is reduced to an
ordinary proportion, the average quantity of red ore used being 92*6 lbs. per charge,

besides the usual allowance of biill dog, while the yield per charge of 483*3 lbs. of
grey forge pig has been increased to 485 lbs. of puddled bar.

Banks's Bevolving Puddling Furnace.—It appears that experiments were first com-
menced by Mr. Samuel Banks in May 1868, in the Cincinnati Eailway Works. In
1869, the first experiments being successful, other revolving furnaces were set to

work, and in 1870 they were generally adopted in those works. In a little time several
iron producing companies in America being convinced of the advantages of Danks's
process, adopted his revolving furnace for puddling. The following description by
Mr. Samuel Banks will fully explain the arrangements of his puddling furnace.
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The furnaco has a firo-grate, in outwai'd appearance like the ordinary puddling
furnace, but it differs from this considerably in several particulars. It has a fan blast
under tlie grate to urge the fire and produce gas. It has also jets of fan blast over the
fire, injected for the purpose of ensuring the more perfect combustion of the fuel.

This blast is regulated by a valve, by which the workman has a perfect control of the
quantity of gas produced and consumed, and he is thus enabled to make the tempera-
ture suit the requirements of the charge in the different stages of the puddling process.
The ashpit and fire-hole are closed by doors to prevent the escape of the blast through
the fire, and the fire-hole has a coil of wrought-iron water-pipe cast into it, for the
purpose of allowing a stream of water to circulate around it to keep it cool. The
bridge-plate between the fire and the charge of metal has also a coil of water-pipe Gist
into it for the same purpose. It has a lining of fire-brick on the side next to the fire,

and a covering of fettling on the side next to the charge. It also has a course of
fire-brick on the top, and is thus perfectly protected on all sides. Fastened on to the
bridge-plate is a ring with a flat surface on one side, which ring has a pipe or pipes
cast into it, and is made in one piece or in sections. The pipes are for the purpose of

admitting water to keep the ring cool, and the flat face is the part that the end of the
revolving furnace rubs against, and forms a butt joint. This face should be cast on a
metal chill to harden the part exposed to abrasion from the end of the revolving
chamber rubbing against it.

The revolving chamber is made of two end-pieces, so formed as to be banded with
wrought-iron bands, and to have detachable rings on the part most exposed to the
fire. It rests on carrying rollers, to allow its free rotation. It has also suitable ribs

for strengthening it, and holes for rivetting the rings and staveplates upon it. These
two ends are connected together by a series of staveplates to form a cylinder, and are
of suitable length according to the desired size of the chamber. They have hollow
ribs, running longitudinally, which serve the double purposes of holding the fettling

and keeping it cool, and when rivetted together, form an open-ended cylinder, one end
of which butts against the ring that is fastened to the bridge-plate, where the gases

are admitted over the bridge from the grate, and the other open end serves the purpose
of a doorway for the reception of the charges of metal, and for their removal ; also

for the escape of the products of combustion through a moveable head-piece which
connects the revolving chamber and the chimney. This moveable piece answers the

purpose both of door and flue. It can be moved at pleasure by means of a suitable

apparatus overhead, and when in its place for puddling, the escaping gases pass through
it into the stationary flue, and from thence to the chimney or boiler. When it is

removed for the introduction or removal of the charge, the end of the revolving chamber
is open, and balls of great weight can be very readily removed. When the moveable
piece is adjusted for puddling, it is held in position by suitable props. It has also an
arrangement of water-pipes for keeping it cool, and a stopper-hole in front, so that the

operations going on inside can be seen at all times.

The vessel is made to revolve by means of a toothed wheel, fixed longitudinally

upon it. A suitable engine is attached to each machine, so that the chamber can be

made to revolve at any speed that may be required according to the different stages of

the operation.

The chamber is lined in the following manner :—The * initial ' lining is composed of

a mixture of pulverised iron ore and pure lime, worked with water into the consistency

of a thick paste. About one-third of the inner surface of the chamber is covered with

this mortar in a layer projecting about one inch over the hollow ribs. After about

four hours, the first part of the lining, as described, will be found hard, and in the same
way the remaining parts are filled in and are allowed to set. The furnace is then

ready to receive the fettling. About one-fifth of the whole quantity required in tlie

shape of pulverised iron ore is thrown in upon the above-mentioned lining. The
furnace is heated up, and is made to revolve slowly until the iron ore is found to be

completely melted. The apparatus is then stopped, and that part of the molten iron

ore, which has not been consumed by glazing the • initial ' lining surface, runs to the

lowest level of the furnace, and there forms a pool, into which there are put a number
of small and large lumps of iron ore, of such dimensions as will bo required to allow

the said lumps to project over the surface of the liquid ore by from two to six inches.

This first part of the fettling is allowed to set when a fresh quantity of pulverised ore

is thrown in. The furnaco is again made to rotate slightly until the newly-added ore

is liquefied, when the apparatus is again stopped, and the pool is filled with lumps as

before. In this manner the whole of the inner surface is gradually fettled, and care

is t'lken to regulate the position of each pool so that the vessel or apparatus shall at

all times find itself properly balanced. From 2 to 2.^ tons of iron ore are required to

fettle a 700-lb. rotary furnace. Bather more than the ordinary quantity of hammer
or rolled cinder is used, and upon that the iron is charged either in a solid or molten
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condition. When charged in the shape of pig-iron, the melting-down occupies from

30 to 35 minutes, during which a partial rotation is given to the furnace from time to

time in order to expose equally all sides of the charge to the flame. When the whole

of the charge is thoroughly melted, the furnace is made to revolve once or twice per

minute only during the first five or ten minutes, in order to obtain the most perfect

action of the cinder upon the molten iron. A stream of water is injected through the

stopper-hole along and just above the line of contact between the floating cinder and
the inner surface of the vessel on the descending side. A certain portion of uncon-

taminated cinder is thereby solidified on the metal surface, and is carried down into

or below the bath of molten iron in a continuous stream, which, in rising up through

the iron, combines with the impurities of the latter in a fer more effectual and complete

manner than any mode of puddling hitherto known can effect. On the expiration of

the said five or ten minutes, the iron begins to thicken, and the motion is stopped.

The heat is then raised, so that the cinder shall be perfectly liquefied, and thereby

float over the iron. That cinder contains all the impurities which have been liberated

from the charge, and it is essential to prevent its further contact with the iron. The
vessel is ther^ore brought into such a position that the tap-hole shall be just over the

level of the iron, which by this time has become partly pasty. The puddler gently

pushes back the iron, and the cinder is made to run off. The tap-hole, by a slight

motion of the vessel, is then brought high enough over the level of the iron, and is

stopped up. The heat is again raised, and the furnace is put in motion at a velocity

of from six to eight revolutions per minute, by which means the charge is dashed about
violently in the furnace. Should a sufficient degree of decarburisation not have been
produced at that point of the operation, then the liquidity which the iron will assume
under the increased temperature will prove the fact. A high temperature being kept

up, and the charge being continually turned over, the particles begin to adhere when
the velocity of the apparatus is lowered to from two to three revolutions per minute,

upon which the ball then very speedily forms. Should any loose pieces be detected in

the furnace, the puddler moves them all to the same side of the ball, and by giving a
partial rotation to the furnace he causes the ball to fall upon them, and thereby forms
them into one mass. The puddler solidifies the front end of the ball by a few blows
from a tool applied through the stopper-hole. The props of the moveable piece are

then removed, and the flue hanging from the overhead rail is moved away. A large

fork suspended from a crane is moved into the vessel along one side, and the ball,

which by a turn of the vessel is rolled on to the fork, is then removed by means of a
crane. The ball is then worked in a squeezer. The requisite quantity of cinder and
metal is again charged. The flue is replaced, and the process continued. From eight

to ten charges are made before any re-fettling is required, when the parts most worn
are repaired. The bloom comes from the squeezer in a very solid condition, and is

either reheated, or rolled off into puddled bar, &c., at once.

The inventor claims for his revolving furnace the following advantages :—^A great

saving in the cost of labour, and also in the consumption of coal, varying according to

the size of the furnace ; a superior and more regular quality of puddled iron from a
given quality of pig ; a yield of puddled iron much in excess of the charge of pig-

metal, instead of the usual less, the extra yield being obtained by the reduction of

the rich fettling used in the machine; eight to ten heats, whether from 5 to 10 cwts.

are made in a day of ten hours when suitable metal is used ; the refining process is

very complete, the whole of the phosphorus and silica and the sulphur, to a large
extent, being removed by the chemical action of the lining mixture ; the very heavy
and exhaustive labour of puddling is performed by steam-power, thereby enabling
one skilled man to attend to the working of a large quantity of iron ; the bringing to

nature and balling of the iron are completed by the rotary action without the use of
rabbling, except when the heat has to be divided into smaller balls ; and the capacity
may be suited for heats of any weight from 5 cwts. upwards. The cost of the furnace,

weight of product considered, is about the same as that of the usual hand-puddling
furnaces.

It is almost needless to say that the existing arrangements for hammering and
rolling puddled iron would not be suitable where such large masses of metal have to

be dealt with. In proportion as the subsidiary appliances are carried out upon a
proper scale, so will be the advantageous results obtained from the puddling appa-
ratus.

On this account the drawings of the 'Squeezer,' recommended by Mr. Banks
has been introduced into these pages.

Squeezer.—Fig. 1269 is a front sectional elevation, showing a section of the steam-
hammer or ram; a section of the squeezer-cam and roll; housings, bed-plate, and
driving gear wheels.

Fig. 1270 is a section of squeezers, showing the squeezer-cam, rolls, the head of
Vol. II. 3 T
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Bteam-ram, housing, and the ends of bed-plates, a is the squeezer-cam; b, the
housing ; c, the head of steam-ram ; d d, the rolls ; and e b, the ends of bed-plates.

I

The following is a description of the drawings of Danks's improved revolving

puddling furnace :

—

Fig. 1271 is a sectional elevation of the furnace, showing the fire-grate, b ; wind jet

pipes G, which convey fan-blast into the fire-chamber over the fire, for the purpose of

effecting as perfect a combustion of the gases as is desirable, producing a quick and
intense heat ; h, is the passage for gases ; i, the gear-holder. The bri<%e is shown,
with tlio plate having water-pipes passing through it, protected on the one side with
fire-brick, and on the other with fettling. The revolving chamber, k, is also shown

;

with the tapping-hole, b ; carrying-rollers, l ; also the ends of bed-plates, m m ; and
moveable piece, n ; with stopper-hole, b, which latter is suspended from an overhead
tract.

Fig. 1272 is an end view, showing the arrangement of bed-plate, c; carrying-

rollers and gear-wheels, upon a pillar-block, b ; also an end view of the revolving

1272

SCACE

chamber, supported by standard, A, with a section of fettling ; a portion of the fire-

bridge is also shown.
Fig. 1273 presents a front view of the furnace, showing the moveable piece, c}

with its stopper-hole, d
;
props, e e ; arrangements and water-pipes, f f ; rods and

swivels for suspending the moveable piece, g g ; stationary flue, b ; and chimney-
stack, A.

In the autumn of 1856 the attention of ironmasters was powerfully excited by a
proposal from Mr. Bessemer to manufacture malleable iron and steel from crude iron,

without fuel. The first experiment was only partially successful, but Mr. Bessemer,
conscious of the correctness of his principle, pursued his investigations with undi-

minished zeal, and the result was that he was rewarded by the most decided success.

See Steel.

One of the objections urged against the Bessemer process was, that the high tem-
perature to which the iron was subjected destroyed its fibrous character.

3 t2
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It is more than probable that iron containing only 0*05 per cent, of carbon has
almost lost tho property of becoming fibrous by any treatmenfc: for, without going so

1273

far as to assert that the development of fibre depends on the presence of carbon, or

that carbon exercises a specific function in bringing about this molecular condition of

the iron, analysis shows that the toughest and most flexible bar-iron contains a far

larger quantity of carbon than that above indicated, as will be seen by the following

analyses by Gay-Lussac, Willson, Karsten, and Bromeis :

—

Amount of Carbon in Bar-Iron.
Carbon

Best bar-iron from Sweden 0293
Do. do. 0-240

Bar-iron from Creusot 0'159

Bar-iron from Champagne 0-193

Bar-iron from Berry 0-162

Cold-short bar-iron from Moselle 0-144

Soft bar-iron analysed by Karsten 0*200

Hard bar-iron by Karsten 0-500

Three different varieties produced from white pig-iron by the Swabian
method of refining, analysed by Bromeis 0-318

Three different varieties produced from white pig-iron by the Swabian
method of refining, analysed by Bromeis 0-354

Three different varieties produced from white pig-iron by the Swabian
method of refining, analysed by Bromeis 0*400

Three varieties produced from various kinds of pig-iron by the

Magdesprung method of refining 0-324

Machines for Forging and Condensing Iron.—To prepare the puddle balls for tho

rolling mills, they have to undergo tho process of ' shipgling,' or ' blooming
'

; this is

effected either by the hammer or by the squeezer : the latter lias almost entirely

superseded the former, as it effects the object at less cost, though, perhaps, with
hardly such goo 1 results as to quality. These mechanisms are moved either by steam-

engines or by water-wheels. We shall offer some details concerning them.
The main driving-shaft usually carries at either end a largo toothed wheel, which

communicates motion to the different machines through smaller toothed wheels. Of
these there are commonly six, four of which drive four different systems of cylinders,

and the two otliers work the hammer and the shears. The different cylinders of an
iron work should never be placed on the same arbor, because they are not to move
together, and they must have different velocities according to the diameter. In order

to economise time and facilitate labour, care is taken to associate on one side of the

motive machine the hammer, the shears, and the reducing cylinders, and on tlic otlicr

side to place the several systems of cylinders for drawing out tho iron intx) l»;irs. For
the same reason, the puddling furnaces ought to be grouped on tho side of the hammer,
sind tho reheating furnaces on the other side of .the works.
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^The hammers, fig, 1274, are made entirely of cast iron ; they are nearly 10 feet

long, and consist usually of two parts, the helve c, and the head or pane d. The
latter enters with friction into the former, and is retained in its place by wedges of
iron or wood. The head consists of several faces or planes receding from each other,
for the purpose of giving different forms to the ball lumps. A ring of cast iron, a,

called the cam-ring bag, bearing moveable cams, b 6, drives the hammer, d, by lifting

it up round its fulcrum, /, and then letting it fall alternately. In one iron work this
ring was found to be 3 feet in diameter, 18 inches thick, and to weigh 4 tons. The
weight of the helve (handle) of the corresponding hammer was 3J tons, and that of
the head of the hammer 8 cwts.

1274

The anvil, e, consists also of two parts ; the one called the pane of the anvil, is the

counterpart of the pane of the hammer ; it likewise weighs 8 cwts. The second, g,
named the stock of the anvil, weighs 4 tons. Its form is a parallelopiped, with the

edges rounded. The bloom or rough ball, from the puddle-furnace, is laid and turned

about upon it, by means of a rod of iron welded to each of them, called a jporter.

Since the weight of these pieces is very great, and the shocks very considerable, the

utmost precautions should be taken in setting the hammer and its anvil upon a sub-

stantial mass of masonry, as shown in the figure, over which is laid a double, or even

quadruple, flooring of wood, formed of beams placed in transverse layers close to each

other. Such beams possess an elastic force, and thereby partially destroy the inju-

rious reaction of the shock. In some works a 6-feet cube of cast iron is placed as a

pedestal to the anvil.

Forge-hammers are very frequently mounted as levers of the first kind, with the

centre of motion about one-third or one-fourth of the length of the helve from the cam-
wheel. The principle of this construction will be understood by inspection of^. 1275.

The short end of the lever,

1275 ... "i-->./which is struck down by the

tappet, 6, is driven against the

end of an elastic beam, t, and
immediately rebounds, causing

the long end to strike a harder
blow upon the anvil, s.

Fig. 1275 is the German
forge-hammer; to the left of

1 is the axis of the rotatory

cam, 2, 3, consisting of eight

sides, each formed of a strong
broad bar of cast iron, which
are joined together to make the
octagon wheel. 4, 5, 6, are cast-

iron binding-rings or hoops
made fast by wooden wedges ; 5, 5, are standards of the frame-work, e, I, m, in which
the helve of the forge-hammer has its fulcrum near « ; ^, the sole-part of tie frame

;



1014 IRON

another cast-iron base or sole is seen at m; w is a strong stay, to strengthen the
frame-work ; at r two parallel hammers are placed, with cast-iron heads and wooden
helves ; 5 is the auvil, a very massive piece of cast iron ; t is the end of a vibrating
beam, for throwing back the hammer forcibly from it by recoil ; x, y, is the outline
of the water-wheel which drives the whole. The cams or tappets are shown mounted
upon the wheel, 6, g, 6.

Squeezers are machines which condense a ball by pressure. They are either single
or double ; their construction will be readily understood from j?^. 1276, which represents
a single level-squeezer of the simplest construction : the bed-plate, a, is cast in one
piece; it is 6 feet long, 16 inches wide, and 12 inches high. The whole is screwed

down on a solid foundation of stone, brick, or timber : h is the moveable part, which
makes from 80 to 90 motions per minute. The motion is imparted by the crank c,

which in turn is driven by means of a strap and pulley by the elementary power. The
diameter of the iiy-wheel is from 3 to 4 feet. The anvil d is about two feet in length

and from 12 to 14 inches in width; it is a moveable plate, at least 3 inches thick,

which if injured can be replaced by another ; the face of the working part of the lever

exactly fits the anvil, and consists of plates attached by means of screws. It is

desirable to have all these face plates in small parts of 8 or 10 inches in width, by this

means they are secured against breaking by expansion and contraction. The whole
machine, including the crank and everything, is made of cast iron, and weighs from 4

to 5 tons. According to Overman this machine is both cheap and durable, and will

squeeze 1 00 tons of iron per week.

Fig. 1277 represents the double squeezer, employed at many English iron works.

The drawing is taken from a machine at the Dowlais Iron Works, figured in Mr.
Truran's work. Many other forms are in use.

1277

Fig. 1278 represents Brown's patent bloom squeezer. The heated ball of puddled
iron K, thrown on the top is gradually pressed between the revolving rollers as it

descends, and at last emerges at the bottom, where it is thrown on to a moveable
* Jacob's ladder,' by which it is elevated to the rolls. This machine effects a con-

siderable saving of time, will do the work of 12 or 14 furnaces, and may be constantly



IRON 1015

going as a feeder to one or two pairs of rolls. There are two distinct forms of this

macmne ; in the one figured the bloom receives only two compressions ; in another,

1278

1279

which is much more eflFective it is squeezed four times before it leaves the rolls and
falls upon the Jacob's ladder. Another form of squeezer is shown in^. 1279.

A table A a with a sledge rising up from it to a

height of about 2 feet, so as to form an open box, is

firmly imbedded in masonry ; within this is a re-

volving box, c, of similar character, much smaller

than the last, and placed excentrically in regard to

it. The ball or bloom d is placed between the inner-

most revolving box c and the outer case a a, where
the space between them is greatest, and is carried

round till it emerges at e, compressed and fit for the

rolls.

Cylinders.— The compression between cylinders

now effects, in a few seconds, that condensation and
distribution of fibres, which 40 years ago could not

be accomplished till after many heats in the furnace,

and many blows of the hammer. The cylinders may
be distinguished into two kinds: 1, those which serve to draw out the ball, called

puddling rolls, or roughing rolls, and which are, in fact, reducing cylinders ; 2, the

cylinders of extension, called rollers, for drawing into bars the massive iron after it

has received a welding, to make it more malleable. This second kind of cylinders is

subdivided into several varieties, according to the patterns of bar iron that are re-

quired. These may vary from 2 inches square to less than one-sixth of an inch.

Beneath the cylinders there is usually formed an oblong fosse, into which the

scoriae and the scales fall when the iron is compressed. The sides of this fosse, con-

structed of stone, are founded on a body of solid masonry, capable of supporting the

enormous load of the cylinders. Beams of wood form in some measure the sides of this

pit, to which cylinders may be made fast, by securing them with screws and bolts.

Massive bars of cast iron are found, however, to answer still better, not only because
the uprights and bearers may be more solidly fixed to them, but because the basement
of heavy metal is more difficult to shatter or displace, an accident which happens fre-

quently to the wooden beams. A riU of water is supplied by a pipe to each pair of
cylinders, to hinder them from getting hot ; as also to prevent the hot iron from ad-

hering to the cylinder, by cooling its surface, and perhaps producing on it a slight

degree of oxidisement.

The shafts are 1 foot in diameter for the hammer and the roughing rolls ; and
6 inches where they commnnicate motion to the cylinders destined to draw the iron

into bars.

The roughing rolls are employed either to work out the lump or baU immediately
after it leaves the puddling furnace, as in the Welsh forges ; or only to draw out the
piece, after it has been shaped under the hammer, as is practised in most of the
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Staffordshire establishments. These roughing cylinders are generally 7 feet long,

including the trunnions, or 5 foot between the bearers, and 18 inches dinraetor ; ancl

weigh in the whole from 4 to 4
J-
tons. They contain from 6 to 7 grooves, commonly

of an elliptical form, one smaller than another in regular progression, as is seen in fig.

1280. The small axis of each ellipse, as formed by the union of the upper and under
grooves, is always placed in the vortical direction, and is equal to the great axis, or

horizontal axis of the succeeding groove ; so

that in transferring the bar from one groove
to another, it must receive a quarter of a
revolution, whereby the iron gets elongated

in every direction. Sometimes the roughing
rolls serve as preparatory cylinders, in which
case they bear towards one extremity rect-

angular grooves, as the figure exhibits.

Several of these large grooves are bestudded
with small asperities analogous to the teeth

of files, for biting the lump of iron, and pre-

venting its sliding. On a level with the

under side of the grooves of the lower cylin-

der, there is a plate of cast iron with notches

in its edge adapted to the grooves. This
piece, called the apron, rests on iron rods,

and serves to support the balls and bars
exposed to the action of the rollers, and to

receive the fragments of ill-welded metal,

which fall off during the drawing. The
lioudng frames in which the rollers are

supported and revolve, are made of great

strength. Their height is 5 feet ; their

thickness is 1 foot in the side perpen-
dicular to the axis of the cylinders, and 10
inches in the other. Each pair of bearers is

connected at their upper ends by two iron

rods, on which the workmen rest their tongs
or pincers for passing the lump or bar from
one side of the cylinders to the other.

The cods or bushes are each composed of

two pieces ; the one of hard brass, which pre-

sents a cylindrical notch, is framed into the

other which is made of cast iron, as is clearly

seen mfig. 1280.

The iron bar delivered from the square

grooves, is cut by the shears into short

lengths, which are collected in a bundle in

order to be welded together. When this

bundle of bars has become hot enough in the

furnace, it is conveyed to the rollers, which
differ in their arrangement according as they
are meant to draw iron from a large or small
piece. The first, fi^. 1 280, possess both ellipti-

cal and rectangular grooves; are 1 foot in

diameter and 3 feet long between the bearers.

The bar is not finished under these cylinders,

but is transferred to another pair, whose
grooves have the dimensions proper for the
bar, with a roimd, triangular, rectangular, or

fillet form. The triangular grooves made use

of for square iron have for their profile an
isosceles triangle slightly obtuse, so that the

space left by the two grooves together may be
a rhombus, differing little from a square, and

whose smaller diagonal is vertical. When the bar is to be passed successively

through several grooves of this kind, the larger or horizontal diagonal of each
following groove is made equal to the smaller or upright of the preceding one,

whereby the iron must be tiirned one fourth round at each successive draught, and
thus receive pressure in opposite directions. Indeed, the bar is often turned in

succession through the triangular and rectangular grooves, that its fibres may be more
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accurately worked together. The decrement in the capacity of the grooves follows the

proportion of 15 to 11.

When it is intended to reduce the iron to a small rod, the cylinders have such a dia-

meter, that three may be set in the same housing frame. The lower and middle
cylinders are employed as roughing rollers, while the upper and middle ones are made
to draw out the rod. When a rod or bar is to bo drawn with a channel or gutter in its

face, the grooves of the rollers are suitably formed.

To draw out square rods of a very small size, as nail-

rods, a system of small rollers is employed, called

slitters. Their ridges are sharp-edged, and enter into

the opposite grooves 2|- inches deep ; so that the flat bar

in passing between, such rollers is instantaneously

divided into several slips. For this purpose the roUers

represented in fig. 1281, may be put on and removed
from the shaft at pleasure.

The velocity of the cinders varies with their dimen-

sions. In one work, cylinders for drawing out iron of

from one-third to two-thirds of an inch thick, make 140 revolutions per minute ; while
those for iron of from two-thirds of an inch to 3 inches, make only 65. In another
work, the cylinders for two-inch iron, make 95 revolutions per minute ; those for iron

from two-thirds of an inch to an inch and a third, make 128 ; and those for bars from
one-third to two-thirds of an inch, 150. The roughing rollers move with only one-
third the velocity of the drawing cylinders.

The shingling and plate-rolling mUl is represented in fig. 1280. The shingling miU,
for converting the blooms &om the balling furnace into bars, consists of two sets of
grooved cylinders, the first being called puddling rolls or roughing rolls ; the second
are for reducing or drawing the iron into mill-bars, and are called simply rolls.

a, a, a, a, are the powerful uprights or standards called hoiisingframes, of cast iron,

in which the gudgeons of the rolls are set to revolve ; h, b, b, b, are bolt rods for bind-
ing these frames together at top and bottom; c, are the roughing rolls, having each a
series of triangidar grooves, such that between those of the upper and under cylinders,

rectangular concavities are formed in the circumference with slightly sloping sides.

The end groove to the right of c, should be channelled like a rough file, in order to

take the better hold of the blooms, or to bite the metal as the workmen say ; and give
it the preparatory elongation for entering into and passing through the remaining
grooves till it comes to the square ones, where it becomes a mill-bar. d, d, are the
smooth cylinders, hardened upon the surface, or chilled, as it is called, by being cast in

iron moulds for rolling iron into plates or hoops, e, e, e, e, are strong screws with
rectangular threads, which work by means of a wrench or key, into the nuts e' e' el ef,

fixed in the standards ; they serve to regulate the height of the plummer blocks or
bearers of the gudgeons, and thereby the distance between the upper and under
cylinders, /is a junction shaft; g, g, g, are solid coupling boxes, which embrace the
two separate ends of the shafts, and make them turn together, h, h, are junction

pinions, whereby motion is communicated from the driving shaft /, through the
under pinion to the upper one, and thus to both upper and under rolls at once, i, i,

are the pinion standards in which their shafts run ; they are smaller than the up-
rights of the rolls, k, Jc, are screws for fastening the head pieces I to the top of the
pinion standards. All the standards are provided with sole plates w, whereby they are
screwed to the foundation beams n of wood, or preferably iron, as shown by the
dotted lines ; o, o, are the binding screw bolts. Each pair of rolls at work is kept
cool by a small stream of water let down upon it from a pipe and stop-cock.

In the cylinder drawing, the workman who holds the ball in tongs passes it into

the first of the elliptical grooves, and a second workman, on the other side of the
cylinders, receives this lump and hands it over to the first, who repasses it between
the rollers after bringing them somewhat closer to each other by giving a turn to the
adjusting pressure screws. After the lump has passed five or six times through the
same groove it has got an elliptical form, and is called in England a bloom. It is next
passed through a second groove of less size, which stretches the iron bar. In this

state it is subjected to a second pair of cylinders, by which the iron is drawn into

flat bars four inches broad and half an inch thick. Fragments of the ball or bloom
fall round about the cylinders, which are afterwards added to the puddling charge.

In a minute and a half the rude lump is transformed into bars with a neatness and
rapidity which the inexperienced eye can hardly follow. A steam-engine of thirty
horse-power can rough down in a week 200 tons of coarse iron.

This iron, called mill-bar iron, is however of too inferior a quality to be employed
in any machinery, and it is subjected to another operation, which consists in welding
several pieces together, and working them into a mass of the desired quality. The
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iron bars, while still hot, are cut by the shears into a length proportional to the size of
the iron bar that is wanted, and four rows of these are usually laid over each other
into a heap or pile which is placed in the re-heating furnace, and exposed to a free

circulation of heat, one pile being set crosswise over another. In a half or throe
quarters of an hour the iron is hot enough, and the pieces now sticking together are
carried m successive piles to the bar drawing cylinders to be converted into strong
bars, which are reckoned of middle quality. When a very tough iron is wanted, as

for anchors, another welding and rolling must be given. In the re-heating ovens the
loss is from 8 to 10 per cent, on the large bar, and from 10 to 12 in smaller work.
The consumption of coals in heating the large piles averages 7 cwts. to the ton of iron

charged ; in the smaller sizes 10 cwts. ; and in heating the guide rolled iron 10 cwts.

The re-heating furnace is shown in section va.jig. 1282 : it differs but little from a
puddling furnace. The whole interior, with the exception of the hearth «, is made of

fire-brick ; tlie hearth is made of sand. For this purpose a pure siliceous sand is re-

quired ; the coarser the better. The hearth slopes considerably towards the flue, the

object of which is to keep the hearth dry and hard. The iron wasted in re-heating

combines with the silica of the sand, forming a very fusible cinder, which flows off

through the opening at 6, at

which there is a small fire to

keep the cinder liquid. The
thickness of the sand bottom is

from 6 to 12 inches, resting on
fire-brick ; it generally requires

re-making after two or three

heats. The height of the fire-

brick arch, or its distance from
the sand bottom, is from 8 to

12 inches. The area of the

fireplace averages 12 feet, and
the width of the furnace varies

from 5 to 8 feet. "When the

piles are charged into the fur-

nace, the door is shut, and fine

coal is dusted around its edges to exclude the cold air; the temperature is raised to the

highest intensity as quickly as possible, and the workman turns the piles over from time

to time that they may be brought to an uniform welding heat in the shortest possible time.

It is thought by many that a purer iron is obtained by subjecting the balls as they

come out of the puddling furnace to the action of the hammer at first rather than to

the roughing rollers, as by the latter process vitrified specks remain in the metal,

which the hammer expels. Hence in some works the balls are first worked under

the forge-hammer, and these stampings being afterwards heated in the form of pies or

cakes, piled over esich other, are passed through the roughing mills.

Bars intended for boiler or tin plates are made from the best cold-blast mine iron.

The raw pig is refined in the usual manner with coke, the loss amounting to from

2\ to 3 cwts. per ton. It is then refined a second time with charcoal, the loss

amounting again to from 2^ to 3 cwts. per ton. After this second refining, it is beaten

into flat plates white hot by the tilt hammer and thrown into cold water ; the sudden
chilling makes it more easily broken into small slabs. The slabs are piled in heaps

and welded in the hollow fire, coke being the fuel ; the slabs are laid across the fire,

and do not come into contact with the fuel ; the blast is thrown under the fuel, and
the heat is immense ; when the piles are nearly at the fusing point, they are with-

drawn and passed under the rollers ; they are again heated in the hollow fire, then

again rolled and heated a third time in the ordinary reverberatory furnace, after

which they are drawn out into flat bars for boiler-plates, or for tin plate : the loss in

these operations amounts to from 3i to 4 cwts. per ton. About 9 heats are ac-

complished in 12 hours, each heat consisting of 2\ cvrts. of refined metal, and con-

suming 5 baskets of charcoal.

The bars intended for tin plates are repeatedly heated and rolled until of the

requisite thinness, the plates are then cut into squares, and annealed by exposing

them for several hours to heat in covered iron boxes, being allowed to cool very slowly

;

this gives the plates the proper degree of pliancy. The next operation is that of

'pickling; the plates are immersed in dilute sulphuric acid for the purpose of re-

moving from their surfaces all oxide and dirt ; after remaining in the acid for the

requisite time, they are thoroughly washed in successive troughs of water, and then
dried in sawdust; finally, the surfaces of the metal are prepared for the reception

of the tin, by rubbing them with leather Tipon cushions of sheepskin. The spent

sulphuric acid is run out into evaporating pans, and the sulphate of iron crystallised
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out. In order to tin the plates, they are immersed in a bath of melted tin. the stir-

face of which is covered with tallow or palm-oil; when sufficiently covered, they

are transferred to the brasher on the left-hand side of the tinner ; he passes a rough

brush rapidly over each side of the plate, whereby the superfluous tin is removed ; he

then plunges the plate again into the tin-bath, and passes it on to his left hand neigh-

bour, who gives it a washing. The plate passes through several hands before it is

dried. Great skill is required in the tinning process ; nevertheless, in a well-conducted

work the wasters do not amount to more than 10 per cent. ; a small percentage of

which are so bad as to require to be re-worked. Great care is taken to avoid waste,

tin being worth about 150/. per ton. A box of 225 sheets of tin plates, 10 inches

by 14, consumes about 8^ lbs. of tin. See Tin Plate.

On the Continent, iron is frequently refined from the cast metal of the blast-fur-

naces by three operations, in three different ways. In one, the pig being melted,

with aspersion of water, a cake is obtained, which is again melted in order to form
a. second cake. This being treated in the refinery fire, is then worked into a bloom.

In another system, the pig-iron is melted and cast into plates : these are melted anew
in order to obtain crude balls, which are finally worked into blooms. In a third mode
of manufacture, the pig-iron is melted and cast into plates, which are roasted, and
then strongly heated, to form a bloom.
The French fusible ores, such as the silicates of iron, are very apt to smelt into

white cast iron. An excess of fluxes, light charcoals, or too strong a blast, produce the

same results, A surcharge of ores which deranges the furnace and affords impure
slags mixed with much iron, too rapid a slope in the boshes, too low a degree of heat,

and too great condensation of the materials in the upper part of the furnace ; all tend
also to produce a white cast iron. In its state of perfection, white cast iron has a
silver colour, and a bright metallic lustre. It is employed frequently in Germany for

the manufacture of steel, and is then called steel floss, or lamellar floss, a title which
it still retains, though it be hardly silver-white, and has ceased to be foliated. When
its colour takes a bluish grey tinge, and its fracture appears striated or splintery, or

when it exhibits grey spots, it is then styled flower floss. In a third species of white
cast iron we observe still much lustre, but its colour verges upon grey, and its texture

is variable. Its fracture has been sometimes compared to that of a broken cheese.

This variety occurs very frequently. It is a white cast iron, made by a surcharge of
ore in the furnace. If the white colour becomes less clear and turns bluish, if its

fracture be contorted, and contains a great many empty spaces or air-cells, the metal
takes the name of cavernous floss or tender floss. The whitest metal cannot be em-
ployed for casting. When the white is mixed with the grey cast iron, it becomes
riband or trout cast iron.

TheGerman Refining Forge.—Figs. 1283, 1284, represent one of the numerous refinery

furnaces once common in the Hartz. The example is taken from the Mandelholz works,
in the neighbourhood of Elbingerode. Fig. 1284 is an elevation of this forge, d is the

1283 1284

refinery hearth, provided with two pair of bellows. Fig. 1283 is a vertical section,

showing particularly the construction of the crucible or hearth in the refinery forge d.

c is an overshot water-wheel, which gives an alternate impulsion to the two bellows a b
by means of the revolving shaft c, and the cams or tappets dfeg.

D, the hearth, is lined with cast-iron plates. Through the pipe I, cold water may be
introduced, under the bottom plate w, in order to keep down, when necessary, the tem-
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perature of the crucible, and facilitate the solidification of the loupe or bloom. An ori-

fice n,figs. 1283, 1284, called the chio (floss-holo), allows the melted slag or cinder to

fiow off from the surface of the melted metal. A copper pipe or nose piece conducts

the blast of both bellows into the hearth, as sliown at b x,fig, 1284.

The substance subjected to this mode of refinery is a grey carbonaceous cast iron,

from the works of Rothehiitte. The hearth d, being filled and heaped over with live

charcoal, upon the side opposite to the tuyere x,figs. 1283, 1284, long pigs of cast iron

are laid with thoir ends sloping downwards, and are drawn forwards successively into

the hearth by a hooked bar, so that the extremity of each may be plunged into

the middle of the fire, at a distance of 6 or 8 inches from the mouth of the tuyere.

The workman proceeds in this way till he has melted enough of metal to form a lowpe.

The cast iron, on melting, falls down in drops to the bottom of the hearth ; being

covered by the fused slags, or vitreous matters more or less loaded with oxide of

iron. After running them oflf by the orifice w, he then works the cast iron by power-
ful stirring with a rabble, tUl it is converted into a mass of a pasty consistence.

During this operation, a portion of the carbon contained in the cast iron combines
with the atmospherical oxygen supplied by the bellows, and passes off in the form of

carbonic oxide and carbonic acid. When the lump is coagulated sufficiently, the

workman turns it over in the hearth, then increases the heat so as to melt it afresh,

meanwhile exposing it all round to the blast, in order to consume the remainder of

the carbon, that is, till the iron has become ductile, or refined. If one fusion should

prove inadequate to this effect, two are given. Before the conclusion, the workman
runs off a second stratum of vitreous slag, but at a higher level, so that some of it may
remain upon the metal.

The weight of such a loupe or hloom is about 2 cwts., being the product of 2 cwts.

and -^ths of pig-iron ; the loss of weight is therefore about 26 per cent. 149 pounds of

charcoal are consumed for every 100 pounds of bar iron obtained. The whole ope-

ration lasts about 5 hours. The bellows are stopped as soon as the bloom is ready

;

this is immediately transferred to a forge-hammer, the cast-iron head of which
weighs 8 or 9 cwts. The bloom is greatly condensed thereby, and discharges a
considerable quantity of semi-fluid cinder. The lump is then divided by the hammer
and a chisel intx) 4 or 6 pieces, which are re-heated, one after another, in the same
refinery fire, in order to be forged into bars, whilst another pig of cast iron is laid in

its place, to prepare for the formation of a new bloom. The above process is called

by the Germans Klump-frischen, or lump refining. It differs from the Durchbrech-

frischen, because in the latter the lump is not turned over in mass, but is broken,

and exposed in separate places successively to the refining power of the blast near the

tuyere. The French call this affinage par portions ; it is much lighter work than the

other.

Charcoal Finery or Lancashire Hearth.—"We are indebted for the following accurate

account of this important finery to Dr. Percy, who gives it in his work on iron and
steel :—
The furnace {figs. 1285 and 1286) consists essentially of a shallow quadrangular

hearth, formed of cast-iron plates a, b, c, d, and e. The hearth-bottom a, is horizontal

;

the tuyere side b, slightly inclined inwards ; the opposite side n, and the back c, inclined

outwards ; the front e is vertical, and in it there are three round holes for tapping off

the cinder. Under the hearth-bottom is an open shallow cast-iron box, having a

gutter on one side/, and a round hole in the centre of the bottom/, surrounded with

a border not quite so high as the box is deep. The box and gutter are cast in one

piece. During the working of the furnace cold water is continually fiowing through

/, and running out at/; by this arrangement the hearth-bottom is kept cool. The
side walls above the hearth are protected within by cast-iron plates, (Jigs. 1285 and
1286). Hot blast is used, and there is one iron water tuyere t, nearly semicircular in

section, which passes through a thick cast-iron plate set in one of the side plates g.

The narrow end projects over the side of the hearth f inch, and the axis is inclined at

an angle of about 10° with the horizon. As the charcoal is confined round and above

the tuyere, the plate g is exposed to great heat, and consequently destruction ; it is

made very thick, and may be readily replaced when required. In front of the hearth

is a table or platform of cast iron A, resting on the ends of cast-iron standards. This

table is essential for the necessary manipulations. The arrangement for heating and
conveying the blast to the tuyere is represented at /c, Id Jc^'. The heating apparatus

consists merely of a siphon-pipe of cast iron, set horizontally and exposed to the waste
gases of the furnace. There is a throttle valve at Jc for stopping and regulating the

blast ; the nozzle end of the blast-pipe may be raised or lowered at will by a telescope

sliding piece, and may bo turned in any direction by means of the union joint below k
(Jig. 1286). The waste gases escape partially through the square opening I; at w is

a cast-iron plate, on which pigs or blooms are laid so as to become heated ; at n is an
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opening through which an iron bar may be introduced to move the objects on the plate

m, or clean the arched passage leading from this part to the stack o, to which, at the

1285

1286

bottom, is often attached a large chamber destined to intercept sparks. There is an
ash-pit p, from which the ashes may be removed through an opening at ^', which is

closed with a cast-iron door.
All being in working order, and the ball obtained in the previous heat removed,

chareoal-dust is put on the fore-side, and the hearth is spread with clean charcoal.

The pig-iron, which is in plates 2 inches or 3 inches thick, and has been previously

heated on the plate in the flue, is transferred to the hearth, the charge being 200 lbs.

Fresh charcoal is added and the blast turned on, when, in about half an hour, tho
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metal will havo completely molted down, and in dropping through Uie blast from tho
tuyere, have become partially oxidised ; by the action of the oxide of iron thus formed,
and of the basic silicate of protoxide of iron remaining in the hearth at tho close of

the last operation upon the molten pig-iron, tho latter is decarburized to a considerable
extent, and, in consequence, becomes less fusible and more pasty. After perfect

fusion of the metfil, the refining process begins ; this consists in incessantly breaking
up the metal with an iron bar, and carrying towards the tuyere the raw portions,

which being more highly carburised and more fusible than the rest, always run down
to the bottom and there harden. The moUil, which has thus more or less solidified,

is broken up and submitted to the action of tho blast, until all is sufficiently refined

;

this operation lasts about half an hour. Subsequently, all tho metal is brought up to

the top of the hearth, and again melted down with a lively heat to form the ball, fresh

charges being thrown into the hearth, and tho unmelted portions being kept up at

intervals with an iron bar to prevent their adhering to the ball before having been
melted. The ball is then taken out and hammered into a prismatic shape, which is

cut into pieces to be welded in another fire. The whole process lasts from 1^ to IJ
hour.

The blast is frequently used at a temperature of 100° C, and at a pressure of 2

J

inches of mercury.
The cut-up pieces to be drawn out under the hammer are welded and heated in

hearths much resembling in size and construction the charcoal finery itself, or in
an Ekman's furnace, now extensively used for this purpose.
The quality of the iron is tried in various ways : as, first, by raising a bar by one

end, with tho two hands over one's head, and bringing it forcibly down to strike

across a narrow anvil at its centre of percussion, or one-third from the outer extre-

mity of tho bar ; after which it may be bent backwards and forwards at the place of
percussion several times ; 2, a heavy bar may be laid obliquely over props near its

end, and struck strongly with a hammer with a narrow pane, so as to curve it in op-
posite directions ; or while heated to redness, they may be kneaded backwards and
forwards at the same spot, on the edge of the anvil. This is a severe trial, which the

hoop L, Swedish iron, bears surprisingly, emitting as it is hammered a phosphoric
odour, peculiar to it and to the bar iron of Ulverstone, which also resembles it in fur-

nishing a good steel. The forging of a horse-shoe is reckoned a good criterion of the

quality of iron. Its freedom from flaws is detected by the above modes ; and its

linear strength may be determined by suspending a scale to the lower end of a hard-

drawn wire, of a given size, and adding weights till the wire breaks. The treatises

of Barlow, Tredgold, Hodgkinson, and Fairbairn may be consulted with advantage
on the methods of proving the strength of different kinds of iron in a great variety

of circumstances.

Dry Assay of Iron-ores,—The object of a dry assay of an iron ore is to ascertain

by an experiment on a small scale the amount of iron which the ore should yield

when smelted on the large scale in the blast-furnace. For this purpose the metal

must be deoxidised, and such a temperature produced to melt the metal and the

earths associated with it in the ore, so that tho former may be obtained in a dense

button at the bottom of the crucible, and the latter in a lighter glass or slag above it.

Such a temperature can only be obtained in a wind furnace connected with a chimney
at least 30 feet in height, and when made expressly for assaying the furnace, is gene-

rally built of such a size that four assays may be made at the same time, viz., about

14 inches square, and 2 feet in depth from the under side of the cover to the moveable

bars of iron which form tho grate. In order that the substances associated with the

iron in the ore should form a fusible compound, it is usually requisite to add a flux,

the nature of which will depend upon the character of tho ore under examination.

Berthier divides iron-ore into five classes : 1. The almost pure oxides, such as the

'magnetic oxide, oligistic iron, and the hcBmatiics ; 2. Ores containing silica, but free or

nearly so from any other admixture ; 3. Ores containing silica and various bases, but

little or no lime ; 4. Ores containing one or more bases, such as lime, magnesia, alumina,

oxide of manganese, oxide of titanium, oxide of tantalum, oxide of chromium, or oxide

of tungsten, but little or no silica; 5. Ores containing silica, lime, and another base, and

which are fusible alone. Ores of the first class may be reduced without any flux,

but it is always better to employ one, as it greatly facilitates the formation of tho

button ; borax may be used, or better, a fusible earthy silicate, such as ordinary flint-

glass. Ores of the second class require some base to serve as a flux, such as carbonate

of soda, a mixture of carbonate of lime and clay, or of carbonate of lime and dolomite.

Ores of tho third class are mixed with carbonate of lime in the proportion of from one
half to three-fourths of the weight of the foreign matter present in the ore. Ores of

the fourth class require a flux of silica in tho form of pounded quartz, and generally

also some lime ; the manganesian spathic ores which belong to this class may be
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assayed with the adddition of silica alone, but the magnesian spathic ores require lime.

Ores of the fifth class require no flux.

Method of conducting the assay.—One hundred grains of the ore finely pulverised

and passed through a silk sieve are well mixed with the flux, and the mixture intro-

duced into the smooth concavity made in the centre of a crucible that has been lined

with charcoal ; the lining of the crucible is effected by partially filling it with coarsely-

powdered and slightly-damped charcoal or hrasque, which is then rammed into a

. solid form by the use of a light wooden pestle. The mingled ore and flux must be

covered with charcoal. The crucible thus fllled is closed with an earthen lid luted

on with fire-clay ; and it is then set on its base in the air-furnace. The heat should

be very slowly raised, the damper remaining closed during the first half-hour. In

this way the water of the damp charcoal exhales slowly, and the deoxidation of the

ore is completed before the fusion begins ; if the heat were too high at first the luting

would probably split, and moreover, the slag formed would dissolve some oxide of

iron, which would be lost to the button, and thus give an erroneous residt. After

half an hour the damper is gradually opened, and the furnace being filled with fresh

coke, the temperature is raised progressively to a white heat, at which pitch it must
be maintained for a quarter of an hour ; the damper is then closed, and the furnace is

allowed to cool. As soon as the temperature is sufficiently reduced, the crucible is

removed and opened over a sheet of brown paper ; the brasqtie is carefully removed,

and the button of cast iron taken out and weighed. If the experiment has been
entirely successful the iron will be found at the bottom of the crucible in a small

rounded button, and the slag will be entirely free from any adhering metallic globules,

and will resemble in appearance green bottle-glass ; should, however, the slag contain

small metallic particles, the experiment is not necessarily a failure, as they may
generally be removed by washing and the magnet. But if on breaking the crucible,

the reduced metal should be found in a partially melted state, and not collected into a
distinct mass, it indicates either too low a temperature or an improper selection of

fluxes, and the experiment must be repeated. The iron obtained is not chemically

pure, but contains carbon, and if the ore is manganiferous, manganese ; the result is

therefore somewhat too high, though indicating with sufficient exactness for all manu-
facturing purposes the richness of the ore assayed.

Humid Assay of Iron-ores.—The quantitative determination of the various sub-

stances that occur in iron-ores, demands on the part of the operator a considerable

amount of skill and patience, and can only be profitably undertaken by those who
have acquired in the laboratory a thorough acquaintance with analytical operations.

As, however, much attention has of late years been bestowed on the composition of

iron-ores, and as certain elements, viz. 'manganese, sulphur, and phosphorus, are

frequently present, which very considerably affect their commercial value, we deem
it right to give a detailed account of the operations to be performed in order to arrive

at an acciirate knowledge of the composition of an ore.

Taking for illustration a specimen of the most complicated composition, the

substances besides iron to be looked for, and estimated, are water {hygroscopic and
combined), organic matter, sulphur (as sulphuric acid, and as bisulphide of iron), phos-
phoric acid, carbonic add, silicic acid, oxide of manganese, alumina, lime, and alkalis ;

lead, tin, copper, and arsenic, are also occasionally met with ; these metals are sought
for when a suspicion of their presence is entertained, by a special operation on a large
quantity of ore.

Too great care cannot be bestowed on the sampling of ores intended for analysis
;

to expend so much time and labour on an isolated specimen (unless for a special

object) is worse than useless ; the sample operated upon should be selected from a
large heap, which should be thoroughly gone over, and several dozen pieces taken
from different parts ; these should be coarsely powdered and mixed, and about half
a pound taken from the mass should be preserved in a well-corked bottle for exami-
tion.

1. Determination of water {hygroscopic and combined).—About 50 grains of the
ore are dried in the water-oven till no further loss of weight is experienced ; the loss

indicates the hygroscopic water ; the residue is introduced into a tube of hard glass,

to which is adapted a weighed tube containing chloride of calcium ; the powder is

then gradually raised to a low red heat ; the combined water is thereby expelled, and
its amount determined by the increase in weight of the chloride of calcium tube.
Some ores (the hydrated haematites) contain as much as 12 per cent, of combined water.

'2. Sidphuric acid and sulphur.—From 30 to 50 grains of the ore are digested with
hydrochloric acid, filtered and washed. The filtrate, concentrated if necessary by
evaporation, is precipitated by great excess of chloride of barium. Every 100 parts
of the sulphate of baryta produced indicate 34-37 parts of sulphuric acid. The in-

soluble residue on the filter is fused in a gold crucible with nitre and carbonate of
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soda, the fused mass is dissolved in hydrochloric acid, evaporated to dryness, mois-
tened with strong acid, diluted and filtered ; from the filtrate the sulphuric acid is

precipitated as sulphate of barj^ta, every 100 parts of which indicate 13*748 parts of
sulphur, and 25*48 parts of bisulphide of iron.

In the analysis of haematites it is necessary to bear in mind that perchloride of iron
is partially reduced when boiled with finely-divided iron pyrites and hydrochloric acid,

sulphuric acid being formed.

—

Dick.

3. Phosphoric acid.—From 60 to 76 grains of the ore are digested with hydrochloric
acid and filtered ; the clear solution, which should not be too acid, is boiled with
sulphite of ammonia, added gradually in small quantities till it either becomes colour-
less or acquires a pale green colour, indicating that the peroxide of iron originally

present has been reduced to protoxide ; the solution is nearly neutralised with car-

bonate of ammonia, excess of acetate of ammonia added, and the liquid boiled ; strong
solution of perchloride of iron is then added drop by drop, until the precipitate which
forms has a distinct red colour; this precipitate, which contains all the phosphoric acid
originally present in the ore, is collected on a filter, washed, and redissolved in hydro-
chloric acid, tartaric acid added, and then ammonia. From this ammoniacal solution,

tlie phosphoric acid is finally precipitated as ammonio-phosphate of magnesia, by the
addition of chloride of ammonium, sulphate of magnesia, and ammonia. The pre-

cipitate is allowed 24 hours to subside ; it is then collected on a filter, and if it has
a yellow colour, which is almost invariably the case, it is redissolved in hydrochloric
acid, and more tartaric acid being added, it is again precipitated by ammonia : 100
parts of the ignited pyrophosphate of magnesia correspond to 64*3 parts of phosphoric
acid.

Alkalis.—It was ascertained by Mr. Dick, that nearly the whole of the alkali

present in an iron ore is contained in that portion which is insoluble in hydro-
chloric acid. The residue from about 60 grains of the ore is placed in a platinum
capsule, moistened with ammonia, and exposed for several hours to the action of

hydrofluoric acid gas in a closed leaden dish ; it may be necessary to repeat the ope-

ration if much silica is present ; it is then slowly heated to dull redness, and dis-

solved in dilute hydrochloric acid ; the solution is mixed with excess of baryta-watei

and filtered ; the excess of baryta is removed by carbonate of ammonia, and the so-

lution is evaporated to dryness and ignited ; the residue is redissolved in a little hot

water, and a few drops of oxalate of ammonia added. If no precipitate or cloudiness

occurs, it may be once more evaporated to dryness and gently ignited : the residue

is chloride of potassium, 100 parts of which indicate 63 parts of potash. Should
oxalate of ammonia have occasioned a precipitate, it must be filtered off, and the

clear liquid evaporated. The search for potash is troublesome and lengthy; it .may
be altogether omitted in a technical analysis.

Determination of the remaining constituents.—26 or 80 grains of the finely-powdered

ore are digested for about half an hour with strong hydrochloric acid, diluted with

boiling distilled water and filtered. The residue on the filter being thoroughly washed,

the solution is peroxidised, if necessary, by the addition of chlorate of potash, nearly

neutralised by ammonia, boiled with excess of acetate of ammonia, and rapidly

filtered while hot ; the filtrate (which should be colourless) together with the wash-
ings, is received in a flask, ammonia is added, and then a few dio-ps of bromine, and
the flask closed with a cork. In a few minutes, if manganese be present, the liquid

acquires a dark colour; it is allowed to remain at rest for 24 hours, then warmed,
and rapidly filtered and washed ; the brown substance on the filter is hydrated oxide

of manganese : it loses its water by ignition, and then becomes Mn' 0*, 100 parts of

which correspond to 93 parts of protoxide.

The liquid filtered from the manganese contains the lime and magnesia ; the former

is precipitated by oxalate of ammonia, and the oxalate of lime formed converted by
ignition into carbonate, in which state it is either weighed, having been previously

evaporated with carbonate of ammonia, or it is converted into sulphate by the ad-

dition of a few drops of sulphuric acid, evaporation and ignition. The lime being

separated, the magnesia is thrown down as ammonio-magnesian phosphate by phos-

phate of soda and ammonia, and after standing for 24 hours it is collected on a filter,

washed with cold ammonia-water, dried, ignited, and weighed; 100 parts of car-

bonate of lime correspond to 66*0 of lime ; 100 parts of sulphate of lime to 40*1 of

lime, and 100 parts of pyrophosphate of magnesia to 35*7 of magnesia.

The red precipitate collected on the filter after the boiling with acetate of am-
monia, consists of the basic acetates of iron and alumina, together with the phosphoric

acid. It is dissolved in a small quantity of hydrochloric acid, and then boiled in a
silver or platinum basin with considerable excess of pure caustic potash ; the alumina
(with the phosphoric acid) is hereby dissolved, the insoluble portion is allowed to

subside, and the clearer liquor is then decanted, after which the residue is thrown on a
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filter and washed; the filtrate and washings aro supersaturated with hydrochloric

acid, nearly neutralised with ammonia, and the alumina finally precipitated by car-

bonate of ammonia. From the weight of the ignited precipitate, the corresponding

amount of phosphoric acid determined by a separate operation is to be deducted, and
the remainder is calculated as alumina. The residue left after digesting the ore with
hydrochloric acid, consists principally of &Uica, but it may also contain alumina, per-

oxide of iron, lime, magnesia, and potash. For practical purposes it is rarely necessary

to submit it to minute examination ; should such be desired, it must be dried, ignited,

and weighed, then fused in a platinum crucible with four times its weight of mixed
alkaline carbonates, the fused mass dissolved in dilute hydrochloric acid, and evapo-

rated to dryness, the residue moistened with strong hydrochloric acid, and after stand-

ing at rest for some hours, digested with hot water, filtered, and the silica on the filter

ignited and weighed. The alumina, lime, oxide of iron, and magnesia in the filtrate

are separated from each other according to the instructions given above ; the fotash is

estimated by a distinct process.

Carbonic acid.—This acid, which constitutes a considerable part of the weight of

that large and important class of ores the clay ironstones, is estimated by noting the

loss sustained after adding to a weighed portion of the ore sulphuric acid, and thus
evolving the gas; or more roughly, by the loss sustained in the entire analysis.

Another method is to fuse 20 or 25 grains of the ore with 60 or 80 grains of dry
borax, and noting the loss, which consists of water and carbonic acid ; by deducting
the water obtained in a previous experiment, the quantity of carbonic acid is ob-

tained. This method, however, can scarcely be recommended, on account of the cor-

rosion of the crucible, though the results are very accurate.

Determination of the iron.—This is performed on a separate portion of the ore,

either by the volumetric method of Marguerite, or by that of Dr. Penny : both give

very exact results. Marguerite's method is based on the reciprocal action of the

salts of protoxide of iron and permanganate of potash, whereby a quantity of the

latter is decomposed exactly proportionate to the quantity of iron. The ore

(about 10 or 15 grains) is dissolved in hydrochloric acid, and, the metal brought to

the minimum of oxidation by treating the solution with sulphite of soda (or better,

sulphite of ammonia), and boiling to expel the excess of sulphurous acid ; the solution

of permanganate of potash is then cautiously added drop by drop, until the pink colour

appears, and the number of divisions of the burette required for the purpose accurately

noted. The solution should be considerably diluted, and there must be a sufficient

quantity of free acid present to keep in solution the peroxide of iron formed and also

the oxide of manganese. The whole of the iron must be at the minimum of oxidation,

and the excess of sulphurous acid must be completely expelled ; if the latter precau-

tion be neglected an erroneous result will be obtained, as the sulphurous acid will itself

take oxygen from the permanganic acid, and thus react in the same manner as iron.

To prepare the permanganate of potash, 7 parts of chlorate of potassa, 10 parts of

hydrate of potassa, and 8 parts of peroxide of manganese are intimately mixed. The
manganese must be in the finest possible powder, and the potash having been dis-

solved in water, is mixed with the other substances, dried, and the whole heated to

very dull redness for an hour. The fused mass is digested with water, so as to obtain

as concentrated a solution as possible, and dilute nitric acid added till the colour

becomes of a beautiful violet ; it is afterwards filtered through asbestos. The solution

must be defended from the contact of organic matter, and kept in a glass-stoppered

bottle. If the solution be evaporated, it yields beautiful red acicular crystals : it is

better to employ the crystals in the preparation of the test-liquor, as the solution keeps
much better when no manganate is present. To prepare the normal or test-liquor,

a certain quantity, say 15 grains, of pianoforte wire are dissolved in pure hydro-
chloric acid; after the disengagement of hydrogen has ceased, and the solution is

complete, the liquor is diluted with about a pint of water, and accurately divided by
measurement into two equal parts, the number of burette divisions of the solution of
permanganate required to produce in each the pink colour is accurately noted ; and
this number is then employed to reduce into weight the result of the analysis of an
ore. A useful normal liquor is made by dissolving 100 grains of the crystallised per.
manganate in 10,000 grains of water.

Penny's method is based on the reciprocal action of chromic acid and protoxide of
iron, whereby a transference of oxygen takes place, the protoxide of iron becoming
converted into peroxide, and the chromic acid into sesquioxide of chromium. The
process is conducted as follows :—A convenient quantity of the specimen is reduced
to coarse powder, and one half at least of this is still further pulverised until it is no
longer gritty between the fingers. The test solution of bichromate of potash is next
prepared : 44;*4 grains of this salt in fine powder are weighed out, and put into a
burette graduated into 100 equal parts, and warm distilled water is afterwards poured

Vol. II. *3U
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in until the instrument is filled to 0. The palm of the hand is then securely placed
on the top, and the contents agitated by repeatedly inverting the instrument until the

salt is dissolved and the solution rendered of uniform density throughout. Eacli divi-

sion of the solution thus prepared contains 0-444 grain of bichromate, which Dr.
Penny ascertained to correspond to half a grain of metallic iron. The bichromate
must be pure, and should be thoroughly dried by being heated to incipient fusion.

100 grains of the pulverised iron-stone are now introduced into a Florence flask with

1| oz. by measure of strong hydrochloric acid and ^ oz. of distilled water. Ilcat is

cautiously applied and the mixture occasionally agitated until the effervescence

caused by the escape of carbonic acid ceases, the heat is then increased, and the mix-
ture made to boil, and kept at moderate ebullition for ten minutes or a quarter of an
hour. About 6 oz. of water are next added and mixed with the contents of the flask,

and the whole filtered into an evaporating basin. The flask is rinsed several times
with water, to remove all adhering solution, and the residue on the filter is well washed.
Several small portions of a weak solution of red prussiate of potash (containing 1

part of salt to 40 water) are now dropped upon a white porcelain slab, which is

conveniently placed for testing the solution in the basin durmg the next operation.

The prepared solution of bichromate of potash in the burette is then added very
cautiously to the solution of iron, which must be repeatedly stirred, and as soon as it

assumes a dark greenish shade it should be occasionally tested with the red prussiate

of potash. This may be easily done by taking out a small quantity on the end of a
glass rod, and mixing it with a drop of the solution on the porcelain slab. When it is

noticed that the last drop communicates a distinct blue tinge, the operation is termi-

nated ; the burette is allowed to drain for a few minutes, and the number of divisions

of the test-liquor consumed read oflf! This number multiplied by 2 gives the amount
of iron per cent. The necessary calculation for ascertaining the corresponding quantity

of protoxide is obvious. If the specimen should contain iron in the form of peroxide,

the hydrochloric solution is deoxidised as before by sulphite of ammonia. The pre-

sence of peroxide of iron in an ore is easily detected by dissolving 30 or 40 grains in

hydrochloric acid, diluting with water, and testing a portion of the solution with sul-

fhocyanide ofpotassium. If a decided blood-red colour is produced, peroxide of iron

is present. If it be desired to ascertain the relative proportions of peroxide and
protoxide of iron in an ore, two operations must be performed : one on a quantity of

the ore that has been dissolved in hydrochloric acid in a stout stoppered bottle ; and
another on a second quantity that has been dissolved as usual, and then deoxidised by
sulphite of ammonia or by metallic zinc. It is advisable to employ the solution of

bichromate much weaker than proposed by Dr. Penny, and to employ a burette

• graduated to cubic millimeters. A good strength is 1 grain of metallic iron = 10

cubic centimeters of bichromate-solution.

.
Metals precipitable by sulphuretted hydrogen from the hydrochloric solution.—

A

weighed portion of the ore, varying from 200 to 2,000 grains, is digested for a con-

siderable time in hydrochloric acid : the solution is filtered off; the iron in the filtrate

reduced when necessary by sulphite of ammonia, and a current of sulphuretted hydro-

gen passed through it. A small quantity of sulphur which is always suspended is

collected on a filter and thoroughly washed ; it is then incinerated at as low a tempe-

rature as possible. The residue (if any) is mixed with carbonate of soda, and heated

upon charcoal before the blowpipe : any globules of metal that may be obtained are

dissolved and tested.

Analysis of Pig-iron.—The most important constituents to be determined are carbon

(combined and uncombined), silicon, sulphur, phosphorus ; those of less consequence,

or of more rare occurrence, are manganese, arsenic, copper, zinc, chromium, titanium^

cobalt, nickel, tin, aluminium, calcium, magnesium, and the metals of the alkalis.

1. Determination of the total amount of carbon.—About 100 grains of the iron in

small pieces are digested, at a moderate temperature, in 6-oz. measure of a solution

formed by dissolving 6 oz. of crystallised sulphate of copper, and 4 oz. of common
salt in 20 oz. of water and 2 oz. of concentrated hydrochloric acid. The action is

allowed to proceed until all, or nearly all the iron is dissolved. Carbon and copper

are left insoluble ; these are collected on a filter, and washed first with dilute Iiydro-

chloric acid (to prevent the precipitation of subchloride of copper), then with water,

then with dilute caustic potash, and finally with boiling water. The mixed cjirbon

and copper are dried on the filter, from which they are easily removed by a knife-

blade, and are mixed with oxide of copper, and burned in a combustion tube in the

usual way, with a current of air, or, still better, of oxygen. The carbonic acid is

collected in Liebig's apparatus, from which the amount of carbon is calculated.

2. Graphite, or uncombined carbon.—A weighed portion of the finely-divided iron

(filings or borings may be used) is digested with moderately strong hydrochloric acid,

the combined carbon is evolved with combination with hydrogen, while the graphite

is Icvft undissolved. It is collcctad on a filter, washed, and then boiled with a solu-
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tion of caustic potash, specific gravity 1*27, in a silver dish; the silica which existed

in the iron in the form of silicon is hereby dissolved ; the clear caustic solution is

drawn off by a pipe or siphon, and the black residue repeatedly washed ; it is dried

at as high a temperature as it will bear, and weighed ; it is then heated to redness in

a current of air, until the whole of the carbon is burnt oflf. A reddish residue gene-

rally remains, which is weighed, and the weight deducted from that of original black

residue, the difference gives the amount of graphite.

3. Silicon.—The amount of this element is determined by evaporating to dryness

a hydrochloric solution of a weighed quantity of the metal : the dry residue is re-

digested with hydrochloric acid, diluted with water, boiled and filtered ; the insoluble

matter on the filter is washed, dried, and ignited, until the whole of the carbon is

boiled off; it is then weighed, after which it is digested with solution of potash, and the

residue, if any, washed, dried, ignited, and weighed : the difference between the two
weights gives the amount of silicic acid, 100 parts of which indicate 47 parts of silicon.

4. Phosphorus.—A weighed portion of the metal is digested in nitro-hydrochloric acid,

evaporated to dryness, and the residue redigested with hydrochloric acid. The solution

is treated precisely as recommended for the determination of phosphoric acid in ores ;

every 100 parts of pyrophosphate of magnesia indicate 28"56 parts of phosphorus.

6. Sulphur.—In grey iron this element is very conveniently and accurately estimated

by allowing the gas evolved by the action of hydrochloric acid on a weighed quantity

V,about 100 grains) of the metal, in filings or borings, to pass slowly through a solu-

tion of acetate of lead acidified by acetic acid : the sulphur, the whole of which takes

the form of sulphuretted hydrogen, enters into combination with the lead, forming a

black precipitate of sulphide of lead, which is collected, washed, and converted into

sulphate of lead by digesting it with nitric acid, evaporating to dryness, and gently

igniting: 100 parts sulphate of lead=10"65 sulphur. The most minute quantity of

sulphur in iron is detected by this process. If, however, crude white iron is under
examination, this method does not give satisfactory results, on account of the diJfi-

culty with which it is acted upon by hydrochloric acid ; it is better, therefore, to treat

the metal with nitro-hydrochloric acid, evaporate to dryness, re-digest with hydro-

chloric acid, and then precipitate the filtered solution with great excess of chloride of

barium ; or the finely-divided metal may be fused in a gold crucible, with an equal

weight of pure nitrate of soda, and twice its weight of pure alkaline carbonates ; the

fused mass is extracted with water acidified with hydrochloric acid, and finally pre-

cipitated by chloride of barium.
Manganese.—This metal is determined by the process described for its estimation

in ores ; the iron must exist in the solution in the form of sesquioxide.

Arsenic and Copper.—The nitro-hydrochloric solution of the metal is evaporated
to dryness, re-digested with hydrochloric acid, and filtered. The iron in the clear

solution is reduced to protochloride by boiling with a sufficient quantity of sulphite

of ammonia, the solution is boiled till it has lost all smell of sulphurous acid. It is

then saturated with sulphuretted hydrogen, and allowed to stand for 24 hours in a
closed vessel, the excess of gas is boiled off, and the precipitate, if any, collected on a
small filter and well washed ; it is digested with monosulphide of potassiimi, which
dissolves the sulphide of arsenic, leaving the sulphide of copper untouched ; the latter

is decomposed by heating with nitric acid, and the presence of copper evinced by the

addition of ammonia, which produces a fine blue colour ; the sulphide of arsenic is

precipitated from its solution in sulphide of potassium by dilute sidphuric acid ; it

may be redissolved in aqua regia, and the nitric acid having been expelled by evapo-
ration, the arsenic may be reduced in Marsh's apparatus.

Nickel and Cobalt.—These metals, if present, will be found in the solution from which
the copper and arsenic have been precipitated by sulphuretted hydrogen. The solution

is peroxidised, and the sesquioxide of iron precipitated by slight excess of carbonate
of baryta, after which the nickel and cobalt are precipitated by sulphide of ammonium.

Chromium and Vanadium These metals, which should be looked for in the car-

bonaceous residue obtained by dissolving a large quantity of the iron in dilute hydro-
chloric or sulphuric acid, are detected as foUows ( Wohler)

:

—The ignited residue is

intimately mixed with one-third of its weight of nitre, and exposed for an hour in

a crucible to a gentle ignition. When cool, the mass is powdered and boiled with
water. The filtered solution is gradually mixed, and well stirred with nitric acid,

taking care that it may still Bemain slightly alkaline, and that no nitrous acid is

liberated which would reduce the vanadic and chromic acids. The solution is then
mixed with an excess of solution of chloride of barium as long as any precipitate is

produced. The precipitate, which consists of vanadate and chromate of baryta, is

decomposed with slight excess of dilute sulphuric acid, and filtered. The filtrate is

neutralised with ammonia, concentrated by evaporation, and a fragment of chloride of

ammonium placed in it. In proportion as the solution becomes saturated with chloride

3u2
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of ammonium, vanadate of ammonia is deposited as a white or yellow crystalline

powder. To test for chromium only, the mass after fusion with nitre is extracted

with water, and then boiled with carbonate of ammonia ; the solution is neutralised

with acetic acid, and then acetate of lead added ; the production of a yellow precipi-

tate indicates chromic acid.

Aluminium.—This metal is best separated from iron, by first reducing the latter to

the state of protoxide by sulphite of ammonia, then neutralising with carbonate of

soda, and afterwards boiling with excess of caustic potash, until the precipitate is

black and pulverulent. The solution is then filtered off, slightly acidulated with

hydrochloric acid, and the alumina precipitated by sulphide of ammonium.
Calcium and Magnesium.—These metals are found in the solution from which the

iron and aluminium have been separated ; they both exist probably (together with

the aluminium) in the cast iron in the form of slog, and are best detected in the black

residue which is left on dissolving the iron in dilute sulphuric or hydrochloric acid.

After digesting this residue with caustic potash, and burning away the graphite, a
small quantity of a red powder is left, which is composed of silicic acid, oxide of iron,

alumina, lime, and magnesia ; if 600 grains of cast iron are operated upon, a suffi-

cient quantity of insoluble residue will be obtained for a quantitative determination

of its constituents.

Eggertz^s Methods.—Eggertz's method of determining combined carbon in iron or

steel depends upon the discoloration produced by carbon in solution of pernitrate of

iron, which, under ordinary circumstances, is colourless, or at most of a greenish tint.

The standard series of colours is made by dissolving quantities weighing 1 diagramme
of steel of known composition in nitric acid at low temperature, and diluting with water

to a standard volume. The solutions which give diflferent shades of brown are preserved

in glass tubes.

A similar weight of the steel to be examined is dissolved in pure nitric acid under
the conditions observed in making the standard series. The solution is decanted from
the residue, poured into a burette of the same diameter as the tubes containing the

standard series, and diluted with water until it matches one of the tints. The amount
of carbon is then found by calculation from the relative volumes of the solutions of

steel, with a medium amount of carbon, say 0*8 per cent., gives a yellowish green

solution ; a very hard variety, with 1*5 per cent, brownish red; and tiie softest, with
0-40 per cent., only a slight greenish tinge.

The Swedish classification of Bessemer steel by numbers, based upon the percentage

of carbon determined by the above process, is as follows :

—

No. 1 contains 2 per cent. ; No. 1*5, 1*76; No. 2, 1*5 ; and so on, up to No. 4*6,

with only 0-25 per cent., below which point the scale is not extended.
The following determinations of carbon in various kinds of iron and steel made in

Sweden are by Eggertz :

—

Softest Swedish Bessemer iron contains 0*08 per cent, of carbon
Soft steel 0-76 „ „
Best quality of cast steel . . . 1 '4 to 1*6 „
Natural forge steel .... 0-99 „ 2*44 „
Cement steel 0*6 „ 1*90 „
Cast steel . . . . . , 036 „ 1*9 „
Hardest welding cast steel ... 1*80 „
Malleable cast iron .... 0*88 „ 1'52 „
Draw plate steel 3*30 „

The following modification of this process is adopted at Seraing, in Belgium, for

the determination of carbon in mild Bessemer steel. Two samples, each weighing
0-2 gramme, of the ingot to be tested are taken ; one being in the state of filings,

and the other of borings. These are treated with 20 cubic centimeters of nitric acid,

of specific gravity 1*2; the solution being effected in a water-bath at 80°. For the

test-standard the same weight of two different samples, of the hardest steel made in

the works, whose carbon has been already determined and containing 61 and 0'63

per cent, respectively, are dissolved up in the same manner. The whole of the four

solutions are then brought down to one tint by adding water to the darker ones, care

being taken to conduct the operation in tubes of exactly the same diameter. The
amount of carbon can then be computed from the volume of the solutions. If the

difference in the results given by the two samples do^s not exceed 4*03 per cent., the

arithmetical mean between them is adopted as the true amount ; but should it bo

larger, the operation is relocated.

In order to obviate the necessity of making standard solutions for every set of

determinations, different coloured liquids have been employed with a view of obtaining

a permanent scale of colours. Among these may bo mentioned caramel, or burnt
sugar, which gives various shades of yellow and brown, but alters very quickly ; and
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partially decomposed solution of indigo in sulphuric acid, which is said to keep its

characteristic colour without alteration for a considerable time. Another recommended

by Hetman consists of a mixture of bichromate of potash and nitrate of cobalt. In

most cases, however, the direct system of comparison with solutions obtained of steel

of known composition is preferred.

Silicon.—The determination of silicon in iron and steel is a matter of some difficulty,

as the mere weighing of the ignited insoluble residue from the hydrochloric acid

solution and calculation of the silica found, as silicon, depends upon the assumption

that the iron is free from silicates, which is often contrary to the fact, especially in

malleable iron, which may contain a notable amount of intermingled slag that has

not been perfectly expelled in the welding, and exists as a mechanical impurity, having

no relation whatever to the real composition of the metal. This defective interpreta-

tion of the ultimate analyses is probably the cause of the contradictory statements

current as to the amount of silicon that may be present beneficially in metallic iron.

Eg^ertz has introduced a method of determining silicon in the presence of slags,

which is based upon the fact that when iron is slowly acted on by bromine, or a solution

of iodine, it dissolves, and the silicon set free is converted into silica, which is com-

pletely soluble in a boiling solution of carbonate of soda, while that in combination in

the slag, if any be present, is not acted upon. The same method may be employed

with cast iron, as blast-furnace slag, which sometimes occurs in it as a mechanical

impurity is not sensibly acted upon either by iodine, bromine, or carbonate of soda.

The process is conducted as follows :—Three grammes or -45 grain of iron in the

state of filings or borings sufficiently small to pass through a sieve with meshes ^th
of an inch in diameter, is treated with five times its weight of iodine, in a volume of

fifteen cubic centimeters of water contained in a beaker of about six or seven times that

capacity. Water that has been boiled to free it from air is used, and the operation

must be performed at as low a temperature as possible, in order to permit oxidation

of the iron by the air ; it is usual, therefore, to keep the beaker cool by the use of ice.

When the iron is completely dissolved, the solution is increased to three times the

original volume by the addition of very cold water, in order to prevent the separation

of basic salts of iron, and is well stirred and left to settle. The lighter scales of

graphitic carbon remain in suspension, but are poured off with the bulk of the liquid

into a filter 2 inches in diameter, with only about one-tenth of the original quantity of

the insoluble residue which forms a heavy powder at the bottom of the beaker. A few

drops of hydrochloric acid are added, and the liqTiid stirred with a glass rod ; if this

produces a disengagement of gas, the whole of the iron is not dissolved, and a little

iodine and carbonate of soda are added in order to complete the solution. The acidified

water must be poured quickly on the filter in order to prevent the decomposition of

the slag. When the whole of the residue is transferred to the filter it is washed with

cold water until the whole of the iron is found to be completely removed when tested

by a solution of ferrocyanide of potassium. The filtrate is evaporated to dryness with

the addition of hydrochloric acid in order to recover any small amount of silica that

may have gone into solution with the iron. The original residue, which may contain

graphite silica and slag, is transferred without drying into a large platinum crucible,

and after concentrating the waste water to 6 cubic centimeters, a saturated solution of

carbonate of soda is added, and the crucible is heated for one hour in a water-bath, the

liquid being stirred from time to time with a platinum spatula in order to dissolve any
lumps in the insoluble residue. The solution is then carefully poured from the in-

soluble mass in the crucible on to a small filter, and a fresh quantity of carbonate-of-

soda solution is added and boiled for another hour when the whole contents of the

crucible are thrown upon the filter and washed. The alkaline solution of silica is

acidified with hydrochloric acid added to that containing the iron, and evaporated to

dryness in a water-bath. This operation is repeated with the addition of fresh acid

until the silica is perfectly freed from iron, when it is filtered, dried, ignited, and
weighed, as often as may be necessary to ensure its complete purity which must be
further tested by heating it with hydrochloric acid. When 3 grammes of iron are

treated 0*016 gramme of silica corresponds to 0"001 gramme of silicon. The insoluble

residue from the carbonate-of-soda solution may contain graphite, slag, oxide of iron,

and titanic acid. There is no way of distinguishing the amount of oxide of iron present
as such, in addition to that in combination with silica, except by assuming the com-
position of the slag to be constant, which is not the case.

Eggertz found by the use of this process that the amount of silicon in good bar
iron may vary from 0*01 to 0*10 per cent. ; but in two samples of Elrupp's cast steel it

was as high as 0'30 per cent. Slag has been found usually in mere traces in cast steel,

but in one instance it mounted to 0*2 per cent. Malleable iron, however, contained
much more. In wire iron from a charcoal hearth 0-38 p. c. was found, in armour-plates
from 0-75 to 3-00 p, c, and in a i»il as much as from 4*00 to 5-00 p. c—H.B.
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The following Statistics of some of the principal iron-producing countries will be of
interest and use :

—

Pig-iron Manufacture of Great Britain,

1868 1869 1870 1871 1872

tons tons tons tons tons

England :

Northumberland . . 17,495 15,942 33,623 34,165 38,766
Durham 499,692 658,506 676,964 759,244 760,172
Yorkshire, North Eiding 699,494 766,410 916,970 1,029,886 1,122,114

West Riding . 100,050 105,765 77,717 114,549 148,636
Derbyshire . • . 159,312 188,353 179,772 270,485 283,375
Lancashire .... 325,367 436,662 422,728 520,359 524.041

Cumberland .... 116,864 129,107 255,178 336,569 440,574
Shropshire .... 145,154 197,443 112,300 129,467 133,046

North Staffordshire 229,913 231,913 303,378 268,300 275,926
South 532,234 569,562 588,240 725,716 673,470
Northamptonshire . 35,584 41,500 43,166 60,512 59,424

Lincolnshire .... 33,999 33,786 31,690 30,122 36,989

Gloucestershire . . ~] f 46,226

Wiltshire . . . ^ 75,847 81,306 93,601 99,997 { 44,255

Somersetshire. . . J I 7,600
Wales:

Denbighshire.... 37,046 38,530 42,695 41,893 41,464

Flintshire .... 13,228

Glamorganshire 399,291 348,485 478,423 510,087 465,603

Brecknockshire 29,000 32,201 30,000 30,086 30,000

„ anthracite 38,143 27,909 28,500 34,761 25,000

Monmouthshire 427,821 392,387 452,450 470,982 481,342

Scotland :

Six counties . . . .

Total .

1,068,000 1,150,000 1,206,000 1,160,000 1,090,000

4,970,206 5,446,757 5,963,616 6,627,179 6,741,929

lAst of Works having Bessemer Converters in Great Britain in 1872.

No. Name and Situation of Works
Number of

converters
Capacity of

converters

Henry Bessemer and Co., Sheffield.

John Brown and Co., Limited, Sheffield .

Charles Cammell and Co., Limited, Sheffield .

Weardale Iron Co., Towlaw
The Glasgow Bessemer Steel Co., Limited, Atlas Works
Glasgow

Samuel Fox and Co., Stockbridge Works, Deepcar .

Lloyds, Foster, and Co., Old Park, Wednesbury
Bolton Iron and Steel Works, Bolton

London and North-Western Railway, Crowe .

Lancashire Steel Co., Gorton

Mersey Steel and L-on Works, Liverpool

Manchester Steel and Railway Plant Co., Gibraltar

Works, Newton Heath, Manchester .

Barrow Hamatito Steel Co., Barrow
The Dowlais Iron Co., Dowlais ....
Ebbw Vale Co., Ebbw Vale
Bessemer Steel and Ordnance Co., Limited, Greenwich

West Cumberland, Workington ....
Phoenix Iron Co., Rotherham
Camforth Haematite Iron Co., Limited .

tons

3

5

10

7

6

5

2^

3

6

3

3

6

3

6

6

5

3

6

5

6

5

n
H
6
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Impoets and Expoets op Ieon.

Iron imported in 1863 and 1864.

1031

Iron-ore

Pig-iron

Chromate of iron

Unwrought iron, in bars

1863 1864

Tons Declared
value

Computed
vajue

Tons
Declared
value

Computed
value

62,167

11,269

10,471

46,635

£
46,486

87,370

£

66,306

527,748

74,163

20,126

12,325

63,918

£
57,424

49,082

£

120,756

625,283

Imports according to the Returns of the Board of Trade, for the three years

ending 1872.

Description of iron, &c.

Quantities Declared value

1870 1871 1872 1870 1871 1872

Iron in bars, unwrought .

Steel, unwrought
Iron or steel, wrought or manu-
factured

Total . .

tons
74,179

31,718

8^070

tons
74,538

22,302

7,569

tons
82,888

39,602

7,557

£
667,345
667,174

113,368

£
707,771

682,457

83,046

£
918.808

1,170,201

109,494

113,967 104,409 130,047 1,447,887 1,473,274 2,198,403

Exports of Pig and Puddled Iron.—The value of the exports of pig and puddled
iron from the United Kingdom has greatly increased of late years :

—

Description of iron, &c.

Quantities Declared value 1

1870 1871 1872 1870 1871 1872

tons tons tons £ £ £
Iron:
Pig 753,339 1,057,458 1,332,726 2,229,045 3,229,408 6,721,966

Bar, angle, &c. 321,455 349,084 313,876 2,615,245 2,921,777 3,635,558

Eailroad 1,059,392 981,197 947,548 8,756,552 8,084,819 10,237,768

Wire (not telegraph) . 23,447 26,200 33,605 439,546 446,159 674,743

Tin plates . . . . 99,851 119,605 118,234 2,362,872 2,900,625 3,812,744

Hoops, sheets, and boiler plates 181,484 200,337 208,423 2,119,629 2,399,203 3,430,970

Cast and wrought of all sores 233,721 243,298 269,614 3,334,372 3,588,364 4,778,758

Old, for re-manufacture

.

106,749 139,812 108,181 501,536 672,696 661,931

Steel, unwrought 34,962 39,189 45,285 1,103,936 1,198,428 1,491,240

Steel and iron combined .

Total .

11,175 13,038 11,130 575,357 682,855 614,842

2,825,575 3,169,219 3,388,622 24,038,090 26,124,138 46,060,547

1 Iron Production in the United States.

Tear Anthracite iron Charcoal iron
Bituminous coal
and coke iron Total

tons tons tons tons

1854 339,432 342,298 54,485 736,218

1855 381,866 329,922 63,390 784,178

1856 443,133 370,470 69,554 883,137

1857 390,385 330,321 77,451 798,157

1858 361,430 285,313 68,351 705,094

1859 471,745 284,041 84,841 - 840,627

1860 591,211 278,331 122,228 919,770

1861 409,229 195,278 127,037 731,545

1862 470,315 186,660 130,687 787,662

1863 577,638 212,005 157,961 947,604

1864 684,018 241,853 210,125 1,136,996
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Year Anthracite iron Charcoal iron
Bituminous coal
and coke iron Total

tons tons tons tons tons

1865 479,558 262,342 189,682 931,682
1866 749,367 332,580 268,396 1,350,343

1867 798,638 341,361 318,647 1,461,626

1868 893,000 370,000 340,000 1,603,000
1869 971,160 392,150 553,341 1,916,641

1870 930,000 365,000 570,000 1,865,000

1871 956,608 385,000 670,000 1,912,608

1872 1,367,812 605,587' 969,67P 2,830,070

1873 1,249673 624,127' 921,634* 2,695,435

^ Includes 224 tons of peat pig-iron.
» Includes 37,246 tons of mixed anthracite and coke pig-iron.
' Includes 1,600 tons of mixed peat and charcoal pig-iron, and 1,778 tons of mixed charooal and

bituminous coal pig-iron.
* Includes 48,000 tons of mixed anthracite and coke pig-iron.

BoUiiig Mills in the United States in which Bessemer steel rails are rolled, and the

number of convei'ters in each mill.

Eensselaer Ironworks. John A. Griswold and Co., Troy . <

Cambria Ironworks. Cambria Iron Co., Johnstown
Pennsylvania Steel Works. Pennsylvania Steel Co., Harrisburg ,

(4-6 ton converters in course of erection)

Newbiirg KollingMill. Cleveland Eolling Mill Co., Newburg .

North Chicago Eolling Mill Co., Chicago

Union Eolling Mill Co., Chicago
Bethelem Eolling Mill.* Bethelem Iron Co., Bethelem
Joliet Iron and Steel Works.^ Joliet Iron and Steel Co., Joliet .

Edgar Thomson Steel Works.' Pittsburg

Number Capacity

tons

2 6
1 u
2 6
2 6

4 5
2 5
2 6
2 5
2 5
2 5

* These works made their first blow on Saturday, October 4, 1873 ; and their first steel rail on
Saturday, October 11, 1873.

' These works made their first blow January 26, 1873, and their first steel rail March 15, 1873.
' In course of erection.

Production of Rolling Mills in United States.

Merchant bar and rod

Sheet and plate

Hoop ......••
Nails and spikes

Axles, &c ...... .

Iron and steel rails

Total of rolled iron, nett tons .

1856 1872 1873

...

500,000

200,000

30,000

175,000

95,000
941,992

400,000

250,000

30,000

200,000
100,000

850,000

498,001 1,941,992 1,830,000

Below is a summary in nett tons of the ascertained and estimated production of iron and
steel in the United States in 1872 aTid 1873.

Iron and steel rails

1872 1873

941,992 850,000

Other rolled and hammered iron 1,000,000 980,000

Forges and bloomeries .... 58,000 50,000

Cast steel 32,000 28,000

Bessemer steel 100,000 140,000

Siemens-Martin steel 3,000 3,500

Pig-iron 2,830,070 2,695,434
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The following Table fifom a woU-written paper, which appeared in the • New York

Times,' with especial reference to the meeting of the American Iron Trade Conven-

tion, is of considerable value, as showing the progress of the iron trade since 1849 :

—

Total rails made in Total rails
Total consumption
of iron and steel

Miles of railroad

United States imported rails
built in each year

tons of 2,000 lbs. tons of 2,000 lbs. tons of 2,000 lbs.

1849 24,318 69,163 93,481 1,369

1850 44,083 159,080 203,163 1,656

1851 60,603 226,350 276,953 1,961

1852 62,478 294,750 357,228 1,926

1853 87,864 358,794 446,658 2,452

1864 108,019 339,439 437,755 1,360

1855 138,674 153,019 291,693 1,654

1856 180,018 186,594 366,612 3,643

1857 161,918 215,166 377,084 2,486

1858 163,612 90,894 254,606 2,365

1859 194,154 83,958 279,412 1,821

1860 205,038 146,610 351,648 1,846

1861 187,818 89,388 277,206 651

1862 213,912 10,186 224,098 863

1863 275,768 20,506 296,274 1,050

1864 335,369 142,457 477,826 738

1865 356,292 63,327 419,619 1,177

1866 430,778 117,878 548,656 1,742

1867 462,108 184,840 646,948 2,449

1868 506,714 300,160 806,874 2,979

1869 593,586 836,500 930,086 6,118

1870 620,000 472,403 1,092,403 5,525

1871 775,733 666,202 1,341,935 7,779

1872 941,992 630,850 1,472,842 6,427

The German Steel Trade.

Year Nomber of works
Quantity of steel

produced in
centners

Value in thalers
Number of

workmen employed

1860 167 606,241 4,038,424 3,915
1861 167 685,177 6,492,112 4,938
1862 185 818,327 6,181,921 6,161

1863 177 1,085,009 7,733,613 9,482
1864 170 1,427,179 11,940,473 10,756
1865 169 1,990,861 16,299,105 12,947
1866 215 2,288.674 19,312,838 12,821

1867 214 2,461,826 19,415,933 12,201
1868 203 2,456,736 . 19,215,301 11,415 »

1869 206 3,226,387 22,659,803 12,678

Iron made in the districts of Bonn and Dortmund.

I860 1864 1871

tons tons tons

Pig-iron 270,000 600,000 722,000
Pig steel iron 4,359 33,735 141,689
Castings 68,650 84,926 133,764
Bar and roller 192,031 283,893 491,204
Iron plate . 33,312 69,007 85,739
Wire . 17,500 26,694 48,200
Steel . . 18,415 61,653 174,063

693,237 1,049,808 1,816,756
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Iron of all kinds produced in the German Customs Union.

centners lbs. avoirdupois

1866 . 110,231 . . 20,933,070

1867 . j> . 22,272,126

1868 . . 26,286,944

1869 . »» • . 28,260,518

1870 . • i> • . 27,822,471

ZSOir-BARK TREES. Certain species of Eucalyptus, valued for their wood,
are so called in Australia.

ZROX XiZQirOR. A solution of acetate of iron, used as a mordant by calico>

printers.

ZSOX, METEORXC. See Aerolites.
ZROX MZXrERAIiS not used as Ores

:

—
1. Iron-Alum or Halotrichite.—A sulphate of alumina and sulphate of iron, with

43 per cent, of water. Occurs in fibrous silky masses of a yellow colour. It is found
in the exhausted beds of Hurlet and Campsie, near Paisley. It occurs in Persia,

where it is used for making ink ; and in Ehenish Bavaria.

2. Iron-Apatite or Zvneselite.—A phosphate of iron and manganese. See Zwie-
SBLITE.

3. Iron, Arsenate of; Pharmacosiderite ; Wurfelerz.—This mineral, which is rather

rare, occurs in great beauty associated with copper-ores in Cornwall ; it has an olive-

green colour, and is rather brittle. Its composition, according to the analysis of

Berzelius, is : arsenic acid, 40*4
; peroxide of iron, 28" 1 ;

protoxide of iron, 12-6
;

water, 18*9.

4. Iron, Chromateof; Octahedral Chrome-ore; Chromite.—This mineral occurs in

serpentine, or in crystalline limestone, near this rock. It was first discovered at Grassin,

in the Var department in France, and is found in Saxony, Silesia, Bohemia, and
Styria ; also in Norway ; and in large masses in the Ural, near Katharinenberg. It has

been found also in great abundance in Unst and Fetlar, in the Zetlands ; the mineral

is opaque, with a semi-metallic lustre ; colour, iron or brownish-black, streak yellowish

to reddish-brown. A specimen from Norway, analysed by Von Kobell, gave protoxide

of iron, 25*66 ; sesquioxide of chromium, 54*08 ; alumina, 9'02
; magnesia, 5*36 ; and

silica, 4"83 : another specimen, from Chester in Pennsylvania, yielded to Sebert prot-

oxide of iron, 36-00 ; oxide of chromium, 39*61 ; alumina, 13*0 ; and silica, 10-60. It is

used in the preparation of various pigments. For the treatment and use of the ore,

see Chrome.
5. Iron-Chrysolite or Fayalite.—An anhydrous silicate of iron, in which iron is

replaced by manganese. It is found in the Mourne mountains.

6. Iron-Flint.—A quartz containing 5 per cent, of oxide of iron. It is found in

St. Just and Marazion in Cornwall.

7. Iron-Natrolite.^-A. variety of natrolite, in which one-fourth of the alumina is

replaced by peroxide of iron. See Natrolite.

8. Iron, Oxalate of ; Oxalite; Humboldtine.—This mineral, which occurs in the form
of capillary crystals in the brown coal at Kolosoruk, near Bilin, in Bohemia, and at

Gross Almerode in Hessia, is composed, according to the analysis of Rammelsberg, of

oxalic acid, 42*40; protoxide of iron, 41*13; and water, 16-47.

9. Iron, Phosphate of ; Blue Iron ; Vivianite.—The colour of this mineral varies

from indigo-blue to blackish green ; the earthy variety is white in the beds, but
changes blue on exposure to the air ; heated in a closed tube it yields much water, in-

tumesces, and becomes spotted with grey and red ; before the blowpipe on charcoal, it

fuses to a grey, shining, metallic granule. Transparent indigo-coloured crystals of

phosphate of iron, sometimes an inch in diameter and two inches long, occur, with iron

and copper pyrites, in the tin and copper veins at St. Agnes in Cornwall. It was first

found in the auriferous veins at Vorospatak in Transylvania ; the earthy varieties are

very common in Cornwall, Styria, North America, Greenland, and New Zealand.

A specimen from St. Agnes, Cornwall, gave Stromeyer—phosphoric acid, 31*18; prot-

oxide of iron, 41*23 ; water, 27*48: and another from New Jersey yielded to Ram-
melsberg—phosphoric acid, 28-40

;
protoxide of iron, 3391 ; peroxide of iron, 12*06.

It is sometimes used as a pigment, but is of no use as a smelting ore.

10. Iron, Pitchy Hydrate of; Pitticite ; Eisensinter,—This mineral occurs in many
old mines, especially those near Freiberg; and also at Schneeberg in Saxony, Ploiss

in Silesia, and Bleistadt in Bohemia. It is probably a product of the decomposition
of mispickel : its composition, according to the analysis by Stromeyer, being Fe-0', As
0* + Fe-O^SO'+ 15H0 = 35 peroxide of iron, 20 arsenic acid, 9 sulphuric acid, and
30 water. According to Freiesleben, it is first fluid, and gradually separates in a solid
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fonn. In external characters it agrees "vnth DiadocUte, which is Fe20',2PO' +
4Fe^0'30' + 32HO, according to Gmelin from Plattner's analysis, viz. peroxide of

iron, 36'69; phosphoric acid, 14-81 ; sulphuric acid, 15*15; water, 30-35.

11. Iron, Sulphate of; Native Green Vitriol.—This is formed by the oxidation of

sulphide of iron.

12. Iron, Tungstate of; Wolfram,—occurs, with tin ore, forming fine crystals, at

Altenberg in Saxony ; at Schlackenwald in Bohemia ; and in France, in quartz veins.

In Cornwall, especially near Kedruth, it renders the tin ore valueless until it is

removed. An analysis of a specimen from Cumberland gave Berzelius, tungstic

acid, 78*77; protoxide of iron, 18*32; protoxide of manganese, 6*22; and silica, 1*25.

See WOLFEAM.
13. Yeiiite or Lievrite ; Hisingerite or Thraulite ; NontronUe ; Pinguite; and

Chloropal, are rather rare minerals, composed of peroxide of iron and silica. The first

may contain about 12 per cent, of lime ; the others are destitute of this earth, but con-

tain from 10 to 20 per cent, of water: the amount of silica in these minerals ranges

between 30 and 40 per cent.

14. Iserite.—A variety of titaniferous iron-ore.

XROSr PYRITES. Native bisulphide of iron. See Fybites.

ZROXr, TiaiM'LTnt.XC. A name given to native iron, of which there ia no proof

of meteoric origin. See Ieon.

Z&OXr "WOOB. A name given to several of the hard, heavy, and close-grained

woods. The Metrosideros vera, or true iron-wood, is a native of Java and Amboyna.
The Chinese use it for making anchors. The Metrosideros polymorpha is the wood
of which the Sandwich Islanders make their clubs. Metrosideros buxifolia is a Now
Zealand shrub, the wood of which is called in the country Aki or Lignum vit(B. Other

varieties of these woods are produced by the 8ideroxylon, found in many tropical

countries. In North America the timber of the Ostrya virginica is known as iron-

wood.
ZSnrG&ASS {Colle de Poisson, Fr. ; Hausenblase, Ger.) Ichthyocolla, lx6v6KoX\ay

from Ix^ifs, a fish, and kSWu, glue, or Fish-glue, is a whitish, dry, tough, semi-trans-

parent substance, twisted into different shapes, often in the form of a lyre, and
consisting of membranes rolled together. Good isinglass is unchangeable in the air,

has a leathery aspect, and a mawkish taste, nearly insipid ; when steeped in cold water

it swells, softens, and separates in membranous laminae. At the boiling heat it

dissolves in water, and the solution, on cooling, forms a white jelly, which is semi-

transparent, soluble in weak acids, but is precipitated from them by alkalis. It is

gelatine, nearly pure ; and if not brittle, like other glue, this depends on its fibrous

and elastic texture. The whitest and finest is preferred in commerce. Isinglass is

prepared from the air-bladders of sturgeons, and especially the great sturgeon, the

Accipenser huso, which is fished on the shores of the Caspian Sea, and in the rivers

flowing into it, for the sake chiefly of its swimming-bladder. It is also obtained from

the A. stellatus and the A. Gruldenstadtii. At Hamburg, German isinglass is made
from the swimming-bladder of the common sturgeon (A. siurio). We are informed

that in Eussia the Siluris glanis is also caught for the purpose of obtaining isin-

The preparations of isinglass in Eussia, and particularly at Astracan, consists in

steeping the swimming-bladders in water, removing carefully their external coat, and
the blood which often covers them, putting them into a hempen bag, squeezing them,

softening them between the hands, and twisting them into small cylinders. They are

ready for the market immediately after being dried in the sun, and whitened with the

fumes of burning sulphur.

In some districts of Moldavia another process is followed. The skin, the stomach,

the intestines, and the swimming-bladder of the sturgeon are cut in small pieces,

steeped in cold water, and then gently boiled. The jelly thus obtained is spread in

thin layers to dry, when it assumes the appearance of parchment. This being softened

in a little water, then rolled into cylinders, or extended into plates, constitutes an
inferior article.

The swimming-bladder of the cod, and many other fishes, also furnishes a species

of isinglass, but it is much more membranous, and less soluble than that of the

sturgeon.

The properties of isinglass are the same as those of gelatine or pure glue ; and its

uses are very numerous. It is employed in considerable quantities to clarify ale,

wine, liqueurs, and coffee. As an article of food to the luxurious in the preparation of
creams and jellies, it is in great request. Four parts of it convert 100 of water into

a tremulous jelly, which is employed to enrich many soups and sauces. It is used
along with gimi as a dressing to give lustre to ribbons and other silk articles.

It is by covering thin silk with a coat of isinglass that court-plaster is made. A
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solution of isinglass covered with carmine forms an excellent injection-liquor to the
anatomist. M. Eochen has made another pretty application of isinglass. Ho
plunges into a limpid solution of it, made by means of a water-bath, sheets of wiro-
gauze set in window- or lamp-frames, which, when cold, have the appearance of glass,

and answer instead of it for shades and other purposes. If one dip bo not sufficient

to make a proper transparent plate of isinglass, several may bo given in succession,
allowing each film to harden in the interval between the dips. The outer surface
should be varnished to protect it from damp air. These panes of gelatine are now
generally used for lamps instead of horn, in the maritime arsenals of France. See
Gelatine.

Isinglass is known commercially as Leaf Isinglass, Long and Short Staple, and
Book Isinglass. Dr. Royle speaks of the Samovey leaf, hook, and long and short
staple, in his paper On the Froduction of Isinglass along the coasts of India, with
a Notice of its Fisheries. We receive from the Brazils, Pipe, Lump^ and Honeycomb
Isinglass,

^
Our Importations of isinglass in 1871 and 1872 were :—

1871 1872 1

'

Cwts. £ Cwts. £
From Russia . . , 558 12,518 737 18,276
„ Germany . 186 4,678 179 3,942
„ Egypt . . 87 3,305

„ Brazil 883 14,356 767 12,197
„ British India . 525 5,460 443 4,857
„ Straits Setdements 1,703 26,897 729 10,755
„ British Guiana . 95 1,645

„ Other countries 229 3,330 431 6,812

Total , t 4,266 72,189 3,286 56,839

ZSOMSRZSM, from Xffos, equal, and (lipos, part. Identity of elements and
proportions with variations in physical properties. Thus, oil of turpentine and oil

of citron are isomeric, each having the composition C^^H" (C'^H'*). The study of

the laws of atomic constitution is one of the most important within the range of

physico-chemical science, and, beyomd all others, it demands the highest powers
of the philosopher, united with the mechanical care of the microscopic analyst.

The tendency of science leads to the conviction that many of the bodies which we
now regard as distinct elements are only isomeric; and such groups as chlorine,

iodine, bromine, and fluorine, as sulphur, selenium, and boron, and as carbon and
silicon, may, with the advance of our knowledge, be shown to be modified conditions

of one form of matter.

Several groups of isomeric bodies may be recognised, namely : isomeric, properly so

called, when compounds have the same percentage composition, and exhibit analogous

decompositions ; metameric, when compounds have the same percentage composition,

but do not exhibit analogous decompositions under similar circumstances ; and pcli/-

meric, when compounds have the same percentage composition, but different molecular

weights.

The subject of Isomerism is fully treated in Watts's • Dictionary of Chemistry.'

ZSOMORPBZSM. Mitscherlich was the first to observe that many groups of

substances, simple or compound, having an analogous constitution, crystallise in forms

of the same crystalline character, or differ but little in their angles. Thus, alumina,

red oxide of iron, and sesquioxide of chroTne crystallise in forms of the rhombohedral

system.

Carbonate of lime, carbonate of magnesia, carbonate of iron, and carbonate of man-
ganese, are also isomorphous forms, belonging to the rhombohedral system.

Sulphate of baryta, sulphate of strontia, and sulphate of lead, crystallise in isomor-

phic forms of the prismatic system.

For a development of this law, consult Brooke and Miller's ' Mineralogy,' Dana's
• System of Mineralogy,' and ' Watts's Dictionary of Chemistry.'

ZSOPTTXtPTTRATZ: OF iLttLNlOVTUHtL, See Murexide.
ZTABZRZTZ:. A rock composed of specular iron ore (micaceous iron) and quartz.

It takes its name from Itabira, in Brazil, whore it often accompanies the occurrence

of gold.

ZTACOZtTrnzZTB. A fine-grained schistose rock, composed mainly of quartz,

-vith more or less mica, talc, or chlorite. Some varieties are flexible when in thin
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slabs. By many geolo^sts it is regarded as a metamorphic sandstone. It derives

its name from Mount Itacohirai, in Brazil. Diamonds have occasionally been found

imbedded in itacolumite; and it has been supposed that some connection exists

between the distribution of this rock and the occurrence of diamonds.

ZVORT. (Ivoire, Fr. ; Elfenbein, Ger.) The osseous matter of the tusks and

teeth of the elephant, and of the tusks of the hippopotamus, and the horn of the

narwhal.

Formerly, the name ivory was given to the main substance of the teeth of all

animals ; but it is now, by the best anatomists and physiologists, restricted to that

modification of dentine, or tooth-substance, which, in transverse sections or fractures,

shows lines of diflferent colours, or striae, proceeding in the arc of a circle, and forming

by their decussation minute or curvilinear lozenge-shaped spaces. By this character,

which is presented by even the smallest portion of an elephant's tusk, in transverse

section or fracture, true ivory may bo distinguished from every other kind of tooth-

substance, and from every coiinterfeit, whether derived from tooth or bone. It is a

character—^this engine-turned decussatory appearance—which is as characteristic of

fossil as of recent ivory. Although, however, no other teeth except those of the

elephant present the characteristics of true ivory, there are teeth in many other species

of animals which, from their large size, and the density of their principal substance,

are useful in the' arts for purposes analogous to those for which true ivory is used

;

and some of those dental tissues, such as those of the large tusks of the hippopotamus,

are more serviceable for certain purposes, especially in the manufacttire of artificial

teeth by the dentist, than any other kind of tooth-substance. The utility of teeth in

commerce and in the arts, depends chiefly on a peculiar modification in their laws

of growth. For the most part teeth, as in our own frames, having attained a certain

size and shape, cease to grow. They are incapable of renewing the waste to which

they are liable through daily use, and when worn away, or affected by decay, they

perish. Teeth of this kind are said to be of limited growth ; but there are other

teeth, such as the front teeth of the rat, rabbit, and all the rodent tribe, the tusks of

the boar and hippopotamus, the long descending canine tusks of the walrus, the still

longer spiral horn-Uke tusk of the narwhal, and the ivory tusks of the elephant, which
are endowed with the property of perpetual growth ; that is, they grow as long as the

animal lives.

' In teeth of unlimited growth, fresh pulp, fresh capsule, and in some instances also

fresh enamel organs are formed, and added to the pre-existing constituents of the

tooth matrix, in proportion as those are calcified or converted into tooth-substance
;

and as fast as the ivory and enamel may be worn away from the summit of such a
tooth, will ivory and enamel be formed at its base, and thus the growth of the tooth

is uninterrupted. The ratio of the addition of the formative principles is at first

greater than the ratio of abrasion, and the tooth not only grows, but increases in size.

When, however, the animal has attained its full growth, the tooth, for the most part,

is reproduced without increase of size, or, at most, augments only in length, and that

in cases where its summit is not perpetually worn down by being opposed to that of

an opposite tooth.*

With respect to the distribution of the elephant, the same authority (Pr<)/e55or Owen)
has the following remarks :

—

' In the present creation, elephants are restricted to the African and Asiatic con-

tinents. The African elephant, as is well known, is a distinct species from the

Asiatic one ; and some of the Asiatic elephants of the larger islands of the Indian
Archipelago, as those of Sumatra, if not specifically distinct from the elephants of

Continental Asia, form, at all events, a strongly marked variety. With reference,

however, to the commercial relations of ivory, it is chiefly worthy of notice that in

the Asiatic elephants, tusks of a size which gives them the value of ivory in com-
merce are peculiar to the males, whilst in the African elephants both males and
females afford good-sized tusks, although there is a sexual difference of size in this

species, those of the males being the largest. In former times, and, as it would seem,

before man existed to avail himself of this beautiful animal substance for use or
ornament, the large animals furnishing true ivory, proboscidian quadrupeds, as they
are termed, from their peculiar prehensile nasal appendage, were much more widely
spread over the globe, and existed in far greater nimibers than in the present day,

more numerous in individuals, more numerous in species, manifesting so great di-

versities in the conformation of their grinding teeth, as to have led the naturalist

and the palaeontologist to divide them into two genera, called Elephas and Mastodon.
A true elephant roamed in countless herds over the temperate and northern parts of
Europe, Asia, and America. This was the creature called by the Russians Mammoth

;

it was warmly clad with both hair and fur, as became an animal deriving sustenance

from the leaves and branches of trees, which grow as high as the 65th degree of north
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latitude. Some of the ivory of commerce is, or used to be, derived from the tusks of
this extinct species.'

The ivory of the tusks of the African elephant is most esteemed by the manufac-
turer for its density and whiteness.

The outside of the tusk of the elephant is covered by the cortical part, "which is

softer and less compact than the interior substance, with the exception of the brown
plate that sometimes lines the interior cavity. The hardest, toughest, whitest, and
most translucent ivory has the preference in the market ; for many purposes the horn
of the narwhal being considered the best. The horn of the narwhal is sometimes 10
feet long.

The ivory of the hippopotamus is preferred by dentists ; it is much harder than
that of the elephant, its colour is a purer white, and it is almost free from grain.
The teeth of the walrus, sometimes called the sea-cow, which hang perpendicu-
larly from the upper jaw, are also used for the same purpose. The masticating
teeth of some of the large animals are occasionally used as ivory; those of the
spermaceti whale are of a flattened oval section, and resemble ivory in section, but
they are dark coloured towards the centre, and surrounded by an oval band of white
ivory.

Ivory has been used for ornamental works from the earliest periods. Phidias is

stated to have been famous for his works made in ivory combined with gold, and
described as the Torentic Art. The ivory statues of the ancients appear to have been
formed upon centres, or cores of wood covered with plates of ivory.

In our days ivory has been extensively employed by the miniature painter ; it is

used by the turner in the manufacture of numberless useful and ornamental articles
;

the cutler makes his best knife-handles from it ; and the philosophical-instrument
maker constructs his scales from this material.

When ivory shows cracks or fissures in its substance, and when a splinter broken
off has a dull aspect, it is reckoned of inferior value. Ivory is distinguishable from
bone by its peculiar semi-transparent rhombohedral net-work, which may be readily

seen in slips of ivory cut transversely.

Ivory is very apt to take a yellow-brown tint by exposure to air. It may be
whitened or bleached by rubbing it first with pounded pumice-stone and water,

then placing it moist under a glass shade luted to the sole at the bottom, and
exposing it to sunshine. The sunbeams without the shade would be apt to occa-

sion fissures in the ivory. The moist rubbing and exposure may be repeated several

times.

For etching ivory a ground made by the following recipe is to be applied to the

polished surface :—Take of pure white wax, and transparent tears of mastic, each
1 oz. ; asphalt, ^ oz. The mastic and asphalt having been separately reduced to fine

powder, and the"wax being melted in an earthenware vessel over the fire, the mastic

is to be first slowly strewed in and dissolved by stirring ; and then the asphalt in like

manner. This compound is to be poured oxvt into lukewarm water, well kneaded,

as it cools, by the hand, into rolls or balls about 1 inch in diameter. These should

be kept wrapped round with taffety. If white resin be substituted for the mastic,

cheaper composition will be obtained, which answers nearly as well ; 2 oz. asphalt,

1 oz. resin, ^ oz, white wax, being good proportions. Callot's etching ground is made
by dissolving with heat 4 oz. of mastic in 4 oz. of very fine linseed oil ; filtering the

varnish through a rag, and bottling it for use.

Either of these grounds being applied to the ivory, the figured design is to be

traced through it in the usual way, a ledge of wax is to be applied, and the surface

is to bo then covered with strong sulphuric acid. The effect comes better out with

the aid of a little heat ; and by replacing the acid, as it becomes dilute by absorption

of moisture, with concentrated oil of vitriol. Simple wax may be employed, instead

of the copperplate engraver's ground ; and strong muriatic acid, instead of sulphuric.

If an acid solution of silver or gold be used for etching, the design will become

purple or black on exposure to sunshine. The wax may be washed away oil of tur-

pentine. Acid nitrate of silver affords the easiest means of tracing permanent black

lines upon ivory.

Ivory may be dyed by using the following prescriptions :

—

1. Black dye.—If the ivory be laid for several hours in a dilute solution of neutral

nitrate of pure silver, with access of light, it will assume a black colour, having a

slightly green cast. A still finer and deeper black may be obtained by boiling the

ivory for some time in a strained decoction of logwood, and then steeping it in a solu-

tion of red sulphate or red acetate of iron.

2. Bliu} dye.
—"When ivory is kept immersed for a longer or shorter time in a dilute

solution of sulphate of indigo (partly saturated with potash), it assumes a blue tint of

greater or less intensity.
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3. Green dye.—This is given by dipping blued ivory for a little while in solution of

nitro-muriate of tin, and then in a hot decoction of fustic.

4. Yellovj dye—is given by impregnating the ivory first with the above tin mordant,

and then digesting it with heat in a strained decoction of fustic.^ The colour passes

into orange, if some Brazil wood has been mixed with the fustic. A very fine un-

changeable yellow may be communicated to ivory by steeping it 18 or 24 hours in a

strong solution of the neutral chromate of potash, and then plunging it for some time

in a boiling hot solution of acetate of lead.

5. Bed dye—may be given by imbuing the ivory first with the tin mordant, then

plunging it in a bath of Brazil wood, cochineal, or a mixture of the two. Lac-dye may
be used with still more advantage, to produce a scarlet tint. If the scarlet ivory be

plunged for a little in a solution of potash, it will become cherry-red.

6. Violet dye—is given in the logwood-bath, to ivory previously mordanted for a

short time with solution of tin. When the bath becomes exhausted, it imparts a lilac

hue. Violet ivory is changed to purple-red by steeping it a little while in water con-

taining a few drops of nitro-muriatic acid.

"With regard to dyeing ivory, it may in general be ooserved that the colours pene-

trate better before the surface is polished than afterwards. Should any dark spots

appear, they may be cleared up by rubbing them with chalk ; after which the ivory

sBould be dyed once more to produce perfect uniformity of shade. On taking it out of

the boiling hot dye-bath, it out to be immediately plunged into cold water, to prevent

the chance of fissures being caused by the heat.

Aniline dyes.—Any of these colours give a fine and permanent colour to ivory.

If the borings and chips of the ivory-turner, called ivory dust, be boiled in water, a

kind of fine size is obtained.

Ivory made flexible.—Ivory articles may be made flexible and semi-transparent, by
immersing them in a solution of pure phosphoric acid of sp. gr. 1'130, and leaving

them there till they lose their opacity ; they are then to be taken out, washed with

water, and dried with a soft cloth ; it thus becomes as flexible as leather. It hardens

on exposure to dry air, but resumes its pliancy when immersed in hot water. Necks
of children's sucking-bottles are thus made.
The following account of the methods of preparing this material, we extract from

Holtzapflel's ' Mechanical Manipulation '
:

—

' On account of the great value of ivory, it requires considerable judgment to be
employed in its preparation, from three conditions observable in the form of the tusk

:

first, its being curved in the direction of its length ; secondly, hollow for about half

that extent, and gradually taper from the solid state to the thin feather edge at the

root ; and thirdly, elliptical or irregular in section. These three peculiarities give

economy, as the only waste should be that arising from the passage of the thin blade
of the saw : even the outside strips of the rind, called spills, are employed for the

handles of penknives, and many other little objects ; the scraps are burned in retorts

for the manufacture of ivory black, employed for making ink for copper-plate printers,

and other uses, and the clean sawdust and shavings are sometimes used for making
jelly.

_

' The methods of dividing the tooth, either into rectangular pieces or those of a
circular figure required for turning, are alike in their early stages, until the lathe is

resorted to. The ivory saw is stretched in a steel frame to keep it very tense ; the
blade generally measures from fifteen to thirty inches long, from one and a half to

three inches wide, and about the fortieth of an inch thick ; the teeth are rather
coarse, namely, about five or six to the inch, and they are sloped a little forward, that
is, between the angle of the common hand-saw tooth and the cross-cut saw. The
instrument should be very sharp, and but slightly set ; it requires to be guided very
correctly in entering, and with no more pressure than the weight of its own frame,
and is commonly lubricated with a little lard, tallow, or other solid fat.

_ ' The cutter begins generally at the hollow, and having fi:xed that extremity parallel

with the vice, with the curvature upwards, he saws ofifthat piece which is too thin for

his purpose, and then two or three parallel pieces to the lengths of some particular
works, for which the thickness of the tooth at that part is most suitable ; he will then
saw off one very wedge-form piece, and afterwards two or three more parallel blocks.

' In setting out the length of every section, he is guided by the gradually-increasing
thickness of the tooth ; having before him the patterns or images of his various
works, he will in all cases employ the hollow for the thickest work it will make. As
the tooth approaches the solid form, the consideration upon this score gradually ceases,
and then the Wocks are cut off to any required measure, with only a general reference
to the distribut:ion of the heel, or the excess arising from the curved nature of the tooth,
the cuts being in general directed as nearly as may be to the imaginary centre of cur-
vature. The greater waste occurs in cutting up very long pieces, owing to the differ*
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enco between the straight lino and the curve of the tooth, on which account the

blocks are rarely cut more than five or six iuclies long, unless for some specific object.'

Mr. P. L. Simmonds has given the following as the weights of large elephants'

tusks :

—

Ibe.

Mr. Gordon Gumming had one weighing 178
Mr. Cawood, of Graham's Town, had a pair weighing
From Camaroon, shipped to Liverpool
A tusk imported at Bristol

At the Great Exhibition of 1851, tusk

330
164

147
162

XVORT BIiACX {Noir d'ivoire, Fr. ; Kokle von Elfcnhein^ Ger.) is prepared
from ivory-dust, by calcination, in the very same way as is described under Bonb
Black. The calcined matter being ground and levigated on a porphyry slab aflfordc

a beautiful velvety black, much used in copperplate printing.

ZVOR7, FZCTZZiB, is plaster-of-Paris which has been made to absorb, after

drying, melted spermaceti, by capillary action ; or it may be prepared according to

Mr. Franchi's process as follows :—Plaster and colouring matter are employed in the

proportions of a pound of superfine plaster-of-Paris to half an ounce of Italian yellow

ochre. They are intimately mixed by passing them through a fine silk sieve, and a

plaster cast is made in the usual way. It is first allowed to dry in the open air,

and is then carefully heated in an oven ; the plaster cast, when thoroughly dry, is

soaked for a quarter of an hour in a bath containing equal parts of wliite wax, sperma-
ceti, and stearine, heated just a little beyond the melting-point. The cast on removal
is set on edge, that the superfluous composition may drain off; and before it cools, the

surface is brushed, vnth a brush like that known by house-painters as a sash tool, to

remove any wax which may have settled in the crevices ; and finally when the plaster

is quite cold, its surface is polished by rubbing it with a tuft of cotton wool.

XVORT ITITT or Vegetable Ivory. This substance is the hardened albumen
of the seeds of a species of palm known as the Phytelephas macrocarpa. The palm
grows in the low valleys of the Peruvian Andes. The seeds are known in commerce
as Corosso nuts, and are enclosed in large capsular fruit, somewhat resembling a

negro's head, and hence locally termed Caheza de Negro. The albumen has a structure

somewhat resembling that of ivory ; but it more nearly resembles white wax. The
ivory nut is occasionally used by the turner for small ornamental objects, but not for

any important work.
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