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PREFACE.

THE rapidly increasing importance of
Mineralogical Chemistry, or the Art of
Assaying and Analysing Minerals, “—‘D.I.lhl
be in itself a sufficient apology for sending

forth the following pages to the world, as
an endeavour to extend the knowledge of
its utility, had they not also been repeatedly
solicited by many of those friends to whom
I have given practical instruction.

At a time when Science and Art are so
intimately connected with the necessaries,
as well as the elegancies of life, it may ap-
pear 1o a cursory observer diflicult to point
atone branch in particular as possessing
more advanlages than the rest - nevertheless,
to the man of tortune, of landed estate, and
leisure, this is certainly the most intimatel y
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connected with his interest, as to him it
opens a source of wealth and rational plea-
sure, hitherto but too much neglected.

When it is remembered that beneath the
surface of the British Isles is found the
greater portion of all the more valuable
metals used in our manufactories, it is not
too much for such individuals to expect
one of them within their own reach; yet
where this is not immediately the case, the
knowledge and gratification acquired will
more than compensate for the time and
trouble employed in the experiments ne-
cessary to this 1mportant Investigation,
which will, undoubtedly, ultimately lead to
very beneficial national results.

T am induced to draw these conelusions
from my own experience of the laudable
anxiety to become acquainted with the
different products of their estates, mani-
festly increasing amongst country gentle-
men in many parts of the kingdom, who
have honoured me by submitting speci-
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mens for examination, which cannot fai]
to disseminate that taste for useful science
so eminently distinguishing the present, and
which must influence future generations.
Having these objects in view, I have written
this little Work ; -and; independent of ifs
being an accompaniment to the Mineralo-
gical Chest, or Portable Laboratory, though
I do not flatter myself I have succeeded in
the minutiee to the extent of my wishes or
designs, 1 do hope that, to the general rea-
der, it will not be entirely unprofitable,
whilst the amateur will find the methods at
present employed in these arts, perspicu-
ously but concisely explained,and which will
save him the trouble of frequent reference
to more elaborate works. I would parti-
cularly call the attention of the student to
the description of the various operations,
instruments, and tests, without which
nothing correct can be with certainty
expected from his experiments ; but by
making himself thoroughly acquainted with
these, and the processes enumerated, he
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will find the path of science smooth and
easy, and will be enabled to discriminate,
with exactness, between the results of the
different operations.

F. JOYCE.

11, Old Compton-street, Soho,
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PRACTICAL

CHEMICAL MINERALOGY.

e ———

A BRIEF description of the methods to be
adopted, and also of the different instruments
necessary for conducting the various opera-
tions employed in the examinations of mineral
substances, will now be given before we pro-
ceed directly to analysis.

To chemically examine any mineral, it is
first requisite that its particles should be so
far separated from one another, that they may
each come in contact with the particles of
such other substances as are applied to effect
its reduction ; and these in analytical minera-
logy are either acids or alkalies. To illustrate
this by an example, we have nothing to do
but to immerse a lump of any ore containing
metal in a strong acid, and we shall find that

B
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the action, although it may be considerable at
first, will cease, or go on with extreme difficulty
long before its solvent power is gone, which
arises from silicious, or earthy matter, insoluble
in the acid, coming in the way and resisting its
energy: if now the lump is reduced to fine
powder and again immersed in the same acid,
the action will be renewed, those particles
being exposed which it is the object of the
process to dissolve.

- If, therefore, by the action of an acid (see
Digestion) the constituent parts of a mineral
are so much divided or acted upon, as to be
permanently suspended in a fluid, we can then
casily, by the reaction of certain other sub-
stances, called tests or re-agents, separate any
one or more of its parts from the rest by the
velative affinity, for the latter being greater
than for the menstruum with which it was
united ; thus, if a sixpence is digested in pure
nitric acid, the particles of metal will be
separated from each other, and a solution will
take place; a change has also been produed,
for if the fluid be evaporated down to dryness,
the silver wrll not be left in the metallic state
as when first put into the acid, but in the form
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of a nitrated oxyde (lunar caustic); by in=
creasing the heat the acid and oxygen will be
driven off, leaving the silver behind. 1f, how-
ever, instead of the desiccations just alluded
to, a piece of clean iron or zinc be immersed,
the silver will be at once regained in the
metallic state, and only altered by being in a
minute state of division, instead of a lump,
and this is owing to the acid taking a prefer-
ence to, or, chemically speaking, having a
stronger affinity for the former than the latter.

In many cases the metal, after solution,
cannot be thrown down in the metallic state ;
when this happens the quantity contained in a
solution must be estimated from its oxyde, or
some fixed combination as a chloride (muriate)
sulphate, carbonate, &ec. and which may be
seen by referring to the scale of chemical
equivalents. If this should not be sufficiently
satisfactory, the process of reduction (exposing
the different oxvdes to a sufficient heat in a
charcoal erucible,) will give the substance in
the metallie form.

Chemical reagents, or tests, are either acids,
alkalies, and their combinations with each
other, or with the different metals; a list of

B2



4 CHEMICAL MINERALOGY.

which for mineralogical chemistry is given on
purpose, and their use, as before stated, is
to produce such an alteration of colour, &ec.
as 1s evident to the senses, and which we know
from experience to be the results of certain
combinations, or to throw down the substance
contamed in a sohid state, which can be thus
collected, and its nature and weight estimated,
for example, if an alloy of silver and copper,
as in the piece of coin just mentioned, be dis-
solved in pure nitric acid, and a solution of
caustic or carbonate of ammonia be added in
excess, the fluid will be changed to a fine
blue colour, and which, while some of the
former is thrown down in a solid state, alsoe
shews the presence of the laiters so far as-
certained by testing, we proceed in such a
manner aswill precipitate the whole of the one
without any of the other; if therefore a solu-
tion of common salt be added in the most
minute quantity, an abundant white flocculent
precipitate will fall, which is also known to
be silver in combination with the muriatic
acid of the salt; 100 parts of which when per-
fectly dryy 1 find by the scale, are equal to
75 of metallic silver. If after this a piece ofiron
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or zinc is 1mmersed, the copper will be ob-
tained in the metallic state; but if either of
these metals had been applied at first, both
the silver and copper would have fallen toge-
ther. Should a solution of silver be made
from any of the ores of this metal, instead of
the alloy just mentioned, the precipitate by
ammonia may be brown instead of blue, this
will probably arise from its containing iron ;
and its presence in the solution may be known
by its giving a black precipitate with tincture
of galls, or a blue one with ferrocyanate
of potassa.  In this manner we must proceed
1o test any solution, of any substance pre-
sented to us, (see also Test Tube,) and if the
first, second, or even third test does not give
any indication of its component parts, it
ought not to discourage, as we must be so
much the nearer, having the fewer remaining
to try with, and which must be ascertained by
the succeeding ones, unless some substance
with which we are at present unacquainted,
~and for which, therefore, we may not have
the test, should be under examination.

The amateur chemist, besides his tests,
which ought to be of the utmost purity,
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requires certain apparatus which also if well
made, are much better than those make shifts
occasionally adopted,but which generally cost
the operator in a short time much more
than the price charged for those of good
workmanship, leaving out of the question the
pleasure attending their use when compared
with the former.

An argument is often adduced against the
general adoption of practical chemistry, viz.
the expense incurred by such an outfit of
apparatus, &c. as is necessary for the pursuit
of the science; thus placing it beyond the
means of other than persons of considerable
property: and this will be readily admitted,
if an individual wishes to undertake the whole
range to which chemistry is applicable, but
which is almost as much beyond his reach, by
the time it would occupy,as by any deficiency
in his finances. This assertion, however,
does not hold good if a branch only is
studied, and by the successful and persevering
pursuit of which much more real knowledge
will be attained, than by a cursory and
theoretical idea of the whole; if this is
oranted, the chief fault will lie in the versatile
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spirit of many of those who study it, rather
than the expense actually necessary.

It is generally found to be the case, that
those things which are of the greatest use,
and such as are necessary for our wants in
life, are by far the cheapest compared with
those of less value and minor utility. This
position also holds good with respect to
experimental chemistry; to produce one ex-
periment on a decent scale in electricity or
oalvanism costs as much in the onset as the
analysis of half the minerals with which we are
acquainted; and no one will dispute on
which side the greatest utility lies. A chest
containing the following instruments in ad-
dition to the tests, (a list of which is given,)
will be sufficient in a mineralogical point
of yiew for almost any analysis that may be
required.

A balance, or pair of small scales, with an
extra short pair for ascertaining specific gra-
vities, (see plate, ficure 2) it should be made
accurate, at least true to the one-fiftieth of a
grain when loaded with 50 grains on each
side ; this and the weights which accompany it
are absolutely necessary in every assay and
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analysis, and are used for determining the
quantity of matter acted upon or collected.
For the method of taking specific gravities
see page 68. :
+ The Point and File for ascertaining the
colour of the streak together with the compa-
rative hardness of the specimen, and by which
some idea may be in general formed of its
nature, quality, &c., the hardest substance
known being the diamond, and the softest clay
or chalk. i

The Blow-pipe.~This instrument is com-
posed of a tube having two orifices, a larger
and a smaller, and is used to force a stream of
air supplied from the lungs through the flame
of a lamp or candle, by which means the heat
is so concentrated at the focus or extremity of
the flame as to enable usto fuse small por=
tions of substances hardly to be acted upon
by the long continued heat of the largest
furnace. Blow=pipes: are made of different
materials, such as glass, silver, and brass; the
latter is generally preferred, and should be
furnished with an ivory mouth-piece and an
extra jet or two of different fineness according
to the size of the flame required; also a bulh
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or cistern near the centre, to condense the
moisture which accompanies the breath and
which, if not retained in this manner, is apt
to collect at the smaller end and extinguish
the flame. Some little address is necessary
in the use of the blow-pipe, which however is
easily acquired :—for an extended use of this
instrument, and a minute account of its action
on the oxydes of the various metals, &ec., see
Berzelius on the Blow-pipe, as translated by
Mr. Children.

Supports—Blow=-pipe supports are used for
sustaining” the substance to be acted upon,
and are made either of charcoal or platina ;
the latter in the form of foil, wire, and spoon.
The former is generally used where the re-
duction of a substance to the metallic state is
required; and the latter when it is to be col-
lected in the form of an oxyde.

The charcoal used in experiments with the
blow-pipe should be produced from light
woods, and its goodness is ascertained by its
not cracking or scintilating in the fire. When
used, a small cavity should he cut with the
point of a knife, and the portion to be assayed
either alone or mixed up with a flux inserted

B 5
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in it. The extremity of the inner blue or
reducing flame, being now directed against
it will very soon produce a globule of metal, if
such hasbeen contained in the specimen.

The Platina Spoon is often used, and when
neither a very intense heat nor the reduction
of a metal is required, it may answer suffici-
ently well, but as an extended surface always
carries off the heat, and the particles are very
apt from its shape to fly about,the practical
mineralogist often objects to its use: the best
modification of this instrument is the spoon
forceps.

Platina foil, on account of its extreme thin-
ness is not subject to the same objection as
the spoon; when used, a slip about two inches
long by half an inch broad is to be taken, and
the substance enclosed at one extremity.
This metal being a very bad conducter of
heat may be safely held at the other end
without risk of burning the fingers.

The Platina Wire is to be moistened at the
curved end, and dipped into the powdered
flux; a portion will by this means adhere to it,
which is afterwards fixed by the action of the
blow=pipe ; the assay is now to be moistened
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to make adhere and the whole fused to-
gether. Platina, in whatever shape, is objec=
tionable where reduction of an oxyde to the
metallic state is required, as the support
alloys with the assay at the moment of fusion.

Glass Tube.—When a particle of any ore 1s
to be treated by means of the blow-pipe to as-
certain its mineralizer, or what volatile sub-
stance is combined with it, such as sulphur,
arsenic, &c., it 1s effected by the glass tube,
and which is either closed at one end or other-
wise, as the presence of a current of air is or is
not required; the vapours will condense on
the surrounding parts and may thus be re-
moved and their nature known.

The Magnet 1s used either before or after
the action of the blow-pipe; it ascertains by
attraction whether iron in the metallic stat:e
is contained in the ore, and as every facility
should be afforded the tyro, this instrument
should not be left out ; the best form is that of
aneedle moving on a fine pivot placed under
ifs centre.

Pestle and Mortar for the processes of
crushing, pounding, trituration, and leviga~
tion.—Every substance intended to be ana-
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lysed, requires first to be as finely divided as
possible ; where valuable, as gems of various
kinds, the steel erushing mortar is required, it
18 used by striking the top of the pestle with a
hammer, the substance being previously put
n the inside, by this method not a particle is
lost; where the quantity is large, an iron
mortar, holding about one pint and turned
smooth on the inside, with hardened steel
pestle should be used; and this, on account of
its size, may be kept separate from the chest.
When the substance to be pounded is soft the
biscuit or porcelain mortar may be used, and
for very delicate experiments the agate one
Is required.

The Flask, is used to digest the ore after
levigation, in acids or other menstrua, either
with or without the assistance of the lamp ; itis
supported by the brass stand with sliding' rings,
as in plate, figure 3, which latter is requisite
for the different processes of solution, diges-
tion, evaporation, and desiccation; for the
latter of which the sand bath and capsule are
employed. The stand is also of use to sup=-
- port a funnel for the purpose of filtration
after solution, as also for small experiments
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en distillation by the retort and receiver, but
which are not generally used in the analysis
of mineral substances: a mattress is a similar
vessel to the flask, having a flat bottom and
is used for the same processes, but being
made thick requires to be placed in a sand
bath when heat is to be applied.

The Test Tube, is a small cylindrical glass
vessel, and of these there should be at least
half a dozen as they are often broken; they
are made by cutting off three or four inches
of glass tube of the required size and thick-
ness and closing them at one end by the blow-
pipe; their use is to make assays, by subjecting
small portions of the clear filtered solutions
to the action of the different tests, in order to
ascertain the nature of the substance con-
tained. The closed end should be well an-
nealed as it is often requisite to act upon
minute portions of matter in the same man-
ner as with the flask ; when,if this were not
attended to, the sudden application of heat
would infallibly cause their immediate de-
struction,

The Glass Plate, for delicate experiments;
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where the quantity of assay is very minute a
piece of plate glass is used to test upon; the
object in this case being to test with as small
a quantity of the solution as possible; to use
it, trace a line with a glass or enamel rod
dipped into the solution, and with another rod
previously dipped into a test, draw a second
line across the first, a discolouration or cloud-
iness will ensue if the right test has been used;
if this has not been the case, other tests must be
appliedand which may be done acrossthe same
line, care being taken not to come in contact
with the first test; in this manner a single
drop is sufficient to enable us to ascertain the
nature of the substance contained.

Test tube holder.—This is an instrument
which answers the purpose of holding the
test tube while one end is over the flame of a
lamp.

Watch glasses are used in the same manner
as the evaporating dish or capsule, only for
smaller quantities; as long as any fluid is
contained in them they will bear the heat of
the lamp sufficiently well without eracking;
their weight should be taken and scratched on
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the outside—on weighing again after the
evaporation of the fluid the increase will show
the quantity contained.

Metallic bars.—A set of these should be af
hand, they are equivalent to so many tests,
and are chiefly used for precipitating metals in
their metallic state.—See Tests, enumeration
of.

Matches.—A bundle of these dipped into a
composition of chlorate (oximuriate) of
potassa and sugar are very handy for immedi-
ately lighting the lamp; they may be set on
fire by touching the stopper of the sulphuric
acid bottle contained in the chest.

G'lass rods.—For stivring acid solutions.

Test papers.—Litmus and turmeric papers
are used to discover minute portions of either
acid or alkali not in combination ; acids turn-
ing the blue to red, and alkalies the yellow to
brown,

Seale of chemical equivalents, for ascertain-
ing the composition of various precipitates,
salts, &c.—This table in many instances saves
the trouble of reduction; for instance, if we
precipitate a solution of lead by sulphate of
soda, the sulphate of lead which falls is found
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by the table to consist of lead 68, sulphuric
acid 32; that invented by Dr. Wollaston is
perhaps the best for the student, as it may be
at once understood without further trouble or
reference.

These, with a few solution glasses, which
may be supplied by the use of so many
tumblers, are all the instruments that are
necessary for the assay or analysis of such
minerals as are readily acted upon by acids;
but where this isnot the case as in those which
are intimately united with silicious or stony
matter, two more instruments and two extra
bottles of alkali furnish the sum total. The
instruments are a silver crucible and a small
portable furnace; the latter of which may,
although not conveniently, be supplied by the
use of a common grate, as the heat required
for fluxing does not exceed a low red, pro-
vided a sufficient quantity of alkali is used;
if at any time the heat is increased much
above this, the crucible will be run down, and
the whole go into the ash pit.

The alkalies are potassa and soda.
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LIST OF TESTS.

Besides the instruments already mentioned,
the following tests, in a perfectly pure state,
should be ready for use; they should be kept
in stopped bottles, and the acids should have

glass caps.

TESTS CONTAINED IN A CHEST FOR THE ANA=-
LYSIS OF METALLIC SUBSTANCES ONLY.

Pure nitric acid
sulphuric ditto
muriatie ditto

Caustic potassa
Carbonated ditto
Ammonia

Mur. Ammonia

Proto sulphate of iron
Muriate of soda
Prussiate of merecury

(General solvents

Precipitants,=--The
last also is a test
for copper
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Polished bars of iron
ZIne
tin
copper

Muriate of gold

Sulphate of soda

Hydro sulphuret of ammonia
Test papers

Nitrate of lead

Prussiate of potassa
Tincture of galls

Oxalate of ammonia

Fluxes

Tests necessary for the Analysis of Mineral
Waters in general.

The three acids before enumerated in a per-
fectly pure state, :

The same diluted with three times their weight
of distilled water.

Solutions of the three alkalies, potassa, soda,
and ammonia.

The same In a carbonated state.

Solution of oxalic acid.

oxalate of ammonia.
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Solution of barya.

acetate of ditto.
sulphate of silver.
phosphate of soda.

Alcohol.

Tincture of galls.

1odine.

Solution of soap in alcohol.
hydro sulphuret of ammonia.
prussiate of potassa.
nitrate of silver.
muriate of lime,
hydriodate of potassa.
Black flux.

Test papers

Sulphate of lime.

Nitrate of Ammonia.
Phosphorus.

Silver and gold leaf.

In the analysis of mineral waters a few more
instruments, and of larger capacity, are re~
quired, as well as extra tests ; but the additions
are few in number, and not expensive. The
reader will observe, that the chest in the
plate has an outer case, with side partitions,
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for holding acid bottles, with glass caps; by
the addition of which larger quantities of
these indispensibles can be annexed, and at
the same time it prevents any accident which
may happen defacing the brass work, chest,
&ec.; it also preserves unchanged the colour
of the litmus paper, otherwise easily affected. -

The following are the remainder of the
tests used in chemical analysis; many of them
may appear duplicates of others, as, for in-
stance, the acetate, muriate, and nitrate of
barytes, but they are all necessary in accurate
analysis; but where this is not required, one
may suffice. To illustrate this by example,
we suppose that an ore of silver contains sul-
phuric acid, and that we wish to separate this
before the silver, we cannot use the muriate
of barytes, as although it would separate the
acid in the same manner as the acetate or
nitrate, it would also precipitate the silver;
and this shows the necessity of considering
what effect the solvent as well as the base
used in the preparation of the test will have
upon the other substances contained in the
solution to be examined,




CHEMICAL MINERALOGY. 21

Tincture of Litmus.

This test, which is of a fine blue colour, 1s
instantly changed to a red by any acid; if
therefore any free acid should exist in a solu-
tion, it will be thus indicated, although it may
not be perceptibleto the tongue. Litmus paper
is prepared by dipping unsized paper into it,
and drying in a dark place; carbonic acid is
distinguished from the other acids by its

turning the paper red, which changes in a
short time to blue again,

Litmus paper reddened by vinegar.

Neither tincture of litmus, or litmus paper,
are of themselves good tests for alkalies; but
if its natural .blue colour is destroyed by
slightly acidifying it with acetic acid, it then
readily shows their presence by its original
colour being restored,

Tincture of red cabbage.

This tincture is a very delicate test both for
acids and alkalies, with the former its blue
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tint is changed to red, and by the latter to
oreen.

Tineture of” Brazil wood.

This test, which is of a red colour, changes
to a violet by the introduction of an alkali.

Tincture of turmeric,

Another test for detecting an alkali in solu-
tion, and by which its yellow colour is imme-
diately changed to a brown. Paper dipped
into the tincture, and called turmeric paper,
is frequently so delicate a test as to indicate
the soda contained in saliva. Ammonia may
be distinguished from either potassa or soda,
in the same way as the carbonic is from the
other acids, viz.:—by the change of colour
produced not being permanent, but flying off
on exposure to a gentle warmth, and the
original colour being restored.

These tinctures, form the basis of several
experiments, and are then used by pouring a
quantity sufficient to produce a lively colour
into a tumbler, or what is better, a tall glass
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jar, which 1s afterwards nearly filled with
water. if now a few drops of acid or alkali are
added, and the mixture stirred with a glass
rod, the changes above enumerated will take
place.

Tincture of galls.

Tincture of galls is used for detecting the
presence of iron in solution, with which it
forms a black precipitate of gallate of iron; to
make the experiment pour a few drops of the
test into any mineral chalybeate water, or
dissolve a few grains of the sulphate of iron,
commonly called copperas, in water, the effect
will be immediately rendered evident.

Lime waler.

This test readily indicates the presence of
free carbonic acid in native or artificial
mineral waters, 1t 1s also a test for ascer-
taining the presence of corrosive sublimate ;
in the first instance a carbonate of lime, a
white powder soluble with effervescence in
distilled vinegar, muriatic or nitrie acids, and
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precipitable with, sulphate of soda or oxalate
of ammonia is formed; and in the second an
orange yellow precipitate: as lime water is a
test for carbonic acid, so consequently is
carbonic acid for lime; and this is readily
exemplified by blowing through a glass tube
into a tumbler of clear lime water, the car-
bonic acid:given off from the lungs will soon
produce a milkiness in the water, which is
owing to the precipitation of the lime in the
form of a carbonate ; if more carbonic acid
was now forced;in, the precipitate would be
redissolved, and would then be in the same
state, viz. :—a bicarbonate, as in most of the
pump-water employed for domestic pur-
poses; only that in this latter, there are
generally sulphates, and often muriates also
contained,

Acetate of silver.

Both the acetate and nitrate of silver are
excellent tests for muriatic acid: in whatever
state combined, a drop of either when put
into a glass of water containing a single grain
of common salt, producing a very evident
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clouding owing to the insolubility of the mu-
riate-of silver thus formed.

Nitrate of mercury.

The solution of this salt is often used to
detect chromie acid when in combination with
potassa, soda, &c., and with which it forms a
deep red precipitate. Also, to separate the
arsenic acid often contained in solutions, after
the digestion of various ores.

Subnitrate of mercury.

This reagent is sometimes used as a test for
phosphoric acid, with which it produces an
msoluble white precipitate for uncombined
ammonia, letting fall when added to it,an ash
grey powder, and for muriatic acid, which

it will detect when mixed with 300,000 parts
of water,

Oximuriate (per choride) of mercury.

This is used asa test for alkalies, with which,
when caustic and fixed, it gives a yellow pre-
C
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cipitate, also with lime, as just mentioned, an
orange yellow; but it is chiefly valued as a
test for albumen, with a very dilute solution
of which it produces a very considerable pre-
cipitate. This may be tried experimentally
by stirring into a glass of water the smallest
quantity of white of egg, afterwards adding a
few drops of the test.

Tartareous acid.

The acid of tartar, or tartareous acid, is
used to discriminate between the solutions of
potassa and soda ; with the former it produces,
when added in excess, a very insoluble gra-
nular precipitate of supertartrate of potassa,
often called cream of tartar; but with soda, a
very soluble salt: for example, mix in a glass
vessel, one part of potassa with 5 or 6 of water,
do the same with soda, and then add a suffi-
cient quantity of a concentrated solution of
tartareous acid until the previously alkaline
solutions exhibit acid properties either by the
taste or litmus paper; the granular salt just
mentioned, will have been formed in the one
but not in the other.
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Boracie acid,

Boracic acid is used as a flux for the blow-
pipe, particularly on the platina wire; it
should be perfectly colourless and transpa-
rent, and then indicates by its change of
tint with the different oxydes, the metals to
which they belong, also for dislodging all the
other mineral acids, the phosphoric excepted,
and the detection of minute quantities of
alkalies in mineral substances.

Acetie aeid.

Acetic acid is very generally used in veget-
able analysis, to separate resin from gluten ;
by its action they are both dissolved; but the
former is readily precipitated by dilution with
water, whilst the latter remains in solution.

Superacetate of lead.

The superacetate of lead, commonly called
from its sweet taste, sugar of lead, but which
18 poisonous, is often used as a test for muriatic

c2
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and phosphoric acids; but principally for
sulphuretted hydrogen, with which it forms a
deep brown precipitate, the hydro sulphuret
of lead,

Subacetate of lead.

This test is generally applied for detecting
animal mucous, and distinguishing between
this substance and gelatin, as also for the
separation of extractive colouring matter ; as,
for instance, if we wish to ascertain the quan-
tity of alcohol existing in port, or other wine.
A solution of superacetate of lead is first
added to precipitate the colouring matter,
after which a little dry subcarbonate of
potassa (purified pearl ash) will separate the
water; and if the experiment has been
made in a graduated glass tube, the per-
centage of alcohol may be at once read off.

Nitrate of Cobals.

A concentrated solution of this salt is used
in blow=pipe assays to discover the presence
of alumina; if a piece of pipe-clay, or other
aluminous compound is moistened with a few




CHEMICAL MINERALOGY. 24

drops of the test, and the flame of the blow-
pipe afterwards directed on it, a deep blue
spotwill be madej if, on the contrary, a piece
of lime, chalk, magnesia, &ec. is tried in a
similar manner, no blue tint will be per-
ceptible. Nitrate of cobals mixed with a
dittle common salt, produces a sympathetic
ink ; characters drawn with it are only visible
when the paper is warmed, disappearing
again when cold, and in this manner may be
made to appear and disappear at pleasure;
this is called the green sympathetic ink.

Arsentous acid.

A solution of the white oxyde of arsenic, or
arsenious acid is occasionally used as a test
for sulphuretted hydrogen, and hydro sulphu-
rets generally; producing with the former a

bright yellow precipitate of sulphuret of ar-
senic, or orpiment.

Muriate of platina.

This test is applied to indicate the presence
of potassa, or it salts, when in solution: as also
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to discriminate between the salts with base of
potassa and those of soda; with the former a
yellow precipitate, (the muriate of platina,)
and potassa will be formed ; but with soda no
such appearance will be produced. The
solution of platina for this purpose should

be somewhat concentrated, and carefully pres
pared.

Sulphate of copper.

The solution of this salt has been recom-
mended as a test for arsenic, with which it pro-
duces, after the previous addition to the
liquid of & little carbonated alkali, a green
precipitate, the arseniate of copper.

Sulphate of copper and ammonia.

This is another test for arsenie, with which
it produces a pea-green precipitate; and
which, when dried, and placed on a piece of
ignited charcoal, produces the peculiar
garlic odour characteristic of the metal.
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Solution of sulphuretted hydrogen.

This test is generally employed for the pre-
cipitation of most metallic bodies, throwing
down nearly the whole of them from their
~ solutions in the form of hydro-sulphurets; the
nature of which is often readily ascertained
by the colour, and for which see the table fur-
ther on. |

Sulphuretted hydrogen is soluble in water;
but the solution is again very soon decom-
posed with precipitation of the sulphur. It is
an excellent test for lead when contained in
Wines.

Solution of carbonic acid.

A test for lead and lime, as already men-
tioned.

Benzoate of ammonia.

This test is used in the separation of the
-oxyde of iron from that of manganese ; for
example, suppose a solution of the latter, con-
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taining the former, as is the case after digest-
ing the common ore of manganese in sul-
phuric or muriatic acids, the liquor is to be
rendered exactly neutral by the addition of
ammonia; the present test nowdropped in until
no further precipitation takes place, will
remove the whole of the iron in the form of a
benzoate ; whilst that of manganese will
remain in solution, Caustic ammonia will
also answer the same purpose.

Subborate of soda.

Common borax, or subborate of soda, is.one
of the best fluxes for the blow-pipe; it should
be dried, or fused into a glass, and afterwards
reduced to fine powder; it is also used in the
analysis of argillaceous stones.

G'lass of phosphorus

This is also another flux often used in blow-
pipe assays; it should be made from the pure
phosphorus, and not from the desiccation and
subsequent fusion of the impure phosphorie
acid, as obtained by the action of sulphurie
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acid upon bone ash, as is commonly done,
and which always contains a large portion of
sulphate of lime.

Proto muriate of tin.

This is a delicate test for platinum and gold;
producing with the first a yellow. precipitate,
and with the latter a purple, commonly
called the purple precipitate of cassius, and
used in enamel painting, glass staining, &ec.

Muriate and nitrate f{fbarytes

~ These are both used in analysis, together
with the acetate and barytic water, to dis-
cover the presence and quantity of sulphuric
acid contained in any solution. It is, there-
tore, an excellent test for ascertaining the
purity of lemon juice, which is sometimes
sharpened by this acid.

Muriate of alumina.

© Muriate of alumina is used as a test for car-

bonate of magnesia in mineral waters; this

¢ D
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latter substance not being wholly separated
like carbonate of lime, by boiling the water ;
muriate of alumina dropped into the water,
after ebulition, will precipitate carbonate of
alumina, if carbonate of magnesia is present ;
but not otherwise, unless there should be an
excess of alkali, which is to be previously neu-
tralized bya weak acid.

Succinate of ammonia

Produces with the solutions of peroxide of
iron a brown precipitate soluble in excess of
the test, which is, therefore, to be avoided. It
is also used for the same purpose as the ben-
zoate of ammonia.

Prussiate of potash.

This test, also called ferro prussiate and
ferro cyanate of potassa, and which terms the
reader will find, perhaps, indiscriminately used
in the following pages, is one of the most
generally useful in the list of chemical re-
agents: forming precipitates in all the solu-
tions excepting those of gold, antimony, tellu-
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rium, platina, iridium, rhodium, and osmium
and from the different colours of these precipi=
tates a correct idea may be generally formed
of one of the constituent parts of a solution,
For its action on the different metallic solu-
tions, see the table.

Prussiate of potash is often used as a sympa-
thetic ink ; but in this instance another reagent
is also necessary, viz, :—the nitrate or muriate
of iron; when, therefore, the one party cor-
responds in characters drawn with the solution
of prussiate of potash, the other has only to
draw over the sheet a sponge dipped in a
solution of nitrate of iron, when the characters
immediately assume a fine blue colour, which
1s owing to the formation of Prussian blue g
in return the other party writes with the
iron liquor, which is afterwards rubbed over
with the solution of prussiate of potash.

Prussiate of ammonia.

This test is chiefly used in the analysis of
saline substances, when in combination with
metallic salts; it being of advantage in this
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case not to introduce any extra quantity of
salt, as would happen if the prussiate of
potash was used. In general the tests with an
ammoniacal base are preferable to the others,
as the latter is easily separated afterwards by
heat, which cannot be effected with potassa or
soda.

Prussiate of mercury.

This is chiefly used as a precipitant for pal-
ladium, which it throws down in the form of
a vellow powder, the prussiate of the metal;
and which is possessed of fulminating pro-
perties when its temperature is raised much
above the boiling point of water.

Solution of starch.

A solution of starch in water is an excellent
test for free 10dine in solution ; the test 1s said
to be effective to the one fifty thousanth part;
~ the mixture assumes a fine blue tint, and a
powder of the same colour is afterwards pre-
cipitated, which is the ioduret of starch.
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Should the iodine be in a combined state as
in the hydriodate of potassa, it will be neces-
sary to add a small quantity of acid to liberate
it; the test will not otherwise be effective.

Fluate of ammonia.

This is occasionally used as a test for lime.

Tan.

The solution of tan is used to detect anmimal
gelatin or jelly; thus if a solution of glue is
added in a very small proportion to a quantity
of water, and this test is dropped in, an imme-
diate precipitation takes place, and which,
when collected and dried in the air, becomes
hard and brittle, with a resinous appearance.
Tan also precipitates albumen, but not so im=-
mediately as in the other case. Oximuriate of
mercury, the test for albumen, does not pre-
cipitate gelatin; the difference, therefore, is
too apparent to occasion any error.
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Quicksilver and silver leaf.

These metallic substances are also occasion-
ally used as tests to discover the presence of
very minute portions of sulphuretted hydrogen
in mineral waters, which they indicate by the
tarnished appearance they assume, by immer-
sion in the water for a few hours,

Gold leaf.

This substance is used in the analysis of
mineral waters to detect the presence of nitric
acid, sometimes, although but rarely con-
tained ; the action of the test is founded upon
the well known fact that no menstrua, the
solution of chlorine and nitric and chromie
acids, when united to the muriatic acid ex-
cepted, will produce any effect in dissolving
gold; if therefore, a mineral water is sus-
pected to contain nitric acid, nothing further
is necessary to prove it than to add a few
drops of muriatic acid to it and boiling with a
strip of gold leaf; if any of this metal has been
dissolved, as will readily appear by testing
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with the protomuriate of tin, its presence is
pretty clearly ascertained.

For the action of the remainder of the tests,
the reader may refer to the table page. In
the preceding enumeration of the action of
the different tests, a few examples only have
been given, the remainder may, however, be
tried in precisely the same manner.
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ENUMERATION

Of those processes, some of which are always
necessary in the chemical examination of

mineral substances.

Pulverization or reduction to the state
of powder. This is effected by breaking
down the substance in a mortar with a pestle
until it has acquired the sufficient degree of
fineness.

Trituration differs from pulverization only
in degree ; it is effected by giving to the pestle
a rotary motion.

Levigation is performed in the same man-
ner as trituration ; only that as in this case an
extremely fine powder 1s required, a small
quantity of some liquid, generally water, is
used to keep down the fine particles which
would otherwise be blown away.

Digestionis the means adopted for obtaining
a solution; and the apparatus used is either
the mattrass or the flask. The digestion of
any substance is finished, when on the addition
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of a fresh portion of the solvent no further
action takes place, or the whole is taken up.
Digestion is sometimes performed in a retort
when it is an object to collect any volatile
substance, or to save the fluid, as in abstrac-
tion.

Filtration, (for the separation of suspended
or undissolved matter.) Solutions to be tested
should always be perfectly clear and trans-
parent, otherwise the precipitate produced
by the action of a test will be mixed with the
undissolved matter of the previous process;
for this purpose, various substances are used,
such as sand, asbestos, linen, paper, and
twisted cotton. The two first are seldom used
in analysis, and are only applicable where it is
necessary to filter very acid solutions or con=
siderable quantities of any fluid; for instance,
when we wish to clear sulphurie acid from
any substance accidentally dropped into it,
sand or pounded glass may be put into
a funnel and the acid poured on the
top; it will,in a short time drop through,
leaving its impurities behind, ~ To make a
sand or glass filter, it is necesary first of all
to put into the funnel some larger pieces, to
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prevent the remainder falling through. The
whole of Paris is supplied with water filtered
on a large scale, but by means similar to this.
Asbestos may be used for small quantities of
acid ; but unless very fine, which is not always
to be got, it makes but a poor filter. Linen
1s used for collecting precipitates, and for the
process of straining, which differs from filtra-
tion only in degree; when any great nicety
1s not required, linen will often answer the
purpose sufficiently well ; and as it occupies
less time than the following, it is often
adopted; a square of it should be fastened
by tacks to the inside of a filtering frame, and
may be used either single, double, or lined with
sheets of paper. The paper filter is, however,
generally used in the processes of analysis; the
description employed for filtration is without
size, and should contain as little colouring
matter as possible; when used, a square piece
in proportion to the size of the funnel, is to be
folded into a friangular shape, and again
doubled; this will give two cones, which are
to be placed in the funnel in an inverted di-
rection; one of these are to be opened, and

the liquid to be filtered gradually poured in.
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If the solution is corrosive, it will be necessary
to have a double filter, or what 1s often as
well, a small cap made in a similar way to
the former, and slipped over the point of the
larger.

It generally happens in filtering that the
first portions which come through are opaque
and milky; these are to be returned and
filtered again, when they will pass through
clear. Filtration does not remove the colour
from a fluid unless that arises from suspended
and not dissolved matter. The twisted cotton
is occasionally used when the object is to se~
parate one fluid from another; for instance,
oil from water: to effeet this one end of a
moderate sized eotton wick is introduced into
the liquid, while the other hangs over the
side of the vessel, close to which a second
is placed to collect the drops that fall;
the effect is produced by capillary attrac-
tion. :

Precipitation is directly the reverse of solu-~
tion, and consists in the separation of a body
from itssolvent. The substance which falls is
called a precipitate ; and is in the state of a
finely divided powder differing in degree ac-
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cording to the state of dilution of the hquid !
employed. i

Decantation is often used instead of filtra=
tion for fining solutions; and where it can be |

done quickly it is the best method of the two.
A decanting vessel is a tall glass with a broad
bottom; and when any liquid isto be decanted,
it is first put into it, and after the fluid
has become clear by subsidence, poured
off again; the grosser particles remaming
behind. Fresh water being now poured upon
the dregs, and again decanted will remove
every portion of the fluid, without the loss
arising by evaporation, absorption by the
filter, &e.

Elutriation.— By this term is meant the
repeated washing of any substance, (as a
precipitate) to free it entirely from its former
solvent; in ‘analysis these washings must be
added to the remaining filtered solution, as
probably still containing some matter, al-
though not of the same kind as that precipi-
tated ; for example, in the examination of a
solution of an alloy of copper and lead, the
latter would be precipitated by sulphate of
soda; but, if the washings of the precipitated

——
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lead were not collected, and added to the
remaining solution, a considerable portion of
the copper would be lost ; if on the contrary,
the precipitated sulphate of lead is elutriated
until, upon a portion of the washings being
tested with ammonia in excess, no blue colour
is afforded, we are sure no particle will escape
our vigilance. The immersion now of a bar
of iron, will throw down the whole of the
copper contained.

Perfect elutriation is thus shown to be ab=-
solutely necessary in analysis, and must be
continued until the last washings come away
tasteless, or until they give no indication if a
test is applied. This process is also useful for
separating the light from the heavy particles
of matter, as in sweep washing, gold sand
washing, &c.,which is effected by a continued
stream of water and constant agitation in a
vessel of the proper shape; by this means the
lighter particles of sand are recovered from
the gold dust which, on account of its great
specific gravity remains at the bottom.
~ Fvaporation is a chemical process, and is
used to separate the volatile from the fixed
part of any solution or compound body; for
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example, if we wish to assay an amalgam of '
gold and mercury, the heat to which itisto
be subjected, will drive off the mercury, while
the gold will remain ; in this case the quick«
silver was volatilized or evaporated. Evapora-
tions is, however, more properly applied to the
expulsion of aqueous particles, as in the evapo-
ration of brine springs for theproduce of com-
mon salt—the concentration of syrup, to
form crystals or sugar candy, &e. &ec. In
short no process is oftener required in che-
mistry than evaporation; and in analysis it is
used either for concentrating solutions, parti-
cularly the washings to a convenient bulk, or
to obtain the quantities of solid matter con-
tained in any fluid as in desiccation; it is also
the acting principle in distillation. Evapo-
ration i1s much facilitated by an extended sur=
face, with a good current of dry air, and by
continued stirring or agitation. A very good
and simple method of effecting this mecha-
nical action for evaporating solutions I have
found in the employment of a domestic article,
the common bottle jack ; if this machine is se-
lected with a strong spring, and instead of the
chain wsually attached, two or four straight
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wires ending with slips of wood or glass tubes
are fastened, by drilling holes at equal dis-
tances in the wheel, a vertical motion is ob=
tained equal to the employment of a pair of
hands, providing that the fluid does not re-
quire to be stirred from the bottom; to effect
which, a much greater force will be required
than is, I believe, to be obtained by this instru-
ment.

One of the best modes of evaporation is by
steam, as in the absence of the operator no
mischief arises from want of stirring, which in
other cases would often spoil the preparation
by burning, particularly if a gummy or ex=-
tractive matter. A small steam bath is at-
tached to the lamp furnaee; which is very
useful for drying precipitates, or fulminating
compounds, as the heat never rises above 212,
and may be regulated to any degree we may
think proper. Evaporation in vacuo, is a re-
cent 1mprovement, and is of considerable
utility in the distillation of ardent spirits—in
the preparation of various pharmaceutical
preparations, and in all cases where evapora-
tion is required at the lowest possible degree
of heat. The instrument used in analysis for
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evaporating, is called the evaporating dish or
capsule, and ismade either of porcelain, glass,
silver, or platina.

Distillation is only another form of evapo=
ration; but the object in this case, is to con-
dense and collect the vapour which rises.
The instruments used for distilling, are either
the retort and receiver, and the alembic and
capital, or in the large way, the still and worm
tub; retorts should be blown as thin and light
as possible, especially in that part where the
heat is to be applied : by distillation, another,
and often important end is gained, viz. the se=-
paration of colouring matter; if we take a
portion of brandy and distil it, we shall ob-
tain the spirit and the water, while the colour-
ing matter will be left in the retort; and this
is the best method of ascertaining the real per-
centage of alcohol contained, as if again put
into the retort with a little dry muriate of
lime, the spirit only will be driven over. A
shorter method of ascertaining the quantity of
alcohol in any fluid, is by the hydrometer,
which, however is liable to deception; where a
true and quick method is required, the spirit
after its first distillation, may be poured intoa
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tube graduated to 120 degrees, furn ished with
a foot and stepper, until it reaches up to 100
degrees, and add dry salt of tartar or muriate
of lime, which will cause a separation of the
water, and the quantity of alcohol which sepa-
rafes, may be at onee read off; thus, if 100
degrees of the spirit are by this means changed
into 60, the fluid contains 60 per cent. of real
aleohol ; if into 40,40 per cent.and so onj; the
reason of the number of divisions exceeding
100, is to allow a small increase of bulk, which
will take place on the addition of the potassa,
 or muriate of lime: in this way the strength
of the different wines, spirits, ales, &e., maybe
accurately determined. First get rvid of the
dolouring’ and extractive matter, by subace-
tate of lead, and afterwards of the water, as
before mentioned. In distilling by the retort
and receiver, the heat should be applied
gradually, otherwise a risk of breakage will be
the consequence. '
Abstraction is a repetition of the process of
distillation, as in the solution of difficultly
soluble matter, where repeated portions of
fresh acid, &e., are necessary ; alsoin the pre-
paration of essential oils, in which process the

I
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water is returned on the plant several times,
to effect the ascension of the oily particles
with the least possible loss; which could not
be avoided if successive quantities of fresh
water were employed, as each portion holdsa
certain quantity in solution which cannot be
separated, and which is therefore lost.

Reduction is generally effected in crucibles,
vessels made of baked clay, and sand, porce-
lain, or black lead, (carburet of iron) the
objectis to reduce oxydes to the metallic state,
by the action of heat, and some substance in-
termixed, which has a stronger affinity for the
oxigen than the metal itself; thus if the oxydes
of lead, litharge, red or brown lead, are sub-
jected to heat, little change takes place; but
if they are first mixed with charcoal powder,
the metal will be revived, the oxigen uniting
with the carbon, and passing off in the form
of carbonic oxyde.

The reduction of metals from their oxydes,
is one of the best methods for obtaining them in
a pure state : if, for example, we wish to pre-
pare the article called gold powder, or shell
gold for the artist, and neglect using mercury
which has been received from the oxide, the
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colour will not be so good as when this pre-
caution is taken; nﬂtﬁrithstanding we may
have previously distilled what is vended by
the dealer in the first instance as pure.

Roasting is the first process (after crushing)
to be adopted in the treatment of ores in the
dry way; it is effected on the small scale by
the muffle, which fits into one of the side
openings of the portable universal furnace, an
instrument in assays not easily dispensed with.
The ore is first of all to be broken into small
pieces, or reduced to a coarse powder, when
it is to be evenly spread on the flat surface or
floor of the muffle, when upon the addition of
heat the sulphur and arsenic, together with
any other volatile substance, will be expelled,
and will either collect on the dome.or be
driven up the chimney, according to whether
it is made close, or is furnished with grooves
to allow a current of air to pass through.
Roasting 1s absolutely necessary for the ge-
nerality of ores in the large way, as if smelted
directly the metal, although obtained, would
be brittle and totally unfit for the manufac-
turer’s use. The heat employed, should al-
ways be very moderate at first, and continued
| D2
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until the vapours entirely disappear. No rule
can be given as to the time, some requiring
more and others less, according to the quan-
tity of the mineralizer contained, and the
tenacity with which it isretained by the metal.
Roasting is generally performed on the large
scale, by placing alternate layers of ore,
broken into small pieces, and of coal or turf,
igniting the pile at the bottom, and continu-
ing the combustion for days and weeks to-
gether: the more fusible metals are often
reduced in this manner, and the fused metal
is collected in a pit dug for the purpose
underneath,

Cupellation is applicable only to gold and
silver; it is performed by alloying these me-
tals, when in an impure state, with two or three
times their weight of lead, placing the alloy
on a cupel or support made of bone ashes,
putting this into a muffle and continuing
the heat until the gold and silver alone
remain ; in this case the lead, together with
the impurity, the separation of which the cu-
pellation was undertaken, will have sunk into
the body of the cupel, from which they may
be again obtained if required.
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Cupellation will not separate gold from
silver or platina ; for which see article on
Gold.

Vitrification—A substance is said to be vi-
trified, when it assumes the characteristic pro=
perties of glass; thus the oxyde of antimony,
when run into a brittle transparent substance,
is denominated vitrified, or glass of antunony,
perhaps @ circumstance of this kind gave rise
to the idea of a malleable glass; the oxyde of
arsenic will do the same.

Stratification—this term although seldom
ased, is meant to imply the process of alter-
nately placing layers of different substances,
stratum superstratum, on each other, in
order that a combination may take place;
thus on account of the volatility of zine it
eannot be readily alloyed with copper;
the process therefore adopted, is to place
alternate strata of ecalamime or carbonate
of zinc and copper; when at a high heat
the first metal rises, is combined with the
second, and brass is the product.

Granulation, or the mechanical division of
a metal is effected in several ways, some of
which are better than others, according to the
nature of the metal to be granulated ; it may
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be effected by pouring the fused metal into
water, as in the making of shot, by stirring it
with an iron rod until it cools, or by agitation
in a box, rubbed on the inside with chalk,
which may afterwards be washed off. Granu-
lation is frequently adopted to facilitate solu-
tion, as also the separation of arsenic and
sulphur in the refining of copper.

Fluxing is a chemical process similar to so-
lution, and is used in analysis to act upon
silicius or stony matter when so far predomi-
nating in a mineral as to impede the action of
acids uponit; it is thus performed :—Mix any
given quantity of the ore in a minute state
of division, with four times its weight of
caustic potassa or soda, in a silver crucible ;
put on the cover and subject to alow red heat
for half an hour, or until the mass assumes a
pasty or liquid form, remove from the fire, and
when a little cooled, pour in hot water; the
heat still contained in the mass will occasion
an ebullition, when the fluid may be de-
canted, and more hot water added. Con-
tinue the elutriation until the whole is de-
tached, grind down the lumps in a porcelain
mortar, with a fresh quantity of hot water as
before, and throw the whole upon a filter:
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the residue after again washing, will be the
mineral divested of its silex and earthy matter,
and which if the fluxing has been well per-
formed, will now be entirely soluble in acids
should any however remain after their action,
it mustbe fluxed again asbefore; forthe analysis
of alkaline solutions, see Earths and Stones.

Fusion, is the converting of solids into fluids
by heat, provided the temperature required is
above the medium heat of the surrounding
atmosphere, thus lead is fused, but the term is
not applicable to water or mercury, although
theyare bothsolids changed by heat into fluids.
The fusion of a substance is effected by various
means, according to the nature and quantity
of the matter to be acted upon. In the minute
way, the blow-pipe is used ; in the larger way
the crucible and furnace. In some casessub-
stances are not to be reduced by either of
these methods, when recourse must be had to
calvanism.

Under the head of fusion, 1 shall just men=
tion an highly useful and improved modifica-
tion of the oxyhydrogen bldw=pipe, invented by
Mr. Goldsworthy Gurney, who has pub-
lished an account of it, and which merits more




56 CHEMICAL MINERALOGY,

attention among scientific chemists, than it ap-
pears to have generally met with. If this in-
strumentis well made and ably worked, which
requires very little address, it is competent
with perfect safety to the operator, to the fu-
sion of many substances which the strongest
furnace will not touch: for instance, platina is
immediately run down by it, and volatilizes it
in the form of an oxyde, if the heat is conti-
nued. The intensity of heat produced by this
means,although verygreat,doesnot seem equal
to that of the galvanic battery on a good scale ;
but, the expense and trouble is so much [ess,
that it will be found an useful ornament to the
Ia_,buratﬂrjr; with respect to the action of the
mixed gases on platina, there appears to be
wanting some accurate experiments, as a
metal infusible in the furnace runs with the
facility of silver before the flame of this blow-
pipe, and this coupled with the late experi-
mentsof professor Doberainer,who ascertained
the curious fact that platina in a minute state
of division 'will take fire when exposed to a
stream of cold hydrogen gas, are too singular
not to merit further inquiry; while rhodium,
one of the constituents of the platina ore, is
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not in the least affected by its agency, al-
thouch exposed in very minute quantities to
its action for a considerable time.

For the purposes of fusion, the portable
universal furnace, (asrepresented in the plate)
is an elegant instrument; it is made of strong
wrought iron plates fastened together, and
lined inside with fire bricks, bedded in loam ;
the height of this furnace without its chimney,
is two feet. The inner diameter of the cylin-
drical fire-place, measures 12 inches. The
body of the furnace is circular; in its upper
part a circular hole is cut, for receiving an
iron sand-pot which may occasionally be re-
moved, and exchanged for an iron plate. In
the front of the furnace there are three
openings over each other, furnished with
shiding doors, and fitted with stoppers made
of crucible-ware. The lower opening is
the ash-pit of the furnace ; and is fur-
nished with a door which opens and shuts
m order to diminish, or enlarge the open-
img for regulating the heat, by admitting
or excluding air at pleasure. In the side of
the furnace a hole is cut, furnished with a

stopper and door, for passing a tube through
D D
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the fire place of the furnace: an expedient
essentially necessary for a variety of chemical
processes, such as exhibiting the decomposi=
tion of water, alcohol, oils, &e., for the pre-
paration of phosphuret of lime, for passing
gases over ignited bodies, &c. In either of
the openings in front of the furnace, a muffle
may be placed for the cupellation of gold,
silver, &c., or, the neck of a retort (placed on
a stand in the body of the furnace) may be
passed through it, for distillation by the naked
fire, for procuring gases which require a high
degree of heat, &c. If the iron sand-pot be
removed, and a circular plate properly lined
with fire clay be placed in its room, the fur-
nace becomes converted into a wind-furnace ;
the fuel is then to be introduced through either
of the openings in front. The iron plate at
the top has a hole in the centre, furnished with
a stopper, to enable the operator to inspect
his process at pleasure. If the iron pot be
placed inverted on the opening of the furnace,
it forms a dome, and the furnace becomes a
reverberating furnace. The iron pot when
filled with sand, or water, placed in its proper
situation, serves as a sand or water bath, for

N
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the processes of distillation by means of glass
retorts, for evaporations, sublimations, diges-
tions, &c. Coke and charcoal, are the best
fuel : this mixture burns without smoke, and
aives a strong uniform and permanent heat:
charcoal and common coal, or coal only, does
likewise very well. The elbow of the chimney
may be directed into that of the fire place of
any apartment. The furnace is furnished with
castors, and may therefore be easily moved
according to the convenience of the operator.
The great advantage of this portable universal
furnace, above all others 1 am acquainted
with, consists in consuming as little fuel as
possible; in producing quickly if required an
intense heat; in the power of applying it as
directly and as fully as possible to the substance
on which it is intended to act; in regulating
expeditiously and at pleasure its intensity;
in enabling the operator to perform any ope-
ration whatever which requires the aid of
heat, and moreover in being able to perform
these operations in the closet, or in any other
place without risk of endangering the con-
flagration of the surrounding objects which

were not meant to be exposed to the action of
fire,
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In order to fuse a substance in the furnace,
it is necessary toinclose it in something which
will not run down in the heat applied, other-
wise the product will be lost ; for this purpose
the crucible is used which is made of such
materials as are capable of supporting an
intense heat without breaking or melting ;
those which are made of clay and sand
should not be used for saline fluxes, these
substances acting upon them at a high heat;
neither should platina ones contain any oxyde
to be reduced to the metallic state, without
first lining them with charcoal paste; and
those made of silver will not stand more than
a low red heat; crucibles, when used should,
if made of clay and sand, be first well
warmed, and then exposed to a gradual heat
placed on a ecrucible support, or piece of
brick, previously set on the grate of the fur-
nace ; . if this precaution is not taken, the
current of cold air will be sure to break them,
whilst at the same time part of the pot would
be below its heat.

When the fusion of a metallic body is com=
plete, it may be removed from the fire and
suffered to cool, when the metal will be found
in the shape of a button at the bottom; or it




CHEMICAL MINERALOGY. 61

may be poured out into a mould previously
warmed and rubbed with chalk or black lead,
to keep the ingot from adhering to the sides.

Crucible moulds are called casting comnes
and ingots, according to their shape.

In conducting all experiments in analytical
chemistry, the use of pen, ink, and paper is
highly necessary, as they are as much and as
often required as any utensil in a laboratory ;
for unless every thing is properly labelled,
confusion, loss, and disappointment, are sure
to result; and when a novel appearance is
assumed by any preparation, which would be
interesting, and, perhaps, useful to the
operator; 1t 1s often thrown down the sink for
an unknown and useless produet. To attain to
excellence in any study or pursuit, a certain
degree of perseverance and attention are
always required. To one person chemical
~analysis might present obstacles which the
active and diseriminating judgment -of ano-
ther would pass over as trifles; but the utility
of which would be admitted by both.

As disappointments in the beginning are
always discouraging, the reader is requested,
if unacquainted with chemical subjects, first
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of all to try such examples as the following,
together with those previously enumerated
under the head of tests, as he will in them be
able to judge whether he is right or wrong,
without the aid of a second person ; he isthen
recommended to try the assays, and afterwards
proceed to analysis.

ExamprLE 1.—Take 24 grains of gold, dis-
solve it in a sufficient quantity of nitro muriatic
acid, rather dilute, and which may be com-
posed of—

1 part muriatic acid,

2 parts nitric  ditto,

2 ditto water,
proceed with this according to the rule given
in digestion, when finished, filter through
paper, (see filtration) elutriate (see elutri-
ation) and precipitate in the metallic form
by a bar of zine, apply a gentle heat to sepa-
rate the last portions; scrape the bar clean,
to recover every particle of gold, collect on a
filter, wash and dry; if the process has been
well conducted, and the gold fine, it will be
regained entire, or at the most at a loss of
not more than one-third of a grain. Fine gold,
as purchased from the refiner, often contains
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silver; if this is the case, a white flocculent
precipitate, the chloride of silver, will be left
after digestion, it is to be collected, dried,
and either estimated as: three-fourths sil-
ver, or mixed with a little flux, and a drop of
water, to the consistence of paste, placed on a
coal (piece of charcoal) and reduced to the
metallic state with the blow=pipe.

2.—Take a piece of standard gold, dissolve
as before, if any chloride of silver appears, 1t
is to be collected ; separate the gold by a
dilute solution of green sulphate of iron ; col-
lect as before, elutriate and insert in the
liquid a piece of clean iron. The copper will
be precipitated.

3.—To the solution of standard gold, add
ammonia in excess, the gold will be precipi-
tated in the form of a fulminating oxyde, while
the copper will remain dissolved ; saturate the
excess of ammonia with dilute sulphuric acid,
and immerse a plate of iron, as before.

4.—Take any given weight of fine silver,
dissolve in pure dilute nitric acid, with the
assistance of the lamp, &ec. test a small por-
tion of it with ammonia in excess; if it should
turn to a blue colour, it contains copper, as
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in fact, most refinerssilver does. Precipitate
in the metallic state by a piece of copper, the
whele of the silver will be thus regained in
fine filaments, The only loss of the process,

if carefully conducted, being that portion of

copper originally contained.

5.—Dissolve a few grains of the silver pre=-
cipitated in the last process in nitric acid,
add to 1t a solution of common salt or sal
ammoniac, a white chloride of silver will fall,

100 parts of which, when dry, indicate 75 of

metal ; dissolve this precipitate in caustic
ammonia, acidulate with nitric acid, and add
sulphate of soda in solution, white crystals
will fall, which are the sulphate of silver.

Gold, silver, and copper, may be obtained
from their solutionsin the crystalized metallic
- form, by immersing in them pieces of clean
phosphorus or charcoal; it depends on the
circumstance, that whenever a substance,
having: a strong aflimty for oxygen is added to
the solution of a metal which has but a slight
affinity for it an exchange takes place, and the
metal is reduced.

6.—Dissolve a piece of lead in nitric acid;
on adding to it a solution of muriate of soda, a

==
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white precipitate is formed insoluble in am-
monia, and by which it may be distinguished
from the precipitate of silver; chloride of
lead is soluble by digestion in excess of nitric
acid, which is not the case with chloride of
silver.

7.—In a solution of nitrate of lead, suspend
a piece of zine, thin fine crystals of lead in
the metallic form, will, in the course of a few
hours, shootout in every direction, constituting
what is called the lead tree.

8.—~To a solution of metallic lead, white
lead, red lead, or litharge, add a solution of
sulphate of soda; sulphate of lead will be
precipitated, which, when collected and
dried, may be estimated by referring to the
scale of chemical equivalents, as we find it
stated as consisting of 32 o1l of vitriol
and 658 of lead: if then 102 grains of
lead are originally taken, and 150 grains
of the sulphate are collected the process
will have been well conducted. The sulphate

may be decomposed, and metallic lead again
obtained by fusion with charcoal, which

having a stronger afﬁnity for oxyeen than sul-
phur has, decomposes the sulphuric acid, the
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base of which burning off, leaves the lead
reduced to the metallic state, 100 grains
ought to be collected from 150 of the sul-
phate. To another portion of the liquid, add
chromate of potash, a fine yellow pigment
chromate of lead will fall.

9.—Digest a given weight of tin in four or
five times its weight of nitric acid rather
dilute ; a violent action will soon commence,
at the same time throwing the whole of the
metal down in the form of an oxyde, reduce
this oxyde again to the metalic state by fusion
with charcoal, if the same quantity of metal is
collected as was first employed the process is
finished.

10.—Dissolve a piece of block tin in mu-
riatic acid with heat, immerse into the solu-
tion a plate of lead, metallic tin will generally
fall.

11.—Make a solution of mercury in nitrie
acid, and immerse a piece of iron, the metal
will be thrown down in the form of a dark
brown powder, which when collected, dried,
and heated in an iron vessel, runs again into
fluid mercury. If copper is used, a similar
effect is produced.
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12.—Mix together seven parts of mercury
with one and a half of sulphur, put the mixture
into an alembic or flask, place this again in a
sand bath, and apply heat; sulphuret of mer-
cury or cinnabar will be produced which,
when ground in a mortar, constitutes the fine
pigment called vermillion.

13.—Dissolve a known quantity of iron in
muriatic acid; precipitate by caustic am-
monia ; mix this oxyde into a paste with
linseed oil, and subject to a strong heat in
a crucible, when cold try it with the magnet
to. ascertain whether it is in the metallic
state.

14.—Take a solution similar to the preced-
ing; add to it one of prussiate of potassa until
no further deposit is given; the precipitate 1s
pure Prussian blue, or iron united to prussic
acid. Add to another portion tincture of
galls, a black precipitate will in this case fall,
which may be treated like the first; it is a
compound of gallic acid and iron.—If the
precipitate is suspended by adding gum to
the mixture ink is produced.

15.—Take any quantity of white oxyde of
arsenic, mix it with half its weight of charcoal
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powder, and subject to heat in a subliming
pot; metallic arsenic, in a crystallized form,
will be the result: care must be taken in this
experiment not to inhale any of the fumes
which arise.

16.—Take two or three ounces of clear
plate or window glass, (vitrified flints,) put
them into a clean crucible with ten grains of
oxyde of cobalt, and fuse the whole with a
good heat for an hour, a fine blue glass will
be produced. :

In this manner the different artificial gems
may be made; the whole of them depending
for their colour on the admixture of a metallic
oxyde; thus oxyde of chromium producesa
fine green; the precipitate of gold by tin, a
fine purple; oxyde of iron a yellow; oxyde of
tin a milk white; oxyde of manganese a
black, and so on,

Distinguishing properties of ores.

Metallic ores are distinguishable from other
minerals by their greater specific gravity,
being seldom less than four times as great

as that of water.
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It is only necessary therefore to weigh them
hydrostatically, in the following manner, to
discriminate between metallic ores and other
minerals,

Free a piece of mineral from its matrix;
suspend it by a horse-hair or thread of silk
from the scale of a fine balance ; weigh it in
the air, and mark down its weight; then
immerse the scale with the mineral still
suspended in distilled water, and ascertain
how much it loses of its first weight in the
air: that is so say, how much weight is ne-
cessary to bring the scale to an equilibrium
when the substance is suspended in water.
Having done this, divide the sum of the
weight in the air by the sum of the weight
which the body lost during its immersion in
the water, and the quotient will shew the
specific gravity of the mineral.,

ExampLE.—Suppose a piece of mineral
weighs in air 480 grains, but when in water,
it weighs but 400 grains, it will require 80
grains to restore the equilibrium, and the
specific gravity will be 6; because 480 di-
vided by 80, gives 6 for the quotient; it
therefore is six times heavier than water,
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consequently contains some metal, and be=
longs to that class of minerals called ores.

Note.—This is speaking in a general point
of view, asthere are many minerals containing
a metal in combination with oxigen, and
therefore to be classed as ores, whose specific
gravity is not above 3; and, in a few cases,
less than that.

Description of Veins, Matrix, §c. of Ores.

Ores are almost invariably found in the
interior of the mountainous districts of the
earth, and very seldom at the surface, or in

- plain or level parts.

The name of veins has been given to those
portions which are met with in the clefts or
crevices of rocks; and being always more or
less inclined to the horizon, are therefore,
called oblique, direct, or inclined veins,
according to the angle which they make
therewith.—Nature has thus rendered their
discovery more easy than if placed in a level
or in plains,

Veins are generally either deposited upon
or surrounded .by a substance of a different
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nature from that of which the rock is com-
posed ; and this substance, whatever it may
be, is called the matrix of the ore.

This, it must be remembered, is not the

mineralizing substance with which the metal

is combined, such as arsenic, carbon, sulphur,
&e.

~ With these, the metal is chemically united,
and cannot be separated but by chemical
means.

The matrix, on the contrary, may be re-
moved by mechanical power.
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ORB'EER OF THE METALS.
e
Tﬁe ﬁlﬂmmng memfs have been pla.ced' ac-
cording to their relative nﬂn-uﬁﬂu‘ y for
owigen ; with perhaps, the exception of the
~ last fourteen, here.called Memﬂayds,, which

are, as reqards their metallic 3:? aperhes, Dut
littls known at present. -

L

Platinum Seléenium
Gold Cerium
Silver Titanium
Palladium Uranium
Rhodium Cobalt
Iridium Bismuth
Osmium Antimony
Mercury Lead
Nickel Copper

Columbium
Tungstenum

Wodanium
Cadmium

Chromium Tin
Mnlybdenum Zine
Arsenic Iron

Tellurium

Manganese
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Metalloyds.
Potassium Aluminum
Sodium Zirconium
Lithium Glucinum
Calecium Yttrium
Barium Thorinum
Strontium Silicium

Magnesium

~ Note.—Metalloyds: This is a French term
as applied to these substances; it is equivalent
to semi-metallic, as, although possessing some
properties in common with the metals, they
are wanting in many others peculiar to this
class of bodies,
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PLATINUM.

Plataina, the ore of platinum, is found in
the shape of small flattened grains of a steel
grey colour, verging to silver white, pos-
sessing' a metallic lustre, and in appearance
much resembling clean iron filings; but at

once known from them by their great specific

gravity, which varies from 16. to 17.7. These
grains are considerably hard and malleable,
and are found in Choco, New Granada, and
in the province of Barbacoas, also in the grey
silver and copper ores of the Guadalcanel in
Spain, '
Pure platinum 1s never found in a natural
state; the ore which comes to us not contain-
ing, in the best samples, more than 55 to 60
per cent. of this metal. It is one of the most
compound minerals with which we are ac-
quainted, the remaining sum of its weight
being made up of gold, iron, lead, palladium,
rhodium, iridium, and osmium, together

with a portion of silica, intimately, and per-
haps chemically combined. The whitest

orains are the most valuable, generally con-
taining the most gold, the quantity of which,

o T ———
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in some specimens, is sufficient to repay the
after expense of reducing the whole.

Before the mouth blow-pipe, both the
metal and the ore are perfectly infusible; and
are acted upon, or dissolved, only by the
nitromuriatic acid, and the solution of
chlorine; from these the metal is again pre-
cipitated on the addition of a solution of
muriate of ammonia, in the form of a yellow
powder, the muriate of platinum and ammo-
nia.

Tests for ascertaining the presence of Platinum.

The solutions of platinum are of a deep or
brownish yellow, according to their purity.
Yellow precipitate, a

triple salt.

Bright red colour
Recent muriate of tin> with a very dilute
solution.

Muriate of ammonia %

Potassa ammonia, and
some of their salts
Proto sulphate of iron,

and salts with base of > No precipitate,
soda

g Yellow precipitate.

Ferroeyanate of potassa changes the colour
from yellow to green,
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Assay.

Platina being infusible by any heat we can
obtain with a furnace, the assay must of ne-
cessity be conducted in the wet way, and as,
(under this term is implied only the method
of obtaining the quantity of the principal
ingredient, the process is perfectly easy)
provided in this case, we do not also imply, in
the malleable state; to effect which there is
more nicety required than in the purification
and reduction of half the rest of the metals

Process.—A sample of the ore, say 100
grains, is to be digested, per retort, in ten
times its weight of aqua regia of moderate
strength, and which may consist of four parts
muriatic and one part of nitric acids; apply
the heat of a lamp, and draw over the one
half into the receiver; decant the fluid re-
maining in the retort, and repeat the process
with a fresh quantity of acid as before, and if
necessary, a third time; the residue will now
consist of a dark coloured powder which, not
being platina, does not come within the assay.
The solution containing' the metal, which is of
a deep brownish yellow colour, may be thrown




PLATINUM. 79

upon a filter, and after this has been well
washed with distilled water, to collect every
particle, a solution of muriate ammonia
is to be added until the whole of the pla-
tinum is preeipitated in the form of a yellow
powder; this is to be collected, washed, and
dried. The dried precipitate of the last pro-
cess is now to be placed in a muffle and
heated until all fumes cease to arise: the
platina will remain in a spongy semi-metallic
state, and the weight of it will show the per
centage nearly of the assay : thus,if 55 grains
are obtained in this state, it indicates 53 per
cent. of metal, the remainder being oxigen.
While still warm it may be amalgamated with
mercury in a stone mortar, which will after-
wards be expelled on the application of heat,
leaving a porous mass of pure platina.

By means of the oxyhydrogen blow-pipe a
perfect assay or metallic button can be readily
obtained; if the precipitate just mentioned
be placed upon a support of plaster of Paris
or pumice stone, and then acted upon by the
mixed gases, no reduction will take place ;
but if a drop of linsced oil,or a grain of
charcoal powder is placed upon it, the metal
is immediately obtained; the charcoal sup-
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port produces the same effect, so" also, does
the admixture of a little sulphuret of potassa.
I have found that by an apparatus, similar to
the one described in the title page, but on a
much more extended plan, and with ten jets
playing at once, that a very considerable
portion, (as much as fourteen ounces) may be
reduced to a complete state of liquid fusion.

If, however, an exact analysis of the platina
ore is required, in order to shew the number,
nature, and quantity of each of the different
substances contained, the task is much more
tedious and complicated. To effect this, it is
necessary, as in every other analysis, first to
begin by testing a small portion of the liquid
arising from the before mentioned digestion,
thereby to ascertain what number of other
metals are combined, and then to proceed
in the best manner for obtaining their quan-
tities.

Previmivary Process.—If a known quan-
tityof the platinalosesweightbybeingsubjected
to a red heatin a cavered crucible, it shews that
it was either not perfectly dry, or that it con-
tained some volatile substance, and this may
be either arsenic, sulphur, or mercury ; if the
first, it may be readily known by. its garlic-like
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odour ;3 if the second, also by its odour resem-
bling that of a common sulphur matechwhen ig-
nited, and its burning with a blue flame; if the
third, by its silvering a piece of clean copper
when held over it; arsenic, itis true, will also
whiten copper, but the difference is immedi-
ately secen.  Ihave stated that such substances
might be contained in the sample, although,
with the exception of water, owing to its
having been kept in a damp place, and a
small quantity of mercury; the effect of pre-
vious amalgamation to separate the grains of
gold with which it is often found assoclated,
I never found them.

Grain platina is frequently mixed with a
portion of free iron and of sand fraudulently
intermingled, in the same manner that opium
sometimes contains bullets; these, however,
are not of necessity chemically united, but are
put to increase the profits either of the col-
lector or the wholesale vender. Should the
platina, however, be very impure, its low
specific gravity, which should always be taken
when purchasing a quantity, compared with
what it ought to be, will at once show it ; should
this be the case, a good magnet may be em-

E D
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ployed to separate the first, and a small pair
of hand bellows, upon an extended surface,
the last.

Process 1.—Having by these processes, if
necessary, collected the grain platina as
free from heterogeneous particles as pos-
sihle, the next step is to pour upon a
given quantity, suppose 200 grains, a small
portion of mitromuriatic acid somewhat di-
lute ; this, upon the application of heat, will
take up the gold, together with a small
quantity of the platinum and the iron: a lit-
tle solution of muriate of ammonia being
now added, the platinum will be precipitated :
it isto be collected on a filter, washed, dried,
labelled, and put aside to add to those por-
tions to be afterwards collected.

2.—The washings of the precipitate, being
now added to the remaining solution, this is to
be tested, and if nothing but gold and iron are
contained, 1t may be evaporated to dryness,
heated in a crucible, collected, and accu-
rately weighed.

3.—The product of the last operation, and
of which the weight is noted down, is now to
be mixed with twice its weight of nitrate of

L -
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potassa, and flused in a crucible for half an
hour with a good heat; on breaking this
vessel to pieces, a button of pure gold will be
found at the bottom, and which if deducted
from the quantum last weighed, will give the
oxyde of iron contained.

A second method of separating iron {rom
gold when in solution, is to add the ferrocya=-
nate of potassa, which throws down Prussian
blue, but has no effect on the gold: the blue
precipitate is, therefore, to be collected, well
washed, dried and decomposed by heatin a
crucible ; the residue is.oxyde of iron. The
washings and solution containing the gold,
when mixed together, may be decomposed by
immersing a plate of clean iron, which will
precipitate the gold in the metallic state, and
which may be reduced to the malleable form
by fusion with borax and nitre.

The gold being now removed, the analysis
may be said to commence again, by digesting
the residue of the platina, already once acted
upon, in nitro muriatic acid of good strength ;
one or two digestions and elutriations are ne-
cessary, and when by these means the whole
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of the matter soluble in acids is takenup, a
small portion of the liquid is to be tested, and
if 1t is found to contain lead, which is known
by its giving a white precipitate with sul-
phate of soda, as much of this is to be added
as will precipitate the whole; the liquid 1s
now to be filtered, and the sulphate of lead
well washed, dried and weighed.

4.—The solution separated from the lead,
may now contain besides platinum, palla-
dium, rhodium, and copper: to separate
the first, a solution of muriate of ammonia, as
before.described, is to be added, until no fur-
ther precipitate is thrown down ; collected on
a filter, washed, dried, and added to the
smaller quantity previously obtained and put
aside, it is to be further treated as in the
assay.

5.—The chief. part of the platinum sepa-
rated, the solution containing the three other
metals, is to be decomposed by immers-
ing a plate of clean iron or zne, which
will precipitate the whole of them: collect
this precipitate and digest in dilute nitric
acid, this will take up the copper, which may
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be precipitated in the metallic state by iron
as before : collect, wash, dry, and ascertain its
quantity.

6.—The residue remaining after the action
of the nitric acid, is to be again dissolved in
aqua regia, mixed with muriate of soda, (com=
mon salt) and evaporated to dryness. We
now have the soda muriates of platinum, pal-
ladium, and rhodium; to separate these, digest
the whole in alcohol, which will take up the
two firstand leave the last, which is to be again
dissolved in water, and precipitated in the
form of an oxyde by metallic zinc; it may be
reduced to a button by fusion with arsenie,
and again separated from this by long con-
tinued roasting.

7.—The alcoholic solution, containing the
soda muriates of platinum, and palladium, isto
be decomposed by muriate of ammonia, which
will precipitate the first as before mentioned.

8,—The palladium may now be thrown
down by a solution of the ferrocyanate of
potassa, mixed with a small quantity of sul-
phur and well roasted, the metal will remain
in a spongy but malleable state,

There remains now only the black powder,
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the caput mortuum, after the digestion of the
platina in nitromuriatic acid ; and this consists
of two metallic bodies, osmium and iridium,
together with a small portion of silex.

9.—The osmium may be obtained in the
form of an oxyde, by distilling the residual
black powder with nitre in a retort. A subli-
mate will arise into the neck of the vessel,
which is the oxyde of osmium: on cooling it
will conerete into a semi-transparent colour-
less mass, which may be removed by breaking
up the retort; its weight is to be taken.

10.—The iridium, not being soluble in po=-
tassa, will be found in the retort, from whence
it may be extracted by dissolving away the
alkali, together with any undecomposed nitre,
it is to be well washed and dried.

The sum of the weights of the different pro-
ducts being now taken and added together,
the amount should not fall far short of the
original 200 grains, an allowance being made
for the silex not collected, which was dissolved
by the potassa in the 7th process, and this, if
required, may be separated by supersaturation
of the washings of process 8, with muriatic
acid evaporating down to dryness, and ex-
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posing to a low heat ; upon elutriation with hot
water and filtering, the silex will remain.

Reduction of the Platina Ore.

The process pursued by those few indivi-
duals who are at present engaged in the
working of this peculiar metal from its crude
state, for the use of the artizan, is still kept
extiremely close and secret. The fact is, al-
though pure platinum can be easily obtained,
(see assay) it is not so readily made compact
and malleable ; and this is not owing so much
to any deficiency of chemical knowledge in
those who have attempted it, as a want of the
mechanical skill and power also necessary to
produce the effect: and it may be said with
recard to this metal, that those who wish to
undertake its reduction, should unite a know-
ledge ef chemistry with that of mechanics.

In the first place, the peeuliarities of this
metal should be well considered, and all at-
tempts at the fusion (the rock on which so
many endeavours have beenlost) of so refrac-
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tory a substance laid aside ; unless indeed a
furnace heat, equal to that of the combustion
of the mixed gases, can be invented. That
the oxyhydrogen blowpipe before alluded to
will effect the reduction, is very well known ;
and as much as fourteen ounces can be fused at
one time, with a powerf{ul apparatus'ﬂf this
description: that masses so formed ecan be
welded together, is also as certain; but after
all the process on the large scale by this means,
would be extremely tedious; although, per-
haps, in time a facility of operation might be
altaimned, together with an increase of power,
hat would render this method not so defec-
tive as might at first be imagined. The chief
part of the platinum that is used in this coun-
try, comes from France; and it has been as-
serted thatthesuperiority of their manufacture,
arises from the total use of charcoal heats,
which as containing less sulphur and other im-
purities than coal, renders the metal tougher
and more malleable. From a number of ex-
periments made a short time since in my own
laboratory, on upwards of 150 ounces, and in

which I was assisted by a clever mechanic, T
consider the following to be nearer the I'rench
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process, than I have ever before seen given in
print.

Having obtained a considerable quantity of
the yellow precipitate in a pure state, as di-
rected in the assay, put it into saucers of half
baked clay, (which may be 8 or 10 inches in
diameter, by 3 or 4 deep) place a number of
these so charged into a mufile, similar in shape
to an enameller’s, or a common baker’soven,
and apply heat, until the whole of the muriate
of ammonia is expelled, a side-opening for
which should be made, communicating with-a
balloon receiver, in order that the salt may be
collected, and which will serve for a second
portion. The damper being now closed, and
the fire allowed to go out, the plates when
sufficiently cool are to be taken out and
emptied of their contents. Before proceeding
any further, it is necessary to observe that the
admixture of any dirt, or of any foreign matter
in this part of the process, will be sure to
render the working in the after stage ex-
tremely difficult if not abortive.

The metal now in the form of a dark slate
coloured powder, is to be boiled in clean
water, acidulated with muriatic acid for half
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an hour, in a clean unglazed earthen vessel—
a platina one is preferable, as not liable to
crack by heat. Decant the supernatant liquor
and wash the powder with repeated quantities
of boiling water, until the washings cease to
give either a blue precipitate to ferrocyanate
of potassa, or a white to nitrate of silver, thus
showing the absence both of iron and muriatic
acid. Now before the metal is taken out of
the vessel, pour on it a concentrated solution
of the subborate of soda (common borax) boil
for a few minutes, and without washing, col-
fect and dry.

Having proceeded thus far, a wrought iron
tube perfectly clean within side, 1s to be pro-
vided, and which, for the first experiment,
may be formed out of six or eight inches of a
musket barrel, into the hollow of which, fur-
nished with a stopper at the one end, and pre=-
viously rubbed on the inside with a little
powdered plumbago, force by means of a
good screw-press, as much of the metal as
possible. Provide now a clear charcoal fire,
in a good blast furnace, into which place the
tube, applying a very gentle heat at first;
when the whole is red hot, and the particles of

|
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borax appear oozing from the surface, remove
it from the fire, and with the stopper and
screw-press, force itto the utmost. The heating
and pressure may be again repeated, after
which the platinum may be removed; by strik=-
ing the tube with a hammer in every direction,
an ingot of metal is thus produced, which
appears compact, and horny when at a full
red heat, it is not, however, perfect, as 1if put
into the flatting-mill it breaks in every direc-
tion. It is finished by alternately placing on
the bare coals and intensely heating, remov=-
ing to a polished anvil, and striking with a
bright faced hammer. 1f this is repeated 18
or 20 times, taking care that the blows at
first are very gentle, and gradually increased,
that it is not struck except when at a white
heat, and if care has been taken in the puri-
fication of the precipitate in the first instance,
a good ingot will be obtained; the test for
which is the flattingmill ; should this not be
the case, and the metal turns out brittle, it
must be broken up and subjected to the pro-
cess of cementation, as with iron ; if this does
not correct it, it shows that it is alloyed with
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some other substance, when the whole process
of solution, &c. must be repeated.

Platinum 1s a metal which, when viewed as
an article of commerce, may be regardéd as
still in its infaney; it is extremely useful to
the chemist, and notwithstanding its high
price, boilers made of it have been introduced
into several manufactories for the preparation
of acids and other substances, for which glass
was formerly employed, and the durability of
which 1s so very uncertain. Many attempts

have been made to reduce the ore by cheaper

methods than the one just described, but they
have all failed in producing that perfect
metal which alone is valuable, and to which
no other approaches, with the exception of
gold. The price will, no doubt, in time, be
reduced, when it is more abundantly pro-
eured, and there are more manufactories for
working it; but until that period, its utility
will not be half known, or its value duly ap-
preciated.
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GOLD.

Although this metal is always found in a
reguline state, it seldom occurs in that deno-
minated pure gold, being for the most part
alloyed with silver, copper, tellurium, or some
few of the other metals. Native gold is that
" description, which, although united with silver
or copper, does not contain such a quantity
as to destroy its malleability, and is found in
the crystalized, ramose, massive and granular
forms. When, on the other hand, it is com=
bined with tellurium, lead, or iron, it is known
by the names of graphic gold ore, (from the
peculiar arrangement of its erystals assuming
a resemblance to writing,) auriferous galena,
and auriferous pyrites, the analysis of which
will be found under their respective metals.
The great value which has always been at-
tached to this metal, has occasioned its dis-
covery in many parts of the world, particu-
larly in the Brazils, Mexico, and Peru; also
in the sands of many rivers in Africa, Su-
matra, Japan, Transilvania, Hungary, Italy,
in the county of Wicklow in Ireland, and
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more or less in almost every country. It
occurs in rivers, or dispersed through the
substance of primitive mountains, particularly
in argillaceus schistus, and clay porphyry,ac-
companied with felt-spar, calcareus and heavy
spar, quartz, galena, pyrites, &c.

The specific gravity of gold ores varies
from 12, to 19. Colours, gold yellow, brass
yellow, greyish yellow, and pale brass yellow.

The varieties are—

Hexahedral, or native gold—gold with a
minute portion of silver and copper.

Brass yellow native gold—gold with a little
silver and iron.

Greyish yellow native gold—gold alloyed
with platina. |

Argentiferous gold—gold with a consider-
able quantity of silver.

Before the blow-pipe the whole are redu-
cible into a metallic globule, consisting of the
gold united to the alloy; the latter may be
separated, silver excepted, by continuing the
action of the exterior flame, with the addition
of a little crude flux or nitre. Before the
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oxyhydrogen blow-pipe, the metal is vola-
talized in the form of a purple oxide.

Tests for gold.

The salts of gold are of a pale or deep
yellow tint; their solutions give with—

Proto sulphate of iron Metallie gold.
Recent muriate of tin  Purple precipitate.
Potassa and soda Yellow ditto.
Hydro sulphurets Black ditto.

Solvent nitromuriaiic acid.

Assay.

The assay of the gold ores already men-
tioned, is extremely simple and easy, and the
only difficulty attending others which contain
gold, the relative small proportion of this
metal, even in those which are considered
rich, and this quantity being often dispersed
‘through an extremely hard matrix ; when this
is the case, it will be necessary to flux it, to
effect which, first reduce a portion of the ore
to a fine powder; take of this a given quan-
tity, mix it intimately with four times its
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weight of dry caustic potassa, or with a solu-
tion containing this quantity, and to which a
little borax may be added ; place this mixture
inagoodecrucible,reduceto drynessand expose
for an hour to a bright red heat, at the end of
which time the fusion should be complete, and
the metals contained in the ore in a button at
the bottom of the vessel. 1If this is, however,
not the case, it shows that a sufficient heat has
not been given, when the process should be
repeated ; but if this is not convenient, the
crucible and contents may be placed in an
| iron vessel containing water, and boiled until
thewhole of the flux is dissolved, and everypar-
ticle is detached from the crucible, the residue
is nowto be taken out and collected together.
The button resulting from perfect fusion, or
the residue insoluble in the boiling water, is
now to be digested with heat in a sufficient
‘quantity (8 or 10 times its weight) of a nitro
muriatic acid, rather dilute, and this process
continued until the whole is taken up, or all
action ceases, If a white flocculent preci-
pitate remains, it is silver, but which has no
connexion with this assay; pour off the clear
liquor, .elutriate any residue there may be,
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add the washings to the first solution, and
pour in a solution of the proto sulphate of
iron until no further precipitation ensues.
collect on a filter, elutriate, mix with half its
weight of nitre, and a little borax, and re-
duce as before. A button of pure gold will
remain.
Should the ore be found not to contain silver,
the assay may be varied as follows: the ore
. having been reduced to powder and fluxed,
~ the residue may be alloyed by fusion, with
~ twice its weight of lead, and submitted to
cupellation, the lead in this case vitrifies, car=
rying with it the baser metals; it may also be
- done, although not so eligibly, by repeatedly
~ injecting pieces of nitre on the fused mass,
which will oxydize and vitrify the impurities,
the gold remaining behind,

Assay of gold dust.

[f on the contrary, the particles of gold
exist in a divided state, and free from matrix,
as in stream gold, the fluxing is not necessary,
Cupellation, as before described, being quite

q adequate to its purification, provided it con-
. F : |
y

1
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tains neither silver nor platina. Should the
cupel not be at hand, or the gold dust, con-
tain either of the just named metals, a given
weight, (say 100 grains,) is to be digested with
nitro muriatic acid, the solution precipitated
with proto sulphate of iron, and fused with nitre
and borax, the residue is the gold contained ;
the silver in this instance will remain on the
filter in the form of a white powder (or
chloride) and which, when washed and dried,
may be reduced with a little black flux to the
metallic state. The platina, if contained, is
to be precipitated with muriate of ammoniu,
as described under that article.

The purification of gold and silver consti-
tutes the business of the refiner, to whom the
former comes in an alloyed state, either with
copper, silver, or both combined ; but so hitle
is he in general acquainted with chemistry,
that unless the article is known to be standard
by the Hall mark, it is commonly sent to be
assayed previous to his purchase. If the gold
is alloyed only with copper, cupellation or
purification with nitre and borax is alone ne-
cessary ; but if it contains silver, the processes
of quartation and parting are used ; the main
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object in all cases being to refine at the least
possible expense, for this purpose it is first
necessary to ascertain in what proportions the
silver exists, and if in only a third part, the
addition of three more parts is necessary, so
that when fused together, the mass consists of
two_thirds silver and one gold.

The intention of this is so far to separate the
particles of gold from one another, that in
parting or when rolled out into thin sheets, and
exposed to the action of nitric acid, this metal.
itself insoluble in the menstruum, shall be
incapable of defending the silver from its
action, which is therefore dissolved, leaving
the gold in a pure but spongy state.

Analysis of native gold,

To make an exact analysis of natiye gold,
which is generally this metal alloyed with
silver and copper.

Process 1.—Digest a given quantity with
such an addition of nitro muriatic acid as will
decompose the whole, the residue will be the
silver contained in the form of a chloride :
this when collected, washed, and dried, ‘may

F2




100 CHEMICAL MINERALOGY.

be estimated at three-fourths silver, or it may
be reduced by heat and black flux.

2.—The remaining solution to which the
washings of the silver have been added, is to
be decomposed by proto sulphate of iron, the
gold will fall, which is to be collected, washed
and dried.
- The liquor now remaining contains only the
copper and such iron as was inserted for the
separation of the gold, and of which latter
no account is to be taken. The former may
be separated by immersing a clean plate of
iron, and gently heating thesolution, the copper
will be precipitated in the metallic state ; it is
to be collected, washed, and dried.

The sum of the weights of the products
being now taken, it will indicate the quantity
of the different metals contained in the spe-
cimen, '

- The analysis of gold dust may be effected
in_precisely the same manner.

Reduction of gold ores. .

‘The ores of gold are reduced in the large
way, either by amalgamating with mercury,
or by fusion with lime and vitrifiable matter
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the first process being applicable to those ores
containing native gold, and the second to
auriferous pyrites.—Amalgamation is thus
performed :—

The ore having been brought to the surface,
the larger masses are broken up with sledge
hammers by the workmen, who afterwards
reduce it into pieces not larger than a walnut,
these are sorted according to their supposed
relative value, and subsequently sent to the
mill, where they are reduced to the state of
fine powder. - When this has been effected, it
is generally washed, to separate as much of
the licht stony matter as possible, which is
done either with a machine called a sweep-
washer, or more simply by placing the ground
ore in a shallow vessel with two handles,
which, when immersed in a tub of water or
running stream, and a kind of rotary motion
applied, separates the lichter from the heavier
particles. The residue left from the washing,
15 to be dried and mixed with a sufficient
quantity of mercury to amalgamate the gold
and silver contained; to favour which, a gentle
heat may be applied to the mass for two or
three days, at the end of which the fluid
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amalgam is to be poured off and pressed in a
skin of leather, this will separate a consider~
able part of the mercury, which is again ap-
plied to the same purpose, and distillation of
the residue left in the skin the remainder;
the gold is now left in an impure state in the
retort, it may be purified by cupellation or
quartation as before deseribed. In this simple
way the greater part of the gold which comes
fromSouth America is obtained, and the process
depends upon the strong affinity which mer=-
cury has for the precious metals.

Uses of" this metal.

The purposes to which gold is applied are
too well known to need any description ; its
malleability and ductility are so great that it
may be extended into leaves not more than
the three hundred thousandth part of an
inch in thickness,  Ether, Naptha, and
essential oils take the gold from its solu-
tion in nitromuriatic acid, again leaving it by
evaporation, and this is the case with no other
metal excepting platina.—The purple preci-
pitate of Cassius, which is made by adding
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protomuriate of tin to the solution of gold in
aqua regia, 1s used in the arts.

SILVER.

The ores of silver are rather numerous and
are found in almost every country, but parti-
cularly in Mexico, Peru, Saxony, Bohemia,
the Hartz, and Guadalcanal in Spain; also in
France, Norway,and Siberia: it has also been
found in Cornwall and Devonshire. The
ores may be arranged under the following
heads, which do not include the lead va=-
rieties, in which the metal exists in very small
quantities,

Native silver—silver with small quantity
of antimony.

Auriferous silver—silver and gold,

Sulphuretted silver—silver and sulphur.

Brittle sulphuretted silver—silver, sulphur,
antimony, and iron.

Red silver—silver, sulphur, antimony, and
oxigen.

|
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‘White silver—silver, sulphur, antimony, and
Ieadl_._,._ : > el _

Bismuthic silver—silver, sulphur, bismuth,
and lead.

Carbonate of silver—silver, carbonic acid,
antimony, &c. . - .

Muriate of silver—silver and muriatic acid.

In the crystalline, massive, disseminated,
and many other forms.

Native silver is generally pretty pure, not
containing more than 1 or2 per cent. of alloy;
which consists of antimony, with a little cop-
per, and alumina. g

The specific gravity of silver ores varies
from 5.0 to 10.4; the colours are white, pale
yellow, dark lead grey, bluish black, light
lead, and ash grey; generally glistening and
metallic. They are all reducible to a bead
by the action of the blow-pipe on the char-
coal support. The ores of silver are not
peculiar to any one soil, being found in
granite, gneis, mica, and clay slate; clay,
porphyry, &ec. It generally oceurs in pri-
mitive mountains. -
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Tests Jor stlver.

The solutions of silver are white, giving a
permanent black stain to the skin.

With the alkalies Dark olive precipitate.

Plate of iron or copper Metallic silver.

Ferrocyanate of potassa White precipitate.

Muriatic acid and White ditto, soluble in
salts of E ammonia.

Tincture of galls Brown precipitate.

Hydrosulphur. ammon. Brownish black.

Assay.

Silver not being acted upon by the fixed
alkalies, renders the assay of its ores ex-
tremely easy, nothing more being necessary,
after previously roasting, to separate any
sulphur or arsenic that may be contained, than
to reduce it to fine powder mixing it with
three or four times its weight of caustic po-
tassa or soda, in a crucible, and applying a
sufficient heat in a portable furnace the metal
will be found at the bottom; if not pure it is
either to be cupelled with lead as before

FO
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described under the article Gold, or fused
with repeated additions of nitre in a crucible.
Assayed in the wet way, it may be dissolved
in pure nitric acid, precipitated with common
salt—the precipitate collected, dried, and
mixed with a little crude flux or pear! ash and
again fused; the button now obtained is pure,
and its weight will indicate the per-centage in
the ore. 1f any gold has been contained, it
will be left undissolved in the form of a black
powder.

The nitric acid here used should be very
pure.

Before the oxyhydrogen blow=pipe silver
burns with a beautiful green light, and is, at
length, entirely dissipated.

Analysis.

- To make an analysis of the silver ores, the
following examples will point out the method
of operating :—

Exampre 1.—100 Grains of the crystal-
lized auriferous silver, which upon trial was
found to contain only gold, silver, and copper.
were put into a mattrass with two ounces of
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nitromuriatic acid rather dilute, and heat
applied. Nitrous gas was disengaged, and
white curds floated in the solution; when
cold, the whole was thrown upon a filter; the
residue, well washed and dried, was chloride
of silver: and this was afterwards reduced to
the metallic state with a little black flux in a
crucible.

2.—The washings of the silver being added
io the clear filtered liquor, a solution of proto
sulphate of iron was poured in until no further
precipitation took place; the precipitate was
collected by decantation, and after well wash-
ing was reduced with nitre and weighed.

The remaining solution now containing the
copper, after the last washings had been
added, was decomposed by a clean plate of
iron, which threw down the copper in the
metallic state, i1t was collected, dried and
weighed ; the sum of the weights indicated
three fourths of a grain loss,

l.—Antimonial Silver.—100 grains of this
variety were digested in 10 times the weight
of nitric acid; a portion of the ore was left
behind, which, when collected on the filter,
washed, and dried was silex,
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2.~—The washings of the silex being added
to the strong solution occasioned a turbidness,
more water was therefore added and a preci-
pitate fell ; it was the oxyde of bismuth con-
tained in the ore.

3.—Muriate of soda was now added, which
threw down the whole of the silver,and which
upon being washed and dried was estimated
as three fourths metal.

Another specimen of antimonial silver was
afterwards taken, which, upon testing, was
found to contain silver, antimony, iron, sul-
phur, copper, and lead.

1.—200 grains of the finely divided ore
were digested with dilute nitric acid, which
took up the whole, excepting the sulphur and
a small quantity of siliceous matter, the matrix
of the ore; this was gently dried and weighed,
afterwards submutted to a red heat and
weighed againj the sulphur was thus burnt
off and its quantity estimated.

2.—The clear liquor was now largely ‘di-
luted with water, which precipitated the anti-

mony in the form of an oxyde, it was collected,
washed, dried,and the liquor concentrated by
evaporation, which then let fall a little more
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oxyde of antimony.—One hundred parts of
the oxyde are equal to about seventy-six of

“metal.

3.—The solution, now containing four
metals, was partly decomposed by sulphate of
soda, this threw down a white precipitate, the
sulphate of lead, it was dried, and its value
estimated by the scale of equivalents.

4.—The washings of the last process being
added to the remaining solution, muriate of
soda was added, this precipitated the silver,
which was washed, collected, and reduced as
usual.

5—To the remaining liquor, now holding
the iron and copper, caustic ammonia was
added in excess, and the mixture heated.
The iron was thus precipitated, and which,
after washing and drying was mixed to the
consistence of a paste with linseed oil and
heated until magnetic; being now in the
metallic state, its weight was ascertained.

6.—The ammonical solution remaining

- after the iron had been separated, was super-

saturated with nitric acid, and the copper
precipitated by a clean plate of iron.
7.—The sum of the weights of the products
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being now taken, and indicating a greater
loss than usual, the solution was again tested ;
as no metal was however contained, nitrate of
barya was added, which occasioned a white
precipitate of sulphate of barya, which, when
washed and dried was equal to four grains of
sulphur, and which had been acidified by the
first process of digestion in nitric acid.

Red silver ore—generally consists of silver
united with sulphuric acid, sulphur, and anti- |
mony ; or what is the same, silver, antimony,
sulphur, and oxigen, it may be analysed as
follows :—

Process 1.—A portion of the ore, pre-
viously levigated, is to be placed in a mattrass
or flask ; five or six times its weight of dilute
nifric acid poured upon it and heat applied;
if not sufficiently decomposed by this quantity
a further portion of acid must be employed,
but any greatexcessisin this casetobe avoided
as 1t will acidify the free sulphur contained in
the ore. A solution of the metallic part being
thus effected, it is to be diluted with water and
filtered, taking care not to add so much of
this latter as will occasion a cloudiness; the
residue, when washed and dried, is the
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sulphur together with the matrix of the ore;
it is to be weighed and the sulphur burnt off,
the quantities of which are thus estimated.

2,—The solution, now containing only an-
timony, silver, and sulphuric acid is to be
treated as in the second, fourth, and seventh
processes of the preceding analysis,

Bismuthie Silver.—In this ore the silver is
alloyed with bismuth, sulphur, lead, and some-

times 1ron and copper. The analysis is to be
conducted in precisely the same manner as in
the second example given of this metal; the
bismuth being precipitated by water in the
same way as the antimony. '
Corneus Silver.—This is one of the richest

of the silver ores, containing often 75 per
cent. of metal.

To ascertain its composition,

Process 1.—Mix the powdered ore with
four times its weight of carbonate of soda and
flux in a crucible for half an hour; when the
fusion is complete, dissolve out the mass with
boiling water, and edulcorate the residue; the
remaining portion is to be digested in nitric

acid; the silver precipitated with muriate of
soda, and reduced as before,
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2.—The alkaline liquor containing the mu-
riatic acid of the ore, in combination with
soda, together with some portion of free alkali,
is to be brought to the point of saturation with
distilled vinegar; if alumina was contained in
the ore, as.it frequently is, it will be preci-
pitated in the form of a white flocculent
powder, which is to be collected on a filter,
washed, dried, and weighed. _

3.—The remaining solution is now to be
evaporated to dryness, and the mass digested
for several days in good alcohol; this will
take up the uncombined alkali, and muriate
of soda will remain, 58 parts of which, are
equal to 24 of muriatic acid; or, this process
may be varied and much shortened, by adding
to the alkaline liquor nitrate of silver, every
100 parts of the precipitate will indicate 25
of muriatic acid.

4.—If sulphuric acid has been contained in
the ore, which is generally the case, although
in very small quantities, the salt remaining
after the alcoholic process, is to be dissolved
in water, and tested with acetate of barya;
the sulphate will thus be thrown down, and its
equivalent may be ascertained. |
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Grey Silver Ore, or Carbonate of Silver.—
This variety is easily reducible per se by heat ;
if any other metals are contained, the mass is
to be dissolved in nitric acid, tested for them,
and the analysis conducted as in the pre=
ceding examples. If the quantity of silver
only is required, it may, in common with all
the other silver ores not containing gold, be
obtained by cupellation; but as this ore
seldom contains besides Eil‘FEf,l any other sub-
stance than antimony and carbonic acid, it
- will not after what has been already said, be
necessary to give any analysis.

Uses of the Metal.

Silver not being easily tarnished by expo-
‘sure to air, and possessing a considerable de-
gree of metallic splendour, is used in the ma-
nufacture of trinkets, as well as the making of
coin ; for the latter purpose it is alloyed with
‘a small quantity of copper to increase its
‘hardness, and consequent durability. Itis ex-
'tremely tough and malleable, although not in
1180 great a degree as gold, it does not fur-
grmsh the artist with any good colour ; but its
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solution in nitric acid, is used to impress in-
delible characters on linen, cotton, &c.

PALLADIUM.

This new metal was first discovered by Dr.
Wollaston, in his researches into the nature
and constituents of the platina ore. Thisgen-
tleman has also ascertained its existence in
the native state, in the form of small grains,
alloyed with a small quantity of platinum and
iridium. It is of a steel grey colour, pos-
sessing a metallic lustre and fibrous fracture.
Specific gravity a little greater than silver:
it is peculiar to the alluvial gold districts in
Brazil,

. Before the blow=pipe palladium is infusible,
but when heated in contact with sulphur or
arsenic, it-runs into a brittle mass; the
latter is again driven off by continuing the
heat, leaving the metal in a porous and slightly
malleable state, :
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Tests.

: p Yellowish white pre-
Prussiate of mercur}r;Ye_ W p
cipitate.

Prussiate of potassa  Olive.

Sulphuretted hydm- 2 Datk iowni

ogen
All the metals except

gold,silver,andpla- ; Metallic palladium.

tina

The best solvent for palladium, 1s the nitro
muriatic acid, with which it forms a deep red
- solution ; it is also but feebly acted upon by
" the muriatic, nitric, and sulphuric acids, which
take up a-small quantity of it.

Assay..

The native ore of palladium, may be assayed
by solution in nitro muriatic acid; and pre-
 cipitating by prussiate of merr..ury The yel-
lowish white powder thus obtained is the prus-
-siate of palladium, and which by exposure
'to heat will be decomposed, the acid flying
‘off and leaving the metal pure. For the me-
'thods of separating it from platina, rhodium,
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iridium, and osmium, see the article Platina,
Pure palladium is ductile and malleable, and
when rolled into sheet is flexible, considerably
harder, and more elastic than platina ; before
the oxyhydrogen blow-pipe, it readily fuses,
This may also be effected in a wind fur-
nace; the button thus obtained is of a dull
white, with a specific gravity about 11.

RHODIUM.

This metal was also discovered by Dr.
Wollaston, in the ore of platina: it may be
obtained as before mentioned in the analysis
of that metal. It appears infusible even
betore the oxyhydrogen blow-pipe ; but may
be easily combined with arsenic, which ren-
ders it extremely fusible: the greater part
of thismay be again driven off, by exposure to
a long continued low red heat, by which it is
volatilized; leaving the rhodium as a striated
and rather porous mass, but sufficiently hard
to scratch glass. -

The specific gravity of this mata.l is about
the same as that of palladium: when the
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oxyde is heated with borax, it ‘assumes a
white, shining, and metallic appearance; it is
soluble in most of the acids: these solutions
do not afford crystals by evaporation; but
give a fine rose red colour to water and

aleohol, from which circumstance its name,
rhodium.

i e

Tests for

The triple salt with soda is crystallizable ;
but takesseveral days before the crystals make
their appearance.

Alcohol and water Rose red solutions
Yellow oxyde soluble

in excess of.
Solution of platina Yellow precipitate.

Caustic alkalies g

Assay.

© If it is wished to” determine the quantity of
this metal existing in the platina ore, without
any reference to the other constituents, it may
be performed thus:— '

- Process 1.—A given quantity of the crude
platina ore, is to be digested in nitro muriatic
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acid, which will take up the platina, palladium,
and rhodium: add to the clear solution mu-
riate of ammonia, the platinum will be pre-
cipitated. |

2.—Decant the clear liquor, and im-
merse a clean plate of zincy a black pow-
der will fall, which is to be digested in dilute
nitric acid, to separate any copper or lead |
that may have been contained in the ore.
Digest again in dilute nitro muriatic acid ; add
some common salt, and evaporate to dryness.

3.—The dry mass in process 2, is to be di-
gested in alcohol; a red substance will re-
main, which is to be dissolved in water again
precipitated with zine, mixed with borax, and
strongly heated; the residue will be the
rhodium.,

IRIDIUM.

Which has been before noticed under the
article Crude Platina, and of which it consti-
tutes a small portion, was first ascertained to
be a distinct metal, by Mr. Tennant, who pub-
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lished his analysis of the black powder re-
maining after digesting the grain platina in
‘nitro muriatic acid. For the method of pro-
curing it, see that article.

Iridium is also supposed to exist in the form
of an alloy with osmium, uncombined with
the other metals: this compound is hardly
distinguishable from the other grains of pla-
‘tina with which it is mixed, but by its difficult
-solution in acids; when, however, more nar-
1 rowly examined, the grains will be found to be
of a darker colour and extremely brittle,
“which is not the case with those of platina.

The specific gravity of these grains is 19. 5.

Iridium unites with most of the metals form-
1ing with gold, silver, and copper, malleable
‘compounds; in this respect it differs from
platina, the alloys of which are hard and
brittle,

The name iridium was given by its disco-
'verer, on account of the great variety of
' colours 1t exhibits while dissolving in muriatic
Lacid,
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Tests for

instantly destroys the

Tincture of galls % red colour of the
solution. '-

Ammonia and the 191
Yell tate.
fixed alkalies } A L

Pure iridium is white, it does not enter into
direct combination either with sulphur or
arsenic,

OSMIUM.

So called from the peculiar pungent smell
of its oxyde, is the last article to be mentioned
as forming a part of the platina ore. It may
be procured as mentioned under the head of
that article. Its oxyde is soluble in alcohol
and water, and this solution gives a dark stain’
to the skin as permanent as that produced by
nitrate of silver.
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To obtain the osmium from the oxide, the
solution of it may be shaken with mercury ; an
amalgam of the two metals will be formed
which may be separated into its constituent
parts by distillation in a retort.

Tests for

The solutions of the oxide of this metal give
out a peculiar pungent odour.

Purple changing to
blue.

} Yellow solution.

Infusion of galls,

Lime, ammonia, and
carbonate of soda,
~ Solutions of lead, Yellowish brown.

The peculiar characteristics of osmiuw,
~ which is of a dark grey colour, are insolu-
bility in acids, but ready solubility in potassa ;
its great susceptibility of oxidation, its vola=
tility, and the peculiar smell of its oxide.

~ Note.—The four newly discovered metals in
the platina ores have not been obtained as
yet in sufficient quantities to enable us to
ascertain whether they will prove of much use

to society. The only experiments on thissub-
G
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ject at all interesting to the public, were made
by Messrs. Faraday and Stodart, on their com-
bination with steel, for the improvement of
cutting and surgical instruments, &ec., and
published in the Transactions of the Royal
Society a short time since.

"MERCURY.

Mercury, commonly called quicksilver, is
found native in the pure metallic state, but
the source from whence the greater portion
1s obtained, is from the sulphuret of the metal
or native cinnabar,

Fluid mercury is between tin and silver
white. It is collected in globules in cavities,
or holes dug in the earth for the purpose.
The principle mines which furnish this metal,
are those in Idria, Deux Ponts, Almaden, and
Guanca Vellica; it is not peculiar to any one
soil, being found in quartz, indurated clay,
argillaceous schistus, calcareous spar, &e. &e.

The ores of mercury may be divided into—

Metallic mercury
Native amalgam Mercury and silver
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Cinnabar Mercury and sulphur,

Mercury oxygen, mu-

g riatic and sulphuric
acids.

. Horn mercury

In the state of fluid, semi-fluid, erystallized,
massive, fibrous, pulverulent, investing, &c.
Most of the ores of mercury are readily dis-

tinguished from those of any other metal; in
the first variety globules of the metal are seen
attached to or just starting on the surface,
which is at once a sufficient criterion, mercury
being unlike every other metal; in the second,
by the fine white colour, and the action of
the blow-pipe, which sublimes the mercury
and leaves the silver behind ; the third, by its
beautiful deep red tint, varying from cochi-
- neal to scarlet red, excepting in those termed
- hepatic cinnabars,which are generallyofalead
- grey; the fourth, by its light grey colour, its
partial solubility in water, and its complete
volatilization by heat, emittine at the same
4 time an arsenical odour. Before the blow- -
pipe, these varieties burn with a blue flame
‘and sulphurous odour, leaving more or less
'residue behind them, and which may consist
G2
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of earthy matter, as silex and alumina, toge-
ther with the oxides of iron and copper.

The specific gravity of the mercurial ores
varies from 6.5 to 10.5; that of the pure
metal, as revived from its oxide, being 13.5,

The action of the blow=pipe on the ores of
mercury has already been stated; a very
ready method of collecting the sublimed
metal, is to place a portion of the ore at the
bottom of a small test, or other tube, closed at
the one end and loosely stopped by the finger
at the other, a slip of clean sheet copper
being previously inserted, if the flame of the
blow-pipe is now driven on the sealed end of
the tube, the mercury will sublime and attach
itself 1o the copper. It is to be remembered
that this method is only applicable to the first
and second varieties ; but the others may be
treated in the same way if previously mixed
with a little protoxyde of iron, or a few
grains of clean iron filings, and if care has
been taken in gradually raising the heat, and
the tube remained sound as before the in-
creased weight of the copper, will pretty ac~
curately give the quantity contained; if any
olobules should appear attached on the inner



MERCURY. 125

surface of the glass tube, that part of it which
holds the impurities of the ore is to be cut off
with a file, and the remainder accurately
weighed, it should then be well cleaned
and reweighed, the loss will give the mercury
attached.

Tests for.

The presence of this metal when in solution
‘may be detected by—

A plate of copper, Metallic mercury.
Dark powder chang-
iron, g ing into fluid mer«
curywhen triturated
Fresh lime water, Orange precipitate.

Ferro prussiate of po=- Whits  ditto
tassa :

Hydro sulphurets, Black ditto.
Gallic acid, Orange yellow.

Assay.

The assay of the ores of mercury in the mi-
nute way has been already mentioned, the
quantities may be enlarged if an iron retort
. is used instead of the glass tube; on a more
extended scale, see reduction of




126 CHEMICAL MINERALOGY.

Analysis.

The analysis of the ores of mercury is very
simple, seldom containing more than six, and
often only two foreign substances. '

The analysis of the native mercury need
hardly be mentioned, as however, it some=
times contains a minute portion both of
silver and bismuth, it may be thus con=-
ducted :—

Process 1.—Place a small portion, say 100
grains, in a small flask set in the retort
stand, pour upon it by small quantities at a
time, pure nitric acid a little diluted until the
whole is dissolved, pour this into another glass
vessel holding about a pint of clean distilled
water, the oxide of bismuth will fall; filter,
and collect; wash until tasteless; dry and
weigh, The washings of the filter being
added.to the other solutions, the whole 1s to
be evaporated to one half; when, if any fur-
ther precipitate is given, it is to be collected
as in the preceding and added to it.

2.—The solution now containing only silver
and mercury, is to be decomposed by muriate
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of soda : muriate of silver will fall; collect,
&c. as before.

3.—The washings of 2 having been added
to the remaining solution, carbonate of po-
tassa, will throw down the mercury, which
when heated with a little charcoal, will give
the metal in a fluid state.

[
Native amalgam.

The analysis of the native amalgam is pre-
cisely the same, the foreign matters only en=-
tering in larger quantities; for the sake of
variation, however, the following method may
also be adopted.

Process I.—Proceed exactly as in pro-
cess 1 of the former analysis, which will get
rid of the bismuth ; and evaporate to dryness.

2.~Mix the dry residue, consisting of the
oxides of silver and mercury, with a little
charcoal powder, and submit to a low red
heat in a coated retort; the mercury will

distil over, and a button of silver will remain
behind.
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Native cinnabar.

The analysis of native cinnabar, or sulphu-
ret of mercury may be thus effected.

Process 1.—A given weight of the ore
reduced to powder, is to be digested with
heat in muriatic acid, adding occasionally a
few drops of nitric acid to effect a solution
when the action of the acid ceases, and a few
drops more of fresh nitric acid produce no
effeet, pour off the clear liquor, edulcorate
the residue, and dry with a gentle heat ; this
will consist of the sulphur with any siliceous
matter insoluble in the acid, the separation
of which may be readily effected by heating
them in a platina dish or the bowl of a
tobacco pipe, the sulphur will then burn off
and the loss in weight upon reweighing will
indicate the quantity contained.

2,—The nitric solution 1s now to be tested,
and if found to contain only mercury, iron,
and copper, the solution may be evaporated
to dryness, taking care not to give so much
heat as would decompose the mercurial salt;
upon resolution in distilled water the chief
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part of the iron will be left behind in the state
of per oxide. '

3.—Immerse into the solution a clean plate
of iron, and gently heat it, the mercury and
copper will fall down : the precipitate thus
obtained is to be well washed, dried, weighed,
and ignited, the residue left after this will be
the copper, and the difference in weight
before and after ignition will give that of the
mercury.

Or, after process 1, decompose the solation
by adding ammonia in considerable excess,
which will throw down the iron and mercury,
geparable by heat, while the copper will
remain dissolved. Super saturate the ammo=
nia with any acid, immerse a clean plate of
iron, and the copper will be obtained in its
metallic state ; if any sulphur has been acidi=

fied in the process, it may be thrown dewn by
nifrate of barya.

Horn mereury.

This variety is a murio sulphate of the
metal, and its constituent parts may be thus
ascertained :—

Process 1.—Having reduced a portion to

G D
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130 CHEMICAL MINERALOGY.

fine powder, digest it in good acetous acid;
if any metallic mercury has previously existed,
interspersed through the substance of the ore,
it will be left behind, and is to be collected,
washed and dried. |

2.—To the clear solution add nitrate of
barya, which will throw down a white pow-
der, the sulphate of barya, collect, well
wash and dry on a filter; every 100 parts in-
dicate 34 of dry sulphuric acid, or thirteen
and a half of sulphur.-

3.—Add the washings of the last precipitate
to the remaining solution, and drop in nitrate
of silver until no further precipitation takes
place ; this is the muriate of silver; 100 parts
of which, when washed and dried, are equal to
25 of acid.

4,—Add the washings of the last process as
before, and precipitate the mercury still in
solution by a plate of clean iron. The pow-
der obtained when dried and triturated will
assume 1ts characteristic fludity.
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Reduction of the ores of mercury.

The processes adopted for the extraction of
this metal from its ores, although varied a
little in the different countries in which they
are found, are all, however, extremely simple.

The ore, after it has been sorted, and those
pieces whicll appear destitute of metal thrown
aside, is afterwards ground to a coarse pow=-
der, and well mixed with from one-eighth to
one-fourth its weight of fresh slacked lime.
Iron retorts capable of holding 80 or 90 pounds
weight of this mixture, are now charged,
after which they are placed in a long furnace,
built for the purpose, and heat gradually ap-
plied, until the whole of the metal has distilled
over into receivers connected with the beaks
of the retorts on the outside. When the ves-
sels are cool, they are emptied of their con-
tents, and are again set to work as before.
This is the process usually adopted with the
cinnabars, the lime, in this case having a much
stronger affinity for the sulphur than the mer-
cury, combines with it, and fluid mercury
results, This method also answers very well
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for the fourth variety, simple distillation

without addition being sufficient for the first
and second.

Uses of mercury.

The purposes to which this metal is applied
are numerous and important. In combination
with acids it forms salts, the number of which.
when added to that of its oxides, and to those
formulas where the metal exists in a minutely
divided state, form together a very numerous .
class of medicinal preparations well known
for their peculiar energy on the animal
economy. Mercury is also used in the manu-
facture of barometers and thermometers, for
silvering mirrors and looking glasses. In the
laboratory it furnishes a ready method of col-
lecting those gases which are easily absorbed
by water.
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NICKEL.

Nickel is found very abundantlyin Germany,
where it occurs generally in the form of a
sulphuret, and 1s called, by the Germans, kup-
fernickel ; a combination of this metal and
sulphur, is found also in Saxony, Cornwall,
France,Spain, and Siberia; besides this variety
we have—

small portion of ar-
senic and cobalt,

Native nickel,

gl\‘ickel with a very

Black ore of nickel, g Nickel arsenic oxy-
gen.

Nickel ochre, —iron & oxygen.
Native nickel is found in the mines in the
form of capillary erystals, of a brass yellow
colour, these are brittle, and possess a shin-
ing metallic appearance, attractible by the
magnet and of the specific gravity 6. 5.
Kupfernickel is of a pale copper red colour,
possessing a metallic lustre ; its feature is
coarse grained, shining and metallie, it is
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sufficiently hard to produce fire with a steel,

and varies in specific gravity from 7.4 to
7.8. - :

The black ore of nickel is of a dark grey
colour, passing to black; it is soft, slightly
soiling the fingers, gives a shining streak with
the point, and has an earthy fracture.

Nickel Ochre.

Nickel Ochre has generally an apple green
colour, is soft, has a meagre feel, and splintery
fracture ; it is found in the Lead Hills and in
Saxony.

- The specific gravity of the ores of nickel
vary considerably, that of the pure metal
being 8.6. |

Tests.

The solutions of the salts of nickel are of
a green colour, possessing an acrid sweet
taste; they give with

Hydriodic acid Pea green iodide,
Ferro prussiate of

: g Green precipitate,
potassa
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Hydro sulphuret of 9 . 1
Ammonia
Green, re=dissolved

Ammonia g by excess of

Nickel.—Action of the Blow-pipe.

Before the blow-pipe, the greater part of
the ores of nickel give off sulphurous and ar-
senical fumes, and there remains a dark slag
interspersed with metallic grains. The ores
are sometimes of a very compound nature,
often containing, besides nickel, arsenic, sul-
phur, iron, cobalt, copper, and sometimes bis-
muth and silver, besides quartz and alumina.
The pure oxide is not affected by the common
blow=-pipe, but with borax it fuses readily into
a glass of a yellowish tinge, which nearly
vanishes on cooling. If the borax is over=
charged with oxide, the glass is opaque whilst
in fusion, but on cooling, it again becomes
transparent and of a dull red; when urged
by the inner flame the metal is reduced and
the mass turns to a steel grey.



136 CHEMICAL MINERALOGY.

Assay.

Nickel is one of those metals, the thorough
purification of which presents many little
difficulties to the operator; it is magnetical,
and even acquires polarity by the touch; it is
wmfusible under an intense heat, after which it

1s malleable, and assumes a white colour
between that of silver and tin.

Process 1.—The sulphuret of nickel being
reduced to powder, is to be mixed with char-
coal and well roasted, by this means the
greater part of the arsenic and sulphur will
be separated.

2,—Mix the roasted ore with twice its weight
of black flux in a crucible and submit it to a
strong heat for half an hour in a furnace, a
small quantity of common salt thrown in when
nearly finished will make the whole more

fluid, and allow of the better separation of the
metal.

3.—The button of metal thus oebtained is to
be digested in nitric acid and evaporated to
dryness, the residue to be boiled in caustic
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ammonia, and the clear solution again evapo-
rated to dryness, then mixed with half its
weight of black flux and exposed to a violent
heat; a button of pure metal, if no cobalt
has been contained in the ore, will be the
result.

Dr. Thompson recommends simply to act
upon the ore with sulphuric acid, by which
means, a crystalized sulphate will be ob-
tained ; this is to be dissolved in water, again
crystalized and dissolved, when, on the ad-
dition of a caustic alkali, oxide of nickel will
precipitate, and this, upon being mixed with
a little oil and three or four per cent. of resin,
to the consistence of a paste and exposed to a
strong heat, will give a button of pure metal.

Analysis of the Sulphuret of Nickel.

This being the most compound variety, an
analysis of it will shew the method with the
others: supposing it be found to contain on
trial, besides nickel, arsenie, sulphur, iron,
cobalt, copper, bismuth, and silver; we shall
thus proceed :—

ProcEss]l,—Having reduced a certain por=
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tionto fine powderin a hand mortar, digest it in
successive portions of dilute nitric acid until
all action ceases, and until every thing soluble
“appears to be taken up, the residue will con-
sist of the silex and nearly the whole of the
sulphur; separate these by burning off the
latter ; estimate the quantities of both, and
note them down ; should the nitrie acid have
left any thing else but these two behind, it is
again to be acted upon by nitromuriatic acid,
keeping the solutions separate.

2.—Neutralize any pgreat excess of acid
there may be, by the cautious addition of a
solution of pure soda, taking care not to add
so much as will produce an opacity ; and
throw the whole into four or five times its
quantity of distilled water; a white powder
will now fall, which is the oxide of bismuth ;
proceed in the same manner with the other
solutions; evaporate to half the bulk,and add
any precipitated oxide that may fall to the first
quantity obtained.—123 parts of this oxide
are equal to 100 of metal.

3.—Mix the two solutions with the washings
inthe last process, and if the silver contained in
the first is not easily thrown down by the
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" muriatic acid contained in the second, add
- solution of common salt until the whole is ob-
tained, and the supernatant liquor speedily
becomes clear :—100 parts of this muriate of
silver are equal to 75 metal, and may, it
wished, be reduced to the metallic state by
fusing with a little black flux.

4.—Mix the washings of the last process
with the remaining solution, evaporate to
dryness, and digest the residue repeatedly in
- strongnitrousacid; evaporateagain to dryness,
re=dissolve, and filter; the iron will remain in
the state of a peroxyde.

5.—The liquor, now holding arsenic, cop-
per, nickel, and cobalt, is to be nearly satu-
rated with soda, avoiding so much as will
cause any cloudiness; nitrate of lead, now
added drop by drop,’will precipitate arseniate
of lead, the weight of which is to be taken and
the quantity of arsenic estimated.

6.—The copper may now be separated from
the solution by immersing a plate of clean
iron, which, after standing a few hours with
the addition of a little heat, will precipitate
the whole of it. ,

7.~Theiron introduced in process 3, is now
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to be removed by supersaturating with am-
monia, the liquer filtered, and the excess of
volatile alkali expelled by a gentle heat;
upon the addition of a very dilute solution of
caustic potassa, the oxide of nickel will be
separated, for the reduction of which to the
metallic state, see assay.

8.—The liquor, now holding only cobalt, is
to be saturated with nitric acid; upon the
addition of carbonated soda this will also
fall.

The demand for this metal has been as yet
~ too trifling to induce many trials to reduce it
on an. economical scale in this country,
although its alloy with copper possesses a su-
periority in point of durability of colour over
that of plated metal, and might be applied to
many useful purposes.
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COLUMBIUM.

The metal which bears this name, was first
obtained by Mr. Hatchett, from a mineral
found in Massachusetts, and deposited in the
British Museum. In this specimen the colum-
bium is united to oxygen and iron, it was
therefore considered as an acid, and accord-
ingly denominated columbic acid. This ore
was afterwards ascertained to be identical
with the oxide of a metal found in a mineral
designated Yttrotantalite, by Mr. Ekeberg,
who gave it the name of Tantalum.

Collumbium is of a dark grey colour, pos-
sessing a metallic lustre, much resembling
iron; its specific gravity about 5.6; brittle,
and sufficiently hard to scratch glass. Ata
red heat it absorbs oxygen, and passes into
the state of a white oxide. In the metallic
state it i1s insoluble in acids, but the oxide is
slightly acted upon by the muriatic. It has
been discovered in no other mineral than the
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Yttrotantalite, found at Ytterley in Sweden,
which consists, according to Ekeberg, of

Oxide of columbium. . .80
{1 {1) TR |
manganese ... 8

100

Tests,

~ The columbate of potassa is crystallizable,
and the oxide of the metal is immediately
precipitated upon the addition of an acid.

With infusion of galls Orange precipitate,
The recently prepm:ed% Soluble in the tartaric,
oxide . citric, & oxalic acids,

Neither the ferro prussiate of potassa, nor
the hydrosulphurets produce any change.

The scarcity of Yttrotantalite precludes the
possibility of much being known concerning
the properties of this metal.

e S e e
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TUNGSTENUM.

The ores of this metal are chiefly found in
Cornwall, and may be divided into two va=-
rieties; the one called wolfram, in which the
oxide of this metal is united to iron; and the
other, Tungsten, consisting of tungstic acid
united to lime.

Wolfram, or the tungstate of iron, is of a
dark brownish black colour: it occurs both in
the crystallized and massive form, and pos-
sesses a shining uneven fracture; before the
knife it gives a reddish brown streak ; is con-
siderably hard and brittle, and is a compound
of the peroxyde of tungsten, or tungstic acid
united with the oxide of iron and manganese,
and also with silica. The specific gravity
under 7.5.

Pyramidal tungsten scheelium, or tungstate
of lime, i1s found associated with tin-stone and
wolfram, in Cornwall; its colour is whitish,
and occurs in the massive and crystallized
states; it 1s alsofound in Sweden and Saxony,
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It has a shining uneven fracture, harder than
fluor spar, is brittle, and of specific gravity 6.0:
its component parts are tungstic acid united
to lime and silica, and sometimes with iron
and manganese.

The specific gravity of pure tungstenum 1s

17.5
Before the blow-pipe the ores of tungsten

generally blacken, but are not reducible.

With borax, salt of phosphorus, and soda,
they run into a glass, varying intint according
to the quantity of iron contained. The pure
oxide gives on the platina wire, with salt of
phosphorus, and, before the reducing flame,
a fine blue glass; soda, in a similar manner,
a yellow ore which becomes opake on cool-
ing, but on charcoal a grey metallic scoria of
reduced metal.

Tests.
The solutions of tungsten give with
Alkalies, caustic or

carbonated
Prussiate of Potassa Dirty yellow,

E White precipitates,
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Tincture galls Brownish red,
Sulphuretted hydrogen No precipitate.

As tungstenum has not as yet been applied
to any general use, the assay of its ores may
be taken from the analysis.

Analysis.

Process 1.—Wolfram may be analysed by
first reducing a portion to a very fine powder,
placing it in a mattrass or flask, and digest-
ing with thrice its weight of muriatic acid;
when cold, pour the whole on a filter, and
wash the residue in a small quantity of water.

2.—Digest the residue in process 1, in two
or three parts of strong caustic ammonia,
until this alkali ceases to take up any more;
wash the residue and add the washings to the
ammoniacal solutions; repeat these two pro-
cesses, until every thing except the silex is
dissolved,

3.—Mix together the ammoniacal solutions,
and evaporate to dryness; transfer the resi-
due into a clean crucible, and apply heat yntil

]
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it assumes a yellow colour: it is now pure
oxide of tungstenum.

4.—The muriatic solutions containing iron
and manganese having been mixed toge-
ther,a small quantity of sulphuric acid is to be
added, and the whole evaporated to dryness.

5—The residue in process 4 is to be dis-
solved in distilled water, and the oxide of iron
precipitated by the addition of caustic ammo-
nia in considerable excess, and filtering im-
mediately through a piece of fine gauze, ready
prepared for the purpose.

6.—The ammoniacal solution 1s then to be
evaporated to dryness and heated, which will
drive off the adhering ammonia, and leave the
oxide of manganese behind.

Tungstate of Lime.

The analysis of this variety, supposing it to
consist of tungstic acid, lime, and silica.

Process 1.—Digest a given weight of the
powdered ore alternately in hot nitric acid
and ammonia, as in the analysis of wolfram.
The nitric solutions will contain the lime ; the
ammoniacal, the tungstic acid.
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2.—The nitric solution should be saturated
with ammonia; if any precipitate, it will be
the oxide of tungstenum, and is therefore to
be added to the after produce of the ammoni-
acal solution; after this the lime may be
thrown down either with carbonate or sul-
phate of soda added in excess and gently
heated, we have resulting, either carbonate or
sulphate of lime, from either of which the
equivalent in lime may be readily estimated.

The weight of the silica which has been in-
soluble should now be taken; the ammonia-
cal solutions treated, as in the preceding analy-
sis, and the whole finished by iaking the sum
of the weights of the different ingredients.
Should iron or manganese be present in any
instance, they may be worked as in wolfram.

Tungstenum is a hard brittle metal of an
iron grey colour, difficult of fusion, and easily
converted into a yellow oxide by the joint
action of heat and air; from its scarcity it has

not been applied to any extent in the arts. The

peroxyde was found to give considerable per-
manence to vegetable colours.

"2

r=]
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CHROMIUM.

This metal owes its discovery to Vauquelin,
who obtained it by intensely heating its oxide
with charcoal 3 it occurs, combined with oxy-
gen, under the form of a green incrustation,in
the department of the Rhone, in France ; com-
bined with iron, under the name of chromate
of this metal, in certain parts of ‘America,
I'rance, and Siberia, and lately of very fine
guality, and in large massesinthe Hebrides ;
also in combination with lead, a mieral of a
fine yellow colour but of rare occurrence, in
the Uralian mountains in Siberia: we shall
therefore consider them in  the following
order— .

Native protoxyde of

Chrome
Chromate of iron Chromic acid and iron,
-— lead - lead,

} Chromium and oxygen,
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in the incrusting, chrystallized, and massive
forms. Their specific gravity varies from 5
to 0.5

Action of the blow-pipe.

Before the reducing flame of the blow=-pipe
the pure oxide per se 1s unchanged; with
borax it fuses into an emerald green glass,
when acted upon by the exterior flame this
fine tint changes to a yellowish brown, but on
cooling againregains part of its original hue ;
on the charcoal support it is not reducible to
the metallic state.

Tests.

The solutions of Chromium are readily dis-
tinguished by the fine yellow precipitate which
falls on the addition of nitrate of lead, com-
monly called chrome yellow ; also with

Rich cinnabar precipi-

Nitrate of Mercury g ik

ey ECarmine, changing te
| purple,
Copper Chesnut red, do.
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Assay.

Process 1. —In describing an assay of
this mineral, it is generally sufficient if we
ascertain the quantity of oxide contained,
without proceeding to the fusion of the
metal, an operation of some little difficulty
without the aid of an excellent blast fur-
nace; to this effect, first reduce a known
portion to a very fine powder, mix it with
half its weight of nitre and expose the mix-
ture to a cherry red heat for an hour, or
until the whole of the nitrous gas is driven
off; the mass now consists of the iron in the
state of an oxide and chromate of potassa,
dissolve out the latter with hot water, and se-
parate the oxide of iron by a linen filter; di-
lute sulphuric actd now dropped into the so-
lution should give no extrication of nitrous
fumes, if this is the case a quantity of unde-
composed nitre still remains, and very likely
of chromic acid; should the latter not be the
case, the former is of no consequence in an
assay, but if any chromate of iron remains un-
decomposed it must be fused in a similar

|
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wmanner with a fresh portion of the salt, and
dissolved out as before ; add all the clear
liquors together.

2.—Saturate any excess of alkali there may
be in the solution with nitric acid, which gene-
rally throws down some earthy matter ; filter
and pour in neutral nitrate of mercury until
no further precipitation takes place; throw
the whole on a paper filter, collect and dry.

3.—The red chromate of mercury thus ob-
tained is to be placed in a retort or muffle
under a chimney; when by moderate igni-
tion the mercury will be expelled, leaving
the green protoxyde behind; the lower the
heat and the longer it is continued, in gene=-
ral, the finer is the colour of the oxide.

Analysis of the chromate of lead.

Sufficient having been said under the assay
of the chromate of iron to enable any person
to make an analysis of that variety. The
chromate of lead may now be examined; if,
however, any difficulty should arise in the
method to be pursued with the earth con-
tained, of which there may be both alumina
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and lime, besides silica, the reader may refer
to those substances as treated of in the after
part of this work.

There are two ways of determining the
composition of the chromate of lead, either of
which are easily affected.

Process 1.—A given weight of the pow-
dered ore having been taken, put it into a
clean iron or unglazed earthen vessel, with
three or four parts of the bicarbonate of po-
tassa dissolved in water, and boil it over a gen-
tle fire until the chromate of lead is whelly
decomposed into carbonate of lead and chro-
mate of potassa, pour the whole on a filter,
well wash and dry the residue; should any
yellowness still remain, the powder must be
again treated as before.

2,—The carbonate of lead being collected
and dried, its quantity of metal may be ascer-
tained by the scale, or reduced by fusion with

chareoal or black flux.
3.—The chromate of potassa, in solution,

should be slightly acidulated with nitric acid,
and muriate of barya added until no further
precipitate is given; collect this chromate of
barya on a filter, and wash with a little
water.
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4.~The salt obtained in process 3 is to be
digested in such a quantity of dilute nitric
acid as is just sufficient to dissolve it ; sulphu=-
ric acid now dropped ‘in will precipitate the
barya in the state of a sulphate, leaving
chromic acid in solution.

5.—The analysis may be finished by evapo-
rating the chromic acid to dryness, and heat-
ing ; ehromic acid will be the result.

The ores of chromium are never worked
- for the metal properly so called, but for its
oxide or salts comtaining it; of which the
chromate and bichromate of potassa, the first
a fine lemon yellow, and the second a red
chrystallized salt, are the most important; they
are used in topical dyeing, and furnish the
green oxide applied to porcelain painting.
The chromate of lead may also be mentioned,
which is prepared by adding a solutien of ni-
trate of lead to chromate of potassa; it is
a very durable pigment of a bright yellow
colour; as kept in the shops it is often much
adulterated with white lead.

H 9
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MOLYBDENUM.

The sources from whence this metal is ob-
tained are, first the molybdena, and secondly
the molybdate of lead. The former occurs in
small separate crystals of a rhomboidal
shape, in Bohemia and Sweden, also in Corn-
wall and Scotland, the latter crystallized and
in mass at Bleiberg in Cariathia; thereisalso
another variety, the molybdena ochre j thus
we have

Rhomboidal molybdena—Molybdenum and
sulphur.

Molybdate of lead—Molybdenum, lead, and
oxygen.

Molybdena ochre—Molybdenum and oxy=-
gen,

Molybdena occurs in thomboidal detached
crystals of a lead grey colour; they have a
soft greasy feel, are easily frangible, and soil
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paper if rubbed on it, leaving a bluish grey
streak. Specific gravity 4.5.

Molybdate of lead, pyramidal lead, or yel-
~ low lead spar is of a wax yellow colour, and
occurs in the crystallized, massive, and cellu-
lar forms. Its fracture is uneven, with a soft
resinous appearance. Specific gravity, 6.5.

Molybdena ochre is of a pale yellow colour,
and is found incrusting Molybdena.

The specific gravity of pure molydenum is
8.6.

If the native sulphuret of molybdenum is
exposed to the action of the blow-pipe, sul-
phurous vapours are driven off; after which
the grey powder obtained may be partially
reduced on the charcoal support; with the ex-
terior flame 1t 1s rapidly oxidated, and if put
into an anclined glass tube and heated, sub-
limes and attaches itself to the sides in the
form of a white powder. With borax and the
outer flame the oxide fuses into a eolourless
glass, which when urged by the reducing
flame becomes brown ; the white or peroxyde

having by this means been brought to the
state of protoxyde.
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: Tests.

- Molybdic acid forms soluble salts with soda,
potassa, and ammonia; the two first are crys-
tallizable, the latter not. The solution of the
molybdic in the sulphuric acid is of a blue
colour when cold, changing to white when
heated, but to blue again on cooling ; when
the molybdic acid is triturated with molyb=-
denum, in a mortar, it is partially converted
into molybdous acid, which is of a blue colour.
The molybdates of potassa and soda give a
precipitate with almost every metallic so-
lution.

With gold White powder,
Muriate of mercury Ditto,
Zine Ditto,
- manganese Ditto,
tin Blue,
- copper Ditto,

—~= cobalt Rose=coloured.

The best test is the action of heat upon it.
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Assay.

The method of assaying the first variety of
this ore is almost too simple to require men-
tioning ; but as it may be wanted by some
one wholly unacquainted with chemistry, it
may be digested with heat in nitric acid;
molybdic acid will be formed, which remains
in the solution, while the sulphur is left be-
hind ; should any of the latter have been dis-
solved, it is to be thrown dewn by a few drops
of nitrate "of barya, taking care not to add
an excess of it; the remaining solution, after
filtration, is to be evaporated to dryness—mo-
lybdic acid will be the result.

Analysis of the molybdate of lead.

This variety, supposing it to consist of
molybdic acid, lead, iron, and silver, may be
thus treated :—

Process 1.—Having reduced a portion to
fine powder, digest in moderately strong
nitric acid, this will take up all but the silica ;
should any peroxyde of iron be thrown down,
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it is to be separated by digesting in munatic
acid, and this will leave the silica pure.

2.—The solution freed from the silica, may
be again decomposed by sulphate of soda,
this will remove the lead in the state of a sul-
phate ; well wash this, add the liquors toge-
ther, and if any sulphur has been acidified,
throw it down with nitrate of barya.

3.—To the solutions now remaining, add
caustic ammonia in excess; this will remove
the iron in the form of an oxide.

4,—The molybdate of ammonia now in
solution, is to be evaporated to dryness, and
gently heated ; molybdic acid remains.

The ores of molybdena are scarce, and are
only met with in commerce as mineralogical
specimens ; neither the metal which may be
obtained by decomposing the oxide, nor its
salts, have as yet been applied in the arts.




ARSENIC. 159

ARSENIC.

The form under which this metal is gene-
rally known, is in that of an oxide, the ar-
senious acid; and this is readily converted
into the metallic state by fusion with half its
weight of black flux in a close vessel. The
arsenic now rises in the form of a brilliant
metallic sublimate, possessing a crystalline
surface and fracture.

Arsenic, or rather the arsenious acid, prin-
cipally comes from Saxony, Bohemia, and
Germany, where it is either worked directly
for the market, or indirectly as a product in
working cobalt, and some other ores with
which it is combined in large quantities.

The ores of arsenic may be comprehended
under the following varieties :—

R thihenIc gArsenic with a little

iron.
Pharmacolite, Arsenic, lime,oxygen.
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Arsenical pyrites, Arsenie, 1ron, and
sulphur.
Orpiment,

Realgar % Arsenic and sulphur.

White arsenic, oxygen.
In the crystallized, massive, investing, and
other forms.

The ores of arsenic, or rather those which
contain this metal, are readily known by the
strong garlie-like odour which they give off,
when exposed to heat. Whether any speci-
men under examination is a true ore of
arsenic or not, will depend upon the quantity
contained. Should it have no sulphur, and
the loss of weight in roasting is equal to what
remains, it may be reckoned an arsenical
ore; but if not it will most probably be a
metal mineralized by arsenic. In laying this
down as a rule, it 1s to be remembered that
the matrix, or stony matter, should be first
removed, and that sulphur was mentioned
only that care should be taken that loss in
weight by the roasting is not attributed
whelly to arsenie, when sulphur is present.
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The specific gravity of the ores of arsenic
varies from 2. 5. to 6. 5.; that of the pure
metal being 5. 76.

Before the reducing flame of the blow=pipe,
and on charcoal, the ores of arsenic readily
aive off this metal in the state of white fumes,
the protoxyde. The only preparation of this
substance which is at all fixed, is the ar-
senic acid, or peroxyde ; and thisis readily
decomposed by heat and charcoal, accom-
panied by its peculiar characteristic smell.

Tests for.

Metallic arsenic is readily soluble in nitro-
muriatic acid, from which solution the chief
part may be again separated i the form of
an oxide, by alkalies; and these latter, when
in excess, may be made to redissolve the
whole by an increased temperature : it is ne-
cessary to state this, as two different salts
result, viz.:—the arsenites and arseniates,
and when a test is applied to the solutions of
the one, it will sometimes indicate differently
to those.of the other,
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The arsenite of potassa gives with—

Ly s‘_ﬂp e Df% White precipitate.
ammeonia,
Nitrate of silver, 2 changing -to
brown.
Proto nitrate of mcr-} Grey.
cury,
Per nitrate ditto, White.
Hydriodic acid, White oxide.
Nitrate lead White.
nickel Pale green.
copper, Apple ditto.
uranium, Yellow ditto.
Proto nnc'I per muri-g yop- .
ate of tin,
Sulphate of zine, Ditto.

The arseniate of potassa—

Proto muriate of tin, White.

e i s L i e T

Permuriate, No precipitate.
Nitrate of lead, White,
silver, Reddish ditto.
uranium, Straw colour.
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Many of the tests indicate the same change
with either salts.

Assay.

The assay of the ores of arsenic will vary a
little with the substance in combination; it
may, however, generally be effected by simply
mixing the powdered ore with charcoal, or
other carbonaceous matter, in a subliming
vessel, gradually raised to redness; when
the fumes cease to arise, the vessel may be
suffered to cool, and the sublimed arsenic
now in the metallic state, collected from the
head of the vessel. If care has been taken to
condense the whole of the fumes by keeping
‘the receiver sufficiently cool, the product ob=-
tained will indicate pretty accurately the
quantity originally contained. It may also
be estimated by the processes 1 and 2 of the
following analysis :—

Analysis of pharmacolite, the native arseniate
of lime.

Process 1.—To 100 grains reduced to per-
fect dryness and to fine powder, add a suffi-
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cient quantity of nitrie acid, assisted by heat
to dissolve every thing but the silex, which
1s to be well washed, and collected on a
filter. _

2.—The clear solution, to which the wash-
ings of the last precipitate have been added,
is to be evaporated to one half, to drive off
any very great excess of acid there may be,
and acetate of lead dropped in, until no fur-
ther precipitation of arseniate of lead takes
place; this precipitate is to be collected,
washed, dried and estimated.
- 3.—The nitrate of lime nowremaining dis-
solved, decompose by sulphate of soda, sul-
phate of lime will fall ; if any iron is con-
tained in the ore, it may mow be precipitated
by ammonid, and reduced as before.

Avrsenical Pyrites. -

This mineral being generally composed of
three substances, viz. arsenic, iron, and sul=
phur, may be thus analysed :—

Prociss 1.—Digest a portion of the
pounded ore in dilute nitric acid until every
thing soluble is taken up,the residue will be
sulphur and silex, and this after being well
washed, dried, and weighed, is to be decom-

—
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posed by heat; the loss will, on re-weighing,
indicate the quantity of sulphur..

9,—The washings of the residue, after di-
gesting in the acid, having been added to the
decanted solution, evaporate nearly to dry-
ness, mix this with an equal bulk of charcoal
powder; place the whole in an egg-shaped
crucible, and apply heat: the arsenic will be
volatilized.

3.—The iron and charcoal now remaining,
may be separated by placing the mixture in a
flat vessel or crucible support, and applying a
red heat, the first will remain, while the lastwill
be burnt off: the difference in weight will in-
dicate the quantity of arsenic expelled.

The analysis may also be varied by adding
ammonia to the solutions after the separation
of the sulphur, which will precipitate the
oxyde of iron; and the arseniate of am-
monia may be decomposed by heat.

Reduction,

The method of reducing the ores of arse-

nics on the 'large scale, as adopted n
Bohemia, 1s similar to the following :—

A quantity of impure oxide, as collected
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from the roasting of the arsenical or cobalt
ores, and which is condensed in large flues,
or chambers connected with the chimney of
the furnace, is put into large square cast iron
vessels furnished with conical heads.

A sufficient number of these being set in a
long furnace, heat is applied, and when red
hot, 15 or 20 pounds weicht of the impure
oxide of arsenic 1s ladled in, which, after it has
melted, sublimes into the head of the vessel, a
certain time having elapsed, the period of
which the workmen ascertain by practice,
another portion of ore is ladled in, and so
on till a sufficient quantity to form a thick
cake inside the head has been added, when
the fire is suffered to go out, and the sub-
limed oxide of arsenic afterwards detached
by a hammer; it is now purified, is white,
brittle, and semi-transparent; but becomes
opake, and of a milky white, by keeping.

Arsenic is one of the least valuable of the
metals; with sulphur it forms two compounds,
occasionally employed as colours, viz.—orpi-
ment and realgar, a yellow and red paint;
but from the dangerous effects often pro-
duced, by working with all arsenical prepara=-




TELLURIUM, 167

fions, it would perhaps have been of advan-
tage if they had never been used; a green
colour is also afforded by adding a solution
of arseniate of potassa to sulphate of copper,
and called, from the inventor, Scheele’s
oreen.

TELLURIUM.

The ores of tellurium come from Pensylva-
nia under the name of graphic gold ore,
although but a very small portion of this
latter metal is to be found in them; there are
three varieties, viz.—

Hexhahedral, or native tellurium—Tellu-
rium with a little iron and gold.

Prismatic black tellurium—Tellurium, lead,
gold, sulphur, copper and silver.

Prismatic gold glance —Tellurium, gold,
and silver,

They are found crystallized in leaves, mas-
sive, and disseminated.
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The ores of tellurium may be readily dis-
tinguished by their peculiar pungent odour
when heated, resembling that of horse rad-
dish. The first variety, which is very poor in
cold, is as fusible aslead, but hard and brittle;
its fracture is shining and metallic; specific
gravity a little exceeding 6.0. It occurs in
Norway, and at Facebay in Transilvania.

Black tellurium, is of a dark lead grey
passing into iron black, and often contains as
much as 10 per cent. of gold; it sometimes
occurs in flakes, which in flexibility resemble
talk.—It 1s easily fused. Specific gravity
Tae

Prismatic gold glance, or Tellurium, is
the richest variety of the graphic gold ores,
sometimes containing 30 per cent. of this
valuable metal ; it is either of a steel grey, or
silver white colour; hard, brittle, splendent,
~and metallic; with a fine grained uneven
fracture. Specific gravity 5.7. It is found
in a porphyry bed at Naygag in Pensyl-
vania, :

Most of the ores of tellurium have a very
peculiar appearance ; from the arrangement
of their parts a resemblance to writing is v~
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sible on the surface, whence its name Gra=
phic Ore.

The specific gravity of pure telluriumis6.1;
it crystallizes like bismuth after fusion, and
much resembles antimony in appearance, but
from which it is readily distinguished as
before stated.

Before the blow=-pipe the ores of tellurium
give off a dense white fume, which is the
oxide of the metal, and which, if inhaled,
irritates the lungs and occasions violent
coughing. The pure metal, on charcoal,
burns with a blue flame

Tests.

Tellurium is soluble in the nitrie, nitro-
muriatie, and sulphuric acids; the solution
with the first is permanent when diluted, but
with the secondasubmuriate falls on the addi-
tion of distilled water; the third is of a deep
blue or purple colour: on the addition of

heat, the metal is precipitated white, but if
diluted with water, black.
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Solutions of potassa Whiteprecipitateso-
and soda lublein excess of

Tincture of galls Yellow precipitate,

Tellurium 1is precipitated in the metallic
state bymost of the metals, which have a strong
affinity for oxygen—as iron, zine, tin, &ec.

Assay.

The assay of tellurium may be made in the
same way as that of arsenic; being an ex-
tremely volatile substance, on the application
of heat it readily sublimes from those other
substances which may adhere to it; if, how-
ever, the specimen contains sulphur, part of it
will rise in sublimation with the metal ; it may
be freed from it by solution in an acid, which
will leave the sulphur, collecting in the form
of an oxide, and reducing by charcoal as
usual with other oxides.

Analysis.

The prismatic black tellurium, which is the
most compound ore of the metal, may be
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thus analyzed ; supposing that by testing a so-
lution in nitro muriatic acid, we find it to con-
tain tellurium, lead, gold, copper, silver, and
sulphur.

Process 1.—Digest a certain quantity of
the finely powdered ore in pure diluted nitric
acid, with the application of a gentle heat ;
the gold and sulphur will remain, and 1if any
silex has been contained in the ore, that also:
expose this residue, after washing, drying, and
weighing it, to a low red heat; the sulphur
will burn off and is thus got rid of, the
quantity of which is to be estimated by
weighing.,

2.—Mix the residue in process 1, with twice
its weight of black flux; expose it to a cherry
red heat, either with a blow-pipe on charcoal,
or in a erucible in the furnaces; a button of
gold will remain. This is to be weighed, and
the difference before and after fusion, will
give the quantity of silex.

3.—~The acid selution, contaming tellurium,
lead, copper, and silver, after the washings of
the gold, &c. have been added to it, is to be
decomposed by muriate of soda; this will

12
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throw down the silver: and which after well
washing with hot water may be reduced in
the same way as the gold. g
4.—Add the washings of the pmmpltated

silver to the remaining solution, and pour in
qulphate of soda, the lead will be precipitated;
its quantity of metal is to be ascértained either
by c'alculatinn.ﬂr reduction. ,

5.—To the liquors now remaining, add a
solution of ‘potassa, the copper will be preci-
pitated along with the tellurium; they are
separated by a still further addition “of the
alkaline liquor, which re-dissolves thc Iatter.,
collect, &e.

6.—The tellurium, now alone in solution, is
to be throwndown in the state of an oxide, by
saturating the liquor with muriatic acid.

Neither tellurium nor its salts have as yet
been applied in the arts. The reduction of
the ores in the large way, if worked for this
metal, would be very similar to those of ar-
senic; and if for the gold they contain, the
tellurium would be first driven off by heat,
and the residue submitted to cupellation and
quartation, if necessary. |

e T W
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SELENIUM.

This substance was first examined by Berze-
lius, who obtained it from a native sulphuret
of iron found at Fahlun, which is worked for
the sulphur it contains for the after manu-
factureof sulphuric acid. At the bottom of the
leaden chambers which are used in this pro-
cess, a deposit of a reddish colour was found,
which was ascertained to consist of sulphur
and a peculiar substance to which the name
of selenium was given,

Selenium, when' pure, is of a deep brown
colour, possessing a metallic lustre ; its frac-
ture is lead coloured and glossy ; it fuses at
220°, and if slowly cooled, assumes a crystal-
lirie texture ; when heated in a retort, it sub=-
limes in the form of a deep yellow vapour,
whieh is again condensed in the form of black
drops in the receiver. .When warmed it is
sufficiently soft to be kneaded by the fingers,
and may be drawn out into threads; it is a
non-conducter of heat and electricity, pos=
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sessing a specific gravity of 4.3; before the
blow=pipe it readily sublimes, giving out a
strong' disagreeable odour, similar to horse-
radish, at the same time tinging the flame of
a light blue colour.

Tests for selenium.

The hest tests for selenium are the pecu-
liar smell of its oxide when heated, its ex-
teme volatility and ifs forming a deep red
powder.

Analysis.

The following is the analysis of an ore sup=-
posed to contain tellurium, as examined by
Berzelius :— :

Process 1.—One hundred parts of the
mineral previously reduced to fine powder,
were digested m nitric acid, the solution
diluted with boiling water and filtered, what
remained, was the matrix of the ore.

2.—~Common salt added to the clear liquor
threw down a white precipitate of chloride of
silver, which after collecting on a' filter, well
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washing and drying, gave, by computation, the
quantity of silver contained.

3.—The solution was now decomposed by
passing through it a stream of sulphuretted
hydrogen, the precipitate collected, redis-
solved in nitro=-muriatic acid, and the solution
concentrated until the nitric acid was entirely
decomposed ; it was then diluted with water,
and sulphate of ammonia added, when a deep
cinnabar red precipitate was thrown down;
to collect the last portions of which, the liquid
was afterwards boiled, adding from time to
time small quantities of sulphate of ammonia;
when the whole was thus obtained, 1t was
heated nearly to fusion, and weighed.

4,—The ‘remaining solution after boiling,
was decomposed by carbonate of potassa,
which precipitated the principal part of the
copper, in the state of a carbonate ; the last
portions were obtained by acidifying the li-
" quor with muriatic acid, and immersing a
clean plate of iron.

5.—The liquid in process 2, through which
sulphuretted hydrogen had been passed, was
heated to drive off the excess of the gas, after
which it was mixed with caustic ammonia,
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which threw down a yellowish precipitate con-
posed of oxide of iron, combined with a little
alumina. '

6.—The remaining solution was mixed with
subcarbonate of potassa in excess, and evapo=-
rated to dryness. The saline mass when re-
dissolved in water, left a white earth, which
upon being digested with sulphuric acid
effervesced, and by evaporation deposited

silica.

Selenium has not been applied to any use,
it does not appear to possess much right to a
rank amongst the metals; but as it has a
metallic appearance, and combines with two
distinct proportions of oxygen, it has been
placed by some chemists in- this class of ho=-
dies. Its discoverer seems to consider it as
intermediate between sulphur and tellurium.
This substance is but little known.
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~ CERIUM.

This newly discovered metal. is obtamed in
the state of an oxide from several minerals
found in Sweden and Greenland. The fol-

lowing are the varieties : —

Cerite - } Oxide of cerium, with
Allanite iron, and silica.

Orthite Oxide of cerium, iron,
Pyrorthite manganese, and yttria,

Yttrocerite—sub and dentofluate of cerium,
fluate of cerium and Yitria—Cerium and
fluoric acid. !

Cerite is of a red colour with a brownish
tinge ; its fracture is splintery, has a resi-
nous lustre, and is sufficiently hard to strike
fire with a steel: reduced to powder and
exposed to the action of the blow-pipe, the

colour changes to yellow. Specific gravity
4.9, :

15
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Tests.

There are two oxides of cerium, the
white or protoxide, and the yellow or per-
oxide; with the acids they both form crys-
talizable salts, the first are white, the second
yellow ; they have a sweet taste, and their so-
lutions are not affected by sulphuretted hydro-
gen. They give with

Oxalic acid, oxalate of
ammonia and ferm%White precipitates,
prussiate of potassa

Cerite may bE‘-anat;'fsed by fluxing the
pounded ore with three times its weight of
potassa, dissolving out the silicate of potassa
formed, and treating the residue with muriatie
acid. The muriate of cerium formed is to be
decomposed by oxalic acid, which throws
down a white salt,and which, upon exposure fo
heat leaves oxide of cerium ' béhind. The
metallic base of this oxide will probably be
obtained, with those of some other substances
to be found under the head of Metalloyds:
the other varieties may be treated in a similar
manner.

-
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TITANIUM.

The ores of this metal are found chiefly in
Cornwall and varous parts of Scotland, the
varieties may be stated as follows :

Titanite, anatase—Titanium and oxygen.

Nigrine, menaccanite—Titanium, oxygen,
iron, and manganese.

Iserine—Titanium, oxygen, iron, uranium

Sphene—Titanium, ﬂﬁ}’gen, silex, and lime.

These ores are found under the various
forms of erystallized, amorphous, reticulated,
and massive ; and occur, besides the localities -
already mentioned, in Switzerland, Oysans, in
France, Bavaria, and Norway. Their colour
varies from yellow and red to iron black;
harder than apatite, and brittle. Their spe=
cific gravity seldom exceeds 4.0.

Before the blow-pipe the ores of titanium
are difficultly fusible into a slag of a deep
brown or black eolour, and are often at-
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tractible by the magnet. The pure oxide
alone, is not affected, but with the addition of
a sufficient quantity of borax on the platina
support, it readily fuses into a transparent
colourless glass; if the proportion of oxide is
increased, the fused mass, upon cooling, be-
comes opake and milky ; with the reducing
flame, on charcoal, it assumes a deep yellow,
changing to dark blue when cold : with salt of
phosphorus, in a similar manner, the mass is
yellow whilst in fusion, changing to a violet
when cold.

The salts of titanium are colourless.

With alkalies White precipitate,
Hydro sulph. ammo-

nia, and ferro prus—% Green ditto,

siate of potassa
Infusion of galls Brownish red ditto.

Analysis of Titanite.

_ The assay or analysis of titanite is easily

effected, supposing it to consist of the oxides
of titanium and iron, silica, and lime.
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Process 1.—Into a clean silver crucible,
capable of holding from three to four ounces,
put one hundred grains of the finely divided
ore; pour upon it a solution of caustic po=
tassa, containing three or four times the
weight of dry salt, of that of the mineral
- taken; boil gently down to dryness; place on
the cover and submit to a low red heat for
an hour, or. until the whole of the silica is
dissolved ; separate the mass so formed with
hot water ; pour it into an evaporating dish ;
supersaturate with muriatic acid, and boil
down to dryness; pour upon this fresh diluted
acid; apply a gentle heat, occasionally
stirring, and throw the whole on a filter,—
what remains is silica,

2,—The remaining solution in process 1, is
to be decomposed by caustic ammonia, which
will precipitate the oxides of titanium and
iron, these are to be collected, washed, and
dried, mixed with a little muriate of ammonia,
and projected into a red hot crucible, what
remains should be of a white colour, and is
then, pure oxide of titanium; if the whole of
the iron however, is not removed by once
treating with muriate of ammonia, this
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operation must be repeated. The loss in
welght will give the oxide of iron contained.

3.—The supernatant liquor, now containing
lime only, may be decomposed by saturation
with muriatic acid, adding to it bicarbonate
of potassa and boiling, carbonate of lime will
fall.

Analysis of” Menachanite.

This variety, found at Menachan in Corn-
wall, and also in Bavaria, generally contains
besides the substances mentioned in the last
analysis, a small per centage of manganese ;
to separate this, the processes 1 and 2 in the
preceeding analysis need not be varied.

3.—The remaining solution, containing
lime and manganese, may be decomposed by
oxalic acid ; the lime will fall.

4.—After the separation of the oxalate of
lime, the manganese s to be thrown down by
a solution of carbonate of potassa, and the
precipitate collected and dried. _

The other varieties of the titanium ore are
to be analysed in a similar manner.
© The ores of titanium are rather scarce, and
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may be at present considered as unimportant,
no use having as yet been found for the
oxides of this metal, the reduction of which
to the reguline state, 1s an operation of great
difficulty. Lampadius states it to be of a
bright copper colour, and that he reduced
the oxide by exposing it to a strong heat
with charcoal powder.

URANIUM.

The ores of uranium are found chiefly in
Bohemia, Saxony, and Cornwall, and nay be
divided into

Uran Ochre, J Oxides of wuraniunr
Indivisible uranium, with lead, copper,
or pitch ore and iron, together

Uranite, or uran mica ) with silica & sulph.

The colour of the first variety is lemon or
straw  yellow, and is found incrusting the
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surface of pitch ore; lustre glimmering, soft,
Specific gravity 8.15.

The second variety, or pitch ore, is ge-
nerally black and massive, shining, and some~
what hard and brittle. Specific grayity 6.5.

Uranite is of a dark green colour, and
occurs crystallized or in thin flakes; easily
frangible. Specifie gravity 3.0 to 3.4.

Before the blow-pipe, when mixed with
borax, these ores generally run into a dull
yellow glass.

The peroxide alone, blackens and passes to
the state of protoxide; fused with microcos-
mic salt in the spoon, it forms a transparent
vellow glass by the exterior flame, and a fine
green with the inner.

Tests for

The salts of uranium are yellow or greenish
yellow.

Alkalies . . Yellow precipitate,
H};:ll:; :ulph. of am-g Dark b?nwn, :
Ferrocyanate of po-)_.

- }Flﬂﬁ brown,
Hydriodic acid Reddish yellow.
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Analysis.

The variety called pitch ore may be thus
analyzed:—on trial, I find contained oxide
of uranium, oxides of iron and copper, sul-
phur, lead, and silica.

Process 1.—Digest a given quantity of the
finely powdered ore with four or five of nitric
acid, rather dilute, until all action ceases, and
until a further addition of fresh acid produces
no effect; sulphur and silica’ will be! left
behind, which may be separated by heat,
and their weights estimated.

2.—To the clear solution in process 1, may
be added sulphate of soda, which will preci-
pitate the lead in the form of a sulphate ; col-
lect, dry, and estimate the quantity of lead
contained by the scale of equivalents.

3.—Decompose the solution after the wash-
ings of  precipitate 2, have been added, with
caustic potassa. Digest the precipitate thus
obtained in caustic ammonia; the copper will
be dissolved, and may be obtained in the
metallic state by slightly supersaturating the
ammonia with an acid,and immersing a piece
of clean iron or zinc,
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4.—The oxides of uranium and iron re-
maining are to be dissolved in fresh acid;
the selution precipitated with caustic am-
monia; and subsequently treated as in pro=
cess 2 of the titaniom ore; or the mixed
oxides may be boiled in a considerable
quantity of a solution of the bicarbonate of
potassa, which will take up the oxide of ura-
nium, and leave the iron: to obtain the first
supersaturate the solution with muriatic acid,
and precipitate with caustic ammonia; or the
iron may be precipitated by a cylinder of
zine, and the mixed oxides of uranium and
zinc obtamed by precipitation with caustic
potassa ; treated with pure ammonia, which
will dissolve the latter and leave the former.

Uranium is to be obtained by heating the
oxide intensely with charcoal powder; itis
a brittle metal, of a grey colour, and has not
as yet been applied to any useful purpose,
which arises probably from the searcity of its
ores, it appearing capable of yielding several
colours useful to the artist.
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COBALT.

By far the greatest part of the cobalt which
- 1s seen in this country comes from the Saxon
mines; under the form of zaffre, a very im=-
pure substanee, consisting chiefly of siliceous
matter, ground up and containing a small
portion of the oxide of this metal, together
with a considerable quantity of arsenic, and
sometimes nickel and bismuth from the im-
perfect manner in; which it has been purified.
The cobalt ores are also found in Cornwall,
and will most probably be soon discovered in
various parts of this kingdom.
The ores of cobalt may be divided into four
species, each of which has its varieties.
Cobalt, arsenic and
Cobalt pyrites % sulphur, and often
copper and iron,
Cobalt, arsenic acid,
and water,

Cotilt ochve }Oxides of cobalt and

won with arsenic.

Red cobalt

Sulphate of cobalt }Ox—ide .ni' ctnbult, sul.
phuricacid, & water,
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The colour of the different cobalt ores are
silver and tin white, steel grey, straw yellow,
flesh red, crimson, brown, and black ; they are
mostly either soft or brittle, and give a grey
streak with the point of the knife ; they occur

in the crystallized and massive state; their

specific gravity varies from 2.4 to 6.6: when

rubbed together they usually emit an ar-

senical odour.

Before the blow-pipe the ores of cobalt are
easily distinguishable—first, giving off sulphur
and arsenic, and, on the addition of borax,
running into a fine blue glass. The colouring

property is so intense, that a very small por-

tion must be added, otherwise the colour of

the globule will appear black; one grain of

the oxide producing a deep tinge with two
hundred of glass.

With salt of phosphorus the effect is very
similar. -

" Tests.

The solutions of the salts of cobalt are
sither of a red, green, or blue colour, accord-
ing to the quantity of metal contained.
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Potassa and soda ‘Blue precipitate,

Amimonia

Blue ditto, soluble in
% excess of

Ferro prussiate of

g'Groen precipitate,
potassa

[I;drusulphuret of }Black,

aAmmonia

Arseniates,carbonates

and phosphates % Eeg precipitates

Aﬂalysis.

The cobalt ores may be assayed or ma.l}sed
in the following manner:—

Process 1.—Mix one part of the finely di-
vided ore with three of nitre in a crucible,
and submit to a red heat for half an hour:
dissolve out the arseniate of potassa thus
formed and treat the residue agamn in the
same manner ; after which digest the residue
then remaining in ‘dilute nitric acid, and
filter.

2.—The nitric solution may now be evapo-
rated, to drive off any great excess of acid
there may be in the solution, and largely
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diluted with water —this will separate the
bismuth,

3.—Immerse into the solution from which
the bismuth has been thrown down a plate of
iron of known weight, this will separate the
copper—evaporate the remaining liquor to
dryness.

4,—The dry mass in process 3, is to be
digested in caustic ammonia, which leaves the
iron and dissolves the cobalt and nickel.

5.—Drive off the excess of ammonia in pro-
cess 4, by heat; taking care not to continue
the evaporation so as to produce any precipi-
tate. Add caustic potassa, and throw the
whole quickly on a filter—by this operation
nickel is separated.

6.—Boil the clear liquor remaming—oxide
of cobalt will fall.

7.—Mix the oxide obtained in process 5,
with charcoal powder, and reduce in a cruci-
ble with a good heat; a button of cobalt will
be thus obtained of a bluish grey colour,
which, upon exposure to the air turns reddish
grey ; it is brittle, of difficult fusibility, and of
specific gravity 7.7

Note,—For the analysis of the earthy mat-
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ter dissolved by the fluxing process, see the
article Silex.

Metallic cobalt is not used, but its oxide is,
very largely; both per se and fluxed into a
olass, which when ground up constitutes the
different qualities of smalts and azure found
in the markets,

The method of working the ore for the ma-
nufacture of smalts is simple, and may be per=-
formed as follows :

Take any quantity of cobalt ore, break it
into small pieces, and roast it in a furnace
constructed for the purpose until the arsenical
fumes cease to arise; when cold it may be
removed, ground to coarse powder, and again
roasted ; this will drive off nearly the whole
of the arsenic, which is retained with great
tenacity.

An assay should now be made to estimate
the quantity of cobalt contained, as, on the
strength of it will depend the quantity of sili-
ceous matter to be added; this being ascer-
tained, the roasted ore is to be mixed with
the requisite quantity of pot or pearl ashes
and ground flints, the mixture put into large
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clay crucibles andfluxed with a strong heatfor
ten or twelve hours, at the end of which the
olass will be perfect and of a fine blue colour.
[t is to be ladled out and run into water to
make it friable. * When ground to powder it

S
=

T e

! . .
|; is denomimated smalts, or azure, according to
v its degree of fineness. At the bottom of the
! crucible will remain the bismuth and nickel,
| the separation of which is easily affected by
i the low degree of heat required for the fusion
F of the former to that of the latter.
?i
.{:
k
i

BISMUTH.

The ores of bismuth are of comparatively
rare occurrence, the chief part of the metal

which is in commerce coming from the smalt




BISMUTH. 193

makers as mentioned in the preceding article,
they may, however, be divided into

Native bismuth
Sulphuret of bismuth Bismuth and sulphur,

Bismuth ochre - oxygen,
Bismuth,carbonic acid,
Carbonate bismuth oxide of iron, and
water,

The above are found chiefly in Cornwall in
veins, in mica slate, also in Saxony and Sibe-
ria. Their colour varies from silver white to
dark lead grey, and straw yellow. The spe=
cific gravity of native bismuth is often as high
as 9. the other varieties vary from 4. to 6.5—
harder than gypsum.

Before the blow-pipe per se they are easily
fused, and on charcoal they are reduced; with
borax the pure oxide runs Into a grey glass,
and, by continuing the heat the metal is re-
duced and volatilized.

Tests for

The solutions of bismuth are white.—Water
throws down a fine white oxide.
K
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Gallic acid Greenish yellow,
Ferrocyanate of potassa Light yellow,
Alkalie White precipitate.

Assay.

The assay of the ores of bismuth may be
readily effected by digesting a portion re-
duced to fine powder in nitric acid, filtering,
washing the filter with a little dilute acid,
mixing the solutions together and throwing
them into eight or nine times the bulk of dis-
tilled water; a white oxide falls, which is
easily reduced with a little black flux or char-
coal powder to the reguline state. The heat
employed should not be more than sufficient
for the reduction, otherwise a part will sub-
lime, and be thus lost; the crucible should
also be well covered.

Analysis.

Supposing the ore to be found on trial to
contain bismuth, lead, arsenic and iron, be-

sides sulphur and silica—
Process 1.—Digest a determinate quantit
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(reduced as usual to fine powder) repeatedly
in nitric acid, until no more 1s dissolved by
the addition of fresh acid; silex and sulphur
will remain, which may be collected on a fil-
ter, washed with dilute acid, dried, weighed,
and separated by heat.

2.—The clear liquors having been added
together, lnrgely-dilute with water as in the
assay ; the bismuth will fall, and is to be re-
duced as before mentioned.

3.—A solution of sulphate of soda may now
he added until the whole of the lead, in the
state of an insoluble heavy white precipitate,
has fallen; collect on a filter, &ec.

4,—To the remaining solutions add caustic
ammonia in excess, this will precipitate a
brown powder, which is the oxide of iron,
(whilst the residual liquor will have assumed
a fine blue tint,) separate by thefilter and wash
the oxide of iron with more ammonia; dry
and reduce to_the magnetic state by mixing
it with linseed oil in a crucible, and apply-
ing a furnace heat.

5.—Having mixed together the ammoniacal
solutions, slightly supersaturate with any acid,

K2

L
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and immerse a bar of iron or zinc: the cop-
per will be obtained in the metallic form.

Reduction,

Bismuth being extremely fusible, the ore
may be readily worked by throwing it,
broken into fragments, on fgnited coals; the
sulphur will burn off at the same time that the
metal is reduced and runs to the bottom of
the furnace, from whence it is occasionally
withdrawn by the removal of a stopper in-
serted for the purpose. Should silver be con=
tained, as is sometimes the case, it may be
ascertained by cupelling a portion without
any further addition, bismuth being equally
as well adapted for this purpose as lead, and
might be more frequently used were it not for
its being too expensive.

For cupelling see silver ores,

Use of bismuth.

Bismuth is chiefly employed for the purposes
of soldering, its alloys with some of the other




ANTIMONY. 197

metals being even more fusible than itself.
The oxide of bismuth, as prepared by its pre-
cipitation from the nitric acid by water, isused
occasionally as a cosmetic; when a little mu-
riatic acid 1s added to the nitrie solution, and
the precipitate obtained is but slightly washed,
it appears composed of small glittering scales,
and in this state is sold by perfumers under
the name of pearl powder; the application
of such substances, however, very soon render
their further use absolutely necessary.

ANTIMONY.

This metal, when pure, is of a brilliant
white, or bluish white colour, showing a radi-
ated fracture when broken; by exposure to
heat and air it is-converted into a white oxide,
which sublimes in vapours.’ 1ts ores are
found chiefly in Saxony and the Hartz; also
i Cornwall, Allemont in France, Spain,
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Mexico, and Siberia. The principal varieties

Antimony with a little
Native antimony arsenic, silver, and
irﬂn, i

Grey sulphuret of }

antimony Antimony and sulphur,

Red antimony Ioh
sulphur

Nickelliferous grey )Antimony, arsenic,nic-
antimony kel and sulphur,

Fip WE LR FHHEE TS P Ee— }ﬁv;rl P_-.;,nf antimﬂn}r with
White antimony silica.

}Aﬂﬁl’ﬂﬂﬂ}’, oxygen, and

The ores of antimony are soft, and vary in
colour from light lead to' dark lead grey;
their specific gravity varies from 4.4 to 6.8;
they possess a metallic lustre; are brittle, and
occur in the crystallized and massive forms,

Before the blow-pipe the ores of antimony
are easily reduced per se; they emit white
fumes of a sulphurous and arsenical odour,
and by a continuance of the heat the metal
contained is entirely dissipated in the form of
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a white oxide ; again reducible on charcoal to
the reguline state. With borax the oxide runs
into a yellowish coloured glass, which be-
comes much paler on cooling; and which,
when saturated with metal and strongly heated
by the reducing flame becomes opake from
the globules of metal interspersed ; with salt
of phosphorus on the platina wire it forms a
transparent colourless glass; with soda the
effect is very similar.

Tests for

The solutions of antimony in muriatic acid
are decomposed by dilution with water; a
white powder (a submuriate) falling down.—

A plate of iron ur}BIack powder of me-
. zinc tallic antimony,
Sulphuretted hydro-

gen and hydrosul- € Orange precipitates.
phurets ' |
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Assay.

The assay of the ore may be taken from the
following analysis :—

Process 1.—A portion of the ore reduced
to fine powder, was digested in nitro-muriatic
acid, consisting of four parts muriatic and one
nitric, until every thing soluble was taken up,
the residue was sulphur and silica, and this
when washed and dried, was held in the flame
of a spirit lamp until the blue flame had dis-
appeared, the remainder was now pure silica,
and the loss in weight sustained, gave that
of the sulphur.

2.—The clear solution, in process 1, being
now thrown into water, the submuriated oxide
of an’tim'ﬂny fell, which, when the whole was
collected, was reduced with a little black flux
to the metallic state.

3.—The remaining liquor, reduced very
low by evaporation, was again thrown into
water, another portion of antimony was thus
obtained, which was added to the former
quantity.

The solution being now tested, showed only
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lead and iron, the first of which was precipi-
tated by a solution of sulphate of soda; and
the second by caustic ammonia, both of which
upon treating with charcoal powder, gave the
netals in the reguline state.

~ As some of the ores of antimony contain
silver, should that be the case in any specimen
hereafter tried m this way, it will be found in
the first process, as’ an insoluble residue,
mixed with the sulphur and silica ; to séparate
it the residue may be digested in ammonia,
which will take up the muriate of silver, and
which may be again separated by supersatu-
rating with muriatic acid, and immersing a
plate of iron or copper.

Reducetion.

The antimonial ore after it is broken into
small pieces, 1s placed on the floor of a rever-
beratory furnace, and heated at first very
gently to drive off the sulphir contained :
affer some time the metal will -have changed
to the stite of an oxide, ‘and this is to be
again reduced to the metaltic state by fusion
with small coal or other carbongceots mattor.

‘ K9
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- The antimony obtained in this way, is, how=
ever, liable to many impurities; if, therefore,
it is required for chemical purposes, it should
be dissolved in nitro-muriatic acid, precipi-
tated by water, mixed with twice its weight of
tartar, and fused when it is pure,

Antimony is used in medicine, forming with
several agents, very active compounds; it also
enters into the composition of type metal as
used for printing.

LEAD.

The ores of lead are very numerous, the
metal being mineralized by sulphur, oxygen,
molybdic, chromie, arsenic, carbonic, and
muriatic acids. Lead is also found combined
with other metals, in the reguline state, as
well as with earths, and metallic oxides.

The ores of lead are generally found in
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primitive mountains. They usually appear
either metallic, or in a slight degree trans-
parent.

Varieties.
Galena, | Lead and sulphar,
Blue lead,
Bournonite Lead, antimony, cop=-

per, and sulphur.
Lead oxygen.
Lead carbonic acid
water.
ead oxygen, muriatic
and carbonic acids.

%

2

ELmd oxygen, phos-
% » OXygen, p
j

j

|

|

Native minium,

Carbonate of lead,

Muriate of lead,

Phosphate of lead, phoric and muriatic
acids.
Lead, oxygen, arsenic

Arseniate of lead,
and muriatic acids,

Sulphate of lead, Lead, oxygen, sulphu-
ric acid and water,
Molybdate oflead, 1 Lad, oxygen, and

molybdic acid _
Lead, oxygen, and

Chromate of lead,
chromie acid,
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Galenais generally of a colour rather bluer
than that of pure lead, and occurs in cubical
crystals; in its primitive form it is glossy, and
soils the fingers. It generally contains, be-
sides lead and sulphur, a portion of silver,
varying from the one-twelfth to the one-three
hundredth of its weight. This variety is very
abundantly found in many countries, and
often cantains as much as 83 per cent. of pure
lead.

The next variety, or blue lead ore, is a rare
mineral, found in Saxony and France; it has
a slight metallic lustre, and is found massive,
and crystalized, among fluor spar, quartz, &c.

Bournonite, mueh resembles the first variety
in appearance, although its composition is
somewhat different, it is often crystalized.

Native minium occurs massive, and pulve-
rulent; it is considered as a pure oxide of
lead, and i1s found in Yorkshire, France,
Germany, &c. It occurs in eclay, and sul-
phuret of lead, and is generally of a scarlet
colour, sometimes tainted with brown or
yellow.

Carbonate of lead is usually white, it oc-
curs crystalline, massive, and fibrous; these
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two latter varieties being mostly opaque; it is
not very abundant, although found in many
parts of the world, as it occurs but in small
quantities along with other lead ores. Car-
bonate of lead sometimes contains carbonate
of copper, which gives it a green colour; it
also sometimes slightly resembles the first
variety in appearance, thus exhibiting the
partial convertion of carbonate into sulphuret
of lead.

Muriate of lead, or horn lead, is found in
Bavaria, at Matlock in Derbyshire, &e. Itis
of a yellowish green colour, and eoccurs in
slightly transparent pyramidical crystals. -

Phosphate of lead, is found in Saxony, and
some other places. It is of a greenish yel-
lowish, or brownish colour; sometimes con-
tains arsenic, and occurs in-transparent six
sided prismatic erystals.

Arseniate of lead 1s met with in° England,
France, and Germany, usually in the form of
six sided erystals, or in fibres; it has a resinous
lustre, and varies in colour from a yellow to a
light green. It is found with sulphuret of
lead, fluate of lime, and quartz; its crystals
are generally transparent.
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Sulphate of lead occurs erystalized in vari-
ous forms. It is found in Cornwall, and many
other parts of Great Britain; its crystals are
usually transparent and colourless, or some-
what of a smokey colour; it is often accom-
panied by sulphuret of lead.

Molybdate of lead occurs in Carinthia,
Mexico, Saxony, &e. Itis crystalized, has.a
resinous lustre, and colour of different shades
of yellow, it varies much in form. .

Chromate of lead.—(See ores of chromium.)

The sp. gr. of lead ores vary from 3. to 7.5.
Those of a metallic appearance being the

heaviest. Pure lead has a sp. gr. varying
from 11. to 12. -

~ The ores of lead are for the most part re-
duced to the reguline state on’ charcoal, by
the action of the blow-pipe. Those of a
metallic appearance being easily fused, and
their arsenic and sulphur volatilized.

The pure oxide of lead, and native minium,
exposed per se to the flame of the blow=pipe,
fuse into a yellowish glass, commonly called
litharge, or glass of lead. With glass of
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borax they give a similar result, but the colour
of the glass is not so deep.

Pure lead melts by the flame of the blow-
pipe, a skin of oxide forming upon its surface.

Tests for lead.

Sulphate of soda, White precipitate.
Ferrocyanateof potassa, Ditto ditto.
Infusion of Galls, Ditto ditto.

Water impregnated

with sulphuretted } Black ditto.
hydrogen, '

Assay.

The assay of a lead ore may be accurately
made by any one in the following simple man-
ner :—Reduce a given weight to coarse pow-
der, place it in a muffle, and apply a heat just
sufficient to volatilize the arsenic and sulphur;
when, upon removal from the fire, all sulphu-
rous and arsenical odours cease to be emitted
the roasting is finished. Having done this, it
is to be mixed with black flux, placed in a
cructble, and a little common salt thrown in;
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the crucible placed inthe furnace, anda good
red heat applied ; upon cooling a button of
lead will be found, equal to the quantity con-
tained in the ore. -

If the ore assayed,is a galena, its own
weight of black -flux will be sufficient; 1f it is
of a much more infusible nature. twice its
weight should be used; and, in this case, one
fourth its-weight of charcoal powder may also
be added. Particular care should be paid in
the roasting of lead ores, not to fuse them, as
with this . precaution the expulsion of their
volatile parts goes on much more rapidiv. '

Analysis.

Supposing an ore of lead to consist of car-
bonic acid,. green oxide of copper, and white
oxide of lead, its anal}ms may be perﬁ)rmed
as follows :—

Process 1.—Haying put 100 grmns into a
Pepys bottle, (the weight of which is pre-
viously ascertained,) pour on it, by degrees,
100 grains of nitric acid, diluted with its own
weight of water, an effervescence will imme-
diately beu'm, which having entirely subsided,
the weight lost by the bﬂtﬂe on reweighing,




LEAD. 209

shows the quantity of carbonic acid which the

ore contained. _ _
2.—The clear liquor thus obtained having

been put into a cylindrical glass jar, drop in a
solution of sulphate of soda, until a white
powder ceases to fall; this precipitate, which
is sulphate of lead, is to be washed and dried.
For the quantity of lead eontained, see scale

of equivalents,
3.—The copper now remaining in the solu-

tion, may be obtained by immersing a plate
of iren or zinc, and suffering it to remain at
rest for 24 hours, the copper will thus fall in
the metallic state; and if upon testing the
liquor with ammonia, a brown powder only
falls, without any blue tint in the residual
liquor, it is a proof that the whole of the cop-
per is thrown out of combination ; should any
quantity, however, still remain, the solution
containing the bar isto be gently heated, when

the whole will fall.

Reduction.

Lead being a plentiful metal, its reduction
is not performed with such nicety as that of
most of the preceding metals. Galena is the
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only ore of lead found in sufficient quantities to
be worked ; this is first picked as free as pos-
sible from stony matter, after which, being
broken up, it is roasted in large furnaces,
built for the purpose, by which the sulphur
and arsenic are driven off, from thence it is
carried to the smelting furnace, where it is
thrown in, mixed with the coals, and the fire
kept up at a strong red heat by the working
of large double bellows. The ore now melis,
and running through the coals, is reduced,
the metallic lead being afterwards let out
at the bottom of the furnace, and cast into
pigs.

Most of the lead met with in commerce.
eontains silver, the quantity having been as-
certained at the smelting-house to be too
small to pay the expence of working for it;
but as this is not always the case, and when a
sufficient quantity as about 12 or 14 ounces in
the ton exists, it is separated by exposing the
metal to a high heat, at the same time passing
a current of air oyver the surface, the lead is
thus oxidated and converted into litharge,
while the silver remaining unchanged, is col-
lected at the end of the process.

The litharge is afterwards reduced into
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reguline lead, by melting it with coals in a
close furnace.

Lead is a metal of much importance, as
from its durability it is extensively used in the
construction of water-pipes, as a covering for
flat surfaces or tops of buildings, &e. &c. Its
salts, which are poisonous, are used in medi-
cine to form sedative external applications,
and frequently not a little by the disreputable
wine-merchant, to stop the process of acetous
fermentation. Wine thus poisoned, 'may, how=-
ever, be readily distinguished, a small
quantity of the bi-carbonate of potassa pro-
ducing a white precipitate, and sulphuretted

Lydrogen a hlack one. Pure wine will not be
affected by either of these tests.

The oxide of lead enters into the compos:-
tion of white glass, which it renders cleafer
and more fusible ; it is also used in glazing
common earthen vessels, hence the reason that
pickles kept. in common red pans become
poisonous. Lead with tin, and a small quan=
tity of some of the other metals, forms pewter;
wif:h antimony it forms the alloy of which
printing types are made. '

Lead is a soft metal, of a bluish white
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colour, malleable and duectile, but inelastic,
its specific gravity is somewhat increased by
hammering'.

WODANIUM.

This metal, first discovered by Lampadius, in
a mineral called woodan pyrites,_'is of a bronze
yellow colour, malleable and of sp. gr. 11,47,
It possesses a hackly fracture, and is strongly

attracted by the magnet. By the contact of
heat and air, it i> conyverted into a blm:k oxide:

both the metal and the oxide are readlh
soluble in nitric aeid. -

Tests for.
The solutions of the. metall- in acids are

colourless, or slightly tinged with yeﬂﬂw, they
give with—

Ammonia, | “Blué precipitate.
Carbonated alkalies; White ditto.




COPPER. 213

Ferrocyanate of P”‘E Grey ditto.
tassa,

Bar of zinc, Black metallic powder.

Neither the infusion of galls, the phos-
phates, or arseniates produce any precipitate.
Very little is known of this new metal.

COPPER.

Copper is found native, but much oftener
~in combination with other metals, oxygen,
sulphur, and acids.

The ores are usually of a green or brownish
red appearance; are found in veins, and beds
in Cornwall, Staffordshire, and several other
parts of Great Britain, as well as in Germany,
Sweden, &ec.: in France, Spain, Ireland, and
Norway, copper is much less abundant; its
ores occur in beds of lime-stone and granite.
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Varieties.

Native copper
Glance copper ¢

Co sulphur, &ec,
Buntkupfererz J ; apehiangt i
Copper pyrites - iron, &c.
Tenantite - & arsenic,
Red oxide of copper .
Black ditto | g
Blue and green car- ) carbonic

bonate of copper § acid, and water,

Chrysocolla -— -—— -— silex, &c
Dioptase — — — lime, &ec.
Blue vitriol 1— — sulphuric acid,

I water.

Muriate of copper }-— — muriatic acid,
water.

—= —= phosphoric

Phosphate of copper
acid.

Arseniate of copper
water.

Martial arseumte of
cﬁpper

—_—— ——- 110]1

B e
} -— arsenie acid,
}
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Native copper has a metallic lustre and
yellowish red colour ; it occurs massive,
arborescent, and crystallized in various forms;
it is abundant in Great Britain, but less so in
France. It is usually found associated with
granite or fluor spar, is flexible and malleable,
aenerally oxidated on its surface.

Glance copper, occurs massive and crys-
tallized ; is of a grey colour, possessing a
metallic lustre ; it yields easily to the knife,
and is usually found in primitive mountains ;
it contains a little iron.

Buntkupfererz differs but little from the
last mentioned variety: it is of a brown
colour, has an irridescent tarnish, and con-
tains rather more iron: it is usually found
accompanying it.

Copper pyrites is usually of a bronze yellow
colour; possessing a metallic lustre; it is
found massive, stallactitic, and chrystallized ;
it 1s one of the commonest ores of copper ;
and is found in veins, often accompanied by
iron, pyrites, &c. &e.; it easily yields to the
knife, and in general contains no more than
20 per cent. of the pure metal. Sometimes it
has a beautiful irridescent tarnish, and is then
called peacock copper ore.
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Tennantite is of a greyish colour, and
splendent ; it is sometimes massive, but
mostly crystallized ; its streak is reddish
grey; brittle, and commonly occurs in Corn-
wall.

Red and black oxides of copper, differ from
each other but in colour: and, in that the
former occurs crystalline and translucent,
while the latter is pulverulent ; thev both
yield easily to the knife, and are principally
found in Cornwall.

The blue and green carbonates of copper
are chiefly found on the continent, but oc-
casionally in Cornwall ; they occur massive
and crystallized, the latter, (which is generally
called Malachite,) possesses a silky lustre,
and is often found stellated, or of a fibrous
texture. They are neither of them very
abundant.

Chrysocolla, is only a variety of the green
carbonate of copper, which contains about 28
per cent. of silex, in other respects it is ex-
actly similar to it.

Dioptase is an extremely rare mineral,
found in Russia; it 1s of an emerald green
colour; occurs crystallized in the Dodeca~
hedron, and is very little known,
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Blue vitriol is of an azure blue colour,
sometimes with a tinge of green; it occurs
massive, crystallized, pulverulent, and stalac-
titic; it is soluble in water, has a nauseous
metallic taste, is transparent, and is found in
a mine in Anglesea.

Muriate of copper is a rare mineral, oc-
curing in small crystals resembling green
sand, it often invests quartz, and is found in
Peru and Chili.

Phosphate of copper is exteriorily of a
greyish black colour, but, when broken, pre-
sents a green appearance ; it occurs massive
and crystallized ; it isfound in Germany ; and
is also a rare variety, |

Of the arseniates of copper there are se-
veral varieties, differing but little in ap-
pearance ; they are, generally, of a beautiful
verdigrease colour, and are found crystallized
in a number of different forms; they also
occur massive, and are very poisonous.

The martial arseniate of copper, has a
vitreous lustre, and contains some iron. This,
and all the arseniates of copper, are chiefly
found in Cornwall.

The specific gravity of copper ores, ge-

L
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nerally varies from 8.0 to 5.0; those of a blue
or green colour being the lightest; native
copper variés from 8.4 to 8.7, the pure metal
being nearly the same.

Action of the Blow-pipe.

The red'copper ores may be easily reduced
upon charcoal by the inner flame ; but if the
varieties are of a black colour the reduction
will be -more difficult.  With glass of borax,
the 1mass assumes a green or black colour,
which, upon the addifion of a small quantity
of charcoal, yields the revived metal. These
varieties containing sulphur and arsenie, give
out white fumes, emitting sulphurous or garlic-
like odours. Before thie oxyhydrogen blow-
iiipe the metal readily burns off] tinging the
flaime of a beautiful green colour.

Tests .for Copper.

Platé of iron Metallic copper,
Potassa Green precipitate,
EA fine azure blue solu=-

Ammonia .
: tion,
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Ferrocyanate of po- ¢ A reddish brown pre-
tassa % - cipitate,

Infusion of galls Brown,

Water, impregnated
with sulpuretted gBrnwnish black.

hydrogen

Assay of Copper Ores.

As the ores of copper generally contain
arsenic and sulphur, these substances must
first be expelled by a gentle heat; when
fumes cease to be emitted, the roasting 1s
finished, after this, it is only necessary to mix
the assay with twice its weight of black flux in
a crucible, and to expose it to a bright red or
white heat, which may be readily effected
either by the bellows-table or the portable
furnace : should the globules of revived
metal not readily fall into one, a little
common salt thrown in will render the flux
more fluid. A button of reguline copper
will be thus obtained, indicating the per
centage contained in the ore.

L 2
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Analysis.

The analysis of the common sulphuret of
copper may be thus effected :—

Process 1.—Digest a given quantity of the
m*e,'in fine powder, in dilute nitric acid, this
will dissolve the copper, part of the sulphur,
and any iron that may be contained ; silex
and the residue of the sulphur will remain,
which, after being dried and weighed, may be
separated by the flame of a spirit lamp.

2.—That portion of the sulphur which has
been acidified by the nitric acid, may now be
thrown down by nitrate of barya; the preci-
pitated sulphate of barya is to be collected,
dried, and the quantity of sulphur estimated
and added to the quantity burnt off in pro-
cess 1.

3.—Precipitate the copper from the solu-
tion by a bar of iron, suffering the whole to
remain at rest for twenty-four hours, scrape
the bar clean, and collect the metallic copper
on a filter, wash, dry, and weigh it.

4.—Caustic ammonia, added in excess to
the remaining solution, will now throw down
the iron, in the state of an ‘oxide; throw the
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whole on a filter, and if the liquid that
passes through is colourless, the analysis is
finished, but if of a blue colour, it must be
slightly acidified by any acid, a bar of iron
again inserted, and the action assisted with a
oentle heat; the remainder of the copper
will now fall.  The oxide of iron is of course
to be collected, and the weight lost by the
bar deducted.

Reduction.

The reduction, in the large way, of copper
ores containing sulphur, is rather tedious, but
at the same time it is a process of great im-
portance, as the sulphuret of copper is one of
the most abundant varieties.

The ore having been dug out of the mine,
the labour of which is generally shortened by
blasting with gunpowder, is first broken into
small pieces, transferred to kilns, and roasted ;
a few ignited coals, placed in one or two
places being generally sufficient, as the ore
from the quantity of sulphur it contains,
when once set on fire, burns of itself without
further addition ; when the ore ceases to
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burn, which generally takes from five to
six months, this part of the process is finished,
and the sulphur, which is generally col-
lected in chambers eonstructed for the pur-
pose and communicating by long flues to
the kiln, is removed.

The next process is to separate the metal
from the matrix combined with it, to effect
which, the roasted ore 1s removed to rever-
beratory furnaces, where it is sbmitted to a
white heat mixed with coals, for several hours,
the result of which is the copper in a metallic
but very impure state. It is afterwards re-
fined by repeated roastings, granulating in
water, and fusing with a little charcoal.

In those ores of copper which contain ar-
senic, the sulphur is not collected, but both
are dissipated by tall chimnies leading from
reverberatory furnaces, and, by this method,
the roasting process is much shortened, being
accomplished in a few hours; the refining
is afterwards conducted as in the foregoing
process, or by adding about 6 per cent. of
lead to the copper in a melted state, which
is afterwards skimmed off after vitrifying and
uniting with the impurities contained, the
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process is known to be finished when upon
removing a portion by a clean iron rod and
plunging it in water it separates easily. Cop-=-
per thus obtained, is of a red colour, tenacious,
and malleable; it requires a strong heat for
its fusion, when it absorbs oxygen from the
air, and its surface becomes covered with a
thin coat of oxide.

Uses of copper. | .

Copper, on account of its imperishable
quality, is generally employed in the manu=-
facture of kitchen utensils, and copper boilers,
for sheathing ship’s bottoms, as a circulating
medium,and foralloying with goldandsilver,as
in certain proportions itrenders thesevaluable
metals muech harder and more durable s it is
also the basis of brass, pinchbeck, prinece’s me~
tal, dutch gold, &ec. also of two pigments called
Scheele’s green and verdigrease, an arseniate
and acetate of the metal; its oxides are oc-
casionally used in porcelain painting, and in
fireworks.
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CADMIUM.

This new metal, which owes its discovery to
Mr. Stromeyer, is obtained from some of the
ores of zinc, in which it exists in small quan-
tity ; owing to this circumstance neither ores
nor any varieties can be mentioned,

Before the blow=pipe it immediately fuses,
and volatilizes if the heat is continued; it is
of a fine white colour much resembling that of
tin; it is malleable, ductile, and susceptible
of a good polish ; by mere exposure to the
air it does not easily tarnish, but if heated in
contact with it, it inflames, and passes off in
the form of a dense vapour, which, when col-
lected, 1s the oxide of the metal, and is of a
deep brown colour. When this oxide is fused
with borax, it forms a transparent white glass,
which on charcoal is immediately reduced.

The specific gravity of the pure metal is
about 8.6.

The oxide, when subliming, has no peculiar
smell.
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Tests for

The solutions of cadmium in the acids, are
colourless and crystallizable, possessing an
acrid metallic taste,

With potassa and soda White oxide,
Ammonia Do. soluble in excess of
Ferrocyanate of po=-
tassa
Sulphuretted hydrogen Orange yellow,
Bar of zinc Metallic cadmium.

g White precipitate

Process for obtaining cadmium.

For the following simple process for ob-
taining cadmium, we are indebted to Dr.
Wollaston :—

Process 1.—Having made a strong solu=
tion of calamine or other ore of zinc, in any
of the three mineral acids, immerse in it a
clean plate of iron until no further precipita-
tion takes place; filter the liquor. :

2.—Into the solution now holding cadmium,

but freed from the copper, lead, &c., immerse
LO
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a cylinder of zinc; the cadmium will be pre-
cipitated in a metallic state, and in a leafy
form, similar to that of copper by metallic
iron.

To ascertain whether an ore of zine con-
tains cadmium or not, Dr. Clarke recom-
mends the application of a very gentle heat
on a small portion of the ore by the blow-
pipe, when if this metal is present a yellow
sublimate will be deposited on the support,
previous to the reduction of the zinc.

TIN.

The ores of this metal are found in compa-
tively few places; the® principal and perhaps
only ones are Cornwall, Gallicia, Erzgebirge

"in Saxony, Bohemia, Malacca, and Banca in

Asia. They are peculiar to primitive rocks,
generally in granite, either in veins or beds,
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and are often associated with copper and iron
pyrites. |
The varieties are—

}Tin, oxygen, silica, and

Tin stone ivan,

Wood tin Oxides of tin and iron,

Tin pyrites, or bell- ) Tin, copper, sulphur
metal ore f and iron.

Tin stone oceurs in the crystallized, mas-
sive, and desseminated forms, it is hard and
brittle, of a dark brown colour, giving a
greyish streak with the point of the knife;
when broken it exhibits an uneven surface.
Specific gravity from 6.5 to 7.

Wood tin is of a light brown colour, easily
frangible, softer than the preceding variety,
and when broken or cut often resembles in
appearance the grain of wood, or root of a
tree. The specific gravity of this variety is
nearly the same as the other, it is an oxide of
tin, with less foreign matter than either the
preceding or the ,fnllnw_iug,

Tin pyrites, a native mixed sulphuret of tin,
copper, and iron, varies in colour from grey
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to brass yellow ; it has a shining metallic lus-
tre, and a specific gravity seldom exceeding
4.5 it is therefore the lightest of the tin ores,

Before the blow-pipe the ores of tin melt,
and are either reduced or run into a dark
slag. The protoxide of the metal burns, ab-
sorbing a {resh portion of oxygen, and turning
to the state of peroxide: this latter may be
reduced with the addition of soda on the
charcoal support, to the metallic state. With
borax and salt of phosphorus the peroxide in
small quantities forms colourless transparent
glasses, becoming opake when added in
excess.

Tests for

~ The salts of tin are generally white, when
digested, in dilute nitric acid with heat a white
peroxide falls.. With solutions holding the
metal in the state of protoxide

Muriate of goid givEs a  Purple precipitate
- platina~~  Orange ditto,
Ferrocyanate of potassa ~ White ditto,

‘Per chloride of mercury ~ Black,

Plate of lead Metallie Tin.




TIN. 229

The specific gravity of pure tin is 7.29 pos-
sessing a silvery lustre and erystalline appear=-
ance, emitting a crackling noise when bent,

Assay.

The assay of the ores of tin, in the dry way,
is simple and easily performed—Having re-
duced a portion of the ore to powder, place it
in a crucible, or on the slab of a mufile, and
expose it to a low red heat, if sulphur or arse-
nic is contained it will be thus got rid of. The
residue when mixed with a little charcoal and
linseed o1l in a well-closed crucible, i1s to be
subjected to a bright red heat, by which it will
be reduced to the metallic state.

The assay or analysis of the ores of tin in
the moist way is effected as follows :

Process 1.—After reducing a portion of
the ore to the state of a very fine powder, mix
it with a solution of caustic potassa, contain-
ing five or six times the weight of the ore em-
ployed, of dry alkali, boil down to dryness in
a silver crucible, and subject the residue to a
low red heat for half an hour; the grey mass
now remaining is to be digested in water,



230 CHEMICAL MINERALOGY.

and any insoluble matter that may still remain
is to be again mixed with more alkali, and the
process just given repeated, if any thing now
remain muriatic acid will take it up.

2.—The alkaline solutions are first to be
supersaturated with muriatic acid and evapo-
rated nearly to dryness, upon digestion of
the mass in hot water the silica will remain.

3.—Saturate the muriatic solution with car-
bonate of potassa, if the precipitate is white
it may be at once reduced by a little resin
and charcoal powder in a crucible, as before
mentioned ; but if it has a dirty green appear-
ance it probably contains eopper, to collect
this redissolve the precipitate in muriatic
acid, and immerse in the solution a cylinder
of tin of known weight, the copper will fall.

4,—The copper separated, washed, and the
liquors mixed together, a plate of zinc is to be
immersed, this will separate the tin in the
metallic state, and which, when dried and
fused will give, after deducting for the loss in
weight of the cylinder, in process 3, the quan-
tity contained in the ore.

If the ore examined has contained nothing
else than tin mineralized by oxygen, a con=-
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siderable loss of weight in the product will
occur, and which is therefore to be set down
to that body ; there may be as much as 20 per
cent, and sometimes even a little more ; a se~-
cond analysis should however be instituted in
all such cases, which will determine it.

Reduction.

The reduction of the ores of tin, as practised
in Cornwall, 1s as follows :—

The common tin ore, tin stone, having been
brought out of the mine is first broken into
small pieces, from whence it is transferred to
the stamping mill, where it is reduced to the
state of coarse powder; a current of water
continually removing this powder as it is
formed, separates the lighter impurities,
whilst the heavier particles are collected in
reservoirs made for the purpose.

After the ore has been freed by washing as
much as possible from extraneous matter, it is
called black tin, and in this state is sentto the
furnace to be roasted with a gentle heat, this
“drives off nearly the whole of the sulphur or
arsenic that may have been combined, at the
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same time that a considerable portion of the
iron is turned into a light red oxide, which is
separated by again washing with water. The
residue is now returned into the furnace,
mixed with small coal, and after five or six
hours the reduced metal is withdrawn by a
plug inserted in the lower part for the pur-
pose. The metal thus obtained is again ex-
posed to a low heat, that part which first melts
is drawn off, and is denominated grain tin,
the heat is now increased, and the residue.
after being run into moulds, is called com-
mon tin, and usually contains a small portion
of copper and arsenic.

Stream tin being nearly a pure oxide of the
metal, often containing upwards of 75 per
cent. of metal, there is no necessity for any
after purification. This variety is therefore
simply washed in a running stream, by which
any adhering earthy matter is separated, re-
duced to a coarse powder, mixed with char-
coal and submitted to the action of a blast
furnace, the reduced metal -1s afterwards run
out and tested by taking up a little in an iron
ladle, and again pouring it back in a stream:
if it appear of a silver brightness, and an uni-
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form consistence it is sufficiently pure, and all
that is necessary is to cast it into moulds form-
ing what are commonly called pigs, and re-
ceiving the stamp of the duchy, for which it
pays four shillings per cwt. -

The uses of the metal.

Tin is much used as a covering to several
other metals, iron is tinned to prevent its
rapid oxidation when exposed to air and
moisture, and the same process is applied to
copper to avoid the injurious effects to which
those who are in the habit of employing cook=
ing utensils made of this metal are always
liable. The solutions of tin in"the nitric, muria=
tie, nitro-sulphuric and tartaric acids,aremuch
used in dyeing, as giving a degree of perma=
nency and brilliance to several colours, to be
attained by the use of no other mordants with
which we are at present acquainted ; tin forms
the basis of pewter, in the composition of
which it 1s alloyed with lead, when rolled into
thin sheets it is called tin foil, and is applied,
with the addition of mercury, to cover the sur-
face of glass, thus forming looking glasses,
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mirrors, &e. and in combination with sulphur
it eonstitutes what is called mosaic gold.

ZINC.

The ores of zinc are very generally dis-
persed through the different lead mines of
this country ; they are also met with in Swe-
den, Saxony, Bohemia, and North America.
The principal varieties are—

Blende Zinc and sulphur,
’ }Zinc,. oxygen, iron and
Red zine manganese,

Eleetrie Calamine Zine, oxygenandsiliea,

_ EZinc! oxygen, and car-
_(_]ala-.mme Bimmin ol
Zinc,oxygen, sulphurie

White vitriol acid and water.
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Blende is found of three colours, viz.—
black (commonly called black jack by the
miners), brown, and yellow, in the crystallized
fibrous, massive, phosphorescent and mam-
millated forms. This variety 1s usually soft,
specific gravity a little above 4.; besides zinc
and sulphur, it often contains iron and siliea,
and occasionally arsenic and alumina.

- Red zine 1s an oxide of the metal, and its
constituents are as before stated: 1t 1s easily
‘acted upon by the point of the knife. Specific
gravity 6.2

Calamine i1s the most common of the zine
ores, it is fusible, and of a yellowish brown
colour. Specific gravity 4.3 It is found in
lime-stone in Derbyshire, accompanied with
galena, quartz, &e.

White vitriol is an hydrated sulphate of
zine, and is generally found crystallized and
of a white colour; it is a scarce variety, and
is formed by the absorption of oxygen from
the atmosphere, by the sulphuret.

Before the blow-pipe the ores of zinc gene-
rally first evolve sulphur and arsenic, on
charcoal the metal is revived and burns with
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a brilliant bluish white flame, changing at the
same time into a light powder, which is the
peroxide of the metal. Alone this oxide is
infusible, with glass of borax it formsan opake
enamel if the oxide has been added in excess,
butif not a transparent glass. By continuing
the heat, the metal is volatilized, and con-
denses on the support as before mentioned.

Tests for

Zinc is readily dissolved by most of the
mineral and vegetable acids. Strong nitric
acid acts most violently upon it with the ex-
trication of caloric, converting it if sufficient
acid has been used to the state of a white per-
oxide, but if not to the protoxide, which is
yellow : with |

Ferrocyanate of
tassa
Sulphuretted hydrogen
and the hydrﬂ-sul-gi}ittu ditto

phurets

po=) bs
. White precipitate,




ZINC. 237

Caustic and carhnna-]
ted alkalies |
Solution of galls No precipitate.

White precipitate,

Assay.

On account of the extreme volatility of this
metal when exposed to heat, the assay is better
conducted by distillationina coated green glass
retort than by any other mode ; having there-
fore reduced a certain quantity, freed as much
as possible from the matrix, to fine powder, it
may be roasted with a gentle heatin a muffle,
this will separate any arsenic and sulphur
after which it may be mixed with lampblack or
charcoal powder, placed in a retort, and ex-
posed to a red heat, the metal will rise as with
arsenic and condense in the neck, the end of
which may be loosely stopped, or dipped into
a little water.

Analysis.

The analysis of the ores of zinc is occasion-
ally rather complicated, it may be thus ef-
fected :=
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Process 1.—Reduce a given weight to fine
powder, and as some varieties are hydrates,
submit to the temperature of boiling oil or
mercury ; thiswill drive off the water; estimate
the loss.

2.—Digest the ore without heat, for two or
three days, in dilute nitromuriatic acidj if
any caloric is generated in the process, it
should be kept down by immersing the vessel
containing it'in cold water; stir the mixture
occasionally with a glass rod,-and pour off the
clear liquor; repeat this process if much re-
main, and well wash with hot water. The
residue after this will be sulphur and silex:
separate by burning on the flame of a spirit
lamp. Estimate the quantity of sulphur thus
lost.

3.—Examine the residue, supposed to be
silex, it may have a portion of sulphate of
lead intermixed ; if this is the case, digest the
whole in sulphuric acid, this will take up the
lead, which is to be separated from the undis-
solved silex, and the former may be decom-
posed with a boiling temperature in a solution
of carbonate of potassa,carbonate oflead will -




ZINC. 239

fall, which should be collected, dried, and re-
duced to the metallic state. To ascertain
the quantity of sulphur acidified by the nitric
acid, and which was combined with the lead,
but now with the potassa, note the difference
in weight of the residue, before and after
digestion in the sulphurie acid ; this will give
the quantity of sulphate of lead, from which
the equivalentquantities of acid and base may
be estimated.

4.—The solution No. 1 may now be tested
for any free sulphuric acid, and acetate of
barytes added, until no further precipitation ;
this is to be collected, dried, its equivalent
of sulphur obtained, and added to the former
quantities, this method will give the whole of
this substance contained in the ore.

5.—Or the residual solution may be tested
for lead, and if contained, which will be the
case if any sulphate of this metal was found in
the residue, it may be thrown down by the sul-
phate of soda.

6.—Test a drop of the liquor with caustic
ammonia, if a blue tinge is perceptible, it
contains copper, which is to be thrown down
by immersing into the acid solution a clean
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plate of iron, of known weight, as before men-
tioned.

7.—Decompose the solution now holding
zinc and iron, by carbonate of soda ; the car-
bonate of zine and oxide of iron will be
thrown down. Digest this precipitate in am-
monia, the former will be dissolved, while the
latter remains, and which may be reduced to
the magnetic state by heating in a crucible,
with charcoal. '

8.—The ammoniacal solution may now be
slightly supersaturated with muriatic acid and
carbonate of soda added; the carbonate of
zine will thus be obtained pure, and may be
brought to the metallic state with a little
charcoal or black flux in a retort, or close

crucible heated to redness.

Reduetion.

The method of reducing the ores of zinc
was for a long time unknown in this country,
and 1t is stated that the process was obtained
from the Chinese by a person who went over
for the purpose. It is as follows:—
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The ore, having been brought out of the
mine, is broken into small pieces, and sub=-
mitted to a gentle heat in a reverberatory
furnace, until the carbonic aecid, sulphur, and
other very volatile substances are expelled ;
after this it is transferred to large jars made
of baked clay, each of which has a pipe pass-
ing through the bottom and rising nearly to
- the top of the vessel in the inside; they are
also furnished with covers, which are now
luted on air tight. When six or eight of these
jars are thus filled, they are placed in a
long furnace, the lower end of each pipe
passing through the iron floor or grating,
and dipping at their extremities into a ves=
sel of water. The fire is now lighted, and
the zinc after rising in sublimation, is ob-
liged to descend through the pipe into
the water, where it collects in a granular
form ; the whole process is therefore merely
that of distillation.

Zinc thus obtained is a metal of a bluish
white colour, sp. gr.7.2, of easy solubility in
acids, giving out with many of them, when
diluted, abundance of hydrogen gas, arising
from the decomposition of the water in the

M
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diluted acid; the metal here combines witl:
the acid to form a soluble salt, whilst the
hydrogen escapes, for the liberation of whicl
zinc is chiefly used in the laboratory; not
forgetting, however, the formation of the gal-
vanic battery, one of the most powerful in-
struments when on an extended scale which
the chemist possesses. Zinc furnishes no co-
tours to the painter, but the ore is used very
largely to form the alloy called brass. To
prepare this metal, calamine (native carbon-
ate of zinc) and copper plates are laid stra-
tum super stratum in a crucible, on the appli-
cation of heat the zinc rises in sublimation,
and alloys nself with the copper now at a
bright red heat, and which as soon as the
alloy is complete, is sufficiently fusible to fall
to the bottom of the crucible. Brass is not
made by direet union as in most alloys, the
heat required for the fusion of the copper
being sufficient to dissipate and burn the zinc
before it could have time to unite. A salt oy
zinc and its oxide are also used in medicine:
Although this metal is extremely brittle, it
may easily be rolled into thin sheets, if
previously heated to.about 300 degrees Faren-
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heit. When melted and run into hot water,
and thus granulated, it is called spelter, and is
used for hard soldering,

IRON.

This metal, in some shape or other, is very
generally distributed through most parts of
the world, and its ores, of which there are
several varieties, are in general combinations
of iron with more or less oxygen, or with sul-
phur. The oxygenated varieties are either
black or red, the former containing the least,
and the latter the most gaseous matter; this
last is also sometimes combined with carbonic
acid. The best iron for many purposes, comes
from Norway and Sweden, but the largest
quantity is raised in England and Wales.

M 2
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Iron is of a grey colour with a metallic lustre,
considerably hard, ductile, and malleable.

Varieties.

| Native Iron

Arseniate of iron } Iron, oxygen, arsenic
| , acid.
| Iron pyrites Iron, Sulphur.
O:-:}'dateditmn } Iron, oxygen, &c.
'L Specular iron
: Red iron ore 8
.'. Brown ditto Iron, oxygen, &c.
ﬂ

Black ditto j

Clay iron stone

F
&
:

Iron, oxigen, man=
ganese, &c.

canese, phosphorie

acid.

Iron, oxygen, man-
Bog iron ore

Iron, oxygen, man-
Pitchy iron ore ganese, sulphuric

5 acid, &c,




IRON. 245

1Iron oxygen, carbonic
§ acid.

Iron, oxygen, phos-
} phoric acid, &c.

Spathose iron ore
Phosphate of iron
Green vitriol

Iron,oxygen,sulphuric
} acid, &ec.

’ Iron, oxygen, chromic
Chromate of iron } 0.

Native iron is found massive, and sometimes
globular, as also in the form of plates; it
occurs in veins, interspersed among iron stone
and quartz, and has all the properties of mal-
leable iron.

The globular specimens are said to fall
from the heavens, whence called meteoric
native iron.

The arseniate of iron is found massive, but
usually crystallized; it is transparent, and
occurs of a brown, green, yellow, and some-
times of a red colour; it often contains
small portion of silex and oxide of iron.

Of iron pyrites there are several varieties.
which differ mostly in theé form of their erys-
tals: the commonest of these occurs massive,
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and crystallized in cubes. It possesses con-
siderable lustre, and is of a bronze yellow
colour, softer than quartz, and sometimes
contains a small quantity of silver and gold,
when it is called argentine, or auriferous
pyrites.

Specular Iron ore, or oxydated iron, is of a
dark steel grey colour, and is found massive,
and crystallized, having a metallic lustre; it
is slightly magnetic; occurs in primitive
mountains, and consists of black oxide of iron,
with a small quantity of phosphate of lime.
One variety of this ore which occurs in mica
slate, is called micaceous specular ore, from
its cleaving into thin plates.

The red and brown iron ores, occur mas-
sive, and crystallized in various forms; lustre
shining, when newly broken; slightly mag-
netic. They are brittle, but not very hard,
and are sometimes termed kidney iron ores.

Black iron ore is a rare mineral, usually
found in Germany ; it 1s of a blackish grey
colour, magnetic, and possesses a slight me-
tallic lustre. -

Clay iron ore,is of a grey or reddish brown
colour ; massive, and sometimes of a slaty
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texture: it occurs globular, columnar, pul-
vurulent, &ec.

The bog iron ore,is a variety of the red
iron ore; it has an earthy fracture, and 1s
generally of a dark brown colour, there are
several kinds of it, between which there exists,
however, but little differencej; it contains a
small portion of phosphoric acid.

Pitchy iron ore is massive, and glistening,

black, hard and brittle ; it is found near Li-
~moges in France, and sometimes contains
phosphoric acid.

Spathose iron ore is slightly transparent,
and of a yellowish grey or white colour; it
occurs in imperfeet rhombs in veins, in pri=
mitive mountains; it is abundant in Spain,
and yields a valuable iron.

Phosphate of iron, or earthy blue iron, is of
a dark blue colour, and friable texture; it
occurs in Cornwall, in the form of four
sided prisms, which are not attracted by the
magnet.

Green vitriol, or sulphate of iron, occurs
native, in romboidal crystals of an emerald
colour; it eflloresces slightly in contact with
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dry air, and is soluble in water, having a
strongly feruginous taste. It is mostly found
among iron pyrites, from the decomposition of
which it always results.

The ores of iron generally vary in specific
gravity from 2. to 6. the blackest and most
metallic being usually the heaviest. The
pure metal has a specific gravity between 7.
and 7.8.

By the action of the exterior flame of the
blow=-pipe, most of the iron ores are black=-
ened, by bringing them to the inner flame
they become magnetic, and often run into a
black slag. Upon the charcoal support they
are mostly reduced into a species of cast iron,
but the heat must be kept up for some time.

The pure oxide of iron treated with glass
of borax, fuses into a black enamel, which
may also be reduced upon charcoal.

With the oxyhydrogen blow=pipe the metal
burns off, producing very beautiful scintilla-
tions, and this is particularly the case if steel
wire is employed.
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Tests for Iron.

Liquid ammonia with} by
tate,
proto salts Bla.ck precipitate
With per. salts Red ditto,
. - iate of po=
Ferro-prussiate of po }Blue St
tassa

Infusion Galls with per.
niusion (ralls with per }B]ack ditto,
salts

Sulphuretted hydrogen Ditto.

Assay.

In assaying the ores of iron, they should
first be roasted at a strong red heat, as long
as any vapours arise ; two parts of the mine-
ral are then to be triturated, with one of
fluor spar, one of charcoal, and four of com=
mon salt; the mixture put into a covered
crucible and exposed in a blast furnace to a
strong heat for one hour, after which, if the
operation has been well conducted, a button
of cast iron will be found in the erucible, and
by which the value of the ore may be ascer-
tained. If the ore contain much stony mat-

M D
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ter, one part of black flux should also be
added to the above mixture.

Analysis.

The analysis of the ores of iron is generally
a matter of but little difficulty, the pitchy iron
ore for instance, usually consisting of the
oxides of iron and manganese, united to sul-
phuric acid, may be thus treated :—

Analysis of iron cent.

Protess 1.—A given weight of the ore hav-
ing been taken and inserted in a flask, pour
upon it such a quantity of diluted muriatic
acid aswill take up every thing but the sili-
ceous matter which may be contained: filter
and well wash the residue with water.

2.— Having added together the solution
and washings of the last process, drop in
muriate of barytes until no further precipita-
tion takes place; filter, to separate the sul-
phate of barya thus formed ; wash the preci-
pitate with water ; dry, and estimate the quan-
tity of sulphuric, acid contained, by the scale
of equivalents.
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3.—The liquors now containing iron and
manganese may be concentrated by evapora-
tion and a small quantity of nitric acid added
to peroxidize, and thus render more easily
separable the oxide of iron; now pour into
the solution caustic ammonia in excess ; the
iron will fall, and may be brought to the mag-
netic state by heating in a crucible, with a
little wax or linseed oil.

4.—Drive off the excess of ammonia by
heat, oxide of manganese will fall ; it may be
reduced in the same way as the oxide of
iron,

Those varieties of iron ore in which a con-
siderable quantity of silica exists, as in the
magnetic, specular and hcematitic native
oxides, and which are readily distinguished
by the feeble action which the acids have
upon them, are to be fluxed with three or
four times their weight of potassa, in the same
way as the reader will find directed under the
head Silicium, after which muriatic acid will
readily effect a solution of the whole of the
iron, and which may afterwards be obtained
in the magnetic state by precipitation with a

solution of potassa or ammonia, and exposure
to heat as usual.
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Reduction of the ores of iron.

The iron ore, after it is brought to the sur-
face, is first broken into small pieces by the
powerful aid of the stamping mill, after
which it is roasted to drive off the sulphu
and other volatile substances that may be
contained, transferred to the smelting house,
mixed with lime and coke, and reduced to the
state of cast iron. When the fusion of the
ore appears to be complete, the furnace 1
tapped and the liquid metal runs out into
moulds, after which it is called pig iron. This
is again broken up and removed to another
furnace, where it undergoes the process of
puddling, which is thus performed :—a number
of pigs assorted of different degrees of car-
bonization, so as to produce when melted an
uniform mass of grey metal are run down by
the assistance of blast bellows, where it re=
mains to allow of the scoria containing the
impurities to rise to the surface, after which
it is a second time run out into moulds and

subsequently broken to pieces. A common
reverberatory furnace, heated by coal, is now




TRON. 253

charged with a quantity of this half-re-
fined iron, after a short time the metal will
appear nearly fused, when the flame 1s turned
off, and a little water sprinkled on the surface ;
when a workman with an iron bar, shaped
like a hoe, and introduced through a side
opening in the furnace, begins to stir the half
fused mass in every direction, until it is re-
duced to the size of gravel. The flame is now
turned on again, and the mechanical action
repeated until the iron ceases to emit a blue
flame, and appears still and quiet. The heatis
now increased, when a strong internal motion,
termed by the workmen fermentation, and
accompanied by a loud hissing noise takes
place ; after which the metal begins to clot,
and becomes much less fusible than before,
when it is collected together into lumps, and
beaten with a heavy-headed tool. Finally,
the tools having been withdrawn, the flame is
again turned on with its full force, when
the iron having been brought to a full wel-
ding heat, is removed, shingled, and subse-
quently heated and passed through grooved
rollers. By this means the scoria is sepa-
rated, and the metal acquires a high degree
of tenacity.
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For a detailed account of the methods
adopted in the working of iron and steel, the

reader is referred to Aikin’s Chemical Dic-
tionary.

Uses of wrom.

Iron is a metal so well known in_ conse=
quence of its indispensible necessity, as to
require but little attempt at the enumeration
of its uses. 1Its alloys with carbon or char-
coal, are three in number, viz,:—Steel, cast
iron, and plumbago, commonly called black
lead. In combination with acids it forms salts
much used in dyeing, ink making, calico
printing, &c. It is also frequently used in
medicine as a tonic. It is the colouring mat-
ter of several ochres used in painting, the
basis of the fine pigment called prussian
blue, and as a metal, it is valuable wherever
sharpﬁess of edge, firmness of texture, dura=-
bility and cheapness are requisites.
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MANGANESE.

Although manganese is found very univer-
sally distributed, its ores, properly so called,
are not numerous. Itis found in primitive
mountains, and mostly in primitive countries;
but from the strong affinity it has for oxygen,
it never occurs in the metallic state. The
ores of manganese are abundant in Somer-
setshire, Cornwall, and many other parts of

Great Britain; as also in France, and Ger-
many.

Varieties.

Grey oxide of man-

} Manganese oxygen.
ganese

Siliciferous oxide or ? Manganese, oxygen,
white manganese $ iron, silex, &.

Sulphuret of man- Manganese, oxygen,
ganese - sulphur, and car-

bonic acid.
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Phosphate of man- Manganese, oxygen,
ganese iron, and phosphoric

acid.

Grey oxide of manganese occurs crystal-
lized, but generally massive, and compact.
When newly broken, it exhibits a metallic
lustre, much resembling that of cast iron. It
is sometimes of an earthy texture, and in this
state soils the fingers.

Siliciferous oxide of manganese, or white
manganese, 1s found massive, often in veins of
gold and tellurium. It generally has a yel-
lowish or reddish tinge, and mostly contains
some lime.

Sulphuret of manganese is massive, and of
a dark grey colour, much resembling the
grey oxide. Itis found inthe same situations

as the last mentioned variety, and also, in
Cornwall.

Phosphate of manganese is a rare mineral,
of a light brown colour. It is found crystal-
1zed, possessing a glistening lustre, in a vein
of granite in France, and is sufficiently hard
to scratch glass.

The specific gravity of the ores of man-
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ganese varies from 2.8 to 5. the white variety
being the lightest. The pure metal, which is
very difficult to obtain, has a specific gravity
of about 7.

By the action of the blow-pipe, the ores of
manganese, per se, become pulverulent ; they
are not reduced to the metallic state upon
charcoal, although they give out their oxy-
gen. When treated with borax, they fuse into
a violet coloured glass. The phosphate of
manganese Is fusible per se, forming a black
enamel,

Tests for manganese.

ing black on expo--
sure to the air.

Whiteprecipitate,turn=
With alkalies, g

Ferroprussiate of po- E White precipitate
tassa, :

Infusion of galls, Ditto, ditto.

Water impregnated
with sulphuretted% Ditto, ditto.
hydrogen,
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Assay.

The assay of the ores of manganese is at-
tended with considerable difficulty, on account
of the high degree of temperature necessary
to deprive them of the last portions of oxygen,
for which this metal has a strong affinity.
The best method therefore, in general analysis
is to reckon the quantity of reguline metal
from the pure per oxide. That manganese
can be obtained in the metallic state I am
fully aware of, having produced it more than
once; but it is a task requiring much time
and labour, as I never could effect its reduc-
tion without the aid of a large pair of bellows
and that long continued; and when at last
obtained, it possesses no property sufficiently
interesting' to compensate for the labour.

As the native oxide of manganese always
contains iron, its correct assay ean never be
-effected intirely in the dry way, the manga-
nese being more refractory than the iron
itself; it is, therefore, the best method to
make a solution of the native black oxide in
muriatic acid, this will take up all the oxide
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of manganese, together with the oxide of iron ;
but upon the addition of caustic ammonia in
excess, the latter will fall, leaving the former
in solution, and which is afterwards obtained
by evaporating to dryness, and exposure of the
residue to a red heat. The pure oxide thus
obtained, may be reduced by mixing it into a
paste with oil and a little charcoal, and sub-
mitting it in a good crucible to a violent heat
for an hour or more ; the button thus obtained
is magnetic and of an iron grey colour; it
very soon tarnishes, and is hard and brittle.
When the pure oxide of manganese is mixed
with oil, and submitted to the action of the
mixed gases, the surface after some time as-
sumes a metallic appearance; but I never
could obtain a perfect globule of metal.

Analysis.

The variety called white manganese, and
which consists of oxide of manganese, oxide of
iron and silex, may be analysed as follows ;—

- Process 1.—Digest upon 100 grains of the
ore with the application of heat, a sufficient
quantity of moderately strong muriatic acid,
until nothing remains undissolved but a white
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powder, which being washed, dried, &ec., is
the silex of the ore.

2.—Add caustic ammonia to the clear so-
lution as long as any precipitate is given,
which will precipitate the iron contained in
the ore; separate this by a filter, wash, dry,
and reduce to the magnetic state.

3.—Put all the liquors together, evaporate
to dryness, and wash the residue with distilled
water, the powder now remaining is the oxide
of manganese contained in the ore.

Uses of Manganese.

Manganese, although found very abund-
antly in the state of an oxide, has never been
applied to any useful purpose in its reguline
form ; as obtained in its native state it is used
in glass=making,in which it acts as a bleacher,
rendering thissubstance much clearerand more
free from those stains to which it is always
liable from the different impurities contained
in the alkali, as well as the iron contained in
the flints. In the laboratory, the native oxide
is used for the production of oxygen gas,
which it liberates to a certain extent very
freely, and for that purpose the ore broken
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down to a coarse powder, is much better than
that which is finely divided. When mixed with
muriatic acid, or with common salt and sul-
phuric acid, it disengages chlorine, a gas
much used, in combination with lime, by the
bleachers, for whitening linen and cotton
goods. The' oxide is also used in French
Pharmacy.

POTASSIUM.

Potassium is the base of the oxide potassa,
or, in other words, of the alkaline part of pot
and pearl ashes, the first being an impure
hydrated deutoxide of potassium, and the
latter, the same, combined with rather more
carbonic acid: but with otherwise fewer ime
purities. The existence of the base just men=

tioned was first proved by Sir H. Davy; and
the method of obtaining it at a reasonable

expence, by the French chemists, The first
gentleman effected it by means of galvinism, -
the latter by what is commonly termed the gun
barrel apparatus, which is as follows :—Having
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obtained a strong gun barrel, as free from rust
and flaws as possible, take out the breeching
by unscrewing the end. Having done this,
place the middle of it on a forge fire, and
slightly bend it, making another slight turn
within four inches of the thickest end, and in
a contrary direction. To the same end is to
be attached a short copper tube, four or five
inches long, and which when used is to be
luted to it air tight. Atthe two extremities are
to be inserted, also air tight, two corks per-
forated, to allow of two glass tubes, bent at
right angles, being affixed, one of which,
when in action, dips into a vessel of mercury,
and the other of water; the mercurial one
being placed at that end which is the farthest
from the fire. Having proceeded so far, the
corks at each end may be taken out, and the
barrel luted with good fire clay, along that
space which is between the two bends, and
which is afterwards filled with iron turnings.
The lute being dry, the furnace with a good
pair of double bellows attached ready, and
the iron turnings introduced, the barrel is to
be placed in an inclined but horizontal posi-
tion, the luted part being inserted in the fire.
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The potassa is now to be introduced at the
long end, farthest from the fire, the corks
and tubes made air tight, and the ends dipped
into water and mercury, as before stated.
Every thing being now ready, the bellows are
to be worked gradually but firmly, raising the
fire to a full cherry red, or dull white heat;
the potassa now fuses, and runs down into that
part occupied by the iron turnings, here it is
decomposed, the oxygen uniting with the
metal at the same time that the hydrogen of
the water is given off. The potassium thus
formed sublimes into the copper tube, where
it is cooled and retained; as also very fre-
quently happens in that part between the
copper and the bend of the gun barrel.
When no more gas is given off, it is a sign
that the process is finished, the fire is there-
fore allowed to cool, the apparatus taken to
pieces, the potassium removed by a knife, and
immediately put into naptha, to prevent its
oxidating. It occasionally happens that the
gun barrel fuses in the middle of the process.
- Should this accident happen, it is immediately
made known by the sudden cessation of the
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cas which passes over, the barrel must there-
fore be got out as quick as possible, and an
endeavour made to save that part of the po-
tassium which has been already formed.

The chief difficulty in making potassium, if
any can be said to exist, is in affixing the
lute which is liable to crack by the heat, and
I have often found a small quantity of asbes-
tos mixed with -the clay, of much service in
preventing it; the quantity of potassium ob-
tained in one operation with this apparatus,
is generally from 80 to 100 grains; with a
different apparatus, however, the French:
chemists assert that they have produced
several ounces at a time, and that they have
obtained it by merely distilling the bitartrate
of potassa at a bright red heat in an iron
bottle. Here the carbon of the tartaric acid
unites with the oxygen of the potassa, .and the
potassium thus formed is volatilized by the
heat employed. The iron of which the bottle
15 composed probably assisting in the decom~
position. Potassium formed by either of these
methods, is of a white colour, resembling
silver, malleable at common temperatures, but
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at 32 degrees hard and bnttle: at 50 it
may be moulded by the fingers, and fuzes
at 137 Farenheit; but requires a heat ap-
proaching to redness to make it sublime.

The sp. gr. of potassium is 0.8, reckoning
water as unity ; when thrown into this fluid
a portion of it is instantly decomposed,
the oxygen combining with the potassium, to
form a solution of potassa, while the hydro-
gen passes off and takes fire by the intense
action thus produced.

Potasssa occurs in a combined state in
several minerals, of which the following are
the principal, and to which Mr, Phillips, in
his Mineralogy, has given the term alkalino
earthy :—

Mica,
Leusite, LSilex, alumina, potash,
Andalusite, &e.

Blue Felspar, j

Apophyllite Silex, lime, potash, &c.
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Sealy Tale
Lepidolite
Hauyne
Pearlstone
Felspar
Adularia
common
compact
glassy
Labradore

Tale
cystallized
massive
indurated

(ireen Earth

Soapstone
Steatite
Potstone
Agalmatolite

Chlorite
crystallized
compact
Chlorite slate
earthy

. Silex, alumina, lime,
7 potash, &ec.

{Silex, magnesia, pot-
\' ash, &e.

lSilex, alumina, mag-
S nesia, potash, &c.

' Silex, alumina, potash,
g and soda.
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Schorl Sty | N o5 thedd

i R R s w8

Nitre
crystallized
capillary

investing

Potash, nitric acid.

i
- Tests for.
The solution of potassa changes—

Turmeric paper, I Brﬂwn.'

Brazil wood, Purple.

V 2
egeta!:tle blues, ex gGreen.
cept litmus, "

Withmuriate of platina, Yellow precipitate.
11 )irzus 'y A erystalli 1=
With Tartaric acid in ; yEtall m? DA
- Cas g e=opitate of bitartrate
excess, s
' iw b of potassa.

. Potassa may be obtained by igniting crys-

tals of tartar, the superfartrate of the salt, in

a_ clean ccrucible made red hot in the

fire ; in this process the acid I;ni_rns. off, l'e_aving

the oxide combined with -a little carbon be-

hind, and this may be sﬁparaﬁed by solution
N 2
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in_ water, and subsequent evaporation in
a silver crucible. After it is fused it may
be poured out on a clean iron plate, and
is now the hydrated oxide of potassium; ano-
ther method is, to make a caustic lye by add-
ing quick lime to a solution of pearl ashes,
evaporating the clear liquor, and susequently
digesting the fused mass in alcohol.

The clear alcoholic solution is again eva-
porated or distilled, and the pure potassa in
an hydrated state remains. For this process
silver vessels are absolutely necessary.

Analysis.

The presence of either potassa, soda, or
lithia, in a mineral, may occasionally be in-
ferred from the loss in weight of the pro-
ducts obtained, compared with what it should
be. To ascertain if this is the case, reduce a
aiven weight of the mineral to fine powder,
and fuse it with boracic acid, or mnitrate of
harya : digest the mass so obtained in dilute
muriatic acid, and evaporate to dryness; pour

water upon the residuum ; filter the liquor, to
separate the silica and boracic acid deposited
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during the evaporation, and decompose the
clear solution by subcarbonate of ammonia.
Upon heating the mixture, the lime, magnesia,
and alumina, that may have been contained
in the stone, will be precipitated, and are to
be separated by the filter. The clear solution
now remaining, is to be evaporated to dryness,
and the residue submitted to a red heat, until
the muriate of ammonia arising from the
union of the solvent and precipitant before
employed is driven off. The new residuum
now left; is the potassa, soda, or lithia, com-
bined with muriatic acid. If lithia i1s con-
tained, digest the mass in alcohol, by which 1t
will be dissolved and thus separated; expel
the alcohol from the residue by heat, and turn
the muriates into sulphates, which are readily
separated by crystallization on account of the
insolubility of the sulphate of potassa to that
of the soda.

The most useful combinations of potassium
are those already mentioned, and commonly
denominated potash and pearlash; thles:e
come chiefly from Canada, North America,
and Russia, and on the large scale are ﬁ.m,
pre]gq,red i—Having collected Eogether.a large
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quantity of the branches of trees, of which
the wormwood, fumitory, beech, and fir, yield
the most, but which are generally taken in-
discriminately, they are bound inlarge stacks,
placed over a pit in which the ashes are col-
lected, and from which they are afterwards re=
moved from time to time, to separate thealkah
contained in them. The incinerated vegetable
matter thus produced is afterwards put into
largewooden cisterns furnished witha plug near
the bottom. A number of these cisterns being
so filled, receive a certain quantity of water,
which, at the end of a few hours is suffered to
run out' by means of the plug below. 'Anether
portion of water is again poured om; and, if
necessary, ‘a third, until the last runnings are
nearly tasteless: the solutions are then evapo=-
rated in large iron boilers, and the salt which
remains is the pearlash of commerce. The
potash is a much more impure article, gene=-
rally containing a large portion of earthy
matter, frequently so much so, that in some
samples the inert matter amounts to nine-
teen-twentieths of the whole. |

Potash and pearlash are very extensively
used in soap-making, the manufacture of
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glass, bleaching and scouring linens, woollen
cloths, &ec. &c. With the acids it forms salts,
some of which are much employed in medicine,
either as an antacid, or cathartic. In coms,
bination with the nitric acid, it forms niire,
or saltpetre, which enters very largely into the
composition of gunpowder ; and this salt, when
heated,1soften used as a substitute forthe oxide
of manganese in preparing oxygen gas, which
it liberates very quickly, and in considerable
quantities; the deutoxide of potassium re-
mains behind, combined with a portion of the
nitrogen, and thus beautifully shows the com-
positionof the nitric acid. Nitre is never manu-
factured, from the direct union of its constituent
parts, being found ready prepared in immense
quantities, a few feet under the surface of the
earth, in the East Indies. It is from this salt
that the whole of the nitric acid and aquafortis
used in commerce is obtained, it being only
necessary to add such a proportion of sul-
phuric acid to it as will form a bisulphate
with the base. The residue obtained after
the distillation of the acid, is called sal-
enixum by the coppersmith, who uses it in the
process of pickling; thus producing a clean
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bright surface. On account of its alkaline
properties, potassa and its carbonate are
much used in the laboratory, procuring us in
the solid state such substances as avere before
in solution in acid menstrua; for example, in
the preparation of the carbonate (com-
mon magnesia), a solution of pearlashes is
added to another of Epsom salts, a change in
the affinities takes place, sulphate of potassa
and carbonate of magnesia being formed in
lieu of the sulphate of magnesia and car-
bonate of potassa originally employed. With
chloric acid it forms a compound easily ful-
minated by trituration with sulphur, and
many other substances. The combinations of
potassa are also used in an infinity of pro-
cesses ; but which the limits of this little work
will not allow of being mentioned.
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SODIUM.

-

Sodium, like potassium, owes its discovery
to Sir H. Davy. It is prepared precisely
in the same manner from its oxide or soda,
as the preceding article is from potassa; and
the only difference which exists in its forma-
tion is, that it requires a more intense heat.
consequently the chances are less in its
favour in the process of reduction. :

Sodium is of a silver-white colour, and
sp. gr. 0.97; it is, therefore, rather heavier
than potassium, which, in other respects, it
much resembles. When thrown into water it
does not produce flame like potassium, but
merely elfervesces strongly ; thus decomposed
it passes into solution in the shape of an oxide
or pure soda.

Tests for soda.

The solutions of the oxide of sodium are
white, and the saline matter left upon evapo-
N &
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ration, after absorbing carbonic acid from
the atmosphere is efflorescent, while that of
potassa and its carbonate is deliquescent.

With solutions of pla-
tina

tartaric acid A very soluble salt,

sulphuric acid  An easy soluble salt.

% No precipitate.

With vegetable colours it indicates nearly
the same changes as potassa.

Soda is found in several minerals, of which
the following may be mentioned:—

Natrolite } Silex, alumine, lime,
Rubellite | soda, &c.

Sodalite

Lythrodes

Analcime Silex, alumine, -lime,
Clinkstone soda, &ec.
Pitchstone

Lava

Basalt ESilex, alumine, lime,

magnesia, soda, &e.
Silex, alumine, potash,

g - § soda, &ec.
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Natron N
crystallized |
ﬁbm}ls Soda, carbonic acid.
massive -

investinge

efflorescing J

Sulphate of soda Soda, sulphuric -aei_{L_
Borax

}Suda, boracic acid.
Tincal

Common salt \
crystallized Soda, muriatic acid,
fibrous &e.

massive

Kelp and Barilla.—These two substances,
which are largely used by the manufacturers
f hard soaps, are prepared from sea weeds
in a similar manner to pot ashes, with-
out any separation of the carthy matters with
which the alkali is combined, after the process
of incineration. Kelp is chiefly the product
of the common sea weed which grows upon
the rocks between high and low water mark.
The makers begin to collect these weeds,
chiefly the species vesiculosus and serratice,
about the month of May, and continue until
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the end of August or beginning of September.
The best, or Alicant Barilla, is made from the
ashes of the salsola soda, which is very exten=-
sively cultivated on the shores of the Mediter-
ranean ; and the time for collecting the plants
15 in August,when the seeds are ripe, and
. which are shaken out previous to the plant
being burnt. In the manufacture either of
kelp or barilla the weeds are first dried, and
afterwards burned in large furnaces con-
structed for the purpose ; the heat is now

continued until the mass enters into a state of

imperfect fusion, when the fire is withdrawn.
The kelp or barilla thus formed is afterwards
removed, and ' in- this state is fit for the
market. v

It has been already mentioned that one of
the chief properties which distinguishes soda
from - potash 1s its not readily deliquescing.
Soda soaps are therefore hard and soon get
dry by keeping; potash soaps, on the con-
trary, are always soft. Pure soda, or the
oxide of sodium, is prepared for experimental
purposes by treating the carbonate with
quick lime and afterwards digesting the dry
caustic alkali in aleohol, as in pure potassa.
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The uses of soda, besides the one just men-
fioned, are very similar to those of potassa; it
forms, with the different acids, a numerous
class of salts much used in medicine.

LITHIUM.

This substance has only been obtained by
the action of the Voltaic battery on its oxide
lithia; it is very similar in its appearance to
sodium ; possessing a brilliant metallic lustre,
and 1s immediately decomposed by water.
Lithia may be obtained from three minerals,
viz. petalite, triphane, and spodumene : in all
these it exists in small quantity.

Themethod of obtaining lithia from petalite
is as follows:—

Having reduced a portion of the'stone to
fine powder, flux it in a crucible with its own
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weight of potassa; boil the residual mass in
dilute muriatic acid, and evaporate to dryness;
digest the muriates thus formed in alcohol, the
muriate of lithia will be taken up, while the
others will remain. Throw the whole on a
filter; wash the residue with a little more
alcohol, add the washings to the clear solu-
tion, and evaporate to dryness in a silver
alembic : the muriate of lithia now remaining
- may be decomposed by carbonate of silver,
thus forming muriate of silver and carbonate
of lithia; and which, after separation of the
former, may be rendered caustic in the same
manner as the other alkaline carbonates by
the addition of quick lime. It has now a
sharp acrid taste, similar to potassa, but
from which it is readily distinguished by its
not deliquescing when exposed to the air, but
slowly absorbing carbonic acid.

Tests for Lithia.

The solutions of lithia-act upon vegetable
colours in a similar manner to the other al-
kalies, from either of which, however, it may
be distinguished by
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Phosphoric acid : T
o }Wlnte precipitate
giving a
P Ditto, difficultly so-
Carbonic ditto } luble 1n water.
Neither lithium nor its oxide have as yet
been obtained in sufficient quantities to de-
termine whether it has any properties distinct
from its alkaline nature that may be otherwise
useful; ‘they are substances but very little
known, and the stones from which théy may

be obtained very scarce.
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CALCIUM.

A white metallic-looking substance re-
maining after lime is negatively electrized
in contact with mercury, and the latter driven
off by exposure to heat in a close vessel, and
to which the name of calcium has been given.
Calcium, heated in contact with air, takes
fire ; oxygen being absorbed, and the lime
originally employed remaining in the same
state as before.

The oxide of calcium or lime, when com-
bined with carbonie acid, is of very general
occurrence, constituting a very large portion
of this earth, and commonly called chalk ; it
often occurs crystallized, as in calcareous
spar, arragonite, &c.; fibrous, as in satin
spar; and granular in all the marbles ob-
tained from Greece, Italy, or elsewhere. Be-
sides the term marble (one destitute of signi-
fication in a chemical point of view), ifis
called lime-stone, and is then divided into two

Sl o ...
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classes, the primitive and the secondary; the
due consideration of which is of consequence
in mineralog'y, many metals, for instance, being
found in the former, which are of very rare
occurrence in the latter, and vice versa.

Primitive lime-stone or marble may be
readily known from that of a secondary
formation, by its not containing those shells
and other remains of marine substances which
are found in the other. Primitive marbles
are generally of one colour throughout, or
streaked with veins of one colour, and are
usually more compact and granular than the
secondary ones; they are very seldom com-
posed of pure carbonate of lime only, gene-
rally containing some proportion of silex,
which latter varies in quantity from the white
Carara, or purest marble, to those which
strike fire with steel.

The native carbonates, excepting those just
mentioned, which are combined with a large
proportion of silex, are readily known I_Jy
testing with a drop of nitric acid; as, if an
effervescence or escape of carbonic acid gas
takes place, it is at once indicated, and the
comparative facility with which the acid aects,
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determines the relative quantity contained.

Thus, if a piece of common hard lime-stone is

treated with the acid, its action will be im-

peded by the particles of sand or siliceous

matter covering those of the carbonate of -
lime; if a piece of white marble is on the

other hand employed, the effervescence will

be immediate and violent.

Note.—A test bottle, or one furnished with
a long stopper nearly touching the bottom,
containing a small quantity of the acid, and
inclosed in a leather or wooden case, is ge-
nerally employed, and should always be con-
tained in a mineralogical chest.

Besides the native carbonates, the different
varieties of which are here enumerated, lime
1s also found combined with several of the
mineral acids, and other earths; thus we
have,

Carbonate of lime
Calcareous spar
Schiefer spar
Satin-spar

Lime, carbonic acid.

-




CALCIUM.
Stalactitic )
Stalagmite
Granular limestone

Primitive marble
Common limestone

Secondary marble!

Verd antique
Lumachelli
Cotham
Swinestone
Bituminous
Argillo-ferrugs.
Calp
Aberthaw

Septaria
Oolite

Peastone
Chalk
Marle
Chalk-marle
Bituminous
Madreporite
Agaric mineral
Aphrite
Tufa

;’ Lime, carbonic acid.
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Arragonite
crystallized
Flos ferri
dendritic
fibrous

Bitterspar
Miemite

Pearl-spar

Dolomite

Magnesiﬂn limestone

Conite

Apatite

Phosphorite

Fluor
crystallized
nodular
compact
earthy

Chlorophane

Anhydrite
erystallized
granular
fibrous

compact®

siliciferous

MINERALOGY.

strontian.

gLime, carbonie¢ acid,

Lime, magnesia, car-
bonic acid, &ec.

Lime, magnesia, car-

bonie acid, &e.

1 Lime, p.hnsphﬂric
| acid.

-

; Lime, fluoric acid.

Lime, sulphuric acid.,
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l','.'r_\'p.-tum

erystallized

fibrous

plumose Lime, sulphuric acid,
compact water.

eranular

earthy

Nt b B }Liﬂlf‘, nitric acid,

water.

Datholite | Lime, boracie acid,
Botryolite J vater.
Phasilhsolite ) Lime, arsenic acid,

j water.

Lime 1s also a constituent part in many
other minerals, as the reader will perceive
under the head of silicium.

The tests for line in solution are—

With oxalate of am- b
A white insoluble oxa-

late,

monia and oxalic
acid
Sulphuric acid and)
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Carbonates of am-

monia, potassa and White insoluble car-

bonates.
soda

Caustic ammonia added to the acid solu-
tions, occasions no precipitate.

Analysis.

In making the analysis of the different
minerals containing lime, this latter substance
15 readily distinguished from that of barya or
strontia by the nitrate neither tinging flame of
a yellow or red colour as in those just men-
tioned, and also by its nitric and muriatic
salts being very deliquescent and difficultly
crystallizable ; whereas those of barya and
strontia are directly the reverse.

Carbonate of lime may be readily analyzed
by introducing into a bottle (previously one-
third filled with dilute muriatic ‘or nitric aeid,
-and the gross weight of which has been accu-
rately taken) a definite quantity, say 100
grains, of the dried mineral, the quantity of

..

B

carbonic acid which is thus ex;ﬁélled_w_ill be |

ascertained by the loss on re-weighing; care
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having been taken to insert a spiral glass tube
or piece of wool into the mouth of the bottle
to prevent the escape of any aqueous parti-
cles, which would otherwise rise. The weight
of the tube or wool is of course to be taken

both before and after, as with the bottle and
acid.

Aua!_r;;sis of sulphate of lime.

The native sulphates of lime may be analy-
zed by boiling the mineral previously reduced
to a very fine powder with a solution of car-
bonate of potassa, until a thorough decompo-
sition is effected ; the result will be a change
according to their affinities, or sulphate of po-
tassa and carbonate of lime. 'The first may be
separated by elutrition with hot water,
‘and the quantity of lime contained in the lat-
ter estimated by the scale, or reduced to the

state of quick lime by a sufficient exposure to
heat in a covered crucible.

Analysis of fluate of lime.

Fluate of lime may be decomposed by heat-
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ing the powdered fluor spar in contact with
sulphuric acid : fluoric acid and sulphate of
lime will be the products. The former may be
collected by passing the vapour through
water, and its quantity of real acid known by
the quantity of alkali required for its satura-
tion, and the latter either by reducing to the
caustic state, or by reference to the table of
equivalents.

Analysis of the native phosphate of lime.

Apatite and phosphorite may be examined by
dissolving them in dilute nitric acid, and pre-
cipitating their base in a combined state with
oxalate of ammonia. The oxalate of lime thus
formed may be reduced to quick lime by
heat, as also may the phosphate of ammonia
to that of glacial phosphoric acid.

Before the oxyhydrogen blow-pipe pure
lime 1s infusible, but emits a most intense and
heautiful light; and when placed behind the
prismatic spectrum, or applied to the solar mi-
croscope, the same effect i1s produced as when
the rays of the sun are used. It is to be re-
membered that in all experiments with this

—

- —— ——




CALCIUM. 289

nstrument, the greatest effect is produced
by that part of the flame close to the jet, which
is directly the reverse with all other blow-
pipes.

Lime is very generally used in the forma-
ion of cements and plaisters of various kinds,
also as a very powerful flux when combined
with silica for the smelting of ores, and i the
laboratory for rendering caustic solutions of
carbonated alkalies. The native sulphate, or
gypsum, when calcined, forms the plaister of
Paris so much used for casting figures of
various descriptions. Common carbonate of
lime or chalk, when purified by grinding and
washing with water, forms whitening, and i
also the basis of the different testaceous pow-
ders used in medicine: when added to a solu-
tion of sulphate or nitrate of copper it preci-
pitates the metal, and thereby acquires a blue
colour, and is then called verditer,

. 3 [ M
. s H " 4 I ]
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BARIUM.

The substance which bears this name is to
be obtained in a similar manner to that
adopted in the preceding article,bynegatively
electrizing barya in contact with mercury.
Sir H. Davy states the metal so obtained to be
of a dark grey colour, specific gravity, 2.
When heated in contact with oxygen it takes
fire and returns to the state of barya, or oxide
of barium.

Pure barya may be obtained by submitting
the crystallized nitrate to a bright red heatfor
an hour, in a crucible, or by calcining the
pure carbonate; in either case a substance of
an ash grey colour is produced of specific
oravity about 4. possessing a strong affinity
for water, which is absorbed with the extri-
cation of heat similar to that produced on its
addition to lime, but in a minor degree.
Barya thus obtained is soluble in water, to
which it imparts an acrid caustic taste and
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poisonous quality ; the solution changes vege-
table blues to green, and has on that account
been called an alkaline earth, it also renders
oils miscible with water, but does not form a
true soap by boiling with them.

Barya is not found in many minerals, and
never in a pure or uncombined state: the
varieties are—
T }Bar_vu and carbonic
4 acid,

Sulphur and

Heavy spar and he-
} oxygen.

patite

Cawk, bolognian stone, and stangenspath,
are also varieties of heavy spar, and harma-
tome, or cross stone, contains barya in the
proportion of 18 or 20 per cent.

Tests for barya.

The solutions of barya give with

A white precipitate of

th lub =
e soluble sul sulphate of barya.

phates
Carbonated alkalies White precipitates.
02

Sulphuric acid and%
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The salts of barya are readily distinguished
from those of lime by their more difficult solu-
bility, and from those of strontia by the diffe-
rent colour which spirits of wine when burnt
upon them assume, the muriate of barya giv-
ing a yellow, and that of strontia a red flame.

Analysis.

To make an analysis of either witherite or
heavy spar, the former may be effected in
a similar way to that of the carbonate of the
preceding article, and the heavy spar, as in
the native gypsum. Where it is an object to
reduce any of the native sulphates in conside-
rable quantities for the purpose of manufac-
turing their salts with the acids roasting with
charcoal, sawdust, or small coal is usually
adopted as a cheaper and more expeditious
method than that of boiling with carbonate cf
potassa. In the former instance the carbona-
ceous matter combines with the oxygen of the
sulphuric acid of the sulphate, thus reducing
it to the state of a sulphuret, which is again
decomposed by a continuance of the heat, the
sulphur being dissipated, and the impure
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earth or oxide remaining, and which will now
readily unite with any of the mineral acids.

Barya and its salts are of very limited appli-
cation. In the laboratory the latter are fre-
quently in request in the analysis of solutions
containing sulphuric acid, either in a free or
combined state. The nitric salt is used in the
composition of green fire, and its native car-
bonate, when reduced to a fine powder, as a
poison to destroy vermin; also occasionally
for adulterating the white oxide of arsenic,
which it much resembles as regards its poison-
ous quality and specific gravity.

STRONTIUM.

Strontium may be obtained in the same
manner as the two preceding, viz. calcium
and barium ; it isfound native in combination
with the carbonic and sulphuric acids, the
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former variety is called strontianite, and the
latter celestine, and both of these occur in the
massive, crystallized, fibrous, and stellated
torms.

The native carbonate of strontia was origi-
nally discovered in a lead mine at Strontian,
In Argyleshire, from which it derives its name.
It is at present a rare mineral, but there is
little doubt if this mine was worked, but
which has been filled with water for several
years, that it would be very plentifully ob=-
tamed : ithas a greenish east and is of specific
gravity about 3.5 Specimens have also been
brought from Peru and Saxony.

Celestine, the native sulphate, is the source
from which the different salts of strontia are
made ; it occurs very abundantly in the
neighbourhood of Bristol, where it has been
used to mend the roads; itis white, often with
shade of blue, also occasionally reddish, from
the oxide of iron combined; the different va-
rieties vary a little in specific gravity from 3.
to 3.5. Arragonite also contains a portion of
strontia.
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Tests for

Carbonated alkalies  White precipitates,

Sulphuric acid and}__, =~
soluble sulphates letto ditto.

The muriate of strontia tinges the flame of
burning alcohol of a fine red.

The solutions of the salts of strontia are de-
composed by barya, which latter has a stronger
affinity for acids than the former.

Analysis.

The precipitants of strontia and barya, when
in solution, being the same, the analysis of the
varieties of the former may be conducted in
the same manner as for those of the latter ;
they are afterwards to be distinguished as
before mentioned.

Strontia appears to be of little utility; in
combination with nitric aecid it forms a salt
used in the preparation of the red fire of late
so abundantly used in almost every theatre,
and which is composed of this salt dried

and powdered, chlorate of potassa, sulphur.
and charcoal.
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MAGNESIUM.

The base of magnesia is now generally sup-
posed to be metallic; it has been obtained in
the form of a dark grey metallic like film by
distillation in vacuo of an amalgam of mag-
nesia and mercury, formed by means of elec-
tricity, as mentioned under the head of
barium, &ec.; also by passing the vapour of
potassium through magnesia enclosed in a pla-
tina tube and heated to whiteness with the
subsequent addition, and after evaporation of
a portion of mercury. Thus formed, it 1s
stated to be of a dark grey colour, burning
with a red light when strongly heated, after
which it passes into a white powder, or pure
magnesia.

Magnesia, the oxide of magnesium, is gene-
rally obtained by strongly calcining its carbo-
nates in loosely-stopped vessels; in this state
it is alkaline, as it changes vegetable reds to
green. Before the common blow-pipeitis, per
se, infusible ; with the oxyhydrogen pipe 1t is
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agglutinated. Its specific gravity is about 2.3,
having but little taste and no smell.

Carbonate of magnesia 1s generally ob-
tained from the bittern, or liquor remaining
after the separation of common salt from sea
water. This consists principally of muriate and
sulphate of magnesia, and which upon the
addition of a carbonated alkali, 1s decom-
posed; a carbonate of magnesia being formed,
which precipitates, whilst the alkali, either
potassa, soda, or ammonia, unites with the
acids previously combined with the magnesia,
and by which it was before held in solution.

Magnesia is found native in the form of an
hydrate, often tinged of a reddish colour,
from the presence of iron. It also occurs in
- combination with silex, alumina, and lime,
the carbonie, sulphuric, and boracic acids, as
in the following minerals :—

Olivine _
Chrysolite } Silex and magnesia.
Bronzite '
Tremolite
Amianthoide g Ditto and lime.
Diopside

05
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Augite
Sahlite \
Cocolite '
Pargasite
* Hornblende
erystallized
massive
hornblende-slate -
Basaltic Hornblende |
Actynolyte
crystallized |
asbestiform Silex, alumine, ' rme
glassy ? magnesia, &c.
Hypersthéne
Schiller spar
Smaragdite | a0
Anthophyllite
Asbestus
Amianthus
Common asbestus
Mountain leather
' cork
wood )

Talc }Silex, magnesia, and
Green earth potassa.
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Soapstone

Chlorite Silex, alumina, mag-

Schorl | nesia, and potassa.

Killinite

el Silex, alumina, lime,
magnesia, and soda.

. and

Cbkants }Sllex alumina, an
magnesia.

Bitter spar

Pear) G lee, magnesia, and

Dolomite carbonie acid.

Maguesian llmestnne

Conite

Sulphateof ma gn a5 } Magnesia and sulphu-
ric acid.

Boracite

Magnesia and hora-
} cic acid.

Besides the above, magnesia is often found
conétituting a portion of the matrix attached to
a great number of the metallic ores, also in
many mineral waters eombined with the mu-
riatic and sulphurie acids.
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Test for.

Magnesia is readily dissolved by most of
the acids, either mineral or vegetable ; with
the sulphuric it forms a bitter solution, which
upon evaporation yields crystals, or Epsom
salts.

With carbonates of

soda and potassa carbonate of magne-

E’White precipitate of
sid.
With soda and po-) White precipitate of
tassa pure magnesia,
heated.
Oxalate of ammonia No precipitate.

The bicarbonate EN”‘ precipitate, unless

Analysis.

The analysis of the native carbonate of
magnesia :—

Process 1.—Dissolve a given weight in
dilute sulphuric acid, the carbonic acid will
be thus expelled, the weight of which may be
ascertained at once if the digestion has been
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conducted in a bottle furnished with a curled
glass tube, as directed under the head of car-
bonate of lime,

2.—The liquor in Process 1 having heen fil-
tered, drop in a solution of bicarbonate of am-
monia; carbonate oflime,should it be present,
will be precipitated. Filter the solution, and
precipitate with carbonate of potassa: wash
this carbonate of -magnesia on a filter,
calcine with a red heat in a loosely covered
crucible for an hour, or until the carbonic
acid 1s expelled ; add together the weights of
the magnesia, the carbonic acid lost in the
first process, together with the carbonate of
lime formed in the second, and the weight lost,
if the analysis has been carefully conducted,
will be the quantity of water originally con-
tained.

For the analysis of those minerals, in which
silex and alumina are constituents, see the
latter article.

The different earths and stones of the mag-
nesian order, are known by their generally
possessing a glittering or shining surface,
very seldom an earthy one, with a green-
ish hue, and soft or soapy touch not soiling
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the fingers. They are readily distinguished
from the siliceous genus by their infusibility
with potassa, and from the argillaceous by not
emitting a clayey smell when breathed upon,
or contracting and hardening by exposure to
heat; they are generally sufficiently soft to
be cut with a knife, and do not readily effer-
vesce with acids, but are soluble in boiling
sulphuric acid.  Their texture is wuneven,
generally scaly or lamellar. They vary from
opake to semi-transparent.

Magnesia and its carbonate are chiefly used
as medicinal preparations; the former has
been much recommended by Doctor Henry,
of Manchester, as an antacid, especially in
cases of flatulency; the latter is an universal
medicine as a cathartic for children.
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SILICIUM.

Silicon and silicium, are terms applied to
denote the base of silica, or that substance of
which quartz, flints, sand, &e. are composed,
and which is readily distinguished by its
peculiar imsolubility in all the acids, the
fluoric excepted. The attemptsto obtain the
base of silica, supposed to be a metallie oxide,
have not been so successful, as with those of
potassa and soda, although it would appear
that these substances have a much greater
affinity for oxygen than silica has.

Silica may be obtained in a pure state by
fluxing powdered quartz, with three or four
times itsweightof caustic, soda, or potassa in a
crucible, dissolving out the fused mass with
hot water, acidulating with muriatic acid,
filtering and evaporating the whole to dry-
ness; the mass thus obtained after well
washing with hot water is the silica in the form

of a white gritty powder now insoluble in all
the acids but the fluorie,
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Silex or silica, i1s universally dispersed over
every part of the habitable globe, being not
only the principal part of what is often deno-
minated terra firma, but forming the chief
constituent in a variety of gems, distin-
guished by their hardness and beauty, as the
garnet, tourmaline, &c. The following 1s a
list of the principal minerals m which silica
forms a part, not including those already
mentioned under the heads of magnesium,
potassium and sodium, many of which belong

to silica :—

Quartz &
crystallized
massive
enclosing water and
air
pearl spar

bitumen feur.
bitumen and water/ Silex, &c.

titanite

oxide of iron

mica (avanturine)

chlorite (prase)
coloured ; milk

rose )
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violet (amethyst) \
yellow
brown
ferrugimous (Ei-
senkeisel)

irisated

radiated

stalactitic

pseudomorphous

spongiform

fat or fetid

Hyalite

granular

arenaceous (sand)

Cat's-eye J
Opal

precious, or noble

fire

common

semi

wood

ferruginous /

> Silex, &e.

Hydrophane

Menilite ;
Flint Silex, alumina, &e.

ferruginous
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Chalcedony
pseudomorphous
onyx
sard
sardonyx
plasma
heliotrope
Chrysoprase
Cacholong
Carnelian
Agate

ribbon
brecciated
fortification
mocha=stone
moss

Jasper
common
striped
Egyptian
porcelain
agate-jasper
ruin-jaspar

Hornstone
pseudomorphous
wood=-stone
chert

\

: ? Silex, alumina, &c.

= S R




—

Leelite

Siliceous sinter
opaline
Pearl sinter

Tabular spar
Lievrite

Garnet
Almandine
Common
Pyrenite
Grossular
Aplome
Manganesian
Melanite
Allochroite
Colophonite
Pyrope
Topazolite

Cinnamon-stone

Idocrase
Pyrgom

Prehnite
Koupholite

Stilbite
Albin
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b

) Silex, alumina, &e.

} Silex, lime; $se.

> Silex, alumina, lime.

&e.
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Mesotype
crystallized
fibrous
pulverulent

Axinite
crystallized
lamelliform

Wernerite

Epidote
crystallized
granular
manganesian

Zoisite
prismatic
earthy

Tourmaline
erystallized
white
green
vellow
blue (Indicolite)
black
Aphrizite

Indianite

Lapis Lazuli

Dipyre

Laumonite

h

)
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Silex, alumina, lime,

&e.



SILICIUM. 309

Slates \
Clay=-slate
Flinty slate

Lydian-stone
Whet-slate
Alums-slate

Clays
Wacké
Iron-clay
Indurated-clay
Slate-clay

black

brown

rotten-stone >Silex, alumina, lime,
Adhesive=-slate &c.
Polishing-slate
Porcelain clay
Lithomarge
Fuller’s-earth
Tripoli l

Bole

Lemnian Earth

Cimolite

Mountain-meal

Black chalk

Pipe clay

Potter’s clay

l.oam
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Hahdtsmo }bllex, alumina, ba-

rytes, &c.

Jade
common

Axe=stone
Sausurite
Obsidian
Marekanite
Fettstein
Scapolite
Chabasie /

Silex, alumina, lime,

&c.

Besides these varieties, silica oeecurs as a
principal constituent in the matrix of almost
every ore.

Analysis.

On account of the extreme insolubility of .
silica, those minerals in which it exists in con-
siderable quantity, must always be first treated
in the dry way (fluxing with potassa or soda),
as by this method a compound more or Ie-as
soluble in water, according to the quantity of
alkali employed, is obtamed. And as it has
been before stated that all mineral substances
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are obedient to the action of either alkalies
or -acids, so by this method obstacles are
overcome that might be otherwise insur-
mountable.

It is to be remembered that in all cases
where a solution is required, the substance to
be operated upon should be in a divided
state, and this is particularly required in the
analvsis of siliceous compounds; as even
with this precaution a failure would often be
experienced, were we not enabled by the
fixed nature of a caustic alkali to apply a
heat four or five times greater than when
working in the wet way (digesting in acids).
It s also frequently of advantage in the treat-
ment of those minerals which refuse to dis-
solve in acids, if the finely divided mineral
is boiled in a strong aqueous solution of
these salts, the particles of the two bodies in
this way coming nearer together; but this is
usually a preliminary process only, as the
water is to be evaporated, and the dried mass
afterwards submitted to a low red heat for
half an hour or more, according to the quan-
tity and state of the division of the silica con-
tained, as also of the temperature employved.
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Indeed it may be generally laid down asa
rule, that in proportion as the alkali is in
excess, and the mineral finely powdered, so
is the time required for the fluxing shortened,
and vice versa.

In the use of alkaline solvents, the mate=
vials of which the vessels so employed are
composed, is also to be taken into considera-
tion. If a caustic alkaline ley were heated
in capsules crucibles, &c. composed of glass |
or earthenware, the analysis could not be
performed with any degree of accuracy; a
portion of the vessels themselves would be
dissolved, and thus, in the after process, would
give a portion of silica which did not belong
to the mineral, besides the certainty of thus
spoiling the vessels. All the metals, gold,
silver, and iron excepted, are subject to the
same defects, and of these the second is by
far the best for this description of analysis.

In the process of fluxing therefore, in the
small way, three times the quantity of dry
caustic alkali, previously ground to fine pow-
der, or its equivalent in solution, should be
added to that of the mineral employed, and
the two intimately mixed together. The cru-
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cible in which the operation is to be performed
should be sufficiently large to hold thrice the
bulk of the materials so acted upon; otherwise
a portion is very subject to fly out, and the
analysis rendered inaceurate. The crucible
should have a cover, to keep out any pieces of
coal which might otherwise get in, and should
be made of silver, without any admixture of
copper. Platina vessels are not fitted for the
process; and those made of silver will not bear
more than a low red heat, without danger of
fusing, and also 1'eq‘uirc to be inserted within
another composed of black lead (carburet of
iron), to prevent the coals adhering to the
sides, sometimes -not removable without
violence. | W
Process 1.—A siliceous body, having been
duly fluxed, hot water is to be poured into the
crucible; or,  what is sometimes better, the
crucible itself, tugcifwr with its contents,
placed in a elean iron saucepan half filled
with water, and made to boil: by this means
every particle of matter is readily detached,
and nothing lost.
2.—The clear liquor, separated from
the undissolved residue is to be quickly

)
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supersaturated, or rendered acidulous, by the
addition of muriatic acid, and poured into
olass vessels; by this means, although the silica
will be at first precipitated, yet, upon a slight
excess of the acid, it will again be dissolved.
Now evaporate the solution to dryness; pour
boiling water upon the dry mass, and throw
the whole upon a filter: drop muriatic acid
on the residue; again wash with distilled
water, and subject the filter and contents to a
low red heat. What now remains 1s pure
silica, unless mixed with a little charcoal from
the decomposition of the paper which formed
the filter, and this may be removed by a
stream of air fromthe lungs, or a pair of hand-
bellows. '

3.—The residue, untouched by the fluxing
in Process 1, and separated from the clear

i
{

liquor in 2, may now be digested also in

muriatic acid; and should any remain undis-
solved after boiling in this sc:'h'ent, it 1s to be
again fluxed with three times its weight of
alkali, as before, and if necessary, again di=
gested in muriatic acid, or untilhb}‘ the re=
peated action of alkali and acid, nothing
more remain,
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4.—If a second fluxing has been rendered
necessary, but which may in gencral be
avoided, another portion of silica is to be
obtained by the Process 1, just mentioned ;
after which the acid solutions are to be all
mixed “together with the washings of the
silica and filters, evaporated, if the bulk is
inconvieniently large, and tested to ascertain
the constituent parts: there may be two
or three metallic oxides, as well as earthy
matters.

5.—Whatever metallic oxides may be con~-
tained, they are first to be precipitated by the
methods already described under their re=-
spective heads; after which, if alumina and
lime are present, they may be obtained sepa-
rately, by pouring into the solution liquid
ammonia : this will throw down the alumina,
- and leave the lime, which is afterwards to be
precipitated by adding a solution of carbonate
of potassa, and boiling the mjxture.”

Uses of Silica.

Silica is the basis of all the different kinds

of glass and china met with in commerce ;
2 '
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‘the goodness of flint glass consists in perfect
transparency, void of colour; and that object
1s attained by adding to the mixture of flints
and pearl-ash a small quantity of the oxide of
manganese, called, by the glass-makers, soap,
on account of its clearing property. A small
quantity of oxide of lead is also generally
added in this description of glass.

Green glass, or common bottle glass, is
made of much coarser materials than the
preceding, its basis being generally sand,
‘with the occasional admixture of lime, and
fluxed by barilla, kelp, or wood-ashes. This
description of glass is much harder than flint
‘glass, and requires a much greater heat for
its fusion: on this'account it is often-used for
“the making of retorts and some other chemical
“apparatus, but has the disadvantage of flying
much sooner than the other, on the application
of heat.

Glass is often coloured by the admixture of
various metallic oxides to form artificial gems,

and the whole art in this manufacture consists

in . first producing a very clear, hard, and
'pcrfect olass, and then again fusing it with

such a metallic oxide, and In such proportions -

Ll

41
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as will give the tint required; the following
are thus produced :—

Ruby red, by the addition of the purple
precipitate of cassius. |

Emerald green, by the addition of the
oxide of chrome.

Yellow, by the addition of the oxide of an=-
tunony.

Blue, by the addition of the oxide of cobalt,

Black, by the addition of the oxide of man-
ganese and cobalt.

If crown or plate glass is used for the basis
of artificial gems, a sniall- portion -of rock
erystal may in general be made to combine
by an increased temperature being applied to
- that originally employed in the manufacture
of the glass; and this will tend in a consider=
able degree to harden, and thereby more
nearly approximate the composition to that of
a frue crystal.

Porceiain differs from glass mn its being
semi~transparent only, its having a much
firmer texture, and capable of sustaining a
greater degree of heat before it fuses, It
1s made in this countrv, “chiefly in Stafford-
- shire, and is composed of a fine clay in which

P 3
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alumina abounds, and a siliceousstone, called
chertz, or otherwise ground flints, made by
exposing common flints to a red heat and
suddenly cooling. them by immersion in cold
water, are substituted. By this process the
flints are rendered friable, and are then fit
for the mill, where they are reduced to an
impalpable powder. The dried clay is also
made as fine as possible, afterwards sifted, and
the two mixed together to the consistence of a
stiff paste with water, which is then fit for the
workman’s lathe. The ware is then baked
in a kiln, and is now called biscuit. It is
afterwards glazed by dipping it into a mix-
ture of clay, litharge, and ground flints, made
up to the consistence of cream with water,
subsequently dried, and again exposed to
such a temperature as is just sufficient to
vitrify the surface: the porcelain is now
perfect, if a plain ware only is required. If
on the contrary, it is painted with enamel
colours, composed of the different metallic
oxides, mixed up with a flux, and again
baked. In the painting of porcelain some
little nicety is required; first, the metal-
lic oxides must be mixed up with the flux =
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in such proportions as will ensure the vitri-
fication of the whole at one and the same
time, otherwise the more fusible would run
over the others,and the effect be thus spoiled:
and, secondly, those colours only can be used
that are neither decomposed by exposure to a
very high temperature, nor the lead basis on
which they are either applied, or with which
they are mixed. The most technical part of
the process, however, in the art of porcelain
painting, appears to be the exact time at
which the fire should be damped; which I am
informed by Mr. Anderson, of St. John'’s street,
a celebrated practical enameller, isso critical,
that the delay of a few moments over the
exact point, is sufficient to spoil a whole kiln
of ware; whereas, on the other hand, if a
sufficient heat has not been given, the colours
will be void of brilliancy, and*will bear a dull,
rough, uneven aspect, which arises from the
flux with which they have been previously
united not being fused :—the colours are laid

on with turps and oil of spike (lavender), as
in o1l painting.
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ALUMINUM.

This name has been applied to denote the
base of alumina, supposed to be metallic, but
of which; as it-has not been obtained in a pure
state, little can be said. From Sir H. Davy’s
researches it appears, that when iron is nega-
tively electrified in contact with alumina, a
compound is formed whiter than pure iron,
and which effervesces when thrown into water,
at the same time becoming covered with a
white powder. When this is dissolved in
muriatic acid, and aga.n precipitated by an
alkali, alumina and oxide of iron are obtained.
Enclosed in"a tube and acted upon by the
vapour of potassium at a high temperature,
the potassium 1s converted into potassa, and
orey particles, possessing a metallic lustre,
are found disnersed through the remaining
undecomposed alumina.

Alumina has always been considered, prior
to Sir H. Davy’s experiments on it, as one of
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the primitive earths; it is found in consi-
derable quantities in all the clays, loams,
boles, &ec. with which we are acquainted, and
on the presence of this earth depends their
peculiar tenacity and plasticity.

The soil in which alumina abounds is dis«
tinguished by the termargillaceous—the name
argil being formerly used to denote the pure
- earth; but as it was afterwards obtained n a
state of purity more readily from the decom-
position of alum, the bisulphate of alumina,
and potassa, the more appropriate term of
alumina has been given. '

Pure alumina may be obtained by dis-
solving. alum in 20 parts of distilled water,
adding to it a small quantity of the solution of
carbonate of soda, which will precipitate any
iron that may be contained, decanting off the
clear liquor, and adding to it liquid ammonia;
a white bulky precipitate will now fall, which
is the alumina; it is to be thrown upon a
linen filter, well washed with repeated affu-
sions of distilled water, collected, and dried :
the liquor which passes through the filter is
now a compound of the sulphuric acid pree
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viously existing in the alum and the ammo-
niacal precipitant.

Alumina is also found in nearly a pure
state in several minerals, especially the ruby
and sapphire, which are composed wholly of
this earth, united with a very small portion of
colouring matter; it 1s also a constituent in
the following minerals, besides those already
enumerated under the different heads of sili-
cium, magnesium, potassium and sodium.

Wavellite 3
Diaspore
Corundum
Perfect Corundum
Common corundum |
Emery

Fibrolite

Pinite

Cyanite
-Rhaetizite

Staurolite

Automalite

Topaz
Pyrophysalite

» Alumina water, &ec,

B

Alumina, silex, &e.
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Pycnite
Chrysoberyl (Alumina, silex, lime,
Sommite g &e.
Meionite
Alumina, silex, mague-
Pleonaste g svay Boos
lolite ;Alumina, silex, lime,
Lazulite magnesia.
be;?;i:’:“ﬂ I_Alumina, silex, lime,
&ec.
Common J
Subsulphate of alu=) Alumina,  sulphurie
mina } Acid, &ec.
Alum
Crystallized ESulphuric acid and po-
Efflorescing tassa.
Stalactitic g
' Eﬁlumine, fluoric acid,
Cryolite
: soda, water.

Tests for.

Alumina, when prepared according to the
process just given, 1s a white, pulverulent sub-
stance, strongly adhering to the tongue, in-
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sipid, inodorous, and insoluble in water, with
which it readily unites, and part of which is
retained with great tenacity upon attempting
to obtain it in a perfectly dry state ; it is infu=-
sible except by the oxhydrogen blow-pipe,
which agglutinatesits particles: inthe furnace
it merely suffers a condensation in volume ;
when in the state of powder its specific gravity
18 2.

Most of the salts of alumina have a sweet
taste, and are very soluble in water, with

Ammonia White precipitate,
Phosphate of Ammonia Ditto ditto,
: Ditto, ditto, passing
Hydriodate of potassa % to yellow.
Bi-sulphate of potassa, added to solutions of
alumina, produce octohydral crystals of alum.

Analysis.

Proczess 1.—The spinel, which is composed
of alumina, silex, magnesia, oxide of iron and
lime, was thus analyzed by Klaproth—

One hundred grains of the spinel from Cey-
4
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lon, in picked crystals, were reduced to an im-
palpable powder in a flint mortar. On re-
weighing, after levigation, an increase of nine
grains was obtained, arising fromthe abraded
surface of the vessel employed.

2.—The powder was now digested in muri-
atic acid, which took up nearly the whole of
the oxyde of iron, together with the lime, but
did not otherwise affect the mineral ; the mix-
ture was therefore diluted with water, and the
whole thrown upon a filter: after washing the
powder, the clear liquor was saturated with
ammonia, oxide of iron fell down, which, upon
being collected and dried, weighed 1. 25
arains. _

3. The solution separated from the oxide
of iron, was concentrated by evaporation, and
oxalate of ammonia added; a precipitate was
thus obtained, which, when collected, placed
on charcoal, and exposed to the action of the
blow-pipe, gave .75 of a grain of lime.

4.—The stone having lost very little by di-
gestion in the acid, was next boiled in a solu-
tion of caustic potassa, containing five times
its weight of dry salt, afterwards eyvaporated
to dryness, and exposed for an hour to a low
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red heat in a silver crucible. On dissolving
out the contents with boiling distilled water,
54 grains were left unacted upon; they were,
therefore, returned into the ecrucible, with a-
ten~fold proporiion of the alkaline lixivium,
and afterwards ignited ; on again acting upon
the mass with boiling water, 43 grains were
left, and therefore insoluble in an alkali.

5—The clear alkaline solutions previ-
ously mixed together, were supersaturated with
sulphuric acid, which on the addition of car-
bonate of potassa, and subsequently boiling,
threw down a bulky precipitate : this was again
dissolved by excess of acid, and evaporated,
when a white powder fell down, which, after
collecting and drying, weighed 95 grains.

6.—The precipitate of Processd, was again
digested in an alkaline lixivium, and after-
wards reduced to dryness: when again liqui-
fied with water, there remained only a slight
residue, which, after washing, nearly all dis-
solved in sulphuric acid.

7.—The portion taken up by this last alka-
line solution, was precipitated by the addition
of sulphuric acid, butre-dissolved in excess of
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acid, and was afterwards precipitated by
boiling with carbonated alkali.

8.—The whole of the solutions obtained at
process 5, 6, and 7, was evaporated to a small
compass; the gelatinous appearance of it,
when cold, showed that a separation of silex
had taken place; it was then greatly diluted
with water, and the silex collected by filtra-
tron.

9.—This sulphuric solution was set to crys-
talize, by dropping into it a solution of ace-
tate of potassa, and evaporating it slowly: the

~ crystals at first were pure and regular ones of

sulphate of alumina, but as the solution as-
sumed a green colour towards the end, I com-
bined it with Prussian alkali; a trifling pre-
cipitate was the consequence, of which the
oxide of iron could not be estimated at more
than one-fourth of a grain. The solution,
being now free from iron, was decomposed in
a boiling heat by carbonate of potassa, and
the precipitate, again dissolved in sulphuric
acid, was brought to a final crystallization,
after which the alum thus obtained was added
to the foregoing,
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10.—1I shall now proceed to the analysis of
the 43 grains that were left undissolved by
the caustic by Process 4. These were readily
dissolved by dilute sulphuric acid, leaving
some siliceous earth; the solution separated
from the last was then combined with a small
portion of acetate of potassa, and exposed to
spontaneous crystallization in the open air.
At fivst a few crystals of sulpliate of alumina
were deposited, but afterwards sulphate of
magnesia.

11.—Ta separate the sulphate of magnesia
~ thus obtained from the sulphate of alumina

- with which it was combined, it was strongly
ionited in a porcelain vessel for half an hour,
and the saline mass afterwards softened in
water and filtered; the alumina separated by
this means was then dissolved in sulphuric
acid and crystallized. I

12.—The pure solution of sulphate of mags
nesia was precipitated in a boiling heat by
means of potassa. The carbonate of magne-
sia thus obtained, weighed, when dry, 20dwts.
5 grains, but after strong ignition, anly Sdwts.

25 grains.
13.—All the washings (of which that at Pro-
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cess H, on precipitating the sulphuric solu-
tion by carbonate of potassa, retained the
yellow colour of the first solution, were alto-
gether evaporated to a dry mass; when they
were re-dissolved in water, there still' sepa-
rated a little earth, which, along with the pre-
cipitate remaining at Process 6, was ignited
with caustic potassa, and. then, by sulphuric
acid, resolved into aluminous and siliceous
earths.

14.—The whole quantity of sulphate of alu=
mina obtained at Processes 9, 10, 11, and 13,
amounted to 665 grains. It was now dis-
solved in water,and at the heat of ebullition,
decomposed by carbonate of potassa. The
aluminous earth thus obtained, when edulco-
rated with water, and dried, weighed 221
grains; but after being purified by diges-
tion with distilled vinegar, and saturation
with ammonia, and being again edulcorated,
and at last subjected to an intense red heat,
it weighed only 74.5 grains.

15.—1 then ignited, for half an hour, all the
“siliceous earth obtained from Process 8, 10,
and 13: it then weighed 24.5 grains. Hence
“subtracting 9 grains, which had been abraded



330 CHEMICAL MINERALOGY.

from the mortar at Process 1, there remained
155 grains belonging to the spinel.

According to the analysis, the constituents
of the spinel are :—

Alumine 14 - = 7450
Silex .. 156 - = 1550
Magnesia 12 =T B
Oxide of _g 2..1.25 =" 1.50

i) o nculel 4 [ B R 75
Lime' .. .8

100.50

The earths in which alumina abounds, are
generally soft to the touch, emiting an earthy
smell when breathed upon. They do not effer-
vesce, but are soluble in acid menstrua, ge-
nerally sufficiently soft to be impressed with
the nail, but after exposure to a strong heat
become exceedingly hard. The softest varie-
ties readily absorb water, and thus form a
tenacious ductile mass. |
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Uses of Ah:minu.

Alumina, as before] stated, enters largely
into the composition of all the different de-
seriptions of porcelain and earthenware; in
nature, it is an important feature in primitive
rocks; feltspar containing about a fifth, and
mica a third, of its weight : but its most beau-
tiful varieties are those distinguished by the
term gems—the topaz, ruby, sapphire, &ec.
being composed of nearly pure alumina. The
alum rock is also a very interesting natural
product, being the source from whence the
immense quantities of alum used in our
printing and dyeing grounds, is obtained,
where it is employed for the strong affinity it
it possesses to almost every description of
vegetable colouring matter. In the argilla-
ceous districts,especially those of South Ame-
rica, larger quantities of the more valuable
metals are found than in any other; and this
1s peculiarly fortunate: as although argilla-
ceous earth, when submitted to the action of
fire, does not appear to undergo much alter-
ation ; yet, when a due proportion of lime is
termixed, the two combine, and readily

-
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enter into a state of fusion, allowing the metal,
at the same time, by its great specific gravity,
to fall to the bottom.

ZIRCONIUM.

This name has been applied to denote the
base of Zirconia, or Zircon, first obtained by
Klaproth from the jargon of Ceylon, and
since from the jacinth, from either of which
it may be obtained in a pure state, as in the
following analysis. Zirconia is a white
powder, destitute both of taste and smell,
with a harsh touch between the fingers; it is
msoluble in water, and, unless vecently pre=
cipitated, is not acted upon either by acids
or the solutions of the fixed alkalies. It is in=
fusible ; but when the vapour of potassium is
passed over it, a similar effect 1s produced, as
already described under the article Alumina,

-

e
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By the action of the blow-pipe zirconia emits
a yellow phosphorescent light: when agglu-
“tinated by exposure to an intense heat, it be«
comes sufficiently hard to strike fire with a
steel. Its'sp. gr. is 4.3.

The jargon, or zircon, occurs in the beds of
rivers in Ceylon, associated with magnetic
sand, ruby, tourmaline, &c. also in the sands
of a little river in Auvergne, in Saxony, and
Norway. Zircon occurs crystallized in many
forms, generally not larger than one or two
orains inweight; they are smooth and greasy to
the touch, and of a smoke-grey colour, which
however varies, being also found brown, yel~
low, and bluish red; the smoke-grey and
light yellow are occasionally passed off' for
diamonds. Jargons are readily distinguished
by their great specific gravity, which exceeds
that of other gems, being as high as 4.3 to
4.6

Analysis.

1. A given weight of the zircons having
been reduced to very fine powder in an
agate mortar, they are to {e mixed with
three times ftheir weight of caustic potassa,

y »
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and exposed to a red heat for an hour, at
the end of which the mass is to be detached
by boiling in distilled water, as usual.

2.—Digest the residue in muriatic acid
(should any remain undissolved it is to be
again fluxed as before): evaporate the acid
solution to dryness, and digest in boiling dis-
tilled water, acidulated with muriatic acid ;
‘what remains is silica.

3.—The solution now holding the muriates
of zirconia and iron, is to be decomposed by
ammonia, the pf*ecipitnte washed to separate
the muriate of ammonia, and afterwards boil-
ed in water strongly acidulated with oxalie
acid ; by this means the iron will be taken
up, and the oxalite of zirconia remain; the
former may be again obtained bysupersatura-
tion with ammonia, and the latter deprived
of its acid by heating in a crucible.

Neither zirconia nor its salts have been ap
plied to any use.

L

ik
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GLUCINUM.

Giucina, supposed to be the oxide of a
metal, and to which, therefore, the term Gluci-
num hasbeen given, is a light, tasteless, white,
and soft powder, discovered by Vauquelin,
in the aqua marina and the beryl; from the

later, it may be obtained in the following
manner ;:—

Analysis of the Beryl.

Process 1.—A given weight of the beryl,
m fine powder, is to be fluxed, as usual, with
three times its weight of potassa, and every
thing soluble removed by subsequent boiling
in distilled water to which has been added
muriatic aeid in excess; evaporate to dry-
ness: digest the dried mass in hot distilled

water, and, throw the whole ‘upon a filter;
whatsremains, after elutriation, is the silica

contained in the stone.
¥
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2.—The glucina and alumina, now in com=-
bination with the muriatic acid, are to be
thrown down by carbonate of potassa: collect
the precipitate on a filter; wash with distilled
water, and redissolve in sulphuric acid.

3.—To the super sulphate of glucina and
alumina, adda small quantity of sulphate of
potassa, taking care not to leave any great
excess of sulphuric acid in solution: but, if
_present, it must be removed by the addi-
tion of a due quantity of carbonate of po-
tassa ; evaporate the solution rather low, and
set aside ina covered vessel; crystals of alum
will fall,and,by subsequent evaporation, a se-
cond portion will be obtained.

4.—When the whole of the sulphate of
-alumina and potassa have been thus obtained,
add carbonate of ammonia in sufficient quan=-
tity to dissolve the whole of the glucina, what
remains 1s the alumina. '

5.—Filter the ammoniacal liquor in the
last process; evaporate to dryness, and ignite
in a covered crucible; what now remains is
pure glucina.

6.—The quantity of alumina
tallized alum is to be ascertained either by

..
n the crys-
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referring to the scale, or by decomposing
their solution in water by ammonia, as di-
rected in the preparation of pure alumina;
when obtained, its weight is to be added to
that portion collected in Process 4.

Glucina has not been applied to any useful

purpose.

YTTRIUM.

Yttria was first discovered by Professor
Gadolin in a mineral from Ytterby in Sweden,
and named, in honour of its discoverer, Ga-
dolinite. This mineral is of a black or velvet
black colour; it generally occurs either dis-
seminated or massive,scldom crystalline; with
a vitreous lustre and conchoidal fracture ;
hardness, between 'feltspar and quartz; brittle:
specific gravity, 4.2. Its constituents are
vttria, silica, the oxides of iron, and cereum
and ‘i:'ﬂ][l.tiIE matter. Before the blow-pipe it
runs into a slag, which is generally magnetic

Q



338 CHEMICAL MINERALOGY.

‘As obtained in the following analysis, yttria
is.a white powder, of specific gravity 4.82;
possessing neither taste nor smell; - infusible
per se,but readily so on the addition of a little
borax, with which it forms either a transparent

or opake glass according to the quantity
added. Yttriaissoluble in many of the acids,

but not in fixed alkalies; carbonate of am-

monia, in great excess, however, dissolves it.
With the exception of the sulphate of yttria,
which is soluble, its salts are very similar to
those with base of lime; yttria is supposed to
be a metallic oxyde, and the base has therefore
been called yttrium.

The soluble salts of yttrium are decomposed
by the carbonate and phosphate of soda,
oxalate of ammonia and the ferro cyanate,and
tartrate of potassa, -

Analysis.

1.—A given quantity of the gadolinite in
fine powder is to be mixed with thrice its
weight of caustic potassa, the mass thus ob-
tained is to be digested in distilled water, and
the solution evaporated to throw down a
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portion of oxyde of manganese generally
contained.

2,—The remaining solution, together with
the undissolved residue are to be mixed with
nitric acidin excess, and evaporated to dryness.
On resolution in water, the silex and oxyde
of iron will remain: they may be separated
by digestion in muriatic acid, which will take
up the latter, and leave the former. Ammonia
in excess will precipitate the oxyde of iron.

- 3.—If any lime has been contained in the
specimen thus subjected to analysis, a few
drops of a carbonated alkali will now separate
it, after which, the careful addition of hydro-
sulphuret of ammonia will separate’ the re-
mainder of the oxyde of manganese.

4.—Precipitate the yttria by adding to the
remaining fluid caustic ammonia, and the
analysis is finished.

Q2
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THORINUM

Is the last of the substances to be enume-
rated under the head of metalloyds. It issup-
posed to be the metallic basis of thorina, an
earthy-like matter discovered a short time
since by M. Berzelius in the fluate and deuto-
fluate of cerium and yttria.

Thorina may be distinguished from alumina
by its insolubility in solution of potassa ; from
zirconia, by its combination with sulphuric
acid, being crystallizable, and by its solubility
not being destroyed by the action of heat.
Oxalate of ammonia throws down a white
precipitate from the solutions of thorina, but
they are not affected by sulphate of potassa,
which distinguishes them from those of lime.

When pure, thorina isawhite powder,having,
like lime, a very strong affinity for carbonic
acid, which it readily imbibes when exposed to
the atmosphere ; after which it dissolves with
effervescence in acids. With the sulphuric it
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forms a crystallizable transparent salt, which is
not againaltered by exposure tothe air. Tho-
rina hasnot been applied to any useful purpose.

COMBUSTIBLE MINERALS,
Or those with base of Carbon and Sulphur.

CARBON.

This peculiar and supposed simple body,
exists in a combined state very generally
throughout the universe; but in only one in-
stance yet discovered does it occur in a state
of perfect purity, viz the diamond; next to
which isa substance to which the term mineral
carbon has been applied. As a constituent
part it occurs in the following mineral sub-

stances.

Plumbago, Carbon and iron,
Anthracite, Ditto and earthymatter,
Blind coal, Carbon and iron,

Stone ditto, Ditto,
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‘Welch culm,

Kilkenny coal,
Mineral oil, %

Carbon, hydro-

Naptha,
gen, &c.

Petreolum,

Bitumen,
earthy,
elastie,
compact, Carbon, hydrogen,

Black coal, and earthy matter,
Cannel coal,

Jet,
Brown and other
coal.

iber. %Carhan and sue=

cinic acid.

The first variety of carbon, or the diamond,
may be distinguished from most other gems by
its greater specific gravity, which is generally
3.5 In its native or rough state, it is usually
found coated with a thin crust which produces
aslight opacity ; and would lead to the idea of
its being semi-transparent only, but when this
is removed it is nearly equal in that respect to
rock crystal. Diamonds are found of various
colours, black, blue, red, light yellow, &e,
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but the colourless variety which is also of the
most frequent occurence, isthe most esteemed;
next to which are those containing the greatest
depth of colour, as the black, blue, &c. The
primitive form of the diamond is a regular
octohedron; but it isoften found in that of
the dodecahedron andthe quadrangular prism,
with dihedral summits. Diamonds are met
with in the Ghauts from Bengal to Cape Co-
morin ; but are principally obtained in the
tract between Golconda and Mazulipatam.
Theyare alsooccasionally broughtfrom Borneo
and the district of Serro Dofrio in Brazil,
where they are imbedded in a ferruginous
sand. |

To ascertain whether any specimen is a
true diamond or not, a fine file may be used;
if the surface of the stone is in the least abra=
ded, or scratched by its action, itis not a dia-
mond. The difference will also appear upon
close examination without this instrument:
the rays of light easily pass through any other
jems, but in the diamond they are refracted to
the surface, which occasions that superior
brilliancy to what is possessed by any other
stones, If the specimen under examination
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be very minute, it may be placed between two
half crowns, or other flat metallic surfaces,
and pressed with the thumb and finger: if a
diamond, it will not beinjured, but if otherwise,
it will break and fall to powder.

Onaccountof the extreme hardnessof the dia-
mond, the art of cutting and polishing it was
for a long time unknown in this country, when
a foreigner of the name of Louis de Berquin,
in 1456, is said to have constructed a polish-
g wheel for the purpose, which was fed with
diamond powder instead of corundum which
the Chinese employ. Berquin was led to this
experiment by observing the action produced
by rubbing two rough diamonds together.
Diamond powder is now used not only for this
stone, but for cutting- and polishing many
others, particularly where a delicate effect is
wanted, as in seal-engraving.

Diamonds are seldom found larger than a
hazel nut, and fromthat down to a very minute
size ; one half their bulk isalso afterwards lost
in the cutting and polishing. The largest dia-
monds are in the possession of the different
crowned heads: that belonging to the Empe-
ror of Russia being supposed to be the largest
in existence. The value of cut diamonds is
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as the square of their weights: thus, if the
value of one weighing 1 carat or 4 grains, is
worth £8 that of 2 carats is worth £32, of
3 carats £72, consequently according to this
rule a cut diamond of 100 carats would be
worth £80,000. But after a certain size of
about 20 carats, the value does not increase
in this ratio, probably from the difficulty of
finding purchasers for them.

As the diamond is supposed to be pure
carbon, and assuchisat present classedamong
the simple bodies; no analysis can be given:
but the following experiments will tend to
-show 1its true nature.

Expermvent L—If a small diamond is
placed in a clean wrought iron tube, and this
again after being stopped air tight either by
welding together the open end, or what is bet=
ter, with a stopper made to fit accurately by
grinding, 1s placed in a furnace and urged to
agood red heat; that part of the iron on which
the diamond rested will have been changed
into steel, or earburet of iron, whilst the dia-
mond itself will have disappeared. |

2.—Place a diamond, inserted in asmallpla-
tina capsule,under the receiver of an air pump,
and exhaust as much as possible the atmo-

25
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spheric air from beneath: refill the vacuum
thus produced with pure oxygen gas and heat
the diamond, either by a stream of ignited
hydrogen, or by the focus of a burning lens.
The diamond will now burn until either itsel for
the oxygen is consumed, and, on examination
of the air within the bell, it will be found to
have been changed into carbonic acid gas,
from the union of carbon with oxygen. By the
above experiments it will therefore appear
that the diamond is nothing more than pure
carbon, and many attempts have been made
at various times to produce the jem artificiallys
~as by fusion of charcoal out of contact with
air, but they have from the infusibility of
this substance all failed. Another method, and
one that would appear in some degree feasi-
sible, has been tried, viz. the combustion by
the electric spark of a mixture of carbonic
acid gas and hydrogen: the oxygen of the
former certainlyhas been made, in thismanner,
to unite with the hydrogen, and, no doubt,
carbon in a pure state has been precipitated.
But I am not aware that diamonds have been
procured by the process, although I have fre=
quently seen the apparatus made for this pur=
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pose, and in one instance it was asserted tha
this precious substance had been formed ; but
the product required the aid of a powerful
magnifier to render it visible. A Professor of
Chemistry in the United States a short time
ago stated that he had succeeded in the form-
ation of diamonds, and that he had produced
them of several colours, the colourless variety
also ; but the only account which I believe he
gave to the world was, that he obtained them
by the action of the oxyhydrogen blowpipe,
or some similar means, on plumbago; but as
this substance is a compound of iron and car-
bon, the former must of course have been
volatilized, and as we know that the diamond
itself is easily destroyed by heat, it does not
appear perfectly intelligible as yet, how he
conducted his operations. That a substance
may be formed by intense chemical action,
sufficiently hard to supersede the use of dia-
monds for many purposes, is very probable,
and that its discoverer may turn it not a
little to nis advantage also appears as plain;
but that the diamond will ever be formed ar-
tificially 1s another thing, not perhapsso likely;
although, when the rapid stride which che-
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mistry has made within these few years is
considered, no one is justified in the assertion
of any thing being an impossibility.

Coal, the different varieties of bitumen,
and the mineral oils, are also compounds of
carbon. To ascertain the quantity of pure
carbon in coal, a given portion may be burnt
in oxygen gas as with the preceding variety,
the quantity of carbonic acid ascertained,
and itsequivalentof carbon estimated on, or by
Kirwan’s process, also, it may be thrown, by
small portions at a time, into a crucible, con-
taining fused nitre ; in this manner he found
that 10 grains of Kilkenny coal would de-
compose 96 of nitrate of potassa, and this is
very nearly the quantity of charcoal that is
required to produce the same effect; 65
grains of cannell coal, on the other hand,
which is not so pure a variety of carbon, were
required to decompose the troy ounce, or
A80 grains of nitre ; but if charcoal had been
used, 50 grains would have sufficed. In this
instance, therefore, 15 grains of foreign mat-
ter must have been contained. To get at the
yuantity of the earthy and metallic particles
contained, expose a given weight of the coal
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in a platina dish to a low red heat, m contact
with a gentle current of air, the carbon will
burn off, leaving the earthy residue behind.
If a deficiency in weight still be found, it
must be owing to the presence of sulphur,
petroleum, or moisture ; to ascertain which it
must be submitted to destructive distillation,
which will give the quantity of volatile matter
previously combined.

One of the most useful artificial combina-
tions of carbonic acid, or earbon acidified by
oxygen, with which we are familiarly ac-
quainted, is the soda water of commerce,
which is made by merely forcing in as large
a quantity of this gas as possible into a very
dilute solution of carbonate of soda. The assay
of a bottle as prepared by Mr. Johnston, and
whom I believe to be the best manufacturer
of this article, gave a pupil of mine, who
assayed it, 98 cubic inches of free carbonic
acid. Now as the bottle contained but 9
fluid ounces, the water must have been COmM=
bined with nearly five times its volume of fixed
air.

The use to which carbon, under the two-
fold shape of coal and charcoal (a natural
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and artificial product) is applied, are numer-
ous and important. Besides affording that
light and heat which constitute one=half our
enjoyments, and without which the remainder
would be of little value, it is the means em-
ployed for the smelting and reduction, to the
metallic state, of all the ores which are found
in the bowels of the earth. Alloyed with iron,
in different proportions, it forms the com-
pounds known under the names of steel and
cast iron; in the form of lamp-black it is
used as a pigment, and of bone-black as a
very powerful bleacher of vegetable colour-
ing matter. Fresh burnt charcoal, when re-
duced to a fine powder, is also found very
efficacious in the preservation of meat when
required to be kept fresh for a considerable
dength of time: also, in distillation, for cor-
recting any empyreumatic flavour that liquids
may accidentally have obtained, and for
many purposes which cannot here be enumé-

rated.




e

SULPHUR, - 361

SULPHUR.

This mineral substance, also supposed to
be a simple or elementary body, is of very
ceneral occurrence, both in a free and com-
bined state, throughout nature ; in the former
it may be divided into two species, native
sulphur, and volcanic sulphur, both of which
are found in the crystallized, massive, and in-
vesting forms. When exposed to a heat below
that required for beiling water, it fuses, after
which it evaporates, and if in close vessels
sublimes unaltered ; but if exposed to the at-
mosphere it imbibes a portion of oxygen,
burns with a black light, and passes off under
the form of sulphurous acid. When kept for
some time in a melted state, or about 300° Ft.
it becomes thick and viscid, when cooled by
pouring it into water, it is of a red colour, and
consistence of wax; and in this state is used
by seal-engravers for taking impressions of
medals, seals, &ec.

Sulphur does not appear at all soluble in
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water ; but with oil, particularly when heated,
it combines in large proportions, and the
compound, when cold, varies from a treacle
to. a buttery consistence, according to the
quantity contained ; alcohol and ether also
take up small portions of sulphur. When fused
with caustic alkalies, or boiled with water in
contact with lime, sulphurets and an hydro-
sulphuret are formed, but from which the

sulphur may be again obtained on the addi-
tion of any acid.

Assay.

On account of the extreme volatility of
sulphur the quantity contained in any speci-
men, either of native or volcanic sulphur, or
metallic ore mineralized by this substance, is
easily estimated ; no other apparatus than the
common alembic retort and receiver, or one
flask inverted over the neck of another being
required. Upon the application of heat to
the bottom of the lower vessel, the sulphur
rises in sublimation into . the upper one
where it is cooled and retained ; any earthy -
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or other matter that may have been com-
bined being left at the bottom.

Sulphur is generally obtained in the large
way, both from the native sulphur and from
the roasting of the various metallic ores
with which it is combined, and which are
usually denominated native sulphurets, as
the pyrites or sulphuret of iron, blende, or
sulphuret of zine, &c. &c.

The principal uses to which sulphur is ap-
plied are in the manufacture of gunpowder ;
and the formation of sulphuric acid, com=
monly called o1l of vitriol, from its having
been obtained formerly by the process of
distilling' vitriol or sulphate of iron in aniron
retort, but which is in this country now dis-
used on account of the extra expence that
would be incurred when compared with the
method at present adopted. Sulphuric acid,
as prepared in Great Britain, is obtained by
the combustion of sulphur; to effect which
three conditions are requisite, viz. oxygen,
water, and a close chamber lined with lead,
and furnished with side openings to admit
air at certain intervals. Thus provided, a
quantity of water is first poured on the floor
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of the chamber until it rises to several inches
in depth, when a portion of sulphur, varying
in quantity according to the size of the cham-
ber, and mixed with from 1-8th to 1-10th its
weight of nitre is introduced, and set fire to
either by pieces of ignited wood, or what is
better, by an iron plate, gently heated by
means of a furnace placed below, and rising
a few inches above the surface of the water
in the chamber. The side openings being
now made fast, the sulphur, in contact witha
portion of the oxygen of the nitre, forms sul-
phuric acid, which acting upon the base of
the nitre liberates a portion of nitrous acid ;
this again is decomposed by the vapours of
sulphurous acid into nitrous gas, which being
but little denser than atmospheric air, and
now expanded by the heat, rises to the top of
the chamber, where meeting with a fresh dose
of oxygen from the common air, again be-
comes nitrous acid vapour; this, again, being
a very heavy @riform body, again precipitates
on the sulphurous flame, ant converts 1t into
sulphuric acid; while again returning to the
state of nitrous gas, it re-ascends for a further
portion of oxygen, and again falls as before,
2
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Thus by the alternate changes of mtrous
vapour from the state of oxide to acid, the
combustion of the sulphur and consequent
formation of sulphuric acid is kept up until
no more undecomposed common air is con-
tained in the chamber; when a fresh portion
must be let in by the side openings.. The
_principal dexterity here required is to appor-
tion such a quantity of sulphur .and nitre to
the size of the chamber that a renewal of both
shall be required at one and the same time.
When the water at the bottom of the cham
ber has absorbed such a quantity of acid gas
~as to raise its specific gravity from 1 to be-
tween 1.3 and L.4, it is drawn off by means of
stop=cocks, and subsequently evaporated in -
leaden boilers until of the proper density,
Sulphur was formerly much used in the
bleaching-grounds, but since the introduction
of the chloride of lime it is now generally
laid aside. In combination with arsenic it
forms two pigments, as mentioned under the
head of that metal ; it is also used in me=

dicine,
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MINERAL WATERS.

Those waters which contain such a quarn-

tity of saline or other foreign matter, as to be
sensible to the taste, are termed mineral.

They are found more or less in every coun=
try, and vary considerably i their composi-
tion, consequently in their action on the animal
economy. Mineral waters are generally di-
vided into four classes—Hepatic, carbonated,
chalybeate, and saline. The first, or hepatic,
are characterized, and therefore readily dis=-
tinguished by a strong disagreeable smell,
similar to that of rotten eggs, indicating the
presence either of sulphuretted hydrogen
or an hydrosulphuret. Under this class 1s
also included those waters found near vol-
canoes which contain sulphurous acid, and
which emit the odour of a sulphur-match
when burning.

Carbonated waters are those which hold
in suspension a large proportion of carbonic
acid, and generally distinguished by an evo-
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lution of gas, which is seen to arise to the sur«
face of the glass immediately after the water
has been withdrawn from the spring, as in
those of Seltzer and Pyrmont. These are
not to be-classed with waters giving off a
small quantity when heated, as every water,
upon exposure to the atmosphere, will be
found to imbibe a certain portion of this
gas. Mineral waters, containing a great ex-
cess of carbonic acid, have the property of
reddening vegetable blues, but upon the ap-
plication of heat the colour of the test returns
to its original tint.

Chalybeate waters are those which contain
some salt of iron, likewise called ferruginous
waters ; they possess a strong metallic taste,
changing to a deep brown or black colour
upon affusion on tea-leaves, or any other as-
tringent vegetable matter.

The fourth class of saline waters, contain
variable quantities of muriatic and sulphuric
salts generally with base of lime, soda, and
magnesia. The purgative waters of Chel-

tenham and Epsom, are striking varieties of
this class of mineral waters. -
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The following is a list of the substances
found in the different mineral waters :—

Sulphuretted hydrogen Sulphurousacid

Carbonic acid Boracic acid
Oxygen Soda
Azote : Silica

Hydrosulphurets of lime and soda,

Carbonates of lime magnesia, ammonia, pot-
assa and iron, |

Sulphates of soda, lime, magnesia, ammonia,
potassa, alumina, iron, and copper,

Muriates of ammonia, soda, potassa, magnesia,
lime. alumina, manganese, and barya,

Nitrates of lime, potassa, and magnesia,

Subborate of soda,

Vegetable matter,
Free oxygen and azotic gases, are seldom

found in any great quantity in mineral waters.
They cannot be contained in those denomi-

nated thermal or hot springs, neither can
oxygen exist in sulphurous or sulphuretted

waters. ,
Boracic acid occurs in some of the lakes in

Italy ; and the subborate of soda inthe waters
of a lake in Tibet.
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Silica is found in the Carlsbad, and some
other waters: soda in the Guysers, and the
Rykum in Iceland.

Besides these substances, a mineral water
may contain metallic salts of various kinds,
arising from the passage of the water over
beds of different ores. Thus the waters which
run from many of the copper and iron mines,
contain a considerable quantity of these me-
tals generally held in solution by the sulphuric
acid; the solvent in this case being obtained
from the union of the sulphur contained in
the ore withthe oxygen of the water, a portion
of whichis therefore decomposed. They may
also contain alum, sulphates and muriates of
ammonia, and occasionally the nitrates of
lime and potassa; but these last are of rare
occurrence. |

Those substances which most frequently
occur in mineral waters, are the carbonates of
lime, soda, magnesia, and iron, held in solution
by excess ofacid, and the same united with the
sulphuric and muriatic acids. The whﬂle of
these however are not to be expected to, exist

in one spring, or to be contained in any large
quantity,
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Assay.

The first step necessary in the assay of mi-
neral waters, is to determine exactly their
specific gravity, compared with that of dis-
tilled water: and by which some idea may be
formed of the quantity of saline matter con-
tained: also if thev emit any peculiar odour,
whichwill be the case if sulphuretted hydrogen
or an hydrosulphuret is contained. Their pre-
sence is likewise indicated, on adding to the
water a few drops of any solutions of lead, by
which it will be immediately blackened.

The next processis to bring a portion of the
water to the boiling temperature, those sub-
stances which have been kept in solution by
an excess of carbonic acid will now fall; this
operation will also shew whether sulphuretted
hydrogen, or an hydrosulphuret, (supposing
the peculiar smell before alluded to, to have
been observed) is contained; as if the former
they will not now blacken solutions of lead,
but if the latter, the effect will be undiminished.

If the substance thrown down by boiling is
of a yellowish colour, carbonate of iron 1s
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probably contained; to ascertain thiﬁ,. redis=
solve the precipitate in a little nitric acid, and
drop into the solution a little prussia'te- of
potassa, a blue precipitate will immediately
ensue if this metal is present. Besides carhon-
ate of iron, there will most probably be car-
bonate of lime; a part of the nitric solution s
therefore to be added to one of the oxalate
of ammonia, when if a white insoluble pre-
cipitate fall, the presence of this substance
may be inferred. Should -any thing however
remain after the action of the nitric acid, it
will probably be either silex or sulphate of
lime : for the method of ascertaining which,
see the articles Silicium and Calcium,

The water, after it has been boiled, should
be examined, for every other substance which
it is probable it may contain; and these are
the different earthy and some few metallic mat-
ters, permanently held in solution by the fixed
acids, such as the muriates, sulphates, &ec.

Muriates are readily distinguiélled by the
white flocculent precipifate, which ensues on
the addition of any solution of silver, and
whiech 1s soluble in ammonia, but insoluble in
nitric acid.

R



362 MINERAL WATERS.

Sulphates give, with the solutions of the
nitrate or muriate of ‘bary, a white salt, inso-
luble in excess of acid.

Nitrates, upon the addition of a small quan-
tity of a solution of potassa to waters holding
nitric salts, subsequent filtration, and evapo=-
ration, a salt will be obtained, which scintilates
upon burning coals; it mayalso be detected by
adding a little murio sulphuric acid to the dry
mass dissolving-in water, and boiling a slip of
oold leaf in the mixture; if any portion of this
metal is taken up, the presence of nitric acid
may be inferred.

If the base of the salt in solution be lime, it
will be indicated as before-mentioned by the
oxalate of ammonia; 1f magnesia, the water
will be rendered turbid by the addition of am-
monia : or, what is better, add a solution of
the carbonate of ammonia, and boil,—a precipi-

‘tate of carbonate of magnesia will be obtained.
If this body is eéntained, the water will be
rendered turbid by boiling.

Ralts, with base of alumina, are detected by
the bulky and gelatinous mass produced on
“the addition of ammonia, seluble in caustic
potassa and sulphuric acid ; also by the pro-
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duction of crystals of alum, by the addition of
a solution of potassa, and a subsequent eva-
poration.

If any fixed salt of ammonia is contained in
a mineral water, the residue left, upon evapo-
ration, if mixed with a small portion of pure
lime and heated, will evolve the peculiar pun-
gent odour of this substance.

If the sulphates of iron or copper are con-
tained in a mineral water, the first will give a
black precipitate with tincture of galls, and a
blue with prussiate of potassa; the second blue
with caustic ammonia, and a film of metallic
copper, on the immersion of a plate of iron.

Carbonates of potassa and soda, if these are
contained, they will be known by the change
of tint produced on the different vegetable co-
lours the reds (except litmus), changing to
oreen, and the yellows to brown ; but as these
salts are seldom contained except in minute
quantities, it is generally necessary to con-
centrate the water by evaporation. The dry
residue thus left, effervesces, and produces
soluble salts, with the different acids, easily
distinguished from those with any other base:

R 2
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Analysis.

Sufficient having been said to enable any
person to ascertain the probable contents of a
mineral water, the method to be pursued in
analysis will now be given, leaving the reader,
who may wish to pursue this more intricate
department of chemical science, to refer to
the works of Thenard, Berzelius, Klaproth,
Henry, Thompson, and many other chemical
writers, where the subject is treated at large.
Supposing, therefore, that a water contains
either carbonic or sulphurous acids, oxygen,
azote, or sulphuretted hydrogen, besides
other but not volatile bodies, proceed as
follows :—

Process 1.—Provide a bolt-head or mat-
tress capable of holding about two gallons of
the water, furnished with a perforated stop--
per, and from which a bent glass tube pro-
ceeds, dipping into a solution of ammonia
and muriate of lime, contained in a two-
necked receiver. Another tube, bent at
right angles, and proceeding from the other
neck of this vessel, is to communicate -with a
mercurial trough, where any gas,not absorbed
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by the mixed saline solution,will be collected.
The bolt-head, containing the mineral water,
should now be placed in a sand-bath and
heated, until the whole of the gases have
been expelled,—care having been previously
taken that the different parts of the apparatus
have been cemented together air-tight. The
carbonic acid now passing through the solu-
tion will be absorbed by the ammonia, and
afterwards separated in a combined state by
the muriate of lime. Separate by decanta-
tion the carbonate of lime thus formed, wash
and dry 1t: 100 parts are equal to 43.5 car-
bonic acid. :
2.—Provide a tubulated glass retort, hold-
ing about four ounces ; and having half
filled it with a mixture of common salt and
black oxyde of manganese, in the proportion
of three of the former to one of the latter,
pour in by the tubulure sulphuric acid, di-
luted with half its weight of water, until the
quantity of real acid doubles that of the man-
ganese employed. Pass the chlorine thus
eliminated, first through water contained in
a two-necked bottle, by which it will be puri-
fied, and afterwards by a bent glass tube into
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a bottle containing a given portion of the mine-
ral water under examination. By this means
the sulphurous will be changed into the sul=
phuric acid, which, on the addition of nitrate
of Barya, will be precipitated in the form of
an insoluble white powder, or sulphate of
Barya, 100 parts of whicli are equal to 34 of
sulphuric; or 27.5 of sulphurous acid.

3.—To ascertain the quantity of oxygen
and azote contained in a water, fill a retort
with it, and introduce the end of the neck;
also filled with water, under a graduated re-
ceiver placed in the meveurial trough; upen
the application of heat the gaseous content
will be' given off and collected in the inverted
jar. To determine the quantity of éach of
the gases thus collected, take a few grams of
phosphorous ; and having insented them into
a bent glass tube, sealed at one end, intro-
duce the ether benecath the jar eontaining
the mixed @ases ; upon the application of heat
to the séaled end, phosphorous aeid will be
evolved, amd which, rising into the jar, will
absorb the whole of the oxygen eentained,
leaving the azote behind, ~The difference in
volume will now give that of the oxygen,
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Should the water have contained sulphuretted
hydrogen, a little solution of caustic potassa
should be sent into the jar, and the vessel
oently shaken previous to the phosphorus
being applied,

4.—Waters containing sulphuretted hydro-
aen should be put into a flask, furnished with
a bent neck, one end of which passes into a
sulution of acetate of lead; upon the appli-
cation of heat, the gas will be expelled and
will combine with the lead in solution, every.
100 grains of dry sulphuret of lead, thus pre=-
cipitated, are equal to 13.4 of sulphur.

Process 1.—The quantity and nature of
the different volatile bodies contained having
been estimated by the previous processes,
evaporate a gallon of the water to one-fourth
its bulk, in a perfectly clean, and well=tinned,
copper vessel, taking care that no particles of
duét;get into 1t during the evaporation. Transs
for the remaining quart with any adhering
dry salt that may stick to the sides, into a,
glass or porcelain vessel, and evaperate with
oentle heat to dryness.

2.—Digest the dry mass obtained in tl}e last

Process, in. a small quantity of distilled water ;
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if any remain behind insoluble, it must be se=
parated by the filter, washed, dried, and la=
belled, « Matter insoluble in water.”

3.—Evaporate the aqueous solution in Pro-
cess 2 to dryness, and endeavour to effect a
solution in alecohol; separate what remains,
and label, “Matter soluble in water.”” The re-
maining, or third portion, will be that soluble
in alcohol.

4.—The dry massinsoluble in distilled water,
and collected in the second Process, will pro-
bably consist of silica and sulphate of lime,
besidesthe carbonates of iron, lime, and mag-
nesia. To separate these, digest the whole in
dilute muriatic acid; taking care to avoid
adding any great excess of this solvent, dilute
with water, and throw the whole on a filter:
what remains is the sulphate of lime or silica,
or both combined, and these are to be sepa-
rated by boiling them in a solution of carbo-
nate of potassa, which will decompose the
sulphate of lime, forming a carbonate easily
taken up by muriatic acid, whilst the silica is
left behind. The muriate of lime formed,
may be again changed into its original state
of sulphate, by adding sulphate of soda in

—
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excess; collect the products, wash, dry, and
estimate their quantities. _

The lime, magnesia, and iron, remaining 1n
solution in the muriatic acid, are partly sepa-
rable by the addition of caustic ammonia,
which will throw down oxide of iron; after
separating which, drop in sulphuric acid,
evaporate to dryness, and digest the residue
in distilled water; what remains will be sul-
phate of lime, the weight of which will deter-
mine that of the sulphate of magnesia, and
the relative quantity of base ascertaind by the
scale, or it may be brought again to the state
of carbonate, by boiling with carbonate of

potassa.
6.—The salts existing in the native state,

and soluble in water, are the muriates of soda
and potassa, and nitrate of potassa, the sul-
phates of magnesia, ammonia, soda, copper
and iron, and the sulphate of alumina and
potassa,(alum,)the boracic acid, andsubborate
of soda, carbonates of soda, and potassa.

The salts soluble in aleohol, and likely to
exist in a mineral water, are the muriates of
soda and ammonia, the hydro-sulphuret of soda,
the nitrates and muriates of magnesia and lime,
and free soda,

R 3
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The separation of the whole of these salts;
supposing them to be eontained in one des
seription of water, would be extremely tedious.
But as this is never the case, a water seldom
containing more than four soluble salts, often
not more than two, and as these are chiefly
muriates of soda, and sulphates of soda and
maghnesia, their analysis is not always attended
with the difficulty sometimes imagined. Car-
bonate of soda is also a very cemmon in-
gredient in mineral waters, butis incompatible
with the sulphate of magnesia, the base of
which it would precipitate, at the same time
that sulphate of soda would be formed.

Process 1.—Supposing a mineral water,
therefore, to contain, hesides the gaseous ho-
dies and the insoluble matters, (sulphate of
lime, silica &e. the separation of which has
been already mentioned), the sulphates of
magnesia and soda and common salt.  And
supposing these three to have been obtained
in a dry state by the evaporation of the water,
subsequent solution and desiccation, digest
the whole in repeated portions of good al=
eohol until nathing more is taken up, or until
the solution of the residue in water furnishes
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no precipitate with nifrate of silver: dry and
weigh the residue.

2.—Dissolve the sulphates of soda and mag~
nesia in water, and drop in cautiously a
just sufficient quantity of muriate of barya to
decompose the whole of the sulphate salts;
collect the sulphate of barya thus formed, wash,
dry, and estimate the quantity of sulphuric
acid contained; 100 parts of the dry salt
are equal to 34 of sulphuric acid.

3.—The muriates of soda and magnesia,
the result of Process 2, may be partly decom-
posed by heat in a platina crucible ; magnesia
and muriate of soda will remain; they may be
separated by solution in water and filtering,
which will leave the hydrate of magnesia, the
quantity of which, when dried and added to
its equivalent of sulphurie acid, will give the
quantity of this salt originally contained in the
water. 1 ' '

4.—The muriate of soda of the last Process,
but originally a sulphate, may be again re=
gained in its former state, by mixing it with a
sufficient guantity of stromg sulphuric acid in
a platina crucible and subjecting to heat; by
this means, the muriatic acid will be got rid
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of; its weight may now be taken and put down
as the sulphate of soda existing in the water:
care having been taken to drive off any su-
perfluous acid that may have been added; or
the equivalent quantity of soda existing in the
muriate, may be taken and added to that of
the sulphuric acid, required for its saturation.

5.—The analysis may now be finished by
evaporating' the alcoholic solution in Process 1
to dryness, and taking the weights of all the
different ingredients.

Analysis of a Water containing Carbonate
' of Soda.

Procgss 1.—If a mineral water, similar in
other respects, but containing carbonate of
soda, instead of sulphate of magnesia, sepa-
rate the muriate of soda as in the preceding
analysis. Collect,dry, and estimate its quantity.

2. —Addmuriatic,orwhatisbetter aceticacid
tothe residue, untilnofurther extrication of car-
bonic acid takes place; dry this residue, and
digest again in alcohol, which will take up the
muriate or the acetate; the composition of
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which may be readily ascertained, the sul=
phate will now be left behind.

It is to be remembered that in the analysis
of waters containing muriate of soda, that this
substance is much more soluble in water than
in alcohol; and that, therefore, on this account,
many digestions with this latter menstruum are
necessary, if its separation by this method is
wished.

By the foregoing examples it will appear
that the analysis of the waters generally met
with is sufficiently simple to be easily per-
formed—supposing that the method of eva-
porating them down to dryness, and after
separation of the mass so obtained into its
different constituent parts, is correct: but as
by this method, when many salts are in solu-
tion, results are obtained which do not always
agree with the prior examination of the
water, many circumstances (which will always
vary with the salts contained) must be taken
into consideration. Many chemists adopt the
plan of separaiing the salts from one another,
by their relative degrees of solubility, thus
collecting them, by very gentle evaporation
of the water, in the crystallized state, the de-
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terminate figure of the crystals being suffi=
cient to enable the operator to distinguish -
and separate the one from the other. But
although this method answers very well, to a
certain degree, yet a very great difficulty, if
not impossibility, will be experienced in the
separation of the last portions. Another
plan, after determining the constitution of
the water, and collecting the gases, is to add
successively certain tests, the base of which,
combining with the fixed acids of the salts in
solution, will precipitate them, at the same
time that the acid of the test unites with the
base of the salt; thus, if the acetate of barya
is added to a mineral water containing the
sulphates either of soda or magnesia, sulphate
of barya will be precipitated, whilst acetate
of soda or magnesia will be formed; and
as acetic acid is not to be suspected in a mine-
ral water, its introduction will occasion no
obstacle in the after stage of the amalysis,
which might be the case if either the muriate
or nitrate of barya had been added, these
acids, in a combined state. being probably
contained. The acetates are also generally
soluble in alcohol, and are readily decom-
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posed, and their bases obtained, by exposure
to a lowred heat,—two very great advantages
in this species of analysis. After the solvents
of the bases of the salts have been thus ob-
tained, the separation of the bases themselves
is effected, and by this means results more
nearly approximating with the true nature of
the water under examination can be obtained
than by evaporation to dryness in the first
instance; but this depends, as before stated,
entirely on the nature of the salts contained.
The last stage of the analysis, performed in
this manner, will of course consist in ascer-
taining the equivalent quantities of the dif-
ferent binary compounds formed ; in estima-
ting which, the scale of equivalents will be
found of considerable utility.

The analysis of mineral waters is perhaps
the most tedious, if not the most diffieult of
any, that of vegetable substances, and con-
cerning which very little is, comparatively
speaking,known, being excepted. Indeed the
various methods adopted in their examina-
tion, often lead to discordant results, and
this, coupled with the small quantities gene-
rally contained, renders the collection to that
nicety which is so essential in analysis, a mat-
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ter of no small difficulty. The utility of de=
. termining the composition of waters, as far as
their assay implies, 1s doubtless often consi-
derable ; but how far the term is applicable,
in a general point of view, to their exact
analysis, remains with the reader to judge ;
a perusal, however, of the authors before
alluded to, will more amply illustrate this
subject.

THE END.

LT -




F. JOYCE begs to inform Philosophical Gentlemen,
Chemists, and the Scientific public in general, that, having
taken the Business of Mr. F. Accum, he continues it in all its
Branches. The Assortment of dpparatus and Chemical Pre-
parations constantly kept on Sale will be found of superior
workmanship and manyfacture to those generally sold ; and
as ench Article is warranted to answer well the purposes in-
tended, in case of fuilure, it will be immediately exchanged.
Every mew Preparation or Instrument, that the progress of
chemical science may bring forward, can be obtained as soon
as promulgaled. Persons in the country or abroad, will (by
giving a reference in Town) be supplied on the same terms as
on the spot. Merchants, Captains, &c. taking a quantity
will be treated with on liberal terms,

F. J. also wishes to state, that, for the better accommo-
dation of the Universities, and of Gentlemen residing at a
distance from town, he has appointed the under-mentioned
highly respectable Chemists us his Agents, vis,

Messrs. BUTLER & WOOD, Castle Street, Luerpo&f

Mr. HUNT, High Street, Oxford.

Mr. ORRIDGE, Market Hill, Cambridge.

MR. MOSS, High Street, Cheltenham,

Of whom every Article, necessary for the attainment or suc-
cessful pursuit of the science, may be had on the same terms as
at the Manufuactory.



FROM THE

DESCRIPTIVE CATALOGUE

CHEMICAL APPARATUS AND INSTRUMENTS,

MANUFACTURED AND SOLD BY
IFREDERTCK JOYCE,
OPERATIVE AND EXPERIMENTAL CHEMIST,
No. 11,
OLD COMPTON. STREET, SOHO, LONDON.
atisign
CHEMICAL APPARATUS.

Chemical Chests, containing a select collection of Chemical
Reagents or Tests, in Mahogany . . £3 3 to £4 4s,
The same, not packed, in one .ounce stopped bottles,
| 18s. per doz.

Ditto. . , . ditto, . .+ twp ounceditto, 24s. per doz.
Chests, contaiping the Tests and Apparatus necessary for the
assay of Metallic' Ores, as anacecompaniment . £5 5s.
The same, larger, and containing the silver and platina Appa-
ratus often requisite . . . , . £8 8s, to £10 10s.
Portable Chemical Laboratories, from . £15 155, upwards.
Chests for Chemical Amusements fitted, up as an accompani-
ment to any work the purchaser may have by him,

£5 5s and upwards.

Cabinets of Mineralogical Speeimens £2 2s. to £4 ¢s. and
upwards.

E——
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The Chemioal dpparatus and Boitles contained in the
above Chesls are arrangen in swch a mannerythat they may
be seen at one view, when the chasts'and drawers areopen 5
they are besides so packed that they can readily betakenout s
and, when replaced, fit in suchd why, that the whole, when the
chest is locked, may be turned upside down, withoutrisk of
receiving injury. R e &

Joyce's i’mpmredP]a.tina.l'.a.mp .-.. .o o ¢ £11s.

This medification of the Platina Lamp is much superior to
that originally invented. It is not linble to get out of order,
makes a complete ornament. either for the counting-house or
chimney-piece ; and can be furnished at a price not crceed-
ing two~thirds the expense of the other.

Oxhydrozen Blowpipe, Gurney’s . . . . . . £2 25
Lamps (improved Chemieal) . . . . 00 3
Do. with concentriec wicks P 5 s L R T8,
Do. (3pirit) with or without ground glass caps 4¢s. 6d. to 7s.

Air Pumps, double barrelled ., . . . . £88s to £15.
&c, &e, &c, :

CHEMICAL PREPARATIONS FOR PHILO-
SOPHICAL AMUSEMENT.,

Fulminating Silver, which explodes by friction. 2s. per paper.
Fulminating Mercury, wlich, wlen struek with o Tammer
on an anvil, explodes with a stunging report.

1o 6d..per bor,
Fulminating Gold . . , , . . . . . Os. per paper.
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A Powder which takes fire when forcibly rubbed with o pestle
in a wortar, and inflames with a rapid flash like fired
gunpowder .y “wot ', W e e Mo 6d. per box.

Powder of Fusion, by means of which coin may be melted

in'a nut-shell , .+ , . s T ol S s, e -loX.
durg’ernus Ether, for gilding, iug]llj’ polished by mere
IMmMErsitn:® o o e v jes sl o o 23, OH.'pér SOtilE:

Silvering Powder, for silvering copper or brass by friction.
* . .3 1s. per bottle.

Gold Powder, for gilding silver by friction . 1s. per bottle.
Fusible Metal, which melts under boiling water, and remains
fused as long as the water is kept boiling . . 9d. per oz,
Spoons, of the same metallicalloy . . . . . 0d. each.
Sympathetic Ink, which, when written with on paper, is and

remains invisible whilst Kept in the dark, and becomes

visible when the writing is exposed to the light of day,
or the direct rays of thesun , . . . 1s. par bottle.
Blue Sympathetic Ink. Writing made with it are invisible
when dry, but SPEEdI]j' assume, when held before the
fire, a greemsh blue colour, which again departs as the
paper becomes cold . . . . . . ls. 6d.perbottle.
Yellow Sympathetic Ink. ~Characters written with it when
dry are invisible, and may be made to appear or to de-
part successively, by alternately warming the paper, or
suffering ittocool . . . . .« . . 1s, per bottle.
Green Sympathetic' Tnk . .~ . . . . . 1s.per botlle.

Two Transparent Fluids, which, by mixture, instantly become

converted into an opaque and almost solid mass.
1s. 6d. per botitle.

A Mizture of Nitrate of Strontia and Alcohol, which, when

set on fire, burns with a earmine red flame,
1s. 6d. per botile.

A Mixzture of Nitrate of Copper and Aleohol which, when sct
on fire, burns with an emerald green Aame,
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Frigerific Mixtures, for freezing water in the midst of sums-
mery opneavafire o o v e vl 0wl s .0 2
Phosphoret of Lime, which, when thrown into water, causes
bubbles of gas to issuc therefrom, which take fire at the
surface with a brilliant flame and snapping noise,
25.—3s5 6d.—and 55. per bottle,
Oxygenized Matches, which take fire the instant they are in-
mersed intd silphuricdeid . . .. . 1s. per hundred.
Nitrate of Copper, for setting tin foil on fire . Is. perbottle.
Solution af §ilder, for |IIuaE'r'1t|nn‘ the ﬂstmuﬂuna divisibility
. of matter. A 2 o W Ts. perdoiiilr.
Fire powder, wh‘}uh mﬂames hv a dmp of sulphuric acid,
- 1s. 6d. per box.
Solutions for !.i';re Microscope . . . « « 125 per dozen.
Phosphorized Ether, which of itself is not luminous, but reu-
ders warm objects, to which it is applied, luminous in the
dark, in stop battles . . . S g v JaeBdl
Phosphorized (il rvenders bodies ]ummuua in the dark, and
gives sufficient light to admit of the hour being seen on
the dial of a pucket wntch durmg night : in stop bottles,
LA - 15. 6.
Owxide of Phosphorus,-when applied to a.sulphur match sets it
on fire by friction, " 57, - ¥, o «2fper botile,
Phosphoric Fire Bottles, ditto . . .5 . . ... ", 6d,
Fulminating Powder . . . . . . . . ls:per bottle.
Mineral Chamelion, which tinges cold water green, purple,
and red ; and hot water pink, and erimson, 1s. per bottle.

Liquid Bronze, for instantly bronzing copper, brass, &e.
Ls. per bottle.

Wine Test, for detecting the deleterious adulteration of wine,
ﬂj’dﬂr L R R A R per bnrr!e.
Vinegar Test, for detecting the genuineness of vinegar. . 1ls.
Preparations for making, instantly, Seidlitz, Bellzer,ur Soda
water . . . . . . . 25 9d.and 4s. 6d. per boa.
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Bleaching Liquid, for discharging stains of red wine, tea,
fruit, mildew, &c. out of linen, muslin, cambrie, lace,
and other articles, and for restoring linen or cotton
goods, when discoloured by age, washing, &e. to their
original whiteness . . . . . . . 2 per botile.

Permanent Ink, for marking with a pen, linen, cotton, &c.
which noartcanefface . + . .+ . « « . 29 6d.
Preparations for forming the (so called) Arbor Diane, or
gilver tre€ o« o o w ok & 'y oot w48 1075,

Preparations for Sforming thelead tree o o o . . . ls,
Fluor Spar, foretching on glass . . . .« " . . 1s. per Ib.
Solution, for shewing the precipitation of silver in a brilliant

metallic and arborescent form . . . . . . . .ls

Amalgam, for silvering the internal surface of glass glebes.
6d. per O=.
Lycodium, for producing artificial lightning . 1s. per box.
Pyrophorus, which burns spontaneously on exposure to air,
and when poured into a jar of oxygen gas forms a bril-
liant fiery shower . . . » + . . = . . 28.6d.

Bo:ﬂgﬂ-ﬂ- Fiﬂlj’ . ® & ® - - . s & . 133‘ Per dﬂﬂ.
RﬂFETt‘S {Irqps . R L TR L Ly T e B [ Bd. FE]" dngﬂ-

Joyce's Descriptive Priced Catalogue of Chemical Tests and
Apparatus, containing an alphabetical list of every article

&

under experimental chemistry. Price 1s. with a plate.




LIST,
EXHIBITING
A SELECT ASSORTMENT
OF

CHEMICAL APPARATUS AND PREPARATIONS

FOR CARRYING ON
general Course of Experiments of Study in the small way,

fManufactured and Sold

BY FREDERICK JOYCE,
No. 11, Old Compton Street.

CHEMICAL APPARATUS.

A PorrTaBLE universal furnace, with its appendages, namely,
crucible and fire tongs, shovels, sand bath, muffle, iron rings,
ladles, &c.—A table lamp furnace, with spirit lamp, and a
sliding stand.—A pocket blowpipe, with platina, forcceps,
platina foil and blowpipe spoons.—A mercurial thermometer
—A spirit thermometer.—An air thermometer.—A freezing
- apparatus,—A brass stand, with sliding rings, for supporting
retorts, flasks, basons.—A pneumatic trough, adapted for the
table, with an assortment of air-jars, bell-glasses, deflagrating
jars for operating on gases, &c.—An air-holder for collecting
and preserving large quantities of gases.—A wide-mouthed
globular receiver for experiments on gases.—Dr. Hope’s
eudiometer.—A spirit lamp.—~—Gas bottles, with bent tubes,—
A cast iron retort and flexible metal tube, for obtaining those
gases which require for their production a red heat,—A bell-
glass mounted with stop cocks.and bladder.—An eudiometer
tube for experiments on gases.—A brass wire stand, with
leaden footv—A chemieal lamp on Argand's plan.—A) gun
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barrel, open at both ends.—Hamilton's apparatus for pre-
paring oxy-muriatic acid, ammonia, and for impregnating
fluids with gases in general.—Glass retorts and receivers,
plain and tubulated, in sizes.—Earthenware retoits, in sizes,
plain and tubulated.—Hydrostatic  funnels.—Tubes of
safety.—A  bolt head, with long nf-[:l;..—-Evapmalir.g
basons of porcelain biscuit and of glass, in sizes.---A
platina evaporation bason and spatula,—Ditto of pure
silver and spatula,—A platina crucible and spatula for
ditto.—A silver ditto and spatula.—Porcelain biscuit and
black lead crucibles, in sorts and sizes.—A pair of fine
hand scales, with a set of decimal weights, and a pair of
laboratory hand scales and weights for ditto.—A specific
gravity bottle.—Glass and porcelain ware funnels, in sizes—
A tube for collecting precipitates.—A wooden sliding stand
for supporting receivers, &c.— A test rackand test tubes for
.ditto,—Cylindrical glass jars with lips for decanting and pre-
cipitating finids.—Glass flasks, and matrasses for making so-
lutions which requive the aid of heat.—Crucible stands.—
Porcelain ware hand-mortars, in sizes.—A cast iron band
mortar for breaking mineral and other substances which re-
quire hard blows—Filtering paper, and a filtering stand.—
Glass rods for stirring eorrosive fluids.—A deep magniﬁei.‘,
a magnetic needle and stand.—Gold, silver, and platioa
wire.—Brass stop cocks mounted with bladders. —Deflagra-
ting ladles. —Vials, corks, bladders, pack-thread, files, ham-

mers, and glass tubes,

F. JOYCE AND Co.’s IMPROVED
ANTI-CORROSIVE PERCUSSTUH POWDER.
This much 'ndmi.red arlic’ke_.,. which has now stood t\he test

of ‘experience, will be found by every sportsman using the
percussion principle, not only to'be superior to'any other at
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present’or hitherto used, but to possess other and very im-
portant qualifications. On a moderate calculation, a gun
using this powder asa detonater, will last three times as
long as oue fired with powder of the chlorate of potassa
composition. It may be had in the various forms of caps,
patches, balls and grains, either at the laboratory, Old
Compton Street, or of most respectable gun makers in town
and country. It is warranted not to miss fire, and to be ef-
fective in every climate,

JOYCE'S ELASTIC VARNIQH,

For the Use of Sporismen, and as a Preservative to Leather
in General.

By the use of this fluid, which requires but a few seconds in
the application, the dangerous consequences arising from get-
ting wet-footed are avoided ; three or four times rubbing over
being sufficient to render the leather water-proof. It also pre-
vents its cracking, and in this point of view will be found
economical. It does not interfere with the after-polishing of

the leather. Sold in Bottles, signed by the Preparer, price
2s. 6d. each,

PECULIAR PREPARATIONS
MANUFACTURED ONLY BY F. JOYCE.

The whole of the extracts used in medicine in a
perfectly pure and dry state, packed in bottles of
any size,

The above are manufactured on the new and improved prin-
ciple of steam in wacuo, and are furnished to the medical practi-
tioner either in the state of a fine powder, or in that of scales ;

S
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thie same as formerly introduced by Godfrey, and applied to his
essential salt of bark. Asprepared in either of these forms, it
is to be remembered that one grain is equal to two of any
other extract from the same plunt; manufuctured in the usnal
manner. The peculiar advantages are, an even and uniform
dose, and a saving in labour to the praetitioner of nearly one
half; and when ‘the loss, by preparations tufning mouldy, the
vessels and utenisils broken in removing them when changed
from a soft to a hard consistence by frequent and unavoid-
able exposure to air, "and the very uncertain dose which is on
these accounts frequently administered, are considered, the
price charged, which is necdssarily a 'ittle increased, will
not he found an object worth notice, : )

JOYCE'S SARSAPARILLA CHOCOLATE.

This preparation is‘well worth the notice, not only of those
persons who are accustomed to take the decoction of sarsapa-
rilla, but of the medical practitioner, as he will find the
sarsaparilla Chocolate to possess two essential réquisites; a
degree of strength not inferior to the com pound decoction of
tlie London Pharmacopwia, and at the same time, if taken ac-
cording to the directions, a flavour which will not nauseate
on the weakest stomach. Sold in Packets, making one and
two quarts ‘edch , price 4s. 6d. and 9s.
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CHEMICAL PREPARATIONS

EMPLOYED IN MEDICAL PHARMACY, PREPARED
According to the latest Edition of the London Pharmacopeia.

Acid Acetic. Ferri Sulph. Purif.
Aromat. Fort. Hydrarg. Chlor. (Oximur).
Benzoic, Nitric Oxide.
Citric. Oxyd. Rub.
Muriatic. Preecip. Alb.
Nitrie. Submur.
Nitrous. Sulphat.
Oxalic. Iodine.

Prussic (Hydroeyanic). Tincture.
Pyroligneous, Magnes. Ust,
Sulphuric. Potass Acetas.
Tartaric. Arsenias.

ZAther Sulphurie. Carbonas.

. Nitric (Sps). Citras.

Ammonia Lign. Fort, Chlorat (Oximur).

Carhon. Nitras, purif.

Ammoniated Aleohol, Sulphuret.

Argenti Nitrat. : Tartras.

Bismuth Muriate. t Plumb. S. A. Liq.

Oxide. _ Super Acet.

Caleis Chlorat, (Oximur.) Soda Tartras,

Murias. Boras.

Cinchon. Sal Essent. Quinina Sulph,

Ext. Sarsaparil. Comp. Zinci Acetas.

facere. Decoctum, Sulph, purif.

*4® The articles in the above List are manufaétured for
the use of Medical Practitioners and Druggists : They will
be found of the best manufacture, and at the most reasonable
priees.

CHEMICAL PREPARATIONS USED IN THE ARTS
AND MANUFACTURES.

Aqua Fortis (Refiners). Sal Ammoniac,

Dipping Solutions of Tin.

Duplex. Liquid Colours for Dyeing or
Borax.——Carmine, Painting on velvet,
Chinese Gold.

Madder Lake. Together with most of the
Oil of Vitriol. other Articles employed in

Powder for Bleaching, | the Arts & Manufuctures.



R. G. GUNNELL AND C0O.,
CROWN COURT, FLEET STREET.






















