Elements of the theory and practice of chymistry / Translated [by Andrew
Reid] from the French of M. Macquer.

Contributors

Macquer, Pierre Joseph, 1718-1784.
Reid, Andrew, -1767?
Macquer, Pierre Joseph, 1718-1784. Elémens de chymie pratique. English.

Publication/Creation
London : Printed for A. Millar, and J. Nourse ..., 1758.

Persistent URL

https://wellcomecollection.org/works/xhsauvnp

License and attribution

This work has been identified as being free of known restrictions under
copyright law, including all related and neighbouring rights and is being made
available under the Creative Commons, Public Domain Mark.

You can copy, modify, distribute and perform the work, even for commercial
purposes, without asking permission.

Wellcome Collection

183 Euston Road

London NW1 2BE UK

T +44 (0)20 7611 8722

E library@wellcomecollection.org
https://wellcomecollection.org



http://creativecommons.org/publicdomain/mark/1.0/



















ELEMENTS

OE THE

Theory and Practice

O F

CHYMISTRY.

T R AN 5" 8"A'TE D

From the French of M. MacQuUER,

Member of the Royal Academy of Sciences, and Pro-
feffor of Medicine in the Univerfity of Paris.

INTWO VOLUME S,

VOL I

aand

&g

LONDON,

Printed for A.Mi1Lrar,and J.NovRSsE,
in the Strand.

" MDCCLVIIL.







"TO THE
RIGHT HONOURABLE"
T H E

"Earl of BU TE.

T H IS Tranflation of M. MACQUER’s

celebrated ELeMeNTS of CHYMISTRY
was undertaken with the fole View of ren-

dering fome {mall Service to my Country ;
as I hoped it might contribute both to re-

commend and to facilitate the Study of a
Science, which, though more entertaining, ‘
inftructive, and extenfively ufeful than any
other, hath of late been too much negleéted
in this Ifland.

A 2 I think




DEDICATION,.

I think myfelf very happy in feeing this
Defign approved of, and its Succefs in a
manner affured, by the Honour which
Your Lorpsurp hath been pleafed to do me,
in condefcending to take it under your Pro-
teCtion,

I am, with the utmoft Refpect,

My Lorbp,

YourR LoORDSHIP'S

moft Obedient

and moft Humble Servant

London
March 25, 1758,

ANDREW REID..









TR

xionns i Beg s s g o R

PR B ol A S0 B

N hundred and fifty years are fcarce elapfed

fince the clouds of prejudice, which had
long overfpread the world, began to clear up,
and men were convinced, by cultivating the Scien-
ces and attending to Nature, that no fanciful hy-
pothefes would ever lead them to the true caufes
of thofe various phenomena that inceflantly and
every where meet the obferver’s eyes but that
the narrow limits of the human underftanding
confine the courfe of our refearches to one fingle
path; namely, that of Experiment, or the Ufe
of our Senfes. Yet, in this fhort period, Natu-
ral Philofophy hath rifen to a high pitch of improve-
ment, and may with truth be faid to have made much
greater advances towards perfetion, fince the ex-
perimental method was introduced, than in the
many ages before.

Thisis true with regard to every branch of Na-
tural Philofophy ; but more particularly with
regard to Chymiftry. Though this Science cannot
be faid to have ever exifted without_experiments, yet
it laboured under the fame dlﬁdvantages with
the reft; becaufe thofe who ftudied it made all their
experiments. with a view to confirm their own Hypo-
thefes, and in confequence of principles which had
no foundation but in their imaginations.

Ag Hence
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Hence arofe that enormous heap, that incon-
gruous jumble of facts, which fome time ago
conftituted all the knowledge of Chymifts.
Moft of them, and Efpecially thofe who affumed
the pompous title of Alchymifts, were perfuaded
that all the Metals were no other than Nature’s
rude unfinithed effays towards making Gold ;
which, by means of due coction in the bowels of
the earth, advanced gradually towards maturity,
till at laft they became perfeétly like that beautiful
and precious Metal,

- On this principle, which, if not demonftrably
falfe, is at leat utterly deftitute of proof, and un-
fupported by a fingle oblervation, they attempted
to finith what Nature had begun, by procuring to
the imperfelt Metals this much defired coction.
To attain it they made an infinite number of
éxperiments and trials; which all confpired to
detect the falfity of their fyftem, and to fatisfy
men of fenfe that the methods they employed were
very far from anfwering the purpofe.
~ However, as fafts always promote the know-
ledge of Nature, it happened that thofe experi-
ments, though quite ufelefs with regard to the end
for which they were originally made, proved the
occafion of {everal curious difcoveries.

Thefe lucky confequences of their miftaken la-
bours raifed the courage of the Chymifts, or ra-
ther Alchymifts, who looked upon every fuch
inftance of fuccefs as a new ftep towards the Grand
Work, and greatly increafed the fond opinion they
entertained of themfelves, and of their Art, which
on that account they fet up very high above all
other Sciences. Nay, they carried this notion of
fuperiority fo far, as to hold the reft of mankind
unworthy, or incapable, of rifing to fuch fublime
knowledge. In confequence thereof Chymiftry
became an occult and myfterious Science; its ex-

3 preflions
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preflions were all tropes and figures, its phrafe®
metaphorical, and its axioms fo many enigmas *
in thort, an obfcure unintelligible jargon is the jufteft
charalter of ‘the Alchymiftic Language.

Thus, by endeavouring to conceal their fecrets,
thofe gentlemen rendered their Art ufelefs to
mankind, and brought it into deferved con-
tempt. But at length the genius of true Philofo-
phy prevailed in Chymiftry, as well as in the other
Sciences. Some great men arofe, who had ge-
nerofity enough to think their knowledge no other-
ways valuable than as it proved of fervice to Society.
They did their utmoft to introduce both the know-
ledge and the praétice of many important fecrets, till
then of no ufe; they drew afide the veil which
hid the charms of Chymiftry; and that Science.
emerging from the profound obfcurity, in which
it had for many ages lain concealed, gained the ad-
miration of the world as foon as it appeared in
open day. Several focieties of ingenious men
were formed in the moft learned countries of Eu-
rope, who vied with one another in their labaurs
to execute the noble fcheme, and affifted each other
by mutually communicating their difcoveries. Chy-
miftry made the moft rapid progrefs, enriching
and perfecting the Arts derived from, or depending
on it. In a word, it put on a new face,
and became truly worthy of the title of Science ;
founding its principles and its proceffes on folid
experiments, and on juft confequences deduced
from them.

Since that time the Art is rendered fo extenfive,
by the numerous difcoveries which Chymifts
have already made, and are daily making, that
large volumes are required to contain a complete
Treatife on that fubject. In fhort, Chymiftry may
now, in fome degree, be compared to Geometry
cach of thefe Sciences takes in a moft ample field

of
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of enquiry, which every day enlarges very confidera-
bly; from each are derived feveral Arts, notonly ufeful
but even neceffary to Society ; each hath its Axioms
and its undeniable principles, either demonftrated
from internal evidence, or founded on conftant
experience ; {o that the one, as well as the other,
may be reduced to certain fundamental truths, on
which all the reft are buile. Thefe fundamental
truths connected together, and laid down with or-
der and precifion, form what we call the Elements
of a Science. It is well known that there are many
fuch works relating to Geometry, but it is; not {o
with regard to Chymiftry ; there being very few
books which treat of this Science in an Elementary
manner.

Yet it muft be owned that performances of this
kind are exceedingly ufeful. Many who have a
relith for the Sciences, but have not leifure to read
elaborate Works which treat of them minutely,
are glad to mect with a book from which, without
facrificing too much of their time, or neglecting
their ordinary bufinefs, they may obtain a tafte or
juft notion of a Science that is not their principal
ftudy. Thofe who inclinc to go further, and learn
more, may, by reading an elementary tract, be
enabled to underftand Authors who, as they com-
monly write only for proficients in the Art, are
obfcure and hardly intelligible to mere beginners,
Nay, I prefume to fay that an Elementary Tireatife
of Chymiftry may prove a very ufeful book, even
to thole who have made fome progrefs in the Sci-
ence - for as it contains only the fundamental pro-
pofitions, and indeed is an abftract of the whole
Art, it may help them to recollect the moft im-
portant parts of what they have read in many dif-
ferent works, and fix in their memories the moft
effential truths, which might elfe be either con-

founded with others, or entirely forgot, And thele,
are
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are the motives which determined me to compofe
the Work which I now offer to the Publick.
. 'The general Plan on which I proceed is to fup-
pofe my Reader an abfolute Novice in Chymiftry ;
to lead him from the moft fimple truths, and fuch
as imply the loweft degree of knowledge, to fuch
as are more complex, and require a greater ac-
quaintance with Nature. This order, which I
have laid down for my rule, hath obliged me to
begin with examining the moft {imple {ubftances
that we know, and which we confider as the ele-
ments whereof others are compofed; as, by
knowing the properties of thefe elementary parts,
we- are naturally led to thofe of their feveral com-
binations ; and on the other hand, in order to know
the properties of compound bedies, it is neceffary
we fhould be firlt acquainted with the properties
of their principles. The fame reafon induced me,
when enquiring into the properties of one fubftance,
to take no notice of thofe which relate to any other
fubftance not treated of before.. Forexample : as
I treat of Acids before Metals, I fay nothing un-
der the head of thofe Acids concerning their power
of diffolving Metals: that I defer till I come to
the fubje&t of Metals :, and thus I avoid {peaking
prematurely of a fubftance with which I fuppole
my Reader wholly unacquainted. - And this me-
thod I was fo much the more eafily induced to fol-
low that | know of no Chymical book written on
the fame Plan.
~ After difcourfing of Elements in general, I treat
next of fuch {ubftances as are. immediately com-
poled of them, and are, next to them, the moft
fimple : fuch are all faline fubftances. This head
comprehends mincral. Acids, fixed Alkalis, and
their {everal combinations ; the volatile -fulphureous
{pirit, fulphur, phofphorus, and the Neutral falts
which have an earth or fixed Alkali for their bafis :
I thole
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thofe which have for their bafis either a volatile
Alkali, or fome metallic fubftance, are referred,
according to my general Plan, to the heads under
which I treat of thofe {fubftances.

Metallic fubftances are {carce more compounded
than the faline; which induces me to confider them
next. I begin with thofe which are the moft fim-
ple, or at leaft feem to be fo, becaufe their prin-
ciples, being very ftrongly connelted together, are
feparated with the greateft difficulty: fuch are the
Metals properly fo called; namely Gold, Silver,
Copper, Iron, Tin, and Lead. After thefe come
the Semi-metals in order; to wit, Regulus of
Antimony, Zinc, Bifmuth, and Regulus of Ar-
fenic. Mercury being a doubtful fubftance, which
fome Chymifts rank with the Metals, and others
with the Semi-metals, becaufe it actually pofieffes
certain properties in common with each, 1 have
treated of it in a feparate Chapter, which ftands be-
tween the Metals and Semi-metals.

I next proceed to examine the feveral forts of
Qils, whether Vegetable, which are divided into
fat, effential, and empyreumatic ; or Animal, and
Mineral Oils.

By examining thefe fubftances we obtain
ideas of all the principles which enter into the
compofition of Vegetable and Animal bodies ; that
is, of thofe fubftances that are capable of fermenta-
tion: this enables me to treat of fermentation in
general ; of its three different degrees or kinds, the
{pirituous, acetous, and putrid; and of the pro-
ducts of thofe fermentations, ardent {pirits, acids
analogous to thofe of vegetables and animals,
and volatile alkalis.

The order in which T treat of all thofe fubftances
being different from that in which they are obtained
from compound bodies, T give, in a diftinét Chap-
ter, a ceneral Idea of Chymical Decompnﬁtiqri,

wWith
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with a view to fhew the order in which they are
feparated from the feveral bodies in the coma-
pofition whereof they are found. This brings
them a fecond time under review, and gives me an
opportunity of diftinguithing thofe which exift
naturally in compound bodies, from thofe which
are only the refult of a new combination of
fome of their principles produced by the fire,

The fucceeding Chapter explains the late Mr.
Geoffroy’s Table of Affinities; which I take to
be of great ufe at the end of an Elementary Tract
like this, as it colle@s into one point of view the
mott effential and fundamental do&rines which are
difperfed through the work.

I conclude with an account of the Conftrue-
tion of fuch Veflels and Furnaces as are ufually
employed in Chymiftry.

In this Part I fay nothing of any manual
operations, or the feveral ways of performing Chy-
mical procefles ; referving thefe particulars  for
my Treatife of Practical Chymiftry, to which this
muft be confidered as an Introduction,

C O N-






GO N'T ENT'S

Elements of the THEoRY of Chymiftry.

cHap L

\F the Principles of Badies age I.

§ 1. Of Air ' % S

§ 2. Of Water R
¢ 3. Of Earth 5.
.8 4. Of Fire ' .

§ 5. Of the Phlogifton :
cuar. Il. A general View of the Relations or Affinitic

between Bodies 1.
cuar. IIl. Of Saline Subflances in general 14.
§ 1. Of Acids I5¢
§ 2. Of Alkalis 18.
§ 3. Of Neutral Salts - Iq.
cHAP. IV. Of the Several Sorts of Saline Subfiances.
§ 1. Of the Univerfal Acid 2.
§ 2. Of the Nitrous Acid 28.
§ 3. Of the Marine Acid -5
cHAP. V. Of Lime 33.
cHAP. VL. Of Metallic Subfiances in general 45-
cuar. VII. Of Metals 49.
§ 1. Of Gold : 4G
§ 2. Of Silver 52,
§ 3. Of Copper i 50-
§ 4. Of Iron 63.
§ 5. Of Tin i 69.
§ 6. OFf Lead 71
caar. VIII. OFf Quick-Silvar 7
cHAP. IX. Of the Semi- Metals. .
§ 1. Of Regulus of Antimony ot B3
§ 2. Of Bifmuth - A
§ 3. Of Zinc 93.
§ 4. Of Regulus of Arfenic’ g6.
cHAP. X. Of Oil in general 101,
“§ 1. Of Charcoal 102.
§ 2, OF Soap 104,

CHAP®



xvi O N T BN " 5
cuaP. XL OFf the feveral Sorts of Oils.

§ 1. Of Mineral Oils 103,
§ 2. Of Vegetable Oils 106.
§ 3. Of Animal Oils 109.
cuap. XII. OFf Fermentationin general 110,
cuar. XIII. the Spiritusus Fermentation ITI.
cuapr. XIV. Of the Acctous Fermentation 120.
§ 1. Of Vinegar I21.
§ 2. Of Tartar 123,

cuapr. XV. Ofthe Putrid Fermentatisi, or Putrefaition 128,
cuar. XVL.  Ageneral View of Chymical Decompo=

fition 135
§ 1. The Analyfis of Vegetable Subftances | 136.
Emulfions 139,

§ 2. The Analyfis of Animal Subftances 142.
§ 3. The Analyfis of Mineral Subftances 144!
Of the Pyrites 1470

Of Ores : 149,

cuap. XVII. Explanation of the Table of Affinities 159.
cuap. XVIII. The Theory of Conflructing the Veffels
mo} commonly ufed in Chymifiry 168,
cuapr. XIX. The Thery Z[ Confiructing the Furna-
ces moft commonly ufed in Chymifiry 178.
Of Lutes 197,

Elements of the PracTice of Chymiftry.

Introduétion p. 201,
PART I. Or MINERALS.

SECTIONTL
Operations performed on Saline Mineral Subftances.

cuap. 1. Of the Vitriolic Acid.

1. PRocESs. To extraét Vitriol from the Pyrites 210.
2. To extra& Sulphur from the Pyrites, and other

fulphureous Minerals 214.
3. Toextraft Alum from aluminous Minerals 218.
4. To extraé the Vitriolic Acid from Copperas or

Green Vitriol 225.
5. To decompofc Sulphur, and extrat its Acid, by

burning it 230-
6. To



g O T 'E ' O S xXVil

6. To concentrate the Vitriolic Acid 297

7. To decompound Vitriolated Tartar by means of the

Phlogifton ; or to compofe Sulphur by combining

the Vitriolic Acid with the Phlogifton 236,
cHAP. Il Of the Nitrous Acid : _

1. PROCEss. To Extra@ Nitre out of Nitrous Earths
and Stones. The Purification of Salt-Petre, Mo-
ther of Nitre. Magnefia 230.

2. To decompofe Nitre by means of the Phlogifton.
Nitre fixed by Charcoal. Chffis of Nitre. Sal
Polychrefium. 246,

3. To decompofe Nitre by means of the Vitriolic

~ Acid. . The Smoking Spirit of Nitre, Sal de duo-
bus. The Purification of Spirit of Nitre 252.

cuar. Ill.  Of the Marine Acid, '

1, PROCEss. Toextra@ Sea-falt from Sea-water, and
from Brine-fprings. Epfom-Salt 254,

2. Experiments concerning the Decompolfition of Sea-
falt by means of the Phlogiflon. Kunckel’s Phof-
phorus 201,

3. To decompofe Sea-falt by means of the Vitriolic
Acid. Glauber’s Salt. The Purification and Concen-

tration of Spirit of Salt L .1./209.

4. To decompofe Sea falt by means of the Nitrous
Acid.  Agua regis. Quadrangular Nitre 285,
cHaP. 1V. DfBzrr-‘-x 288

SECTION.IIL
Of Operations on Minerals,
caapr. I Of Gold.

t. PROCESs, ‘Lo feparate Gold, by Amalgamation with
- Mercury, from the Earths and Stones with which
it is found mixed 295.
2. To diffolve Gold in Ayua regic, and by that meaps

feparate it from Silver. Aurum Fulminans., Aurim

Fulminans reduced 3co0.
3- Todiflolve Gold by Liver of Sulphur 307,
4. To feparate Gold from all other Metalline fubn-

ftances by means of ﬁntimm:y ' 309.

caar, 1l Of Silver. .
I. PrRocess. To feparate Silver from its Ore, by means
of Scorification with Lead 315,
VUJ-.-- I.- ) 2, r.{‘hﬁ



Xviil o BN B e S B
2. The refining of Silver by the Cupel 322,
3. To purify Silver by Nitre 328.
4- To diffolve Silver in Agua Fortis, and thercby feparate
it from every other Metalline fubftance. The Puri-
fication of Aqua Fortis, Silver precipitated by
Copper 331,
5, To feparate Silver from the Nitrous Acid
by Diftillation. Cryftals of Silver, The Infernal
Stone L #37.
6. To feparate Silver from the Nitrous Acid by Pre-
cipitation. Luna Cornea. Luna Cornea reduced 339.
. To diflolve Silver, and feparate it from Gold, by
~ Cementation - 342-
cuar. IIL  Of ‘Copper.
1, ProCEss. 1o feparate Copper from its Ore  347.
2. To purify Black Copper, and render it mallea-

ble 351.
3. To deprive Copper -of its Phlogifton by Calcina-
- tion B ’ 353
4. To refufcitate the Calx of Copper, and reduce it to

Metal, by reftoring its Phlogifton 355,
g. To diffolve Copper in the Mineral Acids 355,

cuar. IV. Of Iroa.
3. procEss. To feparate Iron from its Ore ' 358,
2. To render: Pig-iron and. brittle Iron mallea-

ble 362,

3. To convert Iron into Steel 364.

4. The Calcination of Jron. Sundry Saffrons of
Mars

" 6.
c. Iron diflolved by the mineral Acids %6%..
cuapr. V. Qf Tin, ' .
1. procEss. Toextraét Tin from its Ore 370,
5. The Calcination.of Tin 3%
3. The Diffolution of Tinby Acids 377,
CHAP. VI '(::'f Lead.
1. process. To'extraét Lead from its Ore 3%9.
2. To feparate Lead frum.CUpper 384.
3. The Calcination of Lead 388.
4. To prepare G]_afs of Lead 289.
. Lead diflolved by the Nitrous Acid 3g1.

CHAP. Vil f_,;f Mffﬂﬁrf.
‘1. ProcEss. 1o extraét Mercury from its Ore, or to re-
vivify it from Cinabar 395
i 2 1o



CRERE P N T S XX
2. To give Mercury, by the altion of Fire, the ap-

pearance of a Metalline Calx 400,
3. To diflolve Mercury in the Vitriolic Acid. Turbith
Mineral 40TI.
4. To combine Mercury with Sulphur, thiops
Mineral 4013
5. To fublime the Combination of Mercury and Sul-
phurinto Cinabar 405.
6. To diflolve Mercury in the Nitrous Acid. Sundry
Mercurial Precipitates 406.
7. To combine Mercury with the Acid of Sea-falt.
Corrofive Sublimate 408.
B. Sweet Sublimate 413

9. The Panacea of Mercury 416.







£ 28

ELEMENTS

OF THE

THEORY of CHYMISTRY.

CHAP. &I
Of the Principres of Bodies.

HE Obje& and chief End of Chymi-
' ftry is to {eparate the different fubftances
that enter into the compofition of bodies ;
to examine each of them apart ; to dif-
cover their properties and relations ; to decompofe
thofe very fubftances, if poffible ; to compare them
together, and combine them with others; to re-
unite them again into one body fo as to re-
produce the original compound with all its pro-
perties ; or even to produce mew compounds that
never exifted among the works of nature, from
mixtures of other matters differently combined.
But this Analyfis, or Decompofition, of Bodies
is finite ; for we are unable to carry it beyond a

certain limit. In whatever way we attempt to go
Vou. I. B further,
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further,. we are always ftopped by fubftances in

which we can produce no change, which are inca-
pable of being refolved into others, and which ftand
as fo many firm barriers obftrufting our pro-
grefs.

To thefe fubftances we may, in my opinion,
give the title of Principles or Elements: at leait
they are really fuch with regard to us. Of this
kind the principal are Farth, Water, Air, and
Fire. For though there be reafon to think that thefe
are not the firft component parts, or the moft fimple
elements, of matter; yet, as we know by ex-
perience that our fenfes cannot poflibly difcover
the principles of which they are themfelves com-
pofed, it feems more reafonable to fix upon them,
and confider them as fimple homogeneous bodies,
and the principles of the reft, than to tire our minds
with vain conjetures about the parts or elements of
which they may confift ; feeing there is no criterion
by which we can know whether we have hit upon
the truth, or whether the notions we have formed
are mere fancies. We fhall therefore confider thefe
four fubftances as the principles or elements of all
the various compounds which nature prefents to our
enquiries : becaufe of all thofe we know they are in
fat the moft fimple ; and becaufe all our decom-
pofitions, all our experiments on other bodies, plain-
ly prove that they are at laft refolvable into thefe
primary parts.

Thefe principles do not enter in the fame propor-
tion into all bodies : there are even fome mixts in
the compofition of which this or that particular
principle is not to be found. Thus Air and Wa-
ter feem to be wholly excluded from the texture of
Metals : at leaft all the experiments hitherto made,
on them feem to eftablifh this opinion.

The fubftances compofed immediately of thefe
Firfi Elements ‘we fhall call Secondary Principles ;

becaufe
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becaufe in reality their feveral combinations with
each other, the interchangeable coalitions that take
place between them, conftitute the different natures
of all other bodies ; which, as they refult from the
union both of primary and {fecondary principles,
are properly entitled to the name of Compounds or
Mixts.

Before we enter upon the examination of Com-
pound Subftances, it is neceflary to confider the moft
Simple ones, or our four Firft Principles, with fome
attention, in order to difcover their chief proper-
ties.

§. I. Of Arr.

Ai1r is that Fluid which we conftantly
breathe, and which encompafies the whole furface
of the terreftrial globe. Being heavy, like all other
bodies, it penetrates into all places that are not
either abfolutely inacceffible, or filled with {fome
‘other body heavier than itfelf. Its principal property
is to be fufceptible of condenfation and rarefaction ;
fo that the very fame quantity of Air may occupy a
much greater, or a much f{maller {pace, according
tothe different ftate it isin. Heat and cold, or, if you
will, the prefence and the abfence of the particles of
Fire, are the moft ufual caufes, and indeed the mea-
fures, of its condenfation and rarefaction : for if a cer-
tain quantity of Air be heated, its bulk enlarges in
proportion to the degree of heat applied to it; the
confequence whereof is that the fame {pace now con-
tains fewer particles of Air than it did before. Cold
again produces juft the contrary effect.

On this property which Air has, of being con-
denfed and dilated by heat, its elatticity chiefly de-
pends. For if Air were forced by condenfation
into a lefs compafs than it took up before, and
then expofed to a very confiderable degree of
cold, it would remain quite inactive, without exert-

: B 2 i]'lg
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ing fuch an effort as it ufually makes againft the
comprelling body. On the other hand, the elafticity
of heated Air arifes only from hence, that being rare-
fied by the action of fire, it requires much more
room than it occupied before.

Air enters into the compofition of many fub-
ftances, efpecially vegetable and animal bodies : for
by analy(ing moft of them fuch a confiderable quan-

tity thereof is extricated, that fome naturalifts have

fufpected it to be altogether deftitute of elafticity
when thus combined with the other principles in the
compofition of bodies. According to them the effi-
cacy of the elaftic power of the Air is fo prodigi-
ous, and its force when comprefied fo exceflive, that
it is not pofiible the other component parts of bo-
dies fhould be able to confine fo much of it in that
ftate of compreffion which it muft needs undergo, if
reraining its elafticity it were pent up among them.

However that be, this elaftic property of the Air
produces the moft fingular and important phe-

nomena obfervable in the refolution and cnmpoﬁ—
tion of bodies.

§ I. Of WaTeR.

WaTeR 18 a thing fo well known, that it is
almoft needlels to attempt giving a general idea of
it here. Every one knows that it is a tranfparent,
infipid fubftance, and ufually fluid. T fay it is
ufually fo ; for being expofed to a certain degree of
cold it becomes folid: folidity therefore feems to be
its moft natural flate.

Water expofed to the fire grows hot ; but only
to a limited degree, beyond which its heat never
rifes, be the force of fire applied to it ever fo vio-
lent: it is known to have acquired this degree of
heat by its boiling up with great tumult. Water
cannot be made hotter, becaule it is volatile, and
incapable of enduring the heat without being eva-
porated and entirely diffipated. |

If
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If fuch a violent and fudden heat be applied to
Water as will not allow it time to exhale gently in
vapours, as when, for inftance, a {mall quantity
thereof is thrown upon a metal in fufion, it is diffi-
pated at once with vaft impetuofity, producing a
moft terrible and dangerous explofion. This fui-
prifing effect may be deduced from the inftantane-
ous dilatation of the parts of the Water itfelf, or ra-
ther of the Air contained in it. Moreover, Water
enters into the texture of many bodies, both com-
pounds and fecondary principles ; but, like Air, it
feems to be excluded from the compofition of all
metals, and molt minerals. For although an im-
menfe quanrity of Water exifls in the bowels of the
Earth, moiftening all its contents, it does not there-
fore follow that it is one of the principles of mine-
rals. It is only interpofed between their parts; for
they may be entirely robbed of it, withoutany fort

of decompofition : indeed it is not capable of an
intimate connection with them.

§ II. Of Ear TH.

W E obferved that the two principles above treat-
ed of are volatile; that is, the aétion of Fire fepa-
rates them from the bodies they help to compole,
carrying them quite off, and diflipating them.
That of which we are now to {peak, namely Earth,
is fixed, and, when it is abfolutely pure, refifts the
utmoft force of Fire. = So that, whatever remains of
a body, after it hath been expofid to the power of
the fierceft Fire, muft be confidered as containing
nearly all its earthy principle, and confifting chiefly
thereof. I qualify my expreffion thus for two rea-
fons: the firft is, becauf® it often happens, that this
remainder does not actually contain all the Earth
which exifted originally in the mixt body decompo-
fed by Fire; fince it will afterwards appear that
Earth, though in its own nature fixed, may be ren-

B 3 dered
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dered volatile by being intimately united with other
fubftances which are fo; and that, in fac, it is
common enough for part of the Farth of a body to
be thus volatilized by its other principles: the fe-
cond is, that what remains after the calcination of a
body is not generally its Earth in perfet purity,
but combined with fome of its other principles,
which, though volatile in their own natures, have
been fixed by the union contraéted between it and
them. We fhall, in the fequel, produce fome
examples to illuftrate this theory.

Earth therefore, properly fo called, is a fixed
principle which is permanent in the Fire. There is
reafon to think it very difficult, if not impofiible, to
obtain the terrene principle wholly free from every
other fubftance : for after our utmoft endeavours to
purify them, the Earths we obtain from different
compounds are found to have different properties
according to the different bodies from which they are
procured ; or elfe, if thofe Earths be pure, we muft
allow them to be eflentially different, {eeing they
have different properties. '

Earth, in general, with regard to its properties,
may be diftributed into fufible, and unfufible; that
is, into Earth that is capable of melting or beco-
ming fluid in the Fire, and Earth that conftantly
remains in a folid form, never melting in the firong-
elt degree of heat to which we can expofe it.

The former is alfo called wvitrifiable, and the fe-
cond unvitrifiable Earth.; becaule, when Farth is
melted by the force of fire, it becomes what we
call glafs, which is nothing but the parts of Earth
brought into nearer contact, and more clofely united
by the means of fufion. Perhaps the Earth, which
we look upon as uncapable of vitrification, might
be fuled it we could apply to it a fufficient degree
of heat. 1t is at leaft certain that fome Earths, or
ftones, which feparately refift the force of Fire fo

that
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that they cannot be melted, become fufible when
mixed together. Experience convinced, Mr du Ha-
mel that lime-ftone and flate are of this kind. It is
however undoubtedly true that one Karth differs
from another in its degree of fulibility : and this
gives ground to believe, that there may be a {pe-
cies of Earth abfolutely unvitrifiable in its nature,
which, being mixed in different proportions with
fufible Earths, renders them difficult to melt.

Whatever may be in this, as there are Earths
which we are abfolutely unable to vitrify, that is 2
{ufficient reafon for our divifion of them. Unvitri-
fiable Earths feem to be porous, for they imbibe
Water 5 whence they have alfo got the name of
Abforbent Earths.

§. IV. Of FireE.

Tuzr Matter of the Sun, or of Light, the Phio-
gifton, Fire, the Sulphureous Principle, the Inflam-
mable Matter, are all of them names by which the
Element of Fire is ufually denoted. But it thould
{feem, that an accurate diftin&ion hath not yet been
made between the different ftates in which it exits ;
that is, between the phenomena of Fire actually
exifting as a principle in the compofition of bodies,
and thofe which it exhibits when exifting feparately
and in its natural ftate : nor have proper diftinct
appellations been affigned to it in thofe different
circumftances. In the latter ftate we may properly

ive it the names of Fire, Matter of the Sun, of

Light, and of Heat; and may confider it as a
fubftance compofed of infinitely fmall particles, con-
tinually agitated by a moft rapid motion, and of
confequence, effentially fluid.

This fubftance, of which the fun may be called
the general refervoir, feems to flow inceffantly from
that fource, diffufing itfelf over the world, and
through all the bodics we know ; but not as a prin-

B 4 ciple,
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ple, or eflential parc of them, fince they may be
deprived thereof, at leaft in a great meafure, with-
out fuffering any decompofition. The greateft
change produced on them, by its prefence or its ab-
fence, is the rendering them fluid or folid : fo that
all other bodies may be deemed naturally folid ; Fire
alone effentially fluid, and the principle ot fluidity
in others.  This being prefuppofed, Air itfelf might
become folid, if it could be entirely deprived of the
Fire it contains ; as bodies of moft difficult fufion
become fluid, when penetrated by a fufficient quan-
tity of the particles of Fire.

One of the chief properties of this pure Fire is to
penetrate eafily into all bodies, and to diffufe itfelf
among them with a fort of uniformity and equality :
for if a heated body be contiguous to a cold one, the
former communicates to the latter ‘all its excels of
heat, cooling in exact proportion as the other warms,
till both come to have the very fame degree of
heat. Heat, however, is naturally communicable
fooneft to the upper parts of a body; and confe-
quently, when a body cools, the under parts become
{fooneft cold. It hath been obferved, for inftance,
that the lower extremity of a heated body, freely
fufpended in the air, grows cold fooner than the
upper ; and that when a bar of iron is red-hot at one
end, and cold at the other, the cold end is much
fooner heated by placing the bar fo that the hot
end may be undermoft, than when that end is
turned uppermoft. The levity of the matter of
Fire, and the vicinity of the Earth, may pofiibly be
the caufes of this phenomenon. ]

Another property of Fire is to dilate all bodies
into which it penetrates. - This hath already been
fhewn with regard to Air and Water ; and it pro-
duces the fame effect on Earth,

Fire is the moft powerful agent we can employ
to decompofe bodies; and the greateft degree of

heat
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heat producible by man, is that excited by the rays

of the fun colleéted in the focus of a large burning-
glafs.

§. V. Of the Purociston.

F r o m what hath been faid concerning the na-
ture of Fire, it is evidently impoflible for us to fix
and confine it in any body. Yet the phenome-
na attending the combuftion of inflammable bodics
fhew that they really contain the matter of Fire as a
conftituent principle. By what mechanifin then is
this fluid, which is fo fubtile. {o active, fo diffcult
to confine, fo capable of penctrating into ever
other fubftance in nature ; how comes ir, | fay, to be
fo fixed as to make a component part of the moit
folid bodies ? Itis no eafy matter to give a fatisfac-
tory an{wer to this queftion. But, without pie-
tending to guefs the caufe of the phenomenon, let
us reft contented with the certainty of the fact, the
knowledge of which will undoubtedly procure us
confiderable advantages. Let us therefore examine
the properties of Fire thus fixed and become a
principle of bodies. * To this fubftance, in order to
diftinguith it from pure and unfixcd Fire, the chy-
mifts have afligned the peculiar title of the Phiy-
gifton, which is indeed no other than a Greelk word
for the Inflammable Matter , by which latter name,
as well as by that of the Sulphuregus Principle, it is
allo fometimes called. It differs from elementary
Fire in the following particulars. 1. When united
toa body, it communicates to it neither heat nor
light. 2. It produces no change in its flate, whe-
ther of folidity or fluidity ; fo that a folid body does
not become fluid by the acceifion of the Phlogifton,
and wice verfa ; the folid bodics to which it is joined
being only rendered thereby more apt to be fufed by
the force of the culinary fire.

: y fire. 3. We can convey it
from che body with which it is Joined into anorher

bedy,
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body, fo that it fhall enter into the compofition
thereof, and remain fixed in it.

On this occafion both thefe bodies, that which is
deprived of the Phlogifton and that which receives
it, undergo very confiderable alterations ; and it is
this laft circumftance in particular that obliges us to
diftinguith the Phlogifton from pure Fire, and to
confider it as the element of Fire combined with
fome other fubftance, which ferves it as a balfis for
conflituting a kind of fecondary principle. For if
there were no difference between them, we fhould
be able to introduce and fix pure Fire itfelf where-
ever we can introduce and fix the Phlogifton: yet
this is what we can by no means do, as will appear
from experiments to be afterwards produced.

Hitherto Chymifts have never been able to obtain
the Phlogifton quite pure, and free from every other
fubftance : for there are but two ways of {eparating it
from a body of which it makes a part; to wit,
either by applying {fome other body with which it
may unite the moment it quits the former; or elfe
by calcining and burning the compound from which
you defire to fever it. In the former cafe it is evi-
dent that we do not get the Phlogifton by itfelf,
becaufe it only pafies from one combination into
another ; and in the latter, it is entirely diffipated
in the decompofition, fo that no part of it can pof-
{ibly be fecured. -

The inflammability of a body is an infallible fign
that it contains a Phlogifton ; but from a body’s
not being inflammable, it cannot be inferred that it
contains none : for experiments have demonftrated
that certain metals abound with it, which yet are
by no means inflammable.

We have now delivered what is moft neceflary to
be known concerning the principles of bodies in
general. They have many other properties befides

thofe above-mentioned ; but we cannot properly
| take
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take notice of them here, becaufe they prefuppofe
an acquaintance with fome other things relating to
bodies of which we have hitherto faid nothing ; in-
tending to treat of them in the fequel as occafion
fhall offer. We fhall only obferve in this place,
that when animal and vegetable matters are burnt in
fuch a manner as to hinder them from flaming, fome
part of the Phlogifton contained in them unites inti-
mately with their moft fixed earthy parts, and with
them forms a compound that can be confumed only
by making it red-hot in the open air, where it
fparkles and waftes away, without emitting any flame.
This compound is called a Coal. We fhall enquire
into the properties of this Coal under the head of
Oils : at prefent it fuffices that we know in. general
what it 1s, and that it readily communicates to other
bodies the Phlogifton it centains.

Sl ¢ U ol iy ) 8

A general View of the Relations or
Affinities between Bodies.

EFORE we can reduce compound Bodies

to the firft principles above pointed our, we
obtain, by analyfing them, certain fubftances which
are indeed more fimple than the bodies they helped
to compofe, yetare themfelves compofed of our pri-
mary principles. They are therefore at one and the
fame time both principles and compounds 3 for
which reafon we thall, as was before faid, call them
by the name of Secondary Principles. Saline and
oily matters chiefly conftitute this clafs. But before
we enter upon an examination of their properties,
iti1s fit we lay before the Reader a general view of
what Chymifts underftand by the Relations or Affini-

ties
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ties of Bodies ; becaufe it is neceflary to know thefe,
in order to a diftinét conception of the different
combinations we are to treat of.

All the experiments hitherto made concur with
daily obfervation to prove that different bodies,
whether principles or compounds, have fuch a mu-
tual Conformity, Relation, Affinity, orAttraton, if
you will call it fo, as difpofes fome of them to jnin
and unite together, while they are incapable of con-
trating any union with others. This ¢fect, what-
ever be its caufe, will enable us to account for, and
connett together, all the phenomena that Chy-
miftry produces. The nature of this univerfal af-
feftion of matter is diftinétly laid down in the fol-
lowing propofitions.

Firft, If one fubftance has any Affinity or con-
formity with another, the two will unite together,
and form one compound.

"Secondly, It may be laid down as a general rule,
that all fimilar fubftances have an A ity with each
other, and are conlequently difpofed to unite; as
water with water, earth with earth, &7c.

Thirdly, Subftances that unite together lofe fome
of their feparate propertics ; and the compounds re-
fulting fiom their union partake of the properties
of thofe fubftances which {erve as their principles..

Fourthly, The fimpler any fubftances are, - the
more perceptibleand confiderable are their Affinities :
whence it follows, that the lefs bodies are com-
pounded, the more difficult it is to analyfe them ;
that is, to {eparate from each other the principles of
which they confift.

Fifthly, If a body confift of two fubftances, and
to this compound be prefented a third fubftance
that has no Affinity at all with one of the two pri-
mary fubflances aforefaid, but has a greater Affinity
with the other than thofe two fubftances have with
each other, there will enfue a decom pofition, and a

LW
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new union; that is, the third fubftance will feparate
the two compounding fubitances from each other,
coalefce with that which has an A ffinity with it, form
therewith a new combination, and difengage the
other, which will then be left at liberty, and fuch
as it was before it had contraéted any union.
Sixthly, It happens fometimes that when a third
{ubftance is prefented to a body confifting of two
fubftances, no decompofition follows ; but the two
compounding {ubitances, without quitting each
other, unite with the fubftance prefented to them,
and form a combination of three principles: and
this comes to pafs when that third fubftance has an
equal, or nearly equal, Affinitywith each of the com-
pounding fubitances. The fame thing may alfo
happen even when the third fubftance hath no
Affinity but with one of the compounding fubftances
only. To produce fuch an effect, it is fufficient that
one of the two compounding fubftances have to the
third body a Relation equal, or nearly equal, to that
which it has to the other compounding fubftance
with which it is already combined. Thence it fol-
lows, that two fubftances, which, when apart from
all others, are incapable of contraéting any union,
may be rendered capable of incorporating together
in fome meafure, and becoming parts of the fame
compound, by combining with a third fubftance
with which each of them has an equal Affinity.
Seventhly, A body, which of itfelf cannot de-
compofe a compound confifting of two fubftances, be-
caufe, as we juft now faid, they have a greater Affinit
with each other than it has with either of them, be-
comes neverthelefs capable of feparating the two by
uniting with one of them, when it is itfelf combined
with another body having a degree of Affinity with
that one {ufficient to compenlate its own want thereof.
In that cafc there are two A flinities, and thence enfues
a double decompofition and a deuble combination.

Thefe
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Thefe fundamental truths, from which we fhall
deduce an explanation of all the phenomena in
. Chymiftry, will be confirmed and illuftrated by
applying them, as we fhall do, o the feveral
cafes, of which our defign in this T'reatife obliges
us to give a circumitantial account.

e ST = o

CHAP Ml
Of Saline Subflances in general.

F a particle of water be intimately united with a
§ particle of earth, the refult will be a new com-
pound, which, according to our third propofition
of Affinities, will partake of the properties of earth
and of water ; and this combination principally forms
what is called a Saline Subffance. Confequently
every faline Subftance muit have an affinity with
earth and with water, and be capable of uniting
with both or either of them, whether they be {eparate
or mixed together: and accordingly this property
characerifes all Salts or Saline Subftances in general.

Water being volatile and Earth fixed, Salts in
general are lefs volatile than the former, and lefs
fixed than the latter; that is, fire, which cannot
volatilize and carry off’ pure earth, is capable of
rarefying and volatilizing a Saline Subftance; but
then this requires a greater degree of heat than is
neceffary for producing the fame eflefts on pure
water.

There are feveral forts of Salts, differing {[rom one
another in refpect either of the quantity, or the qua-
lity of the earth in their compofition ; or laftly, they
differ on account of fome additional principles, which
not being combined with them in fufficient quantity

to hinder their Saline properties from appearing,
permit
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permit them to retain the name of Salts, though
they render them very different from the fimpleft
Saline Subftances.

It is eafy to infer from what has been faid of Salts
in general, that fome of them muft be more, fome
lefs, fixed or volatile than others, and fome more,
fome lefs, difpofed to unite with water, with earth,
or with particular forts of earth, according to the
nature or the proportion of their principles.

Before we proceed further, it is proper juft to
mention the principal reafons which induce us to
think that every Saline Subftance is actually a com-
bination of earth and water, as we fuppofcd at our
- entering on this fubject. The firftis, the conformity
Salts have with earth and water, or the properties
they poflefs in common with both. Of thele pro-

ties we fhall treat fully, as occafion offers to con-
fider them, in examining the feveral forts of Salts.
The fecond is, that all Salts may be atually re-
folved into earth and water by fundry procefies; par-
ticularly by repeated diffolution in water, evapora-
tion, deficcation, and calcination. Indeed the Chy-
mifts have not yet been able to produce a Saline
Subftance, by combining earth and water together.
This favours a fufpicion, that befides thefe two there
1s fome other principle in the compofition of Salts
“which efcapes our refearches, becaufe we cannot-
~ preferve it when we decompofe them : but it is fuffi-
cient to our purpofe, that water and earth are de-
monftrably amongft the real principles of Saline
Subftances, and that no experiment hath ever thewn
us any other.

§. 1A e Tibs,

Or all Saline Subftances, the fimpleft is that called
an Aecid, on account of its talte ; which is like that of
- verjuice, forrel, vinegar, and other four things, which

for the fame reafon are alfo called Acids, By this
‘ peculiar
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peculiar tafte are Acids chicfly known. They have
moreover the property of turning all the blue and
violet colours of vegetables red, which diftinguifhes
them from all other falts.

The form under which Acids moft commonly
appear, is that of a tranfparent liquor; though
folidity is rather their natural ftate. This is owing
to their affinity with water ; which is fo great that,
when they contain but juft as much of it as 1s ne-
ceffary to conftitute them Salts, and confequently
have a folid form, they rapidly unite therewith the
moment they come into conta¢t withit: and as the
air is always loaded with moifture and aqueous va-
pours, its conta alone is fufficient to liquify thems
becaufe they unite with its humidity, imbibe it
greedily, and by that means become fluid. We
therefore fay, they attract the moifture of the air.
This change of a falt from a folid to a fluid fiate,
by the fole contact of the air, is alfo called Deliguinim ;
fo that when a falt changes in this manner from a
folid into a fluid form, it is faid to run per deliquinim.
Acids being the fimpleft fpecies of Saline bodies,
their affinities with different fubftances are {tronger
than thofe of any other fort of falt with the fame
fubftances ; which is agreeable to our fourth propo-
fition concerning Affinities.

Acids in general have a great affinity with earths :
that with which they moft readily unite is the un-
vitrifiable earth to which we gave the name of
abforbent earth. They feem not to act at all upon
vitrifable earths, fuch as fand ; nor yet upon {ome
other kinds of earths, at leaft while they are in their
natural ftate. Yet the nature of thefe earths may
be in fome meafure changed, by making them red
hot in the fire, and then quenching them fuddenly
in cold water : for by repeating this often they are
brought nearer to the nature of abforbent earths, and

rendered capable of uniting with Acids.
3 When

-
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When an Acid liquor is mixed with an abforbent
earth, for inftance with chalk, thefe two fubftances
inftantly rufh into union with fo much impetuofity,
efpecially if the Acid liquor be as much dephleg-
mated, or contain as little water, as may be, that a
great ebullition is immediately produced, attended
with confiderable hiffing, heat, and vapours, which
rife the very inftant of their conjunction.

From the combination of an Acid with an ab-
forbenr earth there arifes a new compound, which
fome Chymifts have called Sa/ S2lfum ; becaufe the
Acid by uniting with the earth lofes its four tafte,
and acquires another not unlike that of the common
fea-falt ufed in our kitchens ; yet varying according
to the different forts of Acids and earths combined
together. The Acid at the fame time lofcs its pro-
perty of turning vegetable blues and violet colours
red.

If we enquire what is become of its propenfity to
unite with water, we fhall find that the earth, which
of itfelf is not foluble in water, hath by its union
with the Acid acquired a facility of diffolving there-
in; fo that our Sa/ Salfum is foluble in water. But,
on the other hand, the Acid hath, by its union with
the earth, loft part of the afinity it had with water g
fo that if a Sa/ Salfum be dried, and freed of all
fuperfluous humidity, it will remain in that dry folid
form, inftead of attrating the moifture of the air
and running per deliguium, as the Acid would do
if it were pure and unmixed with earth. However,
this general rule admits of fome exceptions; and
we fhall have occafion in another place to take
notice of certain Combinations of Acids with earths,
which ftill continue to attraét the moifture of the
air, though not {o ftrongly as a pure Acid.

Acips have likewife a great affinity with the
Phlogifton. When we come to treat of each Acid
. in particular, we fhall examine the combinations of

Vor. L. C each
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each with the Phlogifton : they differ fo widely from
one another, and many of them are fo little known,
that we cannot at prefent give any general idea of
them.

& I OF A TR ALY

Arxavris are Saline combinations in which there
is a greater proportion of earth than in Acids. The
principal arguments that may be adduced to prove
this fac are thefe : Firft; if they be treated in the
‘manner propofed above for analyzing Saline Sub-
ftances, we obtain from them a much greater
quaniity of earth than we do from Acids. Se-
concly; by combining certain Acids with certain
earths we can produce Alkalis; or at lealt fuch
faline compounds as greatly refemble them. Our
third and laft argument is drawn from the pro-
perties of thofe Alkalis which, when pure and un-
adulterated with any other principle, have lefs affi-
nity with water than Acids have, and are alfo more
fixed, refifting the utmoft force of fire. On this
account it is that they have obtained the title of
Fixed, as well as to diltinguifh them from another
{pecies of Alkali, to be confidered hereafter, which
is impure and volatile.

Though fixed Alkalis, when dry, fuftain the ut-
molt violence of fire without flying off in vapours,
it is remarkable that, being boiled with water in an
open veflel, confiderable quantities of them rife
with the fteams : an efftét which muft be attributed
to the great affinity between thefe two fubftances,
by means whercof water communicates fome part of
its volatility to the fixed falt.

Alkalis freed of their fuperfluious humidity by
calcination attract the moifture of the air, but not
fo ftrongly as Acids: fo that it is eafier to procure
and preferve them in a folid form.

They
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They flow inh the fire, and are then capable of
uniting with vitrifiable earths, and of forming there-
with ctrue glafs ; which, however, will partake
of their properties, if they be ufed in fufficient
quantity.

As they melt more readily than vitrifiable earth,
they facilitate its fufion ; fo that a weaker fire will
reduce it to glafs when a fixed Alkali is joined with
it, than will melt it without that addition.

Alkalis are known by their tafte, which is acrid
and fiery ; and by the properties they poffefs of turn-
ing certain vegetable blues and violet colours green
particularly fyrop of violets,

- Their affinity with Acids is greater than that of
abforbent carths ; and hence it comes to pafs that
if an Alkali be prefented to a combination of an
Acid with an abforbent earth, the earth will be
feparated from the Acid by the Alkali, and a new
union between the Acid and the Alkali will take
place. This is both an inftance and a proof of our
fifth propofition concerning Affinities,

If a pure Alkali be prefented to a pure Acid,
they ruth together with violence, and produce the
fame phenomena as were obferved in the union of
an abforbent earth with an Acid ; but in a greater
and more remarkable degree.

Fixed Alkalis may in general be divided into two
forts : one of thefe hath all the above recited pro-
perties ; but the other pofiefles fome that are pecu-
liar toitfelf. We fhall confider this latter fort more
particularly under the head of Sea-Salt.

§. IIl. Of NrurraL SaLTs.

TrE Acid and the Alkali thus uniting mutually
rob each orher of their charaderiftic properties ;
fo that the compound refulting from their union
produces no change in the blue colours of vege-

tables, and has a tafte which is neither four nor
Ca acrid,
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acrid, but faltith. A faline combination of this
kind is for that reafon named Sal Salfum, Sal Medium,
or a Neutral Salt. Such combinations are alfo called
by the plain general name of Salss.

It muft be obferved that, in order to make thefe
Salts perfectly Neutral, it is neceffary that neither of
the two faline principles of which they are com-
pounded be predominant over the other ; for in that
cafe they will have the properties of the prevailing
principle. The reafon is this: neither of thefe
faline fubftances can unite with the other but in a
limited proportion, beyond which there can be no
further coalition between them. The ation by
which this perfect union is accomplifhed is termed
Saturation ; and the inftant when fuch proportions of
the two faline fubftances are mixed together, that
the one is incorporated with as much of the other
as 1t can poflibly take up, is called the Point of
Saturation. All this is equally applicable to the
combination of an Acid with an abforbent earth.

The combination is known to be perfect, that is,
the Point of Saturation is known to be obtained,
when after repeated affufions of an Acid in {mall
quantities to an Alkali, or an abforbent earth, we
find thofe phenomena ceafe, which in fuch cafes
conftantly attend the confli¢t of union, as we faid
above, namely, ebullition, hifling, {&¢. and we
may be ailured the Saturation is complete when the
new compound hath neither an acid nor an acrid
talte, nor in the leaft changes the blue colours of
vegetables.

Neutral Salts have not fo great an affinity with
water as either Acids or Alkalis have ; becaufe they
are more compounded : for we obferved before,
that the affinities of the moft compounded bodies
are generally weaker than thofe of the moft fimple,
In confequence hereof few Neutral Salts, when dried,
atcract the moifture of the air; and thofe that do,

attract
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attract it more flowly and in lefs quantity than cither
Acids or Alkalis do. '

All Neutral Salts are foluble in water ; but more
or lefs readily, and ina greater or {maller quantity,
acciarding to the nature of their component prin-
ciples.

- Water made boiling hot diffolves a greater quan-
tity of thofe falts which do not atrraét the moifture
of the air, than when it is cold ; and indeed it muft
be boiling hot to take up as much of them as it is
capable of diffolving: but as for thofe which run
in the air, the difference, if there be any, is im-
perceptible.

Some Neutral Salts have the property of fhooting

into cryflals, and others have it not. ;
The nature of Cryftallization is this: Water
cannot diffolve, nor keep in folution, more than a
determinate quantity of any particular Salt : when
thercfore fuch a quantity of water is evaporated from
the folution of a Salt capable of cryftallization, that
the remainder contains juft as much Salt as it can
difiolve, then by continuing the evaporation the Salt
%radual]y recovers its folid form, and concretes into
everal little tranfparent mafles called Cryftals.
Thefe cryftals have regular figures, all differing
from one another according to the fpecies of Salt
of which they are formed. Different methods of
evaporating faline folutions have different effects on
the figure and regularity of the cryftals ; and each
particular fort of Salt requires a peculiar methed of

evaporation to make its cryftals perfetly regular.
A folution of Salt defigned for cryftallization is
ufually evaporated by means of fire to a pellicle ;
that is, till the Salt begin to concrete; which is
perceived by a kind of thin dark fkin that gathers
on the furface of the liquor, and is formed of the
cryftallized particles of Salt. When this pell.cle
appears the folution is fuffered to cool, and the cry-
C 3 ftals
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ftals form therein fafter or {lower according to the
fort of Salt in hand. If the evaporation be car-
ried on brifkly to perfect drynefs, no eryftals will be
formed , and only an irregular mafs of Salt will be
obtained.

The reafons why no cryftals appear when the
evaporation is haftily performed, and carried on to
drynefs, are, firft, that the particles of Salt, being
always in motion while the folution is hot, have not
time to exert their mutual affinities, and to unite
together as cryftallization requires: fecondly, that
a certain quantity of water enters into the very com-
pofition of cryftals ; which is therefore abfolutely
neceflary to their formation, and in a greater or
{maller proportion according to the nature of the
Salt *.

If thefe cryftallized Salts be expofed to the fire,
they firft part mth that moifture whlch IS not ne-
ceffary to a faline concretion, and which they re-
tained only by means of their cryftallization : after-
wards they begin to flow, but with different degrees

of fulibility.

It muft be obferved that certain Salts melt as
foon as they are expofed to the fire 5 namely, thole
which retain a great deal of water in cryftallizing.
But this fluor which they fo readily acquire muft be
carefully diftinguithed from actual fufion : for it is
owing only to their {ufperﬂuous humidity, which
hLeat renders capable of diffolving and liquifying
them ; fo that when it is evaporated the Salt ceafes
to be fluid, and requires a much greater degree of
fire to bring it into real fufion.

The Neutral Salts that do not cryftallize may,
indeed, be dried by evaporating the water which

* Thofe who have the curiofity to fec a more particular ac-
count of the cryftallization of Neutral Salts, may read Mr.
Rouelle's excellent Memoir on that Subje@, among thole of the
Academy of Sciences for 1744,

eeps
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keeps them fluid ; but by becoming folid they ac-
quire no regular form; they again attralt the
moifture of the air, and are thereby melted into a
liquor. Thefe may be called Liquefcent Salts.

Moft of the Neutral Salts, that confift of an Acid
joined with a fixed Alkali, or with an abforbent earth,
are themfelves fixed and refift the force of fire ; yet
feveral of them, if they be diffolved in water and
the folution boiled and evaporated, fly off along
with the fteams.

et —

Sl sl AL BT, -

G HADR 1V,
Of the feveral Sorts of Saline Subflances.

§. I. Of the UnivErsAL Acip.

HE Univerfal Acid is {o called, becaufeitis

in faét the Acid which is moft univerfally
diffufed through all nature, in waters, in the at-
mofphere, and in the bowels of the earth. Butit
is feldom pure: being almoft always combined with
fome other fubftance. That from which we obtain
it with moft eafe and in the greateft quantity is
vitriol, a mineral which we fhall confider afterwards :
and this is the reafon why it is called the Firrizlic
Acid; the name by which it is beft known.

When the Vitriolic Acid contains but lictle phlegm,
yet enough to give it a fluid form, it is called Oil
of Vitriol; on account of a certain unétuofity be-
longing toit. In truth this name is very improperly
beftowed on it; for we fhall afterwards fee that,
bating this unctuoufnefs, it has none of the properties
of oils. But this is not the only impropriety in

names we fhall have occafion to cenfure.
£ It
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If the Vitriolic Acid contain much water it is
then called Spirit of Vitriel. When it does not
contain enough to render it fluid, and fo is in a folid
form, 1t is named the Iy Ol of Vitriel,

When Oil of Vitriol highly concentrated is mixed
with water, they rufh into union with fuch im-
petuofity that, the moment they touch each other,
there arifes a hiffing noife, like that of red-hot iron
plunged in cold water, together with a very con-
fiderable degree of heat proportioned to the degree
in which the Acid was concentrated.

If inftead of mixing this concentrated Acid with
water, you only leave it expofed to theair for fome
time, it attracts the moifture thereof, and imbibes
it moft greedily. Both its bulk and its weight are
increafed by this acceflion; and if it be under an
icy form, that is, if it be concreted, the phlegm
thus acquired will foon refolve it into a fluid.

The addition of water renders the Vitriolic Acid,
and indeed all other Acids, weaker in one fenfe s
which is, that when they are very aqueous they
leave on the tongue a much fainter tafte of acidity,
and are lefs active in the folution of fome particular
bodies : but that occafions no change in the ftrength
of their affinities, but in fome cafes rather enables
them to diffolve feveral fubftances, which, when
well dephlegmated, they are not capable of at-
tacking,

The Vitriclic Acid combined to the point of
faturation with a particular abforbent earth, the
nature of which is not yet well known, forms a
Neucral Salt that cryftallizes. This Salc is called
Alum, and the figure of its cryftals is that of an
oftahedron or folid of eight fides. Thefe octahe-
dra are triangular pyramids, the angles of which are
fo cut off that four of the furfaces are hexagons,
and the other four triangles.

There
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- There are feveral forts of Alum, which differ ac-
cording to the earths combined with the Vitriolic
Acid. Alum diffolves eafily in water, and in cry-
ftallization retains a confiderable quantity of it ;
which is the reafon that being expofed to the fire it
readily melts, {welling and puffing up as its fuper-
fluous moifture exhales. When that is quite evapo-
rated, the remainder is called Burnt Alum, and is
very difficult to fufe. The Acid of the Alum is
partly diffipated by this calcination. Its tafte is
faluifh, with a degree of roughnefs and aftringency.

The Vitriolic Acid combined with certain earths
forms a kind of Neutral Salt called Selewites, which
cryftallizes in different forms according to the nature
of its earth, There are numberlefs fprings of wa-
ter infected with diffolved Selenites ; but when this
Salt 1s once cryflallized, it is exceeding difficult to
diffolve it in water a fecond time. For that pur-
_ pofe a very great quantity of water is neceffary, and
moreover it muft boil ; for as it cools moft of the
diffolved Selenites takes a folid form, and falls in a
powder to the bottom of the veffel. _

If an Alkali be prefented to the Selenites or to
Alum, thefe Salts, according to the principles we
have laid down, will be thereby decompofed; that
is, the Acid will quitthe earths, and join the Alkali,
with which it hath a greater affinity. And from
this conjunction of the Vitriolic Acid with a fixed
Alkali there refults another fort of Neutral Salt,
which is called Arcanum duplicatum, Sal de ducbus,
and FVitriolated Tartar, becaufe one of the fixed
‘Alkalis moft in ufe is called Salt of Tartar.

Vitriolated Tartar is almoft as hard to diffolve in
water as the Selenites. It fhoots into eight-fided
cryftals, having the apices of the pyramids pretty
obtufe. Its tafte is faltifh, inclining to bitter; and
it decrepitates on burning coals. It requires a very
great degree of fire to make it flow.

The
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The Vitriolic Acid is capable of uniting with the
Phlogifton, or rather it has a greater affinity with it
than with any other body : whence it follows that
all compounds, of which it makes a part, may be
decompofed by means of the Phlogifton,

From the conjunction of the Vitriolic Acid with
the Phlogifton arifes a compound called Mineral
Sulpbur, becaufe it is found perfectly formed in the
bowels of the earth. It is alfo called Sulpbur vivum,
or fimply, Sulphur.

Sulphur is abfolutely infoluble in water, and in-
capable of contralting any fort of union with it.
It melts with a very moderate degree of heat, and
fublimes in fine light downy tufts called Flowers of
Sulpbur. By being thus fublimed it fuffers no de-
compofition, let the operation be repeated ever fo
often ; fo that Sublimed Sulphur, or Flower of Sul-
phur, hath exatly the fame properties as Sulphur
that has never heen fublimed.

If Sulphur be expofed to a brifk heat in the open
air, it takes fire, burns, and is wholly confumed.
This deflagration of Sulphur is the only means we
have of decompofing it, in order to obtain its Acid
in purity. 'The Phlogifton is deftroyed by the flame,
and the Acid exhales in vapours : thefe vapours col-
lected have all the properties of the Vitriolic Acid,
and differ from it only as they ftill retain fome por-
tion of the Phlogifton ; which, however, foon quits
them of its own accord, if the free accefs of the
common air be not precluded.

The porrion of Phlogifton retained by the Acid
of Sulphur is much more confiderable when that
mineral is burnt gradually and flowly : in that cafe
the vapours which rife from it have fuch a pene-
trating odour, that they inftantaneoufly {uffocate any
perfon who draws in a certain quantity of them with
his breath. Thefe vapours conftitute what is called
the Volatile Spiri¢ of Sulpbur. There is reafon tﬁ

thin
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think this portion of Phlogilton which the Acid re-
tains is combined therewith in a manner different
from that in which thefe two are united in the Sul-
phur itfelf ; for, as has juftbeen obferved, nothing but
actual burmnfr is capable of feparating the Vitriolic
Acid and the Jh]{]ﬂrlﬁiﬂn which by their union form
Sulphur ; whereas in th-: Volatile Spirit of Sulphur
they feparate {pontancoufly when expoled to the
open air; that is, the Phlogifton fiies off and leaves
the Acid, which then becomes in every refpeét fimi-
lar to the Vitriolic Acid.

That the Volatile Spirit of Sulphur is a compound,
as we have afferted it to be, appears evidently from
hence, that whenever the Vitriolic Acid touches any
fubftance containing the Phlogifton, provided that
Phlogifton be difengaged or opened to a certain de-
gree, a Volatile Spiric of Sulphur is infallibly and
immediately generated. This Spirit hath all the
properties of Acids, but confiderably weakened,
and of courfe lefs perceptible. It unites with ab-
forbent earths or fixed Alkalis ; and with them forms
Neutral Salts: but when combined therewith it
may be feparated from them by the Vitriolic Acid,
and indeed by any of the mineral Acids, becaufe its
affinities are weaker. Sulphur hath the property of
uniting with abforbent earths, but not near fo in-
timately as with fixed Alkalis.

If equal parts of Sulphur and an Alkali be melted
together, they incorporate with each other; and
from their conjunction proceeds a compound of a
moft unpleafant {mell, much like that of rotten
eggs, and of a red colour nearly refembling that of
an animal liver, which has occafioned it to bear the
name of Hepar Su'phuris, or Liver of Sulpbur.

In this compofition the fixed Alkali communicates
to the Sulphur the property of diffolving in water:
and hence it comes that Liver of Sulphur may be
made as well when the Alkali is diffolved by water

1o
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into a fluid, as when it is fufed by the a&ion of
fire.

Sulphur has lefs affinity than any Acid with the
fixed Alkalis : and therefore Liver of Sulphur may
bs decompounded by any Acid whatever ; which
will unite with the fixed Alkali, form therewith a
Neutral Salc, and feparate the Sulphur.

If Liver of Sulphur be diffolved in water, and
an Acid poured thereon, the liquor, which was
tranfparent before, inftantly turns to an opaque
white; becaufe the Sulphur, being forced to quit its
union with the Alkali, lofes at the fame time the
property of difiolving in water, and appears again
In its own opaque form. The liquor thus made
white by the Sulphur is called Milk of Sulpbur.

If this liquor be fuffered to ftand flill for fome
time, the particles of Sulphur, now moft mi-
nutely divided, gradually approach each other,
unite, and fall infenfibly to the bottom of the veflel 5
and then the liquor recovers its tranfparency. The
Sulphur thus depofited on the bottom of the vefiel
is called the Magiffery or Preciritate of Sulphur.
1he names of Magiftery and Precipitate are alfo
given to all {ubftances whatever that are feparated
from another by this method ; which is the reafon
that we ufe the exprefiion of precipitating one fub-

ftance by another, to fignify the feparating one of
them by means of the other.

§. Il. Of the Nirrovs Acip.

IT is not certainly known what conftitutes the
difference between the Nitrous Ac:d and the Vitriolic
Acid, with regard to the confliruent principles of
each.  The moft probable opinion is, that the
Nitrous Acid is no other than the Vitriolic Acid
combined with a certain quantity of Phlogifton by

the
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the means of putrefaction. If it be fo, the Phlo-
gilton muft be united with the Univerfal Acid in
another manner than it is in fulphur, and in its vo-
latile fpirit : for the Nitrous Acid differs from them
both in its properties, What gives ground for this
opinion is, that the Nitrous Acid is never found
but in earths and ftones which have been impregna-
ted with matters fubject to putrefaction, and which
therefore muft contain the Phlogifton. For it is
neceflary juft to obferve here, though it be not yet
proper to enter particularly into the fubject, that all
fubftances fufceptible of putrefaction really contain
the Phlogifton.

The Nitrous Acid combined with certain abfor-
bent earths, fuch as chalk, marle, boles, forms
Neutral Salts which do not cryftallize ; and which,
after being dried, run in the air per deliguium.

All thofe Neutral Salts which confift of the Ni-
trous Acid joined to an earth, may be decompo-
fed by a fixed Alkali, with which the Acid unites,
and deferts the earth; and from this union of the
Nitrous Acid with a fixed Alkali refults a new
Neutral Salt which is called Nitre, or Salt-petre.
This latter name fignifies the Sa/t of Stone; and in
fatt Nitre is extratted from the ftones and phaifter,
in which it forms, by boeiling them in water fatu-
rated with a fixed Alkali.

Nitre fhoots in long cryftals adhering fideways to
each other: it has a faltith tafte, which produces a
fenfation of cold on the tongue.

This Salt eafily diffolves in water; which, when
it boils, takes up flill a greater quantity thereof.

It flows with a pretty moderate degree of hear,
and continues fixed therein : but being urged by a
brifk fire, and in the open air, it lets go fome part
of its Acid, and indeed flies off itfelf in part.

4 The
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The moft remarkable property of Nitre, and that
which charatterizes it, is its Fulmination or Explo-
fion; the nature of which is as follows :

W hen Nitre touches any fubftance containing a
Phlogifton, and actually ignited, thatis, actually on
fire, it burfts out into a flame, burns, and is decom-
pounded with much noife.

In this deflagration the Acid is diffipated, and
totally feparated from the Alkali, which now remains
by itfelf.

Indeed the Acid, at leaft the greateft part of i,
is by this means quite deftroyed.  The Alkali
which is left when Nitre is decompounded by defla-
gration, is called in general Fixed Nitre, and, more
particularly, Nitre fixed by {uch and {uch a fubftance
as was uvfed in the operation. But if Nitre be defla-

grated with an inflammable fubftance containing the,

vitriolic Acid, as fulphur, for inftance, the fixed
Salt produced by the deflagration is not a pure
Alkali, but retains a good deal of the vitriolic Acid,
and, by combining therewith, hath now formed a
neutral Salt. _

Hitherto Chymifts have been at a lofs for the
reafon why Nitre flames, and is decompounded in the
manner above mentioned, when it comes in contaét
with a Phlogifton properly circumftanced. For my
part, I conjeture it to be for the fame reafon that
vitriolated tartar is alfo decompounded by the addition
of a Phlogifton ; wiz. the Nitrous Acid, having a
greater affinity with the Phlogifton than with the
fixed Alkali, naturally quits the latter to join with
the former, and fo produces a kind of fulphur,
differing probably from the common fulphur, formed
by the vitriolic Acid, in thatitis combuftible to fuch
a degree, as to take fire and be confumed in the very
moment of its production ; fo that it is impoffible to
prevent its being thus deftroyed, and confequently

impoflible to fave it. In fupport of this opinion
let

k.
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let it be confidered, that the concurrence of the Phlo-
gifton is abiolutely neceflary to produce this defla-
gration, and that the matter of pure fire is altogether
incapable of effecting it : for though Nitre be ex-
pofed to the moft violent degree of fire, even that
n the focus of the moft powerful burning-glafs, it
~ will not flame ; nor will that effect ever happen till

the Nitre be brought into contaét with a Phlogifton
properly {o called, that is, the matter of fire exifting
as a principle of fome body ; and it is moreover
neceffary that this Phlogifton be aftually on fire,
and agitated with the igneous motion, or elfe that
the Nitre itfelf be red-hot, and fo penetrated with fire
as to kindle any inflammable matter that touches.
it.

This experiment, among others, helps to fhew
the diftinction that ought to be made betweeen pure
elementary fire, and fire become a principle of bo-
dies to which we have given the name of Phlogifton.

Before we leave this {ubject, we fhall obferve that
Nitre deflagrates only with fuch fubftances as con-
tain the Phlogifton in its fimpleft and pureft form
fuch as charcoal, fulphur, and the metalline fub-
{tances ; and that, though it will not deflagrate
without the addition of fome combulftible matter, it
1s neverthelefs the only known body that will burn,
and make other combuftibles burn with it, in clofe
veflels, without the admiffion of frefh air.

The Nitrous Acid hath not {o great. an affinity
with earths and Alkalis as the vitriolic Acid hath
with the fame fubftances ; whence it follows that the
vitriolic Acid decompofes all neutral falts arifing from
a combination of the Nitrous Acid with an earth or
an Alkali, The vitriolic Acid expells the Nitrous
Acid, unites with the {ubftance which ferved it for
a bafis, and therewith forms a neutral falt, which is
an Alum, a Sclenites, or a vitriolated Tartar, accor-
ding ta the nature of that bafis.

The

2
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The Nitrous Acid, when thus feparated from its
bafis by the vitriolic Acid, is named Spiris of Nitre,
or Agua Fortis. If it be dephlegmated, or contain
but little fuperfluous water, it exhales in reddifh va-
pours ; thefe vapours, being condenfed and collected,
form a liquor of a brownifh yellow, that inceffantly
emits vapours of the fame colour, and of a pungent
difagreeable fmell. Thefe charaters have procured
it the names of Smoaking Spirit of Nitre, and Yellow
Aqua Fortis. ‘'This property in the Nitrous Acid,
of exhaling in vapours, fhews it to be lefs fixed
than the vitriolic Acid ; for the latter, though ever
{fo thoroughly dephlegmated, never yields any va-
pours, nor has it any fmell. '

§.1II. Ofthe Acip oF SEA-SaLT.

Tue Acid of Sea-Salt is fo called becaufe it is in
fact obtained from fuch Sea-Salt as is ufed in our
kitchens. It is not certainly known in what this Acid
differs from the vitriolic and the nitrous, with regard
to its conftituent parts. Several of the ableft Chy-
mifts, fuch as Becher and Stahl, are of opinion that
the Marine Acid is no other than the Univerfal Acid
united to a particular principle which they call
a Mercurial Earth. Concerning this earth we fhall
have occafion to fay more when we come to treat of
metallic fubftances : But in the mean time it muft
be owned that-the truth of this opinion is fo far
from being proved by a fufficient number of expe-
riments, that the very exiftence of fuch a mercurial
earth is not yet well eftablithed ; and therefore, that
we may not exceed the bounds of our knowledge,
we fhall content ourfelves with delivering here the
properties which charaterize the Acid in queftion,
and by which it is diftinguifhed from the two others
confidered above.

When it is combined with abforbent earths, fuch
as lime and chalk, it forms a neutral {alt that does

not
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hot cryftallize, and, when dried, attrads the mojf
ture of the air. If the abforbent earth be not fully
faturated with the Marine Acid, the falt thereby
formed has the properties of a fixed Alkali: and
this is what made us fay, when we were on the fub-
Jeét of thofe falts, that they might be imitated by
combining an earth with an Acid. The Marine
Acid, like the reft, hath not fo great an affinity
with earths as with fixed Alkalis.

When it is combined with the latter, it forms a
neutral falc which fhoots into  cubical cryftals,
This dalt is inclined to grow moift in the air, and
1s confequently one of thofe which water diffolves
in equal quantities, at leaft as to fenfe, whether it
be boiling hot or quite cold.

The affinity of this Acid with Alkalis and abfor<
bent earths is not fo great as that of the vitriolic and
nitrous Acids with the fame fubftances : whence ic
follows that, when combined therewith, it may be fe-
parated from them. by either of thofe Acids.

The Acid of Sea-Salt, thus difengaged from the
{ubftance which ferved it for a bafis, is called Spirit
of Salt. When it contains buc little phlegm it is
of a lemon colour, and continually emits many
white, very denfe, and very elaftic vapours; on
Which account it is named the Smoking Spirit of
Salt.  Its fmell is not difagreeable, nor much un-
like that of faffion ; but extremely quick and fuffo-
cating when it fmokes.

The Acid of Sea-Salt, like the other two, feems
to have a greater affinity with the Phiogifton, than
with fixed Alkalis,  We are led to this opinion
by a very curious operation, which aives ground to
think that Sea-Salt may be decompoled by the pro-.
Peili' application of a fubftance containing the Phlo-
gifton.

i
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From the Marine Acid combined with a Phlo-
gifton refults 2 kind of Sulphur, differing from the
common fort in many refpeéts; but particularly in
this property, that it takes fire of itfelf upon being
expofed to the open air. This combination 1s
called Englifb Phofphorus, Phofphorus of Urine,
becaufe it is generally prepared from urine, or,
only Phofphorus.

This combination of the Marine Acid with aPhlo-
gifton is not eafily effefted ; becaufe it requires a
difficult operation in appropriated veflels. For thefe
reafons it does not always fucceed ; and Phofphorus
is fo fcarce and dear, that hitherto Chymifts have
not been able to make on it the experiments necef-
fary to difcover 2ll its. properties. If Phofphorus
be fuffered to burn away in the air, a fmall quantity
of an acid liquor may be obtained from it, which
feems to be {pirit of falt, but either altered, or com-
bined with fome adventitious matter ; for it has feve-
ral properties that are not to be found in the pure
Marine Acid; fuch as, leaving a fixed fufible fub-
{tance behind it when expofed to a {trong fire, and
being eafily combined with the Phlogifton {o as to
reproduce a Phofphorus.

Phofphorus refembles fulphur in feveral of its
‘properties : it is foluble in oils; it melts with a
gentle heat ; it is very combuftible ; it burns with-
out producing foot; and its flame is vivid and
bluifh.

From what has been faid of the union of the Acid
of Sea-Salt witha fixed Alkali,and of the neutral falt
refulting therefrom, it may be concluded that this
nentral {alt is no other than the common kitchen-falt.
But it muft be obferved that the fixed Alkali, which
is the narural bafis of the common falt obtained
from fea-water, is of a fort fomewhat differing from
fixed Alkalis in general, and hath certain properties
peculiar to itfelt. For,

1. The
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1. The bafis of Sea-Salt differs from other fixed
Alkalis in this, that it cryftallizes like a neutral fal.

2. It does not grow moilt in the air : on the con-
trary, when expofed to the air, it lofes part of the
water that united with it in cryftallization, by which
means its cryitals lofe their tranfparency, become,
as it were, mealy, and fall into a fine flour.

When combined with the vitriolic Acid to
the point of faturation, it forms a neutral falt dif-
fering from vitriolated tartar, firft, in the figure of
its cryftals, which are oblong fix-fided folids; fe-
condly, in its quantity of water, which in cryftalli-
zation unites therewith in a much greater proportion
than with vitriolated tartar ; whence it follows, that
this falt diffolves in water more readily than vi-
triolated tartar; thirdly, in that it flows with a
very moderate degree of heat, whereas vitriolated
tartar requires a very fierce one.

If the Acid of Sea-Salt be feparated from its ba-
{is by means of the vitriolic Acid, it is-eafy to fee
that, when the operation is finithed, the falt we
have been fpeaking of muft be the refulc. A fa-
mous Chymift, named Glauber, was the firft who
extracted the Spirit of Salt in this manner, examined
the neutral falt refulting from his procefs, and,
finding it to have fome fingular properties, called it
his Sal mirabile, or wonderful Salt: on this account
it is ftill called Glauber’s Sa! mirabile, or plainly
Glauber’s Salt. a

4. When the bafis of Sea-Salt is combined with
the nitrous Acid to the point of faturation, there
refults a neutral falt, or a fort of nitre, differing from
~ the common nitre, firft, in that it attracts the moi-
fture of the air pretty flrongly ; and this makes it
difficulr to cryftallize: fecondly, in the figure of its
cryftals, which are parallelopipeds ; and this has
procured it the name of Quadrangular Nitre.

D2 - Common
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Common fale, or the neutral falt formed by coms-
bining the Marine Acid with this particular fort
of fixed Alkali, has a tafte well known to every bo-
dy. The figure of its cryflals is exaltly cubical. It
grows moift in the air, and, when expoled to the
fire, it burfts, before it melts, into many little frag-
ments, with a crackling noife ; which is called the
Decrepitation of Sea-Salt.

That necutral falt mentioned above, which is
formed by combining the Marige Acid with a com-
mon fixed Alkali, and called Sa/ febrifugum Sylvii,
hath alfo this property. :

India furnithes us with a faline {ubftance, known
by the name of Borax, which flows very ealily, and ‘

then takes the form of glafs. It is of great ufe in
facilitating the fufion of metallic fubftances. It pol-
{efles fome of the properties of fixed Alkalis, which
has induced certain Chymifks to reprefent it, through
miftake, as a pure fixed Alkali.

By mixing borax with the vitriolic Acid, Mr.
Homberg obrained from it a falt, which fublimes in
a certain degree of heat, whenever fuch a mixture 1s
made. This falt has very fingular properties; but its
nature is not yet thoroughly underitood. It diflolves
in water with great difficulty; it is not volatile,
though it rifes by fublimation from the borax. Ac-
cording to Mr. Rouelle’s obfervation, it rifes then
only by means of the water which carries it up : for
when once made it abides the fierceft fire, flows and
vitrifies juft as borax does ; provided care be taken
to free it previoufly from moifture by drying it pro-
perly. Mr. Homberg called it Sedative Salt, on ac-

count of its medical effets. The fedative falt hath -

the appearance, and fome of the properties, of a neu-
tral falt ; for 'it fhoots into cryftals, and does not
change the colour of violets : but it alls the part
of an Acid with regard to Alkalis, uniting with
them to the point of faturation, and thereby form-

ing
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ing a true neutral falt. Tt alfo aés, like the Acid of
vitriol on all neutral falts ; thatis, it difcharges the
Acid of fuch as have not the vitriolic Acid in their
compolition.

Since Mr. Homberg’s time it hath been difcover-
ed that a fedative falt may be made either with the
nitrous or with the marine Acid; and that {ublima-
tion is not neceflary to extract it from the borax,
but that it may be obtained by cryftallization only,
For this latter difcovery we are indebted to Mr.
Geoffroy, as we are to Mr. Lemery for the former.

Since that time M. Baron d” Henouville, an able
Chymift, hath fhewn that a fedative falt may be
obtained by the means of vegetable Acids; and
hath lately demonftrated, in fome excellent papers
publifhed in the colléftion of Memoirs written by
the correfpondents of the Academy of Sciences,
that the fedative falt exifts actually and perfeétly in
the borax, and that it is not produced by mixing
Acids with that faline fubftance, as it feems all the
Chymifts before him imagined. This he proves
convincingly from his analyfis of borax, (which -
thereby appears to be nothing elfe but the fedative
falc united with that fixed Alkali which is the bafis of
Sea-Salt) and from his regenerating the fame borax b
uniting together that Alkali and the fedative falt: 3
proof the moft complete that can poflibly be produ-
ced in natural philofophy, and equivalent to demon-
ftration itfelf,

In order to finith what remains to be faid upon
the feveral forts of faline fubftances, we fhould now
fpeak of the Acids obtained from vegetables and ani-
mals, and alfo of the volatile Alkalis: but, feeing
thefe faline fubftances differ from thofe of which we
have already treated, only as they are varioufly alter-
ed by the unions they have contradted with certain
principles of vegetables and animals, of which no-
thing has been yet faid, it is proper to defer being

x 3 | particular
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rticular concerning them, till we'have explained
thofe principles.

CHAER-N
Of LiwmeE.

N Y fubftance whatevet, that has been roafted
A a confiderable time in a ftrong fire without
melting, is commonly called a Caly. Stories and
metals are the principal fubjeéts that have the pro-
perty of being converted into Calces. We fhall
treat of Metalline Calees in a fubfequent chapter,
and in this confine ourfelves to the Calx of Stome,
known by the name of Lime.

In treating of earths in general we obferved that
they may be divided into two principal kinds ; one
of which actually and properly flows when expofed
to the action of fire, and turns to glafs ; whence it
is called a fufible or vitrificble earth ; the other re-
{ifts the utmoft force of fire, and is therefore faid to
be an unfufible or unvitrifiable earth. The latter is
alfo not uncommeonly called calcinable earth ; though
fundry forts of unfufible earths are incapable of ac-
quiring by the attion of fire all the qualities of cal-
cined carth, or Lime properly fo called : fuch earths
are particularly diftinguithed by the denomination
of refradiory earths.

A the different forts of ftones are nothing more
than compounds of different earths, they bave the

_fame propertics with the earths of which they are
compofed, and may, like them, be divided into fu-

{ible or vitrifiable, and unfufible or calcinable. The

fufible ftones are gencrally denoted by the name of
Flints; the calcinable {lones, again, are the feveral
forts of marbles, cretaceous ftones, thofe commonly

called
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called free-ftones, &¢. fome of which, as they make
the beft Lime, are, by way of eminence, called
Lime-flones. Sea-thells alfo, and ftones that abound
with foffile fhells, are capable of being burnt to
Lime.

All thefe fubftances, bein & expofed, for alonger
or fhorter time, as the nature of each requires, to
the violent action of fire, are faid to be caliined. By
calcination they lofe a confiderable part of their
weight, acquire a white colour, and become friable,
though ever fo folid before; as, for inftance, the
very hardeft marbles. Thefe fubftances, when thus
calcined, take the name of Quick Lime.

Water penetrates Quick Lime, and rufhes into it
with vaft activity. Ifalump of newly calcined Lime
‘be thrown into water, it inftantly excites almoft as
great a noife, ebullition, and fmoke, as would be
produced by a piece of red-hot iron; with fuch a
degree of heat too, that, if the Lime be in due pro-
portion to the water, it will fet fire to combuftible
‘bodies ; - as hath unfortunately happened to vefels
laden with Quick Lime, on their fpringing a fmall
leak.

As foon as Quick Lime is put into water, it
fwells, and falls afunder into an infinite number of

minute particles: in a word, it is in a manner diflol-
- ved by the water, which forms therewith a fort of
white palte called Slacked Lime.

If the quantity of water be confiderable enough
for the Lime to form with it a white liquor, this
liquor is called Lac Calcis 3 which, being left fome
time to {ettle, grows clear and tranfparent, the Lime
which was {ufpended therein, and occafioned its opa-.
city, {ubfiding to the bottom of the veflel. Then
there forms on the furface of the liquor a cryftalline
pellicle, fomewhat opaque and dark coloured, which
being fkimmed off is reproduced from time to time.
‘This matter is called Cremor Calcis.

D 4 Slacked
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Slacked Lime gradually grows dry, and takes the
form of a folid body, but full of cracksand deftitute
of firmnefs. The event is different when you mix
it up, while yet a pafte, with a certain quantity of
uncalcined ftony matter, fuch as fand for example :
then it takes the name of Mortar, and gradually ac-
quires, as it grows drier and older, a hardnefs equal
to that of the beft flones. This is a very fingular
property of Lime, nor is it eafy to account for it :
but it is a beneficial one ; for every body knows the
ufe of mortar in building,

Quick Lime attrats the moifture of the air, in
the fame manner as concentrated acids, and dry fixed
alkalis; but not in fuch quantities as to render it
fluid: it only falls into extremely fmall particles,
takes the form of a fine powder, and the title of
Lime flacked in the air.

Lime once flacked, however dry it may after-
wards appear, always retains a large portion of the
water it had imbibed ; which cannot be feparated

from it again but by means of a violent calcination,

Being fo recalcined it returns to be Quick Lime,
recovering all its properties.

Befides this great affinity of Quick Lime with wa-
ter, which difcovers a faline character, it has feveral
other faline properties, to be afterwards examined,
much refembling thofe of fixed alkalis. In Chy-
miftry it aéts very nearly as thofe falts do, and
may be confidered as holding the middle rank be-

tween a pure abforbent earth and a fixed alkali: and

this hath induced many Chymifts to think that
L.ime contains a true falt, to which all the proper-
tes it poflefles in common with falts may be attri-
buted,

But as the chymical examination of this fubjeét
hath long been negletted, the exiftence of a
faline fubltance in Lime hath been long doubt-
ful, Mr. du Fay, author of fome excellent chy-
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mical experiments, was one of the firft who ob-
- fained a falt from Lime, by lixiviating it with a
great deal of water, which he afterwards evaporated.
But the quantity of falt he obrained by that means
was very imall ; nor was it of an alkaline nature, as
one would think it fhould have been, confidering
 the properties of Lime. Mr. du Fay did not carry
his experiments on this fubject any further, probably
for want of time; nor did he determine of what
nature the falt was.

Mr. Malouin had the curiofity to examine this
falt of Lime, and foon found that it was nothing elfe
but what was above called Cremor Calcis. He found
moreover, that, by mixing a fixed alkali with Lime-
water, a vitriolated tartar was formed; that, by
mixing therewith an alkali like the bafis of fea falt,
a Glauber’s falt was produced ; and laftly, by com-
bining Lime with a fubftance abounding in phlo-
gifton he obtained a true fulphur. Thefe very in-
genious experiments prove to 2 demonftration that
the vitriolic acid conftitutes the falt of Lime : for,
as hath been fhewn, no other acid is capable of
forming fuch combinations. On the other hand,
Mr. Malouin, having forced the vitriolic acid of
this falt to combine with a phlogifton, found its ba-
{is to be earthy, and analogous to that of the fele«
- nites :  whence he concluded that the falt of Lime
is a true neutral fale, of the fame kind 25 the fele-
nites. Mr. Malouin tells us he found feveral other
falts in Lime. But as none of them was a fixed
alkali, and as all the faline properties of Lime have
an affinity with thofe of that kind of falt, there is
great reafon to think that all thofe falts are foreign
to Lime, and that their union with it is merely acci-
dental.

I myfelf have made feveral experiments in order
to get fome infight into the faline nature of Lime,

and



42 ELEMENTS of the

and fhall. here produce the refule with all poflible
concifenefs. 1 took feveral ftones of different
kinds, fome of which produced by calcination a
very ftrong Lime, and others but a very weak one.
Thefe I impregnated with different faline fubftances,
acids, alkalis and neutrals, and then expofed them
all to the fame degree of fire, which was a pretty
ftrong one, and long enough continued to have
made very good Lime of flones the moft difficult to
calcine. The confequence was, that, in the firft

lace, thofe ftones which naturally made but a weak
liirﬂ-: were not by this procefs converted into a
ftronger Lime; and, morcover, that none of thefe
{tones, even fuch as would naturally have produced
the moft active Lime, had acquired the properties of
Lime. Thefe experiments I varied many ways,
employing different proportions of faline matters, and
almoft every poffible degree of fire, and conftantly ob-
ferved, after calcination, that all thofe ftones were
{fo much the further from the nature of Lime, as
they had been combined with larger dofes of falts.
Among thofe which were impregnated with the
greateft proportion of falts, and had fuffered the
greateft violence of fire, I obferved fome that had
begun to flow, and were in a manner vitrified.
Now as the fame fubjet cannot be, at one and the
fame time, in the flate of glafs and of Lime too ;
as a body cannot approach to cne of thefe ftates but
in proportion as it recedes from the other; and as

falts in general difpofe thofe bodies to fufion and .

vitrification which are in themfelves the moft averfe
to either, I concluded from my experiments, that
the faline fubftances I ufed had, by acting as fluxes
upon the ftones, prevented their calcination; that
confequently we may fufpe@ there is no faline
matter in the compofition of Lime, as Lime; and
that Lime does not owe its faline and alkaline pro-

perties
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perties to any falt; or at leaft that if it does owe
thofe properties to a fale, fuch falt muft be na-
turally and originally combined with the matter of
the ftone in fo juft a proportion, that it is impoffible
to increafe the quantity thereof without prejudicing
the Lime, and depriving it in fome meafure of its
virtue.  This theory agrees perfectly with the il-
luftrious Stahl’s opinion ; for he thinks, as we ob-
ferved in difcourfing of Salts in general, that every
faline fubftance is but an earth combined in a cer-
tain manner with water. ‘This notion he applies to
L.ime, and fays that fire only fubtilizes and attenuates
the earthy matter, and thereby renders it capable of
uniting with water in fuch a manner, that the refult
of their combination fhall be a fubftance having
faline properties ; and that Lime accordingly never
acquires thefe properties till it be combined with
water.

I have dwelt longer on the Salt of Lime than I
fhall on any other particular; becaufe the fubjet,
though in itfelf ofp great importance, has hitherto

been but little attended to, and becaufe the expe-

riments here recited are entirely new.

Lime unites with all acids, and in conjunction .
with them exhibits various phenomena.

The vitriolic acid poured upon Lime diffolves it
with eflervelcence and heat. From this mixture
there exhales a great quantity of vapours, in {fmell
and colour perfectly like thofe of fea-falt; from
which however they are found to be very different
when colletted into a liquor. From this combination
of the vitriolic acid with Lime arifes a neutral
falt, which fhoots into cryftals, and is of the fame
kind with the felenitic falt obtained from Lime by
IVir. Malouin.

The nitrous acid poured upon Lime diffulves it
in like manner with effervefcence and heat : but the
folution is tranfparent, and therein differs from the

former,
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Of Metallic Subffances in general.

"ETALLIC Subftances are heavy, glit-
tering, opaque, fulible bodies. They con-
1

ft chiefly (}f a vitrifiable earth united with the
phlogifton,

Several Chymifts infit on a third principle in
thefe bodies, and have given it the name of Mer-
curial earth; which, according to Becher and Stahl,
is the very fame that being combined with the vitrio-
lic acid forms and charaterizes the acid of fea
falt. The exiftence of this principle hath not yet
been demonftrated by any decifive experiment ; but
we thall thew that there are pretty ftrong reafons for
admitting it

We fhall begin with mentioning the experiments
which prove Metallic Subftances to confift of a
vitrifiable earth united with the phlogifton. The
firft is this: if they be calcined in fuch a manner as
to have no communication with any inflammable
matter, they will be fpoiled of all their properties,
and reduced to an earth or calx, that has neither
the fplendour nor the ductility of a metal, and in a
ftrong fire turns to an actual glafs, inftead of flowing
like a metal.

The fecond is, that the calx or the glafs refulting
from a metal thus decnmpﬂft:d recovers all its me-
~ tallive properties by being fufed in immediate con-
tact with an inflammable fubftance, capable of re-
ftoring the phlogifton of which calcination had de-
prived it.

On this occafion we muft obferve that Chymifts
have not yet been able, by adding the Phlogifton, to

give
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aive the properties of metals to all forts of vitrifiable
earths indifcriminately 5 but to fuch only as originally
made a part of fome metallic body. For example,
a compound cannot be made with the phlogifton
and fand that fhall have the leaft refemblance of a
metal : and this is what feems to point out the reality
of a third principle, as necefiary to form the metal-
line combination. This principle may probably
remain united with the vitrifiable earth of a metallic
fubftance, when reduced to a glafs ; whence it fol-
lows, that fuch virrified metals require only the ad-
dition of a phlu%i{’mn to enable them to appear
again in their priftine form.

It may be inferred from another experiment, that
the calx and the glafs of a metal are not its pure
vitrifiable earth, properly fo called : for by repeated
or long continued calcinations, fuch a calx or glafs
may be rendered incapable of ever refuming the
metalline form, in whatever manner the phlogifton
be afterwards applied to it ; fo that by this means it
is brought into the condition of a pure vitrifiable
earth, abfolutely free from any mixture. Thofe
Chymifts who patronife the Mercurial earth, {pro-
duce many other proofs of the exiftence of that
principle in metallic fubftances ; but they would be
mifplaced in an elementary treatife like this.

When by adding the phlogifton to a metallic

glafs we reftore it to the form of a metal, we are
faid to reduce, refufcitate, or revivify that metal.
~ Metallic fubftances are of different kinds, and are
divided into Metals and Semi-metals.
" Thofe are called Metals which, befides their
metalline {plendour and appearance, are alfo mal-
leable ; that is, have the property of ftretching under
the hammer, and by that means of being wrought
into different forms without breaking,.

Thofe
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Thofe which have only the metalline fplendour
and appearance, without malleability, are called
Semi-metals. : '

Metals alfo are further fubdivided into two forts
viz. Perfeit and Imperfeti Metals, '

The Perfect Metals are thofe which fuffer no

damage or change whatever by the moft violent and
moft lafting attion of fire,

The Imperfect Metals are thofe which by the
force of fire may be deprived of their phlogifton,
and confequently of their metalline form. "

‘When a moderate degree of fire only is employed
to deprive a Metal of its phlogifton, the metal is
faid to be calcined 3 and then it appears in the form
of a powdered earth, which is called a Calx: and
this metalline calx being expofed to a more violent
degree of fire melts and turns to glafs.

MetallicfSubitances have an affinity with acids ;
but not equally with all; that is, every Metallic
Subitance is not capable of uniting and joining with
every acid.

When an acid unites with a Metallic Subftance
there commonly arifes an ebullition, attended with a
kind of hifling noife and fuming exhalations. By
degrees, as the union becomes more perfeét, the
particles of the metal combining with the acid be-
‘come invifible: this is termed Diffolution ; and when
2 metalline mafs thus difappears in an acid, the
metal is faid to be diffolved by that acid. It is

roper to obferve that acids act upon metalline
~ fubltances, in one refpect, juft as they do upon

alkalis and abforbent earths: for an acid cannot
take up above fuch a certain proportion thereof as is
{ufficient to faturate it, to deftroy feveral of its pro-
pertics, and weaken others. For'example, when
an acid is combined with a metal to the point of
faturation, it lofes its rafte, does not turn the blue
colour of a vegetable red, and its affinity with water

15
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is confiderably impaired. On the other hand, Me-
talline Subftances, which when pure are incapable
of uniting with water; by being joined with an
acid acquire the property of diflolving in water.
Thefe combinations of Metalline Subftances with
acids form different forts of neutral falts ; fome of
which have the property of fhooting into cryitals,
while others have it not: moft of them, when
thoroughly dried, atcract the moifture of the air.

The affinity which Metalline Subftances have
with acids is lefs than that which abforbent earths
and fixed alkalis have with the fame acids: {o that
all metalline falts may be decompounded by one of
thefe f{ubftances, which will unite with the acid,
and precipitate the metal. |

Metalline Subftances thus feparated from aa
acid folvent are called Magifteries, and Pregipitates,
of metals. None of thefe precipitates, except
thofe of the perfe& metals, retain the metalling
form : moft of their phlogifton hath been deftroy-
ed by the folution and precipitation, and muft be re-
ftored before they can recover their properties, In
fhort, they are nearly in the fame flate with metal-
line fubftances deprived of their phlogifton by cal-
cination ; and accordingly fuch a precipitate is called
a Calx. |

A metalline calx prepared in this manner lofes
a greater or a lefs iportion of its phlogifton, the
more or lefs effeGtually and thoroughly the metalline
fubftance, of which it made a part, was diflolved
by the acid.

Metallic Subftances have affinities with each other
which differ according to their different kinds : but
this is not univerfal ; for fome of them are incapable
of any fort of union with fome others.

It muft be obferved that Metallic Subftances will
not unite, except they be both in a fimilar ftate ; that

is, both in a Metalline form, or both in the fmrx,t}
of
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of a'Glafs; for a metalline fubftance getaining its
phlogilton cannot contrac an union with any me-
tallic glafs, even its own.

_—n_. e _ 3 T T S

S0l A P, VIIIL
Of MET aLs.

HERE are fix Metals, of which two are

I Perfect and four Imperfedt. The perfect
Metals are Gold and Silver; the others are Copper,
Tin, Lead, and Iron. Some Chymifts admit a
feventh Metal, to wit, Quick-filver : but as it is not
malleable, it has been generally confidered as a
metallic body of a particular kind. We fhall foon
have occalion to examine it more minutely.

The ancient Chymifts, or rather the Alchymifts,
who fancicd a certain relation or analogy between
Metals and the Heavenly Bodies, beftowed on the
feven Metals, reckoning Quick-filver one of them,
the names of the feven Planets of the Ancients, ac-
cording to the affinity which they imagined they ob-
ferved betwecn thofe feveral bodies. Thus Gold was
called So/, Silver Luna, Copper Venus, Tin Fupiter,
Lead Saturn, Iron Mars, and Quick-filver Mercury.
‘Though thefe names were affigned for reafons merely
Chimerical, yet they flill keep their ground; fo
that it is not uncommon to find the Metals called by
the names, and denoted by the characters, of the

| Planets, in the writings even of the beft Chymifts.

Metals are the heavieft bodies known in nature,

bl OF Golp.

Gowrp is the heavielt of all Metals. The arts
of wire-drawing and gold-beating fhew its won-
Vg, L. E derful
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derful duétility. The greateft violence of fire is
not able to produce any alteration in it. Indeed Mr.
Homberg, a famous Chymift, pretended that he had
made this metal fume, and even vitrified it, by ex-
pofing it to the focus of one of the beft burning
glaffes, known by the name of the Lens of the
Palais Royal : but there are very good reafons for
calling in queftion the experiments he made on this
occafion, or rather for thinking that he was quite
miltaken. For,

1. No man hath fince been able to vitrify Gold,
though feveral good Experimenters have affiduoufly
tried to effelt it, by expofing it to the focus of the
fame lens, and of other burning-glafies ftill ftronger.

2. Ithath been obferved that though Gold, when
expofed to the focus of thofe glafies, did indeed
emit fome vapours and decreafe in weight ; yet thofe
vapours being carefully collected on a piece of pa-
per, proved to be true Gold, in no degree vitrified,
and which confequently had fuffered no change but
that of being carried away by the violence of the
heat, its nature not being in the leaft altered.

3. The fmall portion of vitrified matter, which
was formed on the arm that fupported the Gold in
Mr. Homberg’s experiment, may have come either
from the arm itfelf, or rather from fome heteroge-

=y

neous particles contained in the Gold; for itis al- |

moft impoffible to have it perfeétly pure.

4. Neither Mr. Homberg, nor any that have re-
peated his experiment, ever reduced this pretended
glafs of Gold by reftoring its phlogifton, as is done
with other metallic glafles.

5. To render the experiment decifive, the whole
mafs of Gold employed ought to have been vitrified ;
which was not the cafe.

Neverthelefs I do not pretend that this metal is
in its own natur: abfolutely indeftructible, and un-

L vitrifiable :
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vitrifiable : but there is reafon to think that no body
hath hitherto found the means of producing thofe
effects on it, probably for want of a fufficient degree
of fire 5 at leaft the point is very doubtful.

~Gold cannot be diffolved by any pure acid : but
if the acid of nitre be mixed with the acid of fea-
fale, there refults a compound acid liquor, with
which it has fo great an affinity that it is capable
of being perfectly diffolved thereby. The Chy-
mifts have called this folvent Agwa Regis, on ac-
count of its being the only acid that can diffolve
Gold, which they confider as the King of Metals.
The folution of Gold is of a beautiful orange
colour.

If Gold diffolved in agua regis be precipitated
by an alkali or an abforbent earth, the precipitate
gently dried, and then expofed to a certain degree
of heat, is inftantly difperfed into the air, with
a moft violent explofion and noife: Gold thus
precipitated is therefore called Auram Fulminans. But
if the precipitated Gold be carefully wathed in
plenty of water, fo as to clear it of all the adhe-
ring faline particles, it will not fulminare ; but may
| be melted in a crucible without any additament,
| and will then appear in its ufual form. The acid of
vitriol being poured on aurum fulminans likewife
deprives it of its fulminating quality.
| Gold does not begin to flow till it be red-hot like
|alive coal. Though it be the moft malleable and

moft ductile of all mertals, it has the fingular
property of lofing its dutility more eafily than any
of them : even the fumes of charcoal are fufficient
| to deprive it thereof, if they come in contact with
it while it is in fufion.

The malleability of this metal, and indeed of all
the reit, is allo confiderably diminithed by expo-

fing it fuddenly to cold when it is red-hot; for
E a example,
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example, by quenching it in water, or even barely
expofing it to the cold air.

The way to reftore ductility to Gold, when loft
by its coming in contact with the vapour of coals,
and in general to every other metal rendered lefs
malleable by being fuddenly cooled, is to heat
them again, to keep them red-hot a confiderable
time, and then to let them cool very flowly and
gradually : this operation frequently repeated will
by degrees much increafe the malleability of a
metal.

Pure fulphur hath no effect on Gold; but being
combined with an alkali into a bepar fulpburis, it
unites therewith very readily. Nay, fo intimate is
their union, that the Gold by means thereof becomes

foluble in water 5 and this new compound of Gold

and liver of fulphur, being difivlved in water, will
pafs through the pores of brown paper without {uf-
fering any decompofition ; which does not happen,
at leaft in fuch a manifeft degree, to other metallic
fubftances diffolved by liver of {ulphur.

Aurum fulminans mixed and melted with fower of

fulphur lofes its fulminating quality < which ariles

from hence, that on this occafion the fulphur =
burns, and its acid, which is the fame with the

vitriolic, being thereby fet at liberty becomes

capable of acting upon the Gold as a vitriolic acid
would ; which, as was faid above, deprives the

Gold of its fulminating quality.
§. Il. Of S1LVvER.

NexT to Gold Silver is the moft perfet metal. =
Like Gold it refifts the utmoit violence of fire, even 4
that in the focus of a burning-glafs. However it &
holds only the fecond place among metals; becaufe
it is lighter than Gold by almoft one half; is alfo
fomewhat lefs duéile; and laftly, becaufe it is @

aCted upon by a greater number of folvents.

el "-n_.ﬁ:““
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Yet Silver hath one advantage over Gold, namely
that of being a little harder ; which makes it alfﬂ
more {onorous.

This metal, like Gold, begins to flow when it
is fo thoroughly penetrated by thﬂ fire as to appear
ignited like a live coal.

While this metal is in fufion, the immediate
contact of the vapour of burning coals deprives it
almoft entirely of its malleability, in the fame man-
ner as we obferved happens to Gold : but both thefe
metals eafily recover that property by being melted
with nitre.

The nitrous acid is the true faolvent of Silver,
- and being fomewhat dephlegmated will very readily
and eafily take up a quantity of Silver equal in
weight to itfelf.

Silver thus combined with the nitrous acid forms
a metallic falt which fhoots into cryftals, called by
the name of Lunar Cryftals, or Cryftals of Silver.

Thefe cryftals are moft vu:-}-:ntly cauftic : applied
te the fkin they quickly affet it much as a live
coal would; they produce a blackifth efchar, corrod-
ing and entirely deftroying the parts they touch.
Surgeons ufe them to eat away the proud fungous
fleth of ulcers. As Silver united with the nitrous
acid hath the property of blackening all animal fub-
ftances, a folution of  this metallic falt is employed
to die hair, or other animal matters, of a beautiful
and durable black.

Thefe cryftals.flow with a very moderate heat,
and even before they grow red. Being thus melted
they form a blackith mafs ; and in this form they
are ufed by Surgcons, under the title of Lapis in-
[fernalis, Infernal Stome, ov Silver Cauflic.

Silver is alfo diffolved by the vitriolic acid : but
then the acid muft be concentrated, and in quantity
double the weight of the Silver ; nor will the folu-
tion fucceed without a confiderable degree of heat.

| Spirit
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Spirit of falt and aqua regis, as well as the other
acids, are incapable .of diffolving this metal; at
leaft in the ordinary way.

Though Silver be not foluble in the acid of fea-
falt, nor eafily in the acid of vitriol, as hath juft
been obferved, it doth not follow that it hath but a
weak affinity with the latter, and none at all with
the former: on the contrary, it appears from ex-
periment that it hath with thefe two acids a much
greater affinity than with the acid of nitre : which
15 fingular enough, confidering the facility with
which this laft acid diffolves it.

The experiment which proves the fact is this.
To a folution of Silver in the nitrous acid add the
acid either of vitriol or of fea-falt, and the Silver
will inftantly quit its nitrous folvent to join with the
{uperadded acid.

Silver thus united with the vitriolic or the marine
acid is lefs foluble in water than when combined
with the nitrous acid : and far this reafon it is, that
when either of thefe two acids is added to a folution
of Silver, the liquor immediately becomes white,
and a precipitate is formed, which is no other than
the Silver united with the precipitating acid. If
the precipitation be effected by the vitriolic acid,
the precipitate will difappear upon adding a fufficient
quantity of water, becaufe there will then be water
enough to diffolve 1t. But the cafe is not the fame
when the precipitation is made by the marine acid ;
for Silver combined therewith is fcarce foluble in
water.

This Precipitate of Silver procured by means of
the marine acid is very caflily fufed, and when
fufed changes to a fubftance in fome meafure tran-
{parent and flexible ; which hath occafioned it to be
called by the name of Luna Cornea. If it be pro-
poled to decompound this /una cormea, that is, to
feparate the marine acid from the Silver with which

it
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it 1s united, the /una cornea muit be melted along
with fatty and abforbent .matters, with which the
acid will unite, and leave the metal exceeding pure.

It muft be obferved that if, inftead of the marine
acid, {ea-falt in fubftance be added to a folution
of Silver in the nitrous acid, a Precipitate is alfo
produced, which by fufion appears to be a true /una
corneg. ‘The reafon is, that the fea-falt is decom-
pofed by the nitrous acid, which feizes its bafis,
as having a greater affinity therewith than its own
acid hath; and this acid being confequently dif-
engaged and fet at liberty unites with the Silver,
which, as has been fhewn, has a greater affinity with
it than with the nitrous acid. This is an inftance
of decompofition effeéted by means of one of thofe
double affinities mentioned by us in our feventh pro-
pofition concerning Affinities,

From what hath been already faid it is clear,
that all thefe combinations of Silver with acids may
be decompounded by abforbent earths and by fixed
alkalis ; it being a general law with regard to all
metallic fubftances. We fhall not therefore repeat
this obfervation when we come to treat of the other
metals ; unlefs fome particular occafion require it.

With regard to Silver I muft take notice that,

| when feparated by thefe means from the acids in

which it was diffolved, it requires nothing but
fimple fufion to reftore it to its ufual form ; becaufe
it does not, any more than Gold, lofe its phlogifton
by thofe folutions and precipitations,

Silver unites with fulphur in fufion, If this
metal be only made red-hot in a crucible, and
fulphur be then added, it immediately flows ;
the fulphur ating as a flux to it. Silver thus
united with fulphur forms a mafs that may be
cut, is half malleable, and hath nearly the colour
and confiftence of Lead, If this fulphurated Silver
be kept a long time in fufion, and in a great degree

B4 of
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of heat, the fulphur flies off and leaves the Silver
pure. But if the fulphur be evaporated by a vio-
lent heat, ir carries off with it parr of the Silver.
Silver unites and mixes perfectly with Gold in
fufion. ‘The two metals thus mixed form a com-
pound with properties partaking of both,
Metallurgiiis have hitherto fought in vain for a
perfectly good and eafy method of feparating thefe
two merals by the dry way only : (this term is ufed
to fignify all operations performed by fufion :) but
they are conveniently enough parted by the moif
way, that is, by acid folvents. This method is
founded on the above-mentioned properties of Gold
and Silver with refpet to acids. It hath been
fhewn that agua regis only will diffolve Gold;
that Silver, on the contrary, is not foluble by agua
regis, and that its proper folvent is the acid of
nitre :  confequently, when Gold and Silver are
mixed together, if the compound mafs be put into
agua fortis, this acid will take up all the Silver,
without diffolving a particle of the Gold, which
will therefore remain pure ; and by this means the
defired feparation is effeted. This method, which

is commonly made ufe of by Goldfmiths and in

Mints, is called the Parting Affay.
It is plain that if aqua regis were employed in-

ftead of agqua fortis, the feparation would be
cqually effected; and that the only difference be-
tween this procefs and the former would confift
in this, that now the Gold would be diflolved, and
the Silver remain pure.  But the operation by agua
fortis is preferable ; becaufe agua regis does take
up a lictle Silver, whereas aqua fortis hath not the

leaft effeét on Gold.

It muft be obferved that when Gold and Silver *
are mixed together in equal parts they cannot be

"To enable |
the agua fortis to act duly on the Silver, this metal

~ parted by the means of agua fortis.

muft

by |
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muft be, atleaft, in a triple proportion to the Gold.
If it be in a lefs proportion, you muft either employ
aqua regis to make the feparation, or, if you prefer
the ufe of agua fortis, melt the metalline mafs,
and add as much Silver as is neceffary to make up
the proportion above-mentioned : and hence this
Procefs 1s called Quartation.

This effect, which is pretty fingular, probably
arifes from hence, that when the Gold exceeds or
even equals the Silver in quantity, the parts of both
being intimatcly united, the former are capable of
coating over the latter, and covering them fo as to
defend them from the action of the aequa fortis s
which is not the cafe when there is thrice as much
Silver as Gold.

There is one thing more to be taken notice of
with regard to this procefs; which is, that per-
fectly pure equa fortis is rarely to be met with,
for two reafons ; firft, it is difficult in making it
wholly to prevent the rifing of the medium em-

loyed to difengage the nitrous acid; that is, a
ﬁtt]e of the vitriolic acid will mix with the vapours
of the aqua fortis : fecondly, unlefs the falipetre
be very well purified it will always hold fome {mall
portion of fea-falt, the acid of which, we know, is
very readily fet loofe by the vitriolic acid, and con-
fequently rifes together with the vapours of the
aqua fortis. It is cafy to fee that aqua fortis
mixed either with the one or the other is not proper
for the Parting Procefs; becaufe, as has juft been
faid, the vitriolic and the marine acid equally pre-
cipitate Silver difivlved in the nitrous acid ;

which means, when they are united with that acid
they weaken its action upon the Silver, and hinder
the diffolution.  Add that agua fortis adulterated
with a mixture of fpirit of falt becomes an agua
regis, and copfequently is rendered capable of

' difiolving
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diffolving Gold, in proportion as its action upon
Silver is diminifhed.

In order to remedy this inconvenience, and free
agua fortis from the vitriolic or marine acid with
which it is tainted, Silver muft be difiolved there-
in: by degrees as the metal diffolves, thofe hetero-
geneous acids lay hold of it, and precipitate with it
in the form of a white' powder, as we obferved be-
fore. This precipitate being wholly fallen, the
liquor grows clear; after which, if it be found
capable of diffolving more Silver, without turning
milky, it may be depended on as a perfectly pure
agua fortis. ‘Then filtre it, diffolve more Silver
n it, as long as it will take up any, and you will
have a folution of Silver in a very pure aqua
Jortis. By means of this folution may other agua
Jortis be purified : for pour a few drops thereof into
a very impure aqua fortis, and immediately the
vitriolic or marine acid, with which that aqua
Jfortis is contaminated, will join the Silver and fall
therewith to the bottom. When the folution of
Silver prepared as above does not in the leaft affe®
the tranfparency of the aqua fortis, it is then very
pure, and fit for the purpofes of Quartation.

This operation of purifying agua fortis by a
folution of Silver is called the Precipitation of aqia

. Jortis 5. and agua fortis thus purified is called
o Precipitated Agua Forlis.

When Silver is diffolved in aqua fortis it may
be feparated therefrom, as hath been fhewn, by ab-
forbent earths and fixed alkalis. )

We fhall fee by and by that there are other means
of cffecting this: but whatever way it be feparated
from its folvent it recovers its metalline form, as
Gold does, by being fimply fufed without any

additament.

§. 1L Qf
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§. lII. Of CorrER.

Or all the imperfect metals Copper comes the
neareft to Gold and Silver. Its natural colour is
a deep-red yellow. It refifts a very violent degree
of fire for a confiderable time; but lofing its phlo-
gifton at laft, it changes its metalline form for that
of a calx, or a pure reddith earth, This calx is
hardly, if at all, reducible to glafs, without the ad-
dition of fomething to promote its fufion; all that
the fierceft heat can do being only to render it {oft.
Copper, even while it retains its metalline form, and
1s very pure, requires a confiderable degree of fire
to melt it, and does not begin to flow till long after
it is red-hot. 'When in fufion, it communicates a
greenifh colour to the flame of the coals.

This metal is inferiour to Silver in point of
gravity ; nor is its duility fo great, tho’ it be
pretty confiderable : but, on the other hand, it ex-
ceeds that metal in hardnefs. It unites readily
with Gold and Silver; nor does it greatly leflen
their beauty when added to them in a {mall quan-
tity : nay, it-even procures them fome advantages ;
fuch as making them harder, and lefs fubject to lofe
their ductility, of which thofe metals are often liable
to be deprived, by the mixture of the {malleft hete-
rogeneous particle. This may probably arife from
hence, that the ductility of Copper has the peculiari-
ty of refifting moft of thofe caufes which rob the
perfe&t metals of theirs.

The property, which other metalline fubftances

‘have in common with Copper, of lofing the phlogif-

ton by calcining and then vitrifying, furnifhes us with
a method of feparating them from Gold and Silver,
when they are combined therewith. Nothing more
is required than to expofe the mafs compounded ot
the perfeCt metals and other metalline fubftances to

2 de-
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‘a degree of heat fufficient to calcine whatever
is not either Gold or Silver, It is evident that
by this means theife two metals will be obtained as
pure as is poffible; for, as hath already been faid,
no metalline calx or glafs is capable of uniting with
- metals poflefitd of their phlogifton. On this prin-
pliz is formed the whole bufinefs of refining Gold and
Siiver., -

When the perfect metals have no other alloy but
Copper, as this metal is not to be calcined or vitri-

fied without great difficulty, which is increafed by .

its union with the unvitrifiable metals, - it is eafy to
fee that it is almoft impofiibie to feparate them
without adding fomething to facilitate the vitrifica-
tion of the Copper. Such metals as have the pro-
perty of ‘turning eafily to glafs are very fit for chis
purpofe ; and it is neceflary to add a certain quantity
thercof, when Gold or Silver is to be purified from
the alloy of Copper. We fhall have occafion to be
more particular on this {ubjeét when we come to
‘treat of Lead.

Copper is foluble in all the acids, to which it
communicates a green colour, and fometimes a
‘blue. Even the neutral falts, and water itfelf, act
upon this metal. With regard to water indeed, as
the procuring it abfolutely pure and free from any
faline mixture is next to an impofiibility, it remains
a queftion whether the effeét it produces on Copper
be not owing to certain faline particles contained
init. It is this great facility of being diffolved
that renders Copper fo fubject to ruft 5 which is no-
thing elfe but fome parts of its furface corroded by
{aline paiticles contained in the furrounding air and
water.

The ruft of Copper is always green or blue, or
of a colour between thefe two.  Internally ufed it is
very noxious, being ‘a real poifon, as are all the fo-
lutions of this metal made by any acid whatever.

The
8
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The blue colour, which Copper conftantly affuimes
when corroded by any faline fubftance, is a fure fign
by which it may be difcovered wherever it exills, even
in a very fmall quantity.

Copper diffolved in the vitriolic acid formsa kind
of metalline fale, which (hoots into rhomboidal
cryftals of a moft beautiful blue colour. Thefe
cryftals are called Blue Fitriol, or Vitriol of Corper.
They are fometimes found ready formed in the
bowels of the earth ; and may be artificially made by
diffolving Copper in the vitriolic acid ; but the fo-
lution will not fucceed unlefs the acid be well de-
phlegmated. The. tafte of this vitriol is falrith and
aftringent. It retains a confiderable quantity of
water in cryftallizing, on which account it is eafily
rendered fluid by fire.

It muft be obferved that, when it is expofed to a
certain degree of heat in order to free it of its humi-
dity, a great part of its acid flies off at the fame time :
and hence it is that, after calcination, there remains
only a kind of earth, or metalline calx, of a red
colour, which contains but very little acid. This
earth cannot be brought to flow but with the great-
et difficuley.

A folution of Copper in the nitrous acid forms a
falt which does not cryftallize, but, when dried,
powerfully attralts the moifture of the air.- The
fame thing happens when it is diffolved in [piric of
falt, or in aqua regis.

If the Copper thus diffolved by any of thefe :-,u:u{s
be precipitated by an earth or an alkali, it retains
nearly the colour it had in the folution : but thefe
precipitates are {carce any thing more than the earth
of Copper, or Copper deprived of moft of its
phlogifton ; fo that if they were expofed to a vio- -
‘lent fire, without any additament, a great part of
them would be converted into an earth that could
never be reduced to a metalline form. T herefore,

when
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when we intend to reduce thefe precipitates to Cop-
per, it is neceffary to add a certain quantity of a
{ubftance capable of reftoring to them the phlogifton
they have loft.

The fubftance which hath been found fitteft for
fuch reductions is charcoal-duft; becaufe charcoal
is nothing but a phlogifton clofely combined with
an earth, which renders it exceedingly fixed, and
capable of refifting a violent force of fire. But
as charcoal will not melt, and confequently is capa-
ble of preventing rather than forwarding the flux
of a metalline calx or glafs, which neverthelefs is
eflentially neceffary to complete the reduétion, it
hath been contrived to mix it, or any other fubftance
containing the phlogifton, with fuch fixed alkalis
as eafily flow, and are fit to promote the flux of
other bodies. Thefe mixtutes are called Reducing
Fluxes ; becaufe the general name of Fluxes is given
to all falts, or mixtures of falts, which facilitate
fulion.

If Sulphur be applied to Copper made perfectly
red-hot, the metal immediately runs; and thefe two
{ubftances uniting form a new compound much
more fulible than pure Copper.

This compound is deftroyed by the fole force of
fire, for two reafons: the firlt is, that, fulphur
being volatile, the fire is capable of fublimirg a
great part of i, efpecially when it is in a great pro-
portion to the Copper with which it is joined ; the
{tcond is, that the portion of fulphur which re-
mains, being more intimately united with the Cop-
per, though it be rendered lefs combuftible by that
union, is neverthelefs burnt and confumed in time.
Copper being combined with fulphur, and togethet
with it expofed to the ferce of fire, is found to be
partly changed into a blue vitriol ; becaufe the vitri-
olic acid, being difengaged by burning the fulphur,
is by that means qualified to diffolve the Copper.

The
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The affinity of Copper with fulphur is greater than
that of Silver.

This metal, as well as the other imperfe& metals
and the {femi-metals, being mingled with nitre and
expofed to the fire, is decompofed and calcined
much fooner than by itfelf ; becaufe the phlo-
gifton which it contains occafions the deflagration ‘of
the nitre, and confequently the two fubftances mu-
tually decompofe each other. There are certain
metalline f{ubftances whofe phlogifton is fo abun-
dant, and fo weakly connected with their earth, that,
when they are thus treated with nitre, there arifes
immediately a detonation, accompanied with flame,
and as violent as if fulphur or charcoal-duft had been
employed ; {o that in a moment the metalline fub-
ftance lofes its phlogifton, and is calcined. The
nitre, after thefe detonations, always affumes an
alkaline character.

§. V. 'Of Troxn.

Iron is lighter and lefs duttile than Copper 3 but

it is much harder, and of more difficult fufion.
| Itis the only body that has the property of being
| attratted by the magnet, which therefore ferves to
difcover it wherever it is. But it muft be obferved
that it hath this property only when in its meralline
ftate, and lofes it when converted to an earth or
calx. Hence very few Iron-ores are attracted by
the loadftone ; becaufe, for the moft part, they are
only forts of earths, which require a phlogifton to
| be added before they can be brought to the form of
true Iron.

When Iron hath undergone no other preparation
but the fufion which is neceffary to fmelt it from its
ore, it is ufually quite brittle, and flies to pieces un-
der the hammer : which arifes in fome meafure from
its containing a certain portion of unmetallic earth

4 interpofed
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mterpoﬁ:d between its parts. Thls we call Pig
Irosn.

By melting this a fecond time it is rendered purer,
‘and more free from heterogeneous matters : bur ftill,
as 1t§ proper parts are probably not brought fuﬂi—
ciently near, or clofely enough united, till the Iron
hath undergone fome further prepar ation befides that
(}f fufion, it feldom hath any degrce of malleability.

- The way to give it this property is to make it
jult red- hﬂt, and.then hammer it for fome time in all
direCtions ; to the end that its parts may be pro-
perly united, incorporated, and welded together, and
that the hcterogenmus matters which i:::f:p them
afunder may be feparated. Iron made by this
means as malleable as poflible we call Bar Lron, or
Forged Iron.

Bar Iron is ftill harder to fufe than Pig Iron: to
make it flow requires the utmoft force of fire.

Iron has the property of imbibing a greater
quantity of phlogifton than is neceffary to give it the
metalline form. [t may be made to take in this fu-
perabundant phlogifton two ways : the firft is by
fufing it again with matters that contain the phlo-
gifton ; the fecond is, by encompalfling it with a
quantity of fuch matters, charcoal-duft for inftance,
and then expofing it fo encompafied, for a certain
time, to a degree of fire barely fufficient to keep it
red-hot. 'This fecond method, whereby one fub-
ftance is incorporated with another by‘ means of
fire, but without fufing either of them, is in general
called Cemerntation,

Iron thus impregnated with an additional quan-
tity of phlogifton is called Stee/. The hardnefs of
Steel may be confiderably augmented by tempering
it; that is, by making it red-het, and fuddenly
quenching it in {ome cold i quor. '1 he hotter the

metal, and the colder the liquor in which it is

quenched,

.n-i-i



Turory of CHYMISTRY, 65

quenched, the harder will the Steel be. By this
means tools are made, fuch as files and fheers,
capable of cutting and dividing the hardeft bo-
dies, as glafs, pebbles, and Iron itfelf. The colour
| of Steel is darker than that of Iron, and the facets
which appear on breaking it are fmaller. It is alfo
lefs ductile and more brittle, efpecially when tem-
pered. _

As Iron may be impregnated with an additional
quantity of phlogifton, and thereby converted into
Steel, fo may Steel be again deprived of that fupera-
bundant phlogifton, and brought back to the condition
of Iron. This is effected by cementing it with poor
earths, fuch as calcined bones and chalk. By the
fame operation Steel may be wuntempered : nay, it
will lofe the hardnefs it had acquired by tem-
pering, if it be but made red-hot, and left to cool
gradually. As Iron and Steel differ only in the re-
fpets we have here taken natice of, their properties
u ing in all other refpetts the fame, what follows is
equally applicable to both.

Iron being expofed to the action of fire for fome
time, efpecially when divided into fmall particles,
fuch as filings, is calcined and lofes its phlogifton.
By this means ic turns to a kind of reddifth yellow
earth, which on account of its colour is called Crs-
cus Martis, or Saffron of Mars.

This calx of Iron has the fingular property of
flowing in the fire with fomewhat lefs difficulty than
Iron itfelf ; whereas every other metalline calx flows
with lefs eafe than the metal that produced it. It
has moreover the remarkable property of uniting
ith the phlogifton, and of being reduced to Iron
without fufion ; requiring for that purpole only to
made red-hot.

Iron may be incorporated with Silver, and even
ith Gold, by means of certain operations. Under
VYou. L. F the
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the article of Lead we fhall fee how it may be fe-
ated from thefe metals.
The acids produce on it much the fame effects
as on Copper: every one of them alts upon it.
Certain neutral falts, alkalis, and even water itfelf,
are capable of diffolving it; and hence it is allo
very fubjeét to ruft. The vitriolic acid diffolves it
with the greateft eafe : but the circumftances which
attend the diffolution thercof are different from thofe
with which the fame acid diffolves Copper : for 1.
whereas the vitriolic acid muft be concentrated to
diffolve Copper, it muft on the contrary be diluted
“with water to diffolve Iron, which it will not
touch when well dephlegmated. 2. The vapours
which rife in this diffolution are inflammable ; fo
that if it be made in a fmall-necked Cottle, and
the flame of a candle be applied to the mouth there-
of, the vapours in the bottle take fire with fuch ra-
pidity as to produce a confiderable explofion. |
This folution is of a beautiful green colour; and |
from this union of the vitriolic acid with Iron there |
refults a neutral metalline fale, which has the pro- |
perty of fhooting into cryftals of a rhomboidal fi- |
gure, and a green colour. Thefe cryftals are called
Green Vitriol, and Vitriol of Mars. |
Green Vitriol hath a faltifh and aftringent tafte. &
As it retains a great deal of water in cryftalliz- &
ing it quickly flows by the aftion of fire: but 4

A LS O R

ety il Tl

this Auidity is owing to its water only, andisnota -
real fufion; for as foon as its moifture is eva- -
porated, it refumes a folid form. Its green tranfs |
parent colour is now changed into an opaque white :
and, if the calcination be continued, its acid alfo ex-
hales and is diffipared in vapours; and as it lofes
that, it turns gradually to a yellow colour, which:
comes fo much the nearer to a red the longer the |
calcination is continued, or the higher the force of
the fire is raifed ; which being driven to the utmoft, |
what

2 .

T ]

e el



TueoRrY of CHYMISTRY. 67

what remains is of a very deep red. This remain-
der is nothing but the body of the Iron, which hav-
ing loft its phlogifton is now no more than an earth,
nearly of the {ame nature with that which is left
after calcining the metal itfelf.

Green Vitriol diffolved in water {pontaneoufly lets
fall a yellowifh earthy fediment. If this folution be
defecated by filtration, it ftill continues to depofite
fome of the fame fubftance, till the vitriol be wholly
decompofed.  This fediment is nothing but the
earth of Iron, which is then called Ochre.

The nitrous acid diffolves Iron with great eafe.
This folution is of a yellow colour, inclining more
or lefs to a ruffet, or dark-brown, as it is more or
lefs faturated with Iron. Iron diffolved by this acid
alfo, falls fpontaneoufly in a kind of calx, which is
incapable of being diffolved a fecond time ; for the
nitrous acid will not aét upon Iron that has loft its
phlogifton. This folution does not cryftallize, and
if evaporated to drynefs attracts the moifture of the
air.
Spirit of falt likewife diffolves Tron, and this folu-
tion is green. The vapours which rife during the
diffolution are inflammable, like thofe which afcend
when this metal is attacked by the vitriolic acid.
Aqua regis makes a folution of Iron, which is of a
yellow colour.

Iron hath a greater affinity than either Silver or
Copper with the nitrous and vitriolic acids : fo that if

Iron be prefented to a folution of either in oneof thefe

two acids, the diffolved metal will be precipitated ;
becaufe the acid quits it for the Iron, with which it
has a greater affinity. -

On this occafion it muft be obferved that if a fo-
lution of Copper in the vitriolic acid be precipitated
by means of Iron, the precipitate has the form and
fplendour of a metal, and does not require the addi-
tion of a phlogifton to reduce it to true Copper;

' ¥ 2 which
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which is not the cafe, as has been thewn, when the
precipitation is effected by earths or alkaline falts.

The colour of this metalline precipitate hath de-
ceived feveral perfons, who being unacquainted with
fuch phenomena, and with the nature of blue vitriol,
imagined that Iron was tranfmuted into Copper, when
they faw a bit of Iron laid in a folution of that vitriol
become, in form and external appearance, exactly like
Copper : whereas the furface only of the Iron was
crufted over with the particles of Copper contained
in the vitriol, which had gradually fallen upon and
adhered to the Iron, as they were precipitated out
of the folution.

Among the folvents of Iron we mentioned fixed
alkalis ; and that they have fuch a power is proved
by the following phenomenon. If a large propor-
tion of alkaline falts be fuddenly mixed with a folu-
tion ‘of Iron in an acid, no precipitation enfues, and
the liquor remains clear and pellucid ; or if at firft
it lm:ﬁ( a litle turbid, that appearance lafts but a
moment, and the liquor prefently recovers its tranf-
parency. The feafon is, that the quantity of alka-
li is more than fufficient to faturate all the acid of
the folution, and the fuperabundant portion thereof,
meeting with the Iron already finely divided by the
acld, diffolves it with eafe as faft as it falls, and fo
prevents its muddying the liquor. = To evince that
this is fo in fa&, let the alkali be applied in a quan-
tity that is not {ufficient, or but barely fufficient, to
{aturate the acid, and the Iron will then precipitate
like any other metal.

Water alfo aéts upon Iron; and therefore Iron

expofed to moifture grows rufty. If Irﬂn-ﬁ]inﬁs
3

be expofed to the dew, they turn wholly to a ru
which is called Crocus Martis Aperiens.

Iron expofed to the fire together with nitre makes
it detonate pretty brifkly, fets it in a flame, and de-

compofes it with rapidity.
This

Pty & R,
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This metal hath a greater affinity than any other
metalline fubftance with fulphur; on which account
it is fuccefsfully ufed to precipitate and feparate all
metalline fubftances combined with fulphur.

Sulphur uniting with Iron communicates to it
fuch a degree of fufi bility, that if a mafs of this
metal heated red-hot be rubbed with a bit of fulphur,
it incefantly runs into as perfe&t a fufion as a metal
expofed to the focus of a large burning-glafs.

& N. Of Tin.

Tix is the lighteft of all metals. Though it
yields eafily to the impreffion of hard bodies, it has
but little duétility. Being bent backwards and for-
wards it makes a fmall crackling noife. It flows
with a3 very moderate degree of fire, and long be-
fore it comes to be red-hot. When it is in fufion,
its furface foon grows dufky, and there forms upon
it a thin dark-coloured duily pellicle, which is no
other than a part of the Tin that has loft its phlo-
gifton, ora calx of Tin. The metal thus calcin-
ed eafily recovers its metalline form on the addition
of a phlogifton. 1If the calx of Tin be urged by a
ftrong fire it grows white, bug the greateft violence
of heat will not fufe it ; which makes fome Chymifts
confider it as a calcinable or abforbent earth, rather
than a vitrifiable one.  Yet it turns to glafs in fome
fort when mixed with any other fubftance that vitri-
fies eafily. However, it always produces an imper-
fect glafs only, which is not at all tranfparent, but
of an opaque white. The calx of Tin thus vitri-
fied is called Enamel. Enamels are made of feveral
colours by the addition of this or that metalline
calx.

Tin unites eafily with all the metals; but it de-
ftroys the ductilicy and malleability of cvery one of
them, Lead excepted. Nay, it pofiefies this pr-:}n-::r-
ty of making metals brittle in fuch an eminent de

F 3 gree,
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gree, that the very vapour of it, when in fufion, is
capable of producing this effe@®. Moreover, which
is very fingular, the moft duétile metals, even Gold
and Silver, are thofe on which it works this change
with the moft eafe and in the greateft degree. It has
alfo the property of making Silver mixed with it
flow over a very fmall fre.-

It adheres to, and in fome meafure incorporates
with, the furface of Copper and of Iron; whence
arofe the practice of coating over thofe metals with
Tin. Tin-Plates are no other than thin plates of
Iron tinned over.

If to twenty parts of Tin one part of Copper be
added, this alloy renders it much more folid, and
the mixed mafs continues tolerably duétile.

If on the contrary to one prrt of Tin ten parts of
Copper be added. together with a little Zink, a femi-
metal to be confidered Lereafter, from this combi-
nation there refults a metalline compound which is
bard, brittle, and very fonorous ; fo that it is ufed
for cafting bells: this compofition is called Bronze
and Bell-metal,

Tin hath an affinity with the vitriolic, nitrous, and
marine acids,  All of them attack and corrode it
yet none of them is able to diffolve it without great
difficuley : fo that if a clear folution thereof be de-
fired, Fart:cu]ar methods muft be employed for thag
purpofc ; for the acids do but in a manner calcine it,
and convert it to a kind of white calx or precipitate.
The folvent which has the greateft power over it is
aqua regis, which has even a greater affinity there-
with than with Gold itfelf; whence it follows that

Gold difiolved in aqua regis may be precipitated by )

means of Tin; buct then the agua regis muft be

weakened. Gold rhus precipitated by Tin is of a
moft beautiful celour, andis ufed for a red in en-

olve |

ameling and painting on porcelain, as alfo to g

a red colour to artificial gems. If the aqua regis

|
i
|
1
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_be not lowered, the precipitate will not have the
purple colour.

Tin hath the property of giving a great luftre to
all red colours in general ; on which account it is
ufed by the dyers for ftriking a beautitul fcarlet, and
tin veflels are employed in making fine fyrup of vi-
olets. Water does not act upon this metal, as it
does upen Iron and Copper ; tor which reafon it is
not fubject to ruft : neverchelefs when it is expofed
to the air its furface foon lofes its polifh and fplen-
dour. :

Tin mixed with nitre and expofed to the fire
deflagrates with it, makes it detonate, and is imme-
diatcly converted to a refraciory calx : for fo all
fubftances are called which are incapable of fufion.

Tin readily unites with fulphur, and with it be-
comes a brittle and friable mafs.

§. VI. Of Leanp.

Nixt to Gold and Mercury Lead is the heavieft
of all metalline fubftances, but in hardnefs is exceed-
ed by every one of them. Of all metals alfo it meltsthe
eafielt, except Tin. While it is in fufion there ga-
thers inceffantly on its furface, as on that of Tin, a
blackifh, dufty pellicle, which is nothing but a calx
of Lead.

This calx further calcined by a moderate fire,
the flame being reverberated on it, foon grows white,
If the calcination be continued it becomes yellow,
and at laft of a beautiful red. In this ftate it 1s
called Minium, and is ufed as a pigment.  Mintum
is not eafily made, and the operation fucceeds well
in large manufactures only.

To convert Lead into Litharge, which is the
metal in a manner half vitrified, you need only
keep it melted by a pretty ftrong fire; for then
as its furface gradually calcines, it tends more and

more to fufion and vicrification,
F 4 All
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All thefe preparations of Lead are greatly difpa-
fed to perfect fufion and vitrification, and for thag
purpofe require but a moderate degree of. fire ; the
calx or earth of Lead being of all metalline earths
that which vitrifies the moft eafily.

Lead hath not only the property of turning

into glafs with the greateft facility, but it hath alfo
that of promoting greatly the vitrification of all the
other imperfeét metals ; and, when it is actually vi-
trified, procures the ready fufion of all earths and
ftones in general, even thofe which are refractory,
that is, which could not be fufed without its
help. -
' E]%fs of Lead, hefides its great fufibility, hath
alfo the fingular property of being fo fubtile and
active as to corrode and penetrate the crucibles in
which it is melted, unlefs they be of an earth that
is exceeding hard, compadt, and withal very refrac-
tory : for Glafs of Lead, being one of the moft
powerful fluxes that we know, if the earth of the
crucible in which it is melted be in the fmalleft
degree fulible, it will be immediately wvitrified
efpecially if there be any metallic matter in its com-
pofition.

The great ativity of Glafs of Lead may be weak-
ened by joining it with other vitrifiable matters : but
unlefs thefe be added in a very great proportion, it
will {till remain powerful enough to penetrate com-
mon ecarths, and carry off the matters combined
with it.

On thefe properties of Lead, and of the Glafs of
I ead, depends the whole bufinefs of refining Gold and
Silver. It hath been fhewn that as thefe two metals
are indeftructible by fire, and the only ones which
have that advantage, they may be feparated from
the imperfeét metals, when mixed therewith, by ex-
pofing the compound to a degree of fire fufficiently
{trong to vitrify the latter ; which when once cpn-
A | T yertad
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verted into glafs can no longer remain united with
any metal that has its metalline form. Butitis very
ditficult to procure this vitrification of the imperfect
metals, when united with Gold and Silver ; nay, it
is in a manner impoffible to vitrify them entirely,
for two reafons : firft, becaufe moft of them are natu-
rally very difficulc to vitrify 3 fecondly, becaufe the
union they have contrated with the perfcét metals
defends them, in a manner, from the aftion of the
fire, and that {fo much the more effettually as the
proportion of the perfect metals is greater ; which
being indeftructible, and in fome fort coating over
thofe with which they are alloyed, ferve them
as a prefervative and impenetrable fhield againft the
utmolt violence of fire.

It is therefore clear that a great deal of labour
may be faved, and that Gold and Silver may be
refined to a much greater degree of purity than can
otherwife be obtained, if to a mixture of thefe metals
with Copper, for inftance, of any other imperfect me-
tal, be added a certain quantity of Lead. For theLead,
by its known property, will infallibly produce the
defired vitrification ; and as it likewife increafes the
proportion of the' imperfect metals, and {o leffens
that of the perfe&t metals, in the mafs, it evidently
deprives the former of a part of their guard, and
fo effetts a more complete vitrification. In conclu-
fion, as the Glafs of Lead hath the property of
running through the crucible, and carrying with it
the matters which it has vitrified, it follows that
when the vitrification of the imperfe& mertals is ef-
fe€ted by its means, all thofe vitrified matters toge-
ther penetrate the vefiel containing the fufed metal-
line mafs, difappear, and leave only the Gold and
Silver perfectly pure, and freed, as far as is poffible,
from all admixture of heterogencous parts,

The better to promote the feparation of fuch parts
it is ufual to employ in this proces a particular fort

of
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of fmall crucibles, made of the afhes of calcined
bones, which are exceedingly porous and eafily per-
vaded. They are called cupels, onaccount of their
figure, which is that of a wide-mouthed cup : and
from hence the operation takes its name ; for when
we refine Gold and Silver in this manner we are
faid to cupel thofe metals. It is eafy to perceive that
the more Lead is added the more accurately will the
Gold and Silver be refined ; and that fo much the
more Lead ought to be added as the perfect metals
are alloyed with a greater proportion of the imperfect.
This is the moft fevere trial to which a perfect
metal can be put, and confequently any metal that
ftands it may be fairly confidered as fuch.

In order to denote the finenefs of Gold, it is fup-
pofed to be divided into twenty-four parts called
carats , and Gold which is quite pure and free from
all alloy is faid to be twenty-four carats fine 5 that

which contains ;% part of alloy is called Gold of §

twenty-three carats ; that which contains 5% of al-
loy is but twenty-two carats; and fo on. Silver

again is fuppofed to be divided into twelve parts on- ..
ly, which are called penny-weights: fo that when

abfolutely pure it is faid to be twelve penny-weights
JSine s when it contains < of alloy, it is then called

eleven penny-weights fine ; when it contains 'z of

alloy, it is called ten penny-weights fine, and fo on.

In treating of Copper we promifed to fhew under =

the article of Lead how to feparate it from Iron.

The procefs is founded on that property of Lead E
which renders it incapable of mixing and uniting

with Iron, though it readily diffolves all other me-

talline fubftances. Therefore if you have a mafs
compounded of Copper and Iron, it muft be fufed *
with a certain quantity of Lead, and then the Cop- ¥
per, having a greater affinity with Lead than with =
Iron, will defert the latter and join the former, &

hi ¢

which being incapable of any union with Iron, as

was

i
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was faid, will wholly exclude it from the new com-
pound. The next point is to feparate the l.ead
from the Copper; which is done by expofing the
mafs compoundcd of thefe two metals to a degree
of fire ftrong enough to deprive the Lead of its
metalline form, but too weak to have the fame ef-
fect on the Copper: and this may be done ; fince
of all the imperfelt metals Lead is, next to 1in,
the eafielt to be calcined, and Copper on the contra-
ry refifts the greateft force of fire longeft, with-
out lofing its metalline form. Now wlat we gain
by this exchange, viz. by feparating Copper from
Iron and uniting it with Lead, confifts in this, that
as Lead is calcined with lefs fire than Iron, the Co
per is lefs expofed to be deftroyed : For it muft be
obferved that, however moderate the fire be, it is
hardly pofiible to prevent a certain quantity thereof
from being calcined in the operation.

Lead melted with a third part of Tin forms a
compound, which being expofed to a fire capable
of making it thoroughly red-hot, fwells, puffs up,
feems in {fome fort to take fire, and is prefently cal-
cined.  Thefe two metals mixed together are much
fooner calcined than cicher of them feparately.

Both Lead and Tin are in fome meafure affected
by water, and by a moift air; but they are both
. much lefs fubje¢t than Iron or Copper to be corro-
‘ded by thefe folvents, and of courfe are much lefs
lefs liable to ruft,

The vitriolic acid acts upon and diffolves Lead
much in the fame manner as it doth Silver.

The nitrous acid diffolves this metal with much
eale and in great quantities ; and from this folution
a fmall portion of mercury may be obtained. On
this {ubjelt fee our Elements of the Prasice of Chy-
wniftry.

When this folution of Lead is diluted with a
good deal of water, the Lead precipitates in the
1 | form
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form of a white powder; which happens becaufe
the acid is rendered too weak to keep the Lead dif-
folved.

If this folution of Lead be evaporated to a cer-
tain degree, it fhoots into cryftals formed like regu-
lar pyramids with fquare bafes. Thefe cryftals are
of a yellowith colour and of a faccharine tafte:
they do not ealily diffolve in water, This nitrous
metalline falt has the fingular property of detonat-
ing in a crucible, without any additament, or the
conta&t of any other inflammable fubftance. This

property it derives from the great quantity of.

phlogifton contained in and but loofely connected
with the Lead which is one of its principles.

If fpirit of falt, or even fea-falt in fubftance,
be added to a folution of Lead in the nitrous acid,

a white precipitate immediately falls ; whichis no _.

other than the Lead united with the marine acid.

This precipitate is extremely like the precipitate of -..

Silver made in the iame manner, and that being

called Luna cornea hath occalioned this to be named

Plumbum corneum. Like the luna cornea it is very
fufible, and being melted hardens like it into a kind

of horny fubftance : it is volatile, and may be re-

duced by means of inflammable matters combined

with alkalis. But it differs from the luna cornea in

this chiefly, that it diffolves eafily in water; whereas

the luna cornea, on the contrary, diffolves therein

with great difficulty, and in a very fmall quantity.
As this precipitation of Lead from its folution

in fpirit of nitre is procured by the marine acid,

Lead is thereby proved to have a greater affinity

with the latter acid than with the former. Yet, if
you attempt to diffolve Lead directly by the acid of
fea-falt, the folution is not {o eafily effected asby the

fpirit of nitre, and it is always imperfe&; for it

wants one of the conditions eflential to every folu-

tion in a liquor, namely tranfparency.

i e i i i il
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If Lead be boiled for a long time in a lixivium of

| fixed alkali, part of it will be diffolved.

Sulphur renders this metal refractory and fcarce
fufible ; and the mafs they form when united
together is friable. Hence it appears that ful-
phur afts upon Lead much in the fame manner
as upon Tin; that is, it renders both thele metals
lefs fufible, which are naturally the mofit fulible of
any, while it exceedingly facilitates the fufion of
Silver, Copper, and Iron, metals which of them-
felves flow with the greateft difficulty.

ikl 7 v I S B
Of Quick-SrLVvER.

E treat of Quick-filver in a chapter apart,
becaufe this metallic fubftance cannot be

claffed with the metals properly fo called, and yet
has {fome properties which will not allow us to con-
found it with the femi-metals. The reafon why
Quick-filver, by the Chymilts commonly called
Mercury, is not reputed a metal is, that it wants
one of the efitntial properties thereof, to wit, mal-
leability. When it is pure and unadulterated with
any mixture, it is always fluid, and of courfe unmal-
leable, But as, on the other hand, it eminently
pofiefles the opacity, the fplendour, and above all
the gravity of a metal, being next to Gold the hea-
vielt of all bodies, it may be confidered as a true
metal, differing from the reft no otherwife than by
being conftantly in fufion; which we may fuppofe
arifes from its aptnefs to flow with fuch a fmall degree
of heat, that be there ever fo little warmth on earth,
there is ftill more than enough to keep Mercury in
' fuflion ;
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fufion ; which would become folid and malleable if it
were poflible to apply to it a degree of cold confi-
derable enough for that purpofe.  Thefe properties
will not allow us to confound it with the femi-me-
tals. Add that we-are not yet affured by any un=
doubted experiment that it can be wholly de; rived
of its phlogifton, as the imperfect metals may.
Indeed we cannot apply the force of fire to it as
could be withed : for it is fo volatile that it flies off
and exhales in vapours with a much lefs degree of
fire than is neceflary to make it red-hot. The va-
pours of Mercury thus raifed by the action of fire,
being collected and united in a certain quantity, ap-
pear to be no other than true Mercury, retaining
every one of its properties ; and no experiment hath
ever been able to thew the lealt change thus produ-
ced in its nature. '

It Mercury be expofed to the greateft heat that it
can bear without fublimation, and continued in it
for feveral months, or even a whole year together,
it turns to a red powder, which the Chymifts call
Mercurius precipitatus per fe. But to fuceed in this
operation it is abfolutely neceflary that the heat be
fuch as is above-fpecified ; for this metallic fubftance
may remain expoled to a weaker heat for a confi-
derable number of years, without undergoing any
fenfible alteration.

Some Chymifts fancied that by this opera-
tion they had fixed Mercury and changed its na-
ture; but without any reafon: for if the Mercury
thus feemingly tranfmuted be expofed to a fome-
what ftrenger degree of fire, it fublimes and exhales
in vapours as ufual ; and thofe vapours collected
are nothing elfe but running Mercury, which has
recovered all its properties without the help of any
additament. - :

~  Mercury has the property of diffolving all the
metals, Iron only excepted. Put it is a condition

ablolutely
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abfolutely neceflary to the fuccefs of fuch diffolu-
tion, that the metalline fubftances be poflefled of
their phlogifton ; for if they be calcined, Mercury
cannot touch them : and hence it follows that Mer-
cury doth not unite with fubftances that are purely
eart_hy. Such a combination of a metal with Mercu

is called an Amalgam. Trituration alone is fufficient

to effect it ; however, a proper degree of heat alfo is
of ufe.

Mercury amalgamated with a metal gives ita
confiftence more or lefs foft, and even fluid, accord-
ing to the greater or {maller proportion of Mercury
employed. All amalgams are {oftened by heat, and
hardened by cold.

Mercury is very volatile ; vaftly more fo than the
moft unfixed metals: moreover the union it con-
tracts with any metal is not fufficiently intimate to
entitle the new compound refulting from that union
to all the properties of the two fubftances united ;
at leaft with regard to their degree of fixity and vo- .
latility. From all which it follows that the beft
and fureflt method of feparating it from metals dif-
folved by it, is to expofe the amalgam to a degree
of heat fufficient to make all the Quick-filver rife
and evaporate ; after which the metal remains in the
form of a powder, and being fufed recovers its
malleability. If it be thought proper to fave the
Quick-filver, the operation muft be performed in
clofe veflels, which will confine and colleét the
mercurial vapours. This operation is moft fre-
quently employed to feparate Gold and Silver from
the feveral forts of earths and fands with which they
are mixed in the ore; becaufe thefe two metals,
Gold efpecially, are of fufficient value to compen-
fate the lofs of Mercury, which is inevitable in this
procefs : befides, as they very readily amalgamate
with it, this way of feparating them from every
thing unmetallic is very facile and commodious.

Mercury
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Mercury is diffolved by acids ; bt with circumi~
ftances peculiar to each particular fort of acid.

The vitriolic acid concentrated and made boiling .
hot feizes on it, and prefently reduces it to a kind of
white powder, which turns yellow by the affufion
of water, but does not diflolve ir it : it is called
Turbith Mineral. Flowever, the vitriolic acid on this
occafion unites with a great part of the Mercury in
fuch a manner that the compound is foluble in wa-
ter. For if to the water which was ufed to walh
the Turbith a fixed alkali be added, there falls in-
ftantly a ruffet-coloured precipitate, which is no
other than Mercury feparated from the vitriolic acid
by the intervention of the alkali.

This diffolution of Mercury by the vitriolic acid
is accompanied with a very remarkable phenome-
non ; which is, that the acid contra@s a ftrong {mell
of volatile fpiric of fulphur: a notable proof that
part of the phlogifton of the Mercury hath united
therewith. And yet, if the Mercury be feparated
by means of a fixed alkali, it does not appear to
have fuffered any alteration. Turbith mineral is
not fo volatile as pure Mercury.

The nitrous acid diffolves Mercury with eafe.
The folution is limpid and tranfparent, and as it
orows cold fhoots into cryftals, which are a nitrous
mercurial falt.

If this folution be evaporated to drynefs, the
Mercury remains impregpated with a little of the
acid, under the form of a red powder, which hath
obtained the names of Red Precipitate, and Arcanum
Corallinum. This Precipitate, as well as Turbith,
is lefs volatile than pure Mercury.

If this folution of Mercury be mixed with a fo-
lution of Copper made likewife in the nitrous acid,
and the mixture evaporated to drynefs, there will

remain a green powder called Green Precipitate.
5 Thetfe
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Thefe precipitates are cauftic and corrofive ; and are
ufed as fuch in forgery, _

Though Mercury be diffolved ‘more eafily and
completely by the nitrous acid than by the vitriolic,
yet it has a greater affinity with the latter than with
the former : for if a vitriolic acid be poured into a
folution of Mercury in {pirit of nitre, the Mercury
will quit the latter acid in which it was diffolved,
and join the other which was added. The {ame
thing happens when the marine acid is employed
inftead of the vitriolic.

Mercury combined with fpirit of falt forms a fin-
gular body ; a metalline falt which thoots into long
cryftals, pointed like daggers. This falt is volatile,
and fublimes eafily without decompofition. It is
moreover the moft violent of all the corrofives hi-
therto difcovered by Chymiftry. It is ‘called Corro-
Jive Sublimate, becaufe it muft abfolutely be fublim-
ed to make the combination perfe®. There are fe-
veral ways of doing this: ‘but the operation will
never fail if the Mercury be rarified into vapours
and meet with the marine acid in a fimilar fate.

Corrofive Sublimate is diffolved by water, but in

~very fmall quantities only. It is decompounded by
fixed alkalis, which precipitate the Mercury in a
reddith yellow powder, called on account of its co-
Your Yellow Precipitate.

If Corrofive Sublimate be mixed with tin, and
the compound diftilled, a liquor comes over which
continually emits abundance of denfe fumes, and
from the name of its inventor is called the Smoke-
g Liquor of Libavius. This liquor is no other
than the tin combined with the marine acid of the
Corrolive Sublimate, which therefore it hath actually
decompounded : whence it follows that this acid hath
@ greater affinity with tin than with Mercury.

- The marine acid in Corrofive Sublimate is not
quite faturated with Mercury ; but is capable of
E*You. I. G taking
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taking up a much greater quantity thereof. For if
Corrofive Sublimate be mixed with frefh Mercury,
and {ublimed a fecond time, another compound
will be produced containing much more Mercury,
and lefs acrimonious ; for which reafon it is named
Sweet Sublimate of Mercury, Mercurius dulcis, Aquila
alba. This compound may be taken internally, and
is purgative or emetic according to the dofe admi-
niftered. It may be rendered ftill more gentle by
repeated fublimations, and then it takes the title of
Panacea Mercurialis. No way hath hitherto been
found to diffiolve Mercury in aqua regis without
great difficulty, and even then it is but imperfeétly
diffolved.

Mercury unites eafily and intimately with fulphur.
If thefe two fubftances be only rubbed together in
a gentle heat, or even without any heat, they will con-
tract an union, though but an incomplete one. This
combination takes the form of a black powder,
which has procured it the name of A& tbiops mineral.

If a more intimate and perfet union be defired,
this compound muit be expofed to a ftronger heat ;
and then a red ponderous {fubftance will be fublim- |
ed, appearing like a mafs of fhining needles : this
is the combination defired, and is called Cinadar. In
this form chiefly is Mercury found in the bowels of
the earth. Cinabar finely levigated acquires a much
brighter red colour, and is known to painters by the. |
name of Permilion. |

Cinabar rifes wholly by fublimation, without |
{uffering any decompofition ; becaufe the two fub-
ftances of which it confifts, viz. Mercury and ful-
phur, are both volatile.

Though Mercury unites and combines very well
with fulphur, as hath been faid, yet it hath lefs affinity
with that mineral than any other metal, Gold
only excepted : whence it follows that any of the .
other metals will decompound Cinabar, by uniting

with.
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with its fulphur, and fo fetting the Mercury at Ji-
berty to appear in its ufual form. Mercury thus
feparated from fulphur is efteemed the pureft,
and bears the name of Mercury revivified from Ci-
nabay. |

Iron is generally ufed in this operation preferably
to the other metals, becaufe among them all it has
the greateft affinity with fulphur, and is the only one
that has none with Mercury.

Cinabar may alfo be decompounded by means of
fixed alkalis ; the affinity of thefe falts with {ulphur
being generally greater than that of any metalline
fubftance whatever,

CHAP IX,
Of the SEM1-METALS.

§. I. Of RecuLus of ANTIMONY.

ftance of a pretty bright white colour. It has
the fplendour, opacity, and gravity of a metal : but
it is quite unmalleable, and crumbles to duft, in-
ftead of yielding or ftretching, under the hammer;
on which account it is clafled with the Semi-metals.
It begins to flow as foon as it is moderately red ;
but, like the other Semi-metals, it cannot ftand a
violent degree of fire ; being thereby diffipated into
fmoke and white vapours, which adhere to fuch cold
bodies as they meet with, and fo are colleted into 4
kind of farina called Flowers of Antimony.
If Regulus of Antimony, inftead of being ex-
pofed to a ftrong fire, be only heated fo mode-
rately that it fhall not even melt, it will calcine,

lofe its plilogifton, and take the form of a grey-
| : G2 ifh

R EGULUS of Antimony is 2 metallic fub-
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ifh powder deftitute of all fplendour : this powder
is called Calx of Antimony.

This calx is not volasile like the Regulus, but
will endure a very violent firc ; and being expofed -
thereto will ow, and turn to a glafs of the yellowifh
colour of a hyacinth. .

It is to be obferved that the more the Regulus is
deprived of its phlogifton by continued calcination,
the more refractory is the calx obtained from it.
The olafs thersof has alfo fo much the lefs colour,
and comes the nearer to common glafs,

The Calx and the Glafs of Antimony will recover
their metalline form, like every other Calx and
Glafs of a metal, if reduced by reftoring to them
their loft phlogifton, . Yet if the calcination be car- |
ried too far, their reduétion will become much more
difficult, and a much fmaller quantity of Regulus
will be refufcitated.

Regu us of Antimony is capable of diffolving the
metals 3 but its affinities with them are various, and
differ according to the following order. It affects
Iron the moft powerfully, next Copper, then Tin,
Iead, and silver. It promotes the fufion of metals,
but makes them all brittle and unmalleable.

It will notamalgamate with Mercury; and though
by certain procefles, | particularly the addition of
water and continued trituration, a fort of union be-
tween thefe rwo fubftances may be produced, yet it
is but apparent and momentary ; for being left to
themiclves and undifturbed they quickly difunite and
feparate *. .

* M. Mzloiutin, however, hath found a way to unite thefe twe
metallic fubitances : but then he does it by the interpofition of ful-
phur; that is, he combines crude Antimony with Mercury,
‘T'his combination is brought about in the fame way that thi-
ops muneral is made; viz. either by fufion, or by trituration |
only without ‘ﬁrc. Itrelembles the common thiops, and Ms }
Malouin calls it Ethiaps of Antimony. He oblerved that Mer- |
cury unites with Antimony much more intimately, by melting

than by rubbing them together. |
The§
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- The vitriolic acid, affifted by heat, and even by
diftillation, diffolves Regulus of Antimony. The
nitrous acid likewife attacks it; but the folution
can by no art be made clear and limpid : fo that the
Regulus is only calcined, in a manner, by this acid.

The marine acid diffolves it well enough ; but
then it muft be exceedingly concentrated, and appli-
ed in a peculiar manner, and efpecially by ditilla-
tion. One of the beft methods of procuring a per-
fect union between ‘the ‘acid of fea-falt and Re-
gulus of Antimony, is to pulverize the latrer, mix
it with corrofive fublimate, and diftill the whole.
There rifes in the operation a white matter, thick
and fcarce fluid, which is no other than the Regulus
of Antimony united and combined with the acid of
fea-falt. This compound is extremely corrofive,
and is called Buster of Antimony.

It is plain that the corrofive fublimate is here de-
compounded ; that the Mercury is revivified, and
that the acid which was combined therewith hath
quitted it to join the Regulus of Antimony, with
which its affinity is greater. This Butter of Anti-
mony by repeated diftillations acquires 2 confide-
rable degree of fluidity and limpidnefs,

If the acid of nitre be mixed with Butter of An-
timony, and the whole diftilled, there riles an acid
liquor, or a fort of agque regis, which flill retains
fome of the diffolved Regulus, and is called Bezo-
ardic Spirit of Nitre. After the diftillation there
remains a white matter, from which freth {piric of
~ _nitre is again abltracted, and which being then walh-

ed with water is called Bezoar mineral, 'l his Bezoar
“mineral is neither fo volarile, nor {o cauftic, as Butter
of Antimony ; -becauft the nitrous acid hath not the
property of volatilizing metalli¢ {ubftances, as the
-marine acid does, and becaule it remains much mote
~ intimately combined with the reguline part.

G 3 It
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If Butter of Antimony be mixed with water, the
liquor immediately becomes turbid and milky, and
a precipitate falls, which is nothing but the metallic
matter partly feparated from its acid, which is too
much weakened by the addition of water to keep it
diffolved. Yet this precipitate flill retains a good
deal of acid ; for which reafon it continues to be a
violent emetic, and in fome degree corrofive. It
hath therefore been very improperly called Mercu-
rius Vite, | '

The proper folvent of Regulus of Antimony is
agua regis ; by means whereof a clear and limpid
folution of this Semi- metal may be obrtained.

Regulus of Antimony mixed with nitre, and pro-
jefted into a red-hot crucible, fets the nitre in a flame,
and makes it detonate. As it produces this effect by

means of its phlogifton, it muft needs at the fame
time be calcined, and lofe its metallic properties, -

which accordingly happens: and when the nitre is
in a triple proportion to the Regulus, the latter is fo
perfectly calcined as to leave only a white powder,

which is fufed with great difficulty, and then turns _'

to a faintly coloured glafs, not very different from
common glafs, and which is not reducible to a Re-
gulus by the addition of inflammable matter; at
leaft it yields but a very fmall quantity thereof. If
lefs nitre be ufed, the calx is not fo white ; the glafs

it produces is more like a metalline glafs, and is -

more eafily reduced. The calx of the Regulus thus
prepared by nitre is called, on account of the medi-
cinal virtue afcribed to it, Diaphoretic antimosny, Or
Diaphoretic mineral. : :

Nitre always becomes an alkali by deflagration,
and in the prefent cafe retains part of the calx,
which it even renders foluble in water, ‘This calx
may be feparated from the alkali, if an acid be em-
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ployed to precipitate it ; and then it is called Mate-

ria perfata. This pearly matter is a calx of Anti-
mony

st T



Turory of CHYMISTRY. ﬁj

mony, fo completely deprived of its phlogifton as
to be: altogether incapable of redution to a Re-
gulus.

Regulus of Antimony readily joins and. unites
with fulphur, forming therewith a compound which
has' a very faint metallic fplendour. This com-
pound appears like a mafs of long needles adhering
together laterally ; and under this form it is ufu-
ally found in the ore, or at leaft when only feparat-
ed by fufion from the ftones and earthy matters
with which the ore is mixed. It is called Crade
Antimony. |

Antimony flows with a moderate heat, and be-
comes -even more fluid than other metallic fub-’
ftances. The action of fire diffipates or confumes.
the fulphur it contains, and its phlogifton alfo, fo
as to convert 1t into a calx and a glafs, as it does .
the Regulus. |

Agua regis, which we obferved to be the proper
folvent of the Regulus, being poured on Antimony
attacks and diffolves the reguline part, but touches’
not the fulphur ; in confequence whereof it decom-
pofes the Antimony, and {eparates its fulphur from
its Regulus. ;

There are feveral other ways of effeting this de-
compofition, and obtaining the reguline part of An--
timony by itfelf: they confift either in deftroying’
the fulphureous part of the Antimony by combuf-
tion, or in melting the Antimony with fome fub-
ftance which has a greater affinity than its reguline
part with fulphur. Moft metals are very fit for
this latter purpofe : for though the Regulus has a
confiderable affinity with fulphur, yet all the metals,
except Gold and Mercury, have a greater.

It therefore Iron, Copper, Lead, Silver, or Tin,
be melted with Antimony, the metal employed
will unite with the fulphur, and feparate it from the

Regulus.
G 4 It
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._Il: muft be obferved that, as thefe metals have-

fome affinity with the Regulus of Antimony,. the
Regulus will be joined in the operation by fome of
the metal employed as a Precipitant, (fo thofe fub-
ftances are called which ferve as the means of fepa- -
ting two bodies from each other ;) and therefore the
Regulus. procured in this manner will not be abfo-
lutely pure : on this account care is taken to diftin-
guifh each by adding the name of the metal em- -
ployed in its precipitation ; and thence come thefe
titles, Martial Regulus of Antimony, or only Martial
Regulus, Regulus Veneris ; and fo of the reft.
_Antimony is employed wich advantage to feparate
Gold from, all the other metals with which i may
be alloyed. . It has been fhewn that alli the metals
have a greater affinity; than the reguline part of
Antimeny, with {ulphur, Gold only excepted; which
is incapable of contracting any union therewith-: and-
therefore, if a mafls compounded of Gold and fe-
veral other metals be mehed with Antimony, every
thing in that mafs which is not Gold will unite - with
the fulphur of the Antimony.  This union oceafions:
two feparations, to wit, that of the fulphuz.of the
Antimony from its reguline part, and that of the
Gold from the metals. with- which it was  aduleerat-
ed ; and from the whole two' new' compounds arife 3
namely, a combination of-the metalsiwithithe ful-.
phur, which being lighteft rifes to- the furface in:
fufion ; anda metalline mas formed of the Gold
and the reguline part of the Antimony united toge-
ther, which being' much the heavieft finks to the
bottom. - There is no difficu!eyin parting the Gold
from the Regulus of Antimony with which it is
alloyed : for. the metalline mafs need only be expo-
fed to a degree of fire capable of diffipating inta
vapours all the Semi-metal it contains ; which being
very volatile, the operation is. much eaflier, and more
expeditioufly finithed, than if the metals with which

the
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the Gold was debafed were to be vitrified on the
cupel ; without taking into the account that if Sil-
ver were one of them, recourfe muft needs be had
to the procefs of quartation after that of the cupel.

If equal parts of nitre and Antimony be mixed
together, and the mixture expofed to the action of
fire, a violent detonation enfues 3 the nitre deflagra-
ting confumes the fulphur of the Antimony, and
even a part of its phlogifton.  After the detona-
tion there remains a greyifh matter which contains
fixed nitre, vitriolated tartar, and the reguline part
of the Antimony in fome meafure deprived of its
phlogifton, and half vitrified by the action of the fire,
which is confiderably increafed by the deflagra-
tion. This matter is called Liver of Antimony.

If inftead of equal parts of nitre and Antumony,
two parts of the former be ufed to one of the latter,
then the reguline part lofes much more of its phlo-
gifton, and remains in the form of a yellowifh
powder.

Again, if three parts of nitre be taken to one of
Antimony, the Regulus is thereby entirely robbed
of its phlogifton, and converted to a white calx which
bears the name of Diaphoretic Antimony, or Diaplo-
retic Mineral. The pearly matter may be precipi-
tated by pouring an acid on the faline fubftances
which here remain after the detonation, in the fame
manner as we fhewed above was to be done with
regard to the Regulus.

In the laft two operations, where the nitre is in
a double or triple proportion to the Antimony, the
reguline part is found after the detonation to be con-
verted into a calx, and not into a half vitrified
matter, which we have feen is the effett when equal
parts only of nitre and Antimony are ufed. lLhe
reafon of this difference is, that in thefe two cafesthe .
reguline part, being wholly, or almoft wholly, de-
prived of its phlogifton, becomes, as was obferved,

mare
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more difficult to fufe, and confequently cannot be="
gin to vitrify in the fame degree of heat as that

which ‘hath not Ioft fo much of its phlogifton. If
inftead of performing the operation with equal parts
of nitre and Antimony alone, a portion of fome
fubftance which abounds with phlogifton be added,

in that cafe the fulphur only of the Antimony will
be confumed, and the Regulus will remain united
with its phlogifton and feparated from its fulphur. -
- The Regulus prepared in this manner is abfolute-
ly pure, becaufe no metalline fubftance being em-

ployed, none can mix with and adulterate it. It
s called Regulus of Antimony per fe, or only Regulus
of Antimony. | ;

It is true indeed that in this operation much of
the reguline part unavoidably lofes its phlogifton
and. is calcined, and confequently a much fmaller
~quantity of Regulus is obtained than when metalline
precipitants are employed : but this lofs is eafily re-
paired, if it be thought proper, by reftoring to the
calcined part its loft phlogifton.

Antimony melted with two parts of fixed alkali
yields no Regulus, but is entirely diffolved by the
falt, and forms with it a mafs of a reddith yellow
colour.

The reafon why no precipitate is produced on this
occaflion is, that the alkali uniting with the fulphur
of the Antimony forms therewith the combination
called Liver of Sulphur, which by its pature
is qualified to keep the reguline part diffolved.
This mafs formed by the union of the Antimony
with the alkali is foluble in water. If any acid
whatever be dropt into this folution, there falls a pre-
cipitate of a reddifh yellow colour ; becaufe the acid
unites with the alkali, and forces it to quit the mat-
ters with which it was combined, = This precipitate
is called Golden Sulpbur of Antimony, 4!

As
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As in the operation .for preparing Regulus of
Antimony per fe, fome of the nitre is, by the inflam-
mable matters added thereto, turned to an alkali;
this alkali feizes on part of the Antimony, and
therewith forms a compound like that juft defcribed.
Hence it comes that if the {coria formed in thisipro~
cefs be diffolved in water, and an acid dropped into
the folution, 2 true golden fulphur of ‘Antimony is
thereby {eparated.

This union of Antimony with an alkali may allo
be brought about by the humid way ; that is, by
making ufe of an alkali refolved into a liquor, and
boiling the mineral in it. ~The alkaline liquor, in
proportion as it acts upon the Antimony, gradually
becomes reddifh and turbid. If left to fettle and
cool when well faturated therewitch, it gradually de-
pofites the Antimony it had taken up, which preci-
pitates in the form of a red powder : and this preci-
pitate is the celebrated remedy known by the name
of Kermes mineral. 1t is plain that the kermes is
nearly the fame thing with the golden fulphur: yet
it differs from it in fome refpeéts ; and efpecially in
this, that being taken inwardly it operates much
more gently than the golden fulphur, which is a
violent emetic. Nitre fixed by charcoal, and refol-
ved into a liquor, is the only alkali employed in pre-
paring the kermes. _

It was fhewn above that Regulus of Antimony
mixed and diftilled with corrofive {fublimate decom-

ounds it, difengages the Mercury, and joining
itfelf to the marine acid forms therewith a new
combination, called Butter of Antimony. If
the fame operation be performed with crude Anti-
mony inftead of its Regulus, the fame effects are
produced : but then the Antimony itfelf is alfo de-
compofed ; that is, the reguline part is feparated
from the fulphur, which being fet free unites with

the Mercury, now alfo at liberty, and thefe two
5 together
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together form a true cinabar called Cinadar of Anti.
Mﬂ?{]’-

| §- Il. Of BismurTh.

BismuTH, known alfo by the name of Tin-glafs,
is a femi-metal, having almoft the fame appearance
as Regulus of Antimony; yet it has a more
dufky caft, inclining fomewhat to red, and even
prefents fome changeable ftreaks, efpecially after
lying long in the air.

When expofed to the fire it melts long before it
is red, and confequently with lefs heat than Regu-
lus of Antimony, which does not flow, as was thewn
above, till it begin to be red-hot. = It becomes vo-
latile, like all the other femi-mertals, when ated
on by a violent fire : “being kept in fufion by a pro-
per degree of heat it lofes its phlogifton with its
metallic form, and turns to a powder or a calx ;
and that again is converted into glafs by the conti-
nued action of fire. ~ The calx and glafs of Bifmuth
may be reduced, like any other metallic calx, by
reftoring their phlogifton. |

Bifmuth mixes with all the metals in fufion, and
even facilitates the fufion of fuch as do not other=
wife flow readily. It whitens them by its union,
and deftroys their malleability.

It amalgamates with Mercury, if they be rubbed
together with the addition of water: yet after
fome time thefe two metalline fubftances defert
each other, and the Bifmuth appears again in the
form of a powder. Hence it is plain that the union
1t contracts with Mercury is not perfects and yet it
it has the fingular property of attenuating Lead, and
altering it in fuch a manner that it afterwards amal-
gamates with Mercury much more perfectly, fo as
even to pafs with it through fhamoy leather without
. any feparation.  The Bifmuth employed in making
this amalgama afterwards feparates from it fponta-

neoufly,



TueorRY of CHYMISTRY. ¢3

neoully, as ufual ; but the Lead ftill continues unit-
ed with the Mercury, and always retains the pro-
perty thus acquired.

The vitriolic acid does not diffolve Bifmuth : its
proper folvent is the nitrous acid, which diffolves it
with violence, and abundance of fumes.

Bifmuth diflolved in the nitrous acid is precipi-
tated not only by alkalis, but even by the bare ad-
dition of water. This precipitate is extremely white,
and known by the name of Afagifiery of Bifmuth.

The acid of fea-falt and agqua regis likewife aét
upon Bifmuth, but with lefs violence.
~ This femi-metal does not fenfibly deflagrate with
nitre ; yet it is quickly deprived of its phlogifton,
and turned into a vitrifiable calx, when expofed with
it to the action of fire.

It readily unites with fulphur in fufion, and forms
therewith a compound which appears to confift of
needles adhering laterally ro each other.

It may be feparated from the fulphur with which
it is combined, by only expofing it to the fire,
without any additament; for the fulphur is either

confumed or {fublimed, and leaves the Bifmuth be-
hind.

§. 111, . OF Zinc,

Zinc to appearance differs but little from Bif-
muth, and has even been confounded with it by fe-
veral authors.  Neverthelefs, befides that it has
fomething of a blueifh caft, and is harder than Bif-
muth, it differs from it effentially in its properties,
as will prefently be fhewn. Thefe two metallic
fubftances fcarce refemble each other in any thing,
but the qualities common to all femi-metals.

Zinc melts the moment it grows red in the fire,
and then alfo begins to turn to a calx, which, like
any other metallic calx, may be reduced by means

of the phlogifton: but if the fire be confiderably
increafed,
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Increafed, it fublimes, flames, and burns like an oily
matter ; which is a proof of the great quantity of
phlogifton in its compofition. At the fame time
abundance of flowers rife from it in the fofm of
white flakes, flying about in the air like very light
bodies ; and into this form may the whole fubftance
of the Zinc be converted. Several names have
been given to thefe flowers, fuch as Pompholix;
Philofophic Wool. They are fuppofed to be no
other than the Zinc itfelf deprived of its phlogifton 3
yet no body has hitherto been able to refuftitate
them in the form of Zinc, by reftoring their phlo=
gifton according to the methods ufed in the reduc-
tion of metals. Though they rife in the air with
very great eafe while the Zinc is calcining, yet when
once formed they are very fixed ; for they withftand
the utmoft violence of fire, and are capable of be-
ing vitrified, efpecially if joined with a fixed alkali,
They are foluble in acids,

Zinc unites with all metalline fubftances, except

Bifmuth. It has this fingular property, that being:
mixed with Copper, even in a confiderable quantity,
fuch as a fourth part, it does not greatly leflfen the
- ductility thereof, and at the fame time communicates
to it a very beautiful colour not unlike that of
Gold : on which account the compofition is fre-
quently made, and produces what is called Brafs.
This metal melts much more eafily than Copper
alone, becaufe of the Zinc with which it is alloyed.
If it be expofed to a great degree of heat, the Zinc
which it contains takes fire, and fublimes in white
flowers, juft as when it is pure,
- Itis to be'obferved that Brafs is duétile only while
it is cold, and not then unlefs the Zinc ufed in
making it was very pure ; otherwife the compofition
will prove but a Tombac or Prince’s Metal, having
very little malleability.

Zing
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Zinc is very volatile, and carries off with it any
metallic fubftance with which it is fufed, making a
kind of fublimate thereof. In the furnaces where they
{melt ores containing Zinc, the matter thus fublimed
is called cadmia fornacum, to diftinguith it from the
native cadmia called alfo calamine, or lapis calomina-
ris 3 which, properly fpeaking, is an ore of Zinc,
* containing a great deal of that femi-metal, together
with fome Iron, and a {tony fubftance. The name
of cadmia fornacum is not appropriated folely to the
metallic fublimates procured by means of Zinc, but
is given in general to all the metallic {fublimates
found in fmelting houfes.

If a violent and fudden heat be applied to Zinc,
it fublimes in its metalline form ; there not being
time for it to burn and be refolved into flowers.

This femi-metal is foluble in all the acids, but
efpecially in {pirit of nitre, which attacks and dif-
folves it with very great violence,

Zinc has a greater affinity than iron or copper
with the vitriolic acid ; and therefore it decompounds
the green and blue vitriols, precipitating thofe two
metals by uniting with the vitriolic acid, with which
it forms a metallic falt or vitriol called W hbite Vitriol,
or Vitriel of Zinc.

Nitre mixed with Zinc and projected into a red-
hot crucible detonates with violence, and during
the detonation there rifes a great quantity of white
flowers, like thofe which appear when it is calcined
by itfelf.

Sulphur has no power over Zinc. Even liver
of fulphur, which diffolves all other metallic fub-
ftances, contracts no union with this femi-metal.

Mefl. Hellot and Malouin have beftowed a great
deal of pains on this femi-metal. An account of
their experiments is to be found in the Memoirs of
the Academy of Sciences.

§. IV. Of
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§. IV. Of RecuLus or Arsenic.

REGULUS of Arfenic is the moft volatile of
all the femi-metals. A very moderate heat makes
it wholly evaporate, and fly off in fumes ; on which
account it cannot be brought to fufion, nor can any
confiderable mafles thereof be obtained. It has a
metallic colour, fomewhat refembling Lead; but
it foon lofes its fplendour when expofed to the air.

It unites readily enough with metallic fubftances,
having the fame affinities with them as Regulus of
Antimony hath. It makes them brittle, and unmal-
leable. It hath alfo the property of rendering them
volatile, and greatly facilitates their fcorification,

It very eafily parts with its phlogifton and its me-
tallic form.. When expofed to the fire it rifes in a
kind of fhining cryfalline calx, which on that ac-
count looks more like a faline matter than a metallic
calx. To this calx or thefe flowers are given the
names of White Arfenic, Cryfialline Arfenic, and
moit commonly plain A /enic. it

The properties of this fubftance are very fingular,
and extremely different from thofe of any other me-
tallic calx. Hitherto it hath been but little examin-
ed ; and this led me to make fome attempts towards
difcovering its nature, which may be feen in the
Memoirs of the Academy of Sciences.

Arfenic differs from every other metalline calx,
firft, in being volatile; whereas the calxes of all
other metallic fubftances, not excepting thofe of the
mofl volatile femi-metals, fuch as Regulus of An:
timony and Zinc, are exceedingly fixed; and fe-
condly, in having a faline charaéter, which is not
found in any other metalline calx. -

The faline characer of Arfenic appears, firft, from
its being foluble in water , {econdly, from its corro-
five quality, which makes it one of the moft vio-

lent



THEORY of CHYMISTRY. @

lent poifons : a quality from which the other metallic
fubftances are free, when they are not combined
with fome faline matter. Regulus of Antimony
muft however be excepted: bur then the beit Chy-
mifts agree that this femi-metal is either nearly of
the fame nature with Arfenic, or confains a portion
thereof in its compofition: befides, its noxious
qualities never difcover themfelves {o plainly as
when it is combined with fome acid. Lattly, Arfe-
nic acts jult like the vitriolic acid upon nitre ; that
1s, it decompounds that neutral falt, by expelling
it from its alkaline bafis, of which it takes pol-
feflion, and therewith forms a new faline com-
pound.

This combination is a fpecies of falt that is per-
fectly neutral.  When the operation is performed in
a clofe veffel, the falt fhoots into cryftals in the
form of right-angled quadrangular prifms, ter-
minated at each extremity by pyramids that are alfo
quadrangular and right-angled ; fome of which,
however, inftead of ending in a point, are obtufe as
if truncated. The confequence is different when
the operation is performed in an open veffel 5 for
then nothing is obtained but an alkaline falt im-
pregnated with Arfenic, which cannot be cryf-
tallized.
~ The caufe of this different effe@® is thdr, when
the Arfenic is once engaged in the alkaline bafis of
the nitre, it can never be feparated from it by the
utmoft force of fire, fo long as it is kept in a clofe
veflel ; whereas, i you expofe it to the fire without
 that précaution, it reéadily feparates from it. This
property of Arlenic was never before obferved by
any Chymift, and therefore this our new fpecies of
Neutral arfenical falt was abfolutely unknown till
lately.

This new falt poffeffes many fingular properties,
the chief of which are thefe: Firft, it cannot be
VL. 1. H de-
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decompounded by the intervention of any acid, evenr |
the ftrongeft acid of vitriol; and this, joined to its . |
property of expcl]ing the nitrous acid from its balfis,
fhews that it has a very great affinity with fixed al-
kalis.

Secondly, this very falt, on which pure acids
have no effet, is decompounded with the greateft
eafe by acids united with metallic fubftances. The
reafon of this phenomenon is curious, and furnifhes
us with an inftance of what we advanced concerning
double affinities.

If to a folution of any metallic fubftance what-
ever, made by any acid whatever, (except that of
Mercury by the marine acid, and that of Gold by
aqua regis,) a certain quantity of our new fale dif-
folved in water be addéd, the metallic fubftance is
inftantaneoufly feparated from the acid in which it
was diffolved, and falls to the bottom of the liquor.

All metallic Precipitates obtained in this manner
are found to be a combination of the metal with
Arfenic ; whence it neceffarily follows that the new
Neutral Salt is by this means decompounded, its arfe-
nical part uniting with the metallic fubftance, and
its alkaline bafis with the acid in which that {ub-
ftance was diffolved.

The affinities of thefe feveral bodies muft be con-
fidered as operating on this occafion in the following
manner : The acids which tend to decompound the
Neutral Salt of Arfenic, by virtue of their affinity
with its alkaline bafis, are not able to accomplifh it,
becaufe this affinity is powerfully counteracted b
that which the Arfenic has with the fame alkaline
bafis, and which is equal or even fupericur to theirs.
But if thefe acids happen to be united with a fub-
flance which naturally has a very great affinity with
the arfenical part of the Neutral Salt, then, the
two parts of which this Salt confifts being drawn
different ways by two feveral affinities tending to fe-

parate
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parate them from each other, the Salc will undergo
a decompofition, which could not have been effected
without the help of this fecond affinity. Now ag
metallic {ubftances have a great affinity with Arfe-
nic, it is not furprifing that the Neutral Salt of arfe-
hic, which cannot be decompounded by a pure acid,
fhould neverthelefs yield to an acid combined with a
metal. The decompofition of this Salt, therefore,
and the precipitation which of courfe it produces
in metallic {olutions, are brought about by the
means of a double affinity ; namely, that of the
acid with the alkaline bafis of the Neutral falt, and
that of the metal with the arfenical part of that fale.

Arfenic has not the fame effect on fea-falt as on
nitre, and cannot expel its acid : a very fingular
phenomenon, for which itis hard to affign a reafon 3
for the nitrous acid is known to have a greater af-
finity than the marine acid with alkalisy and even
with the bafis of fea-falt itfelf. |
~ Yet Arfenic may be combined with the bafis of
fea-falt, and a Neutral falt thereby obtained, like
that which refults from the decompofition of nitre
by Arfenic : but for that purpofe a quadrangular
nitre muft be firt prepared, and Arfenic applied
thereto as to common itre.

- The Salt produced by uniting Atfenic with the
bafis of fea-falt very much refembles the Neutral
{alt of Arfenic above treated of, as well in the fi-
gure of its cryftals as in its {everal properties,

Arfenic prefents another fingular phenomenon,
both with the alkali of nitre and with that of fea-
falt 3 which is, that if it be combined with thefe
falts in 2 fluid flate, it forms with them a faline
compound, quire different from the Neutral falts of
arfenic which refulc from the decompofition of ni-
trous falts. -

This faline compound, which Tcall Liver of Ar/fe-
#wic, takes up a much greater quantity of Arfenic

¥ than
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than is neceffaty for the perfeét faturation of the al-
kali. 1t has the appearance of a glue, which is fo
much the thicker the more Arfenic it contains. Its
fmell is difagreeable ; it attracts the moifture of the
air, and does not cryftallize; it is eafily decom-
pounded by any acid whatever, which precipitates
the Arfenic and unites with the alkali. Laftly, the
effets it produces on metallic folutions are different
from thofe of our neutral arfenical falts. But the
bounds which I have fet my felf in this treatife will
not allow me to be more particular.  Such as have

‘the curiofity to enquire further into the fubject may
confult my Differtations on Arfenic, publifhed
among the Memoirs of the Academy of Sciences.

Arfenic is eafily reduced to a Regulus. It need
only be mixed with any matter containing the phlo-
gifton, and by the help of a moderate heat a true

Regulus will fublime. This Regulus, as was faid,
is very volatile, and calcines with the greateft eale;
which is the reafon why it cannot be obtained ‘but
in fmall quantities, and allo why, 1n order to obtain
mafies of it, fome have thought of adding thereto
fome meral with which it has a great affinity, fuch
as Copper or Iron; becaufe by joining with the
metal it is partly fixed and refltrained from flying
off.  But it is plain the Regulus obtained by this
‘means is not pure, as it muft partake confiderably
of the metal employed. - -_

Arfenic readily unites with fulphur, and rifes
with it in a yellow compound called Orpiment.

Sulphur cannot be feparated from Arfenic but by
the intervention of two bodies only ; to wit, a fixed
alkali and Mercury.

"~ The property which Mercury pofiefies of {epa-
rating fulphur from Arfenic is founded on this, that
thefe two metallic fubftances are incapable of con-
tratting any union ; whereas though moft of. the
other metals and femi-metals have a greater affinicy

with
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with fulphur than Mercury hath, as was fhewn in
treating of the decompofition of Cinabar, neverthe-
lefs they are all unable to decompound Orpiment;
becaufe fome of them have as great an affinity
with Arfenic as with fulphur; others have no af-
finity with either ; and laftly, fulphur hath as great
an affinity with Arfenic as with any of them.

It muft be obferved thart, if fixed alkalis be em-
ployed to purify Arfenic in this manner, no more
muflt be ufed than is neceflary to abforb the fulphur
or the phlogifton, of which alfo it is their nature to
deprive Arfenic ; ~for otherwife, as it has been
fhewn that Arfenic readily unites with alkalis, they
would abforb a confiderable quantity thereof.

el T

CHA P X0
Of O 1L gmemf_.'

IL is an unftuous body, which burns and

confumes with flame and fmoke, and is not
foluble in water. It confifts of the phlogifton
united with water by means of an acid. There is
moreover in its compofition a certain proportion of
earth, more or lefs according to each feveral fort
- of Oil. -

The inflammability of Oil evidently proves that
it contains the phlogifton. That an acid is one of
its conftituent principles many experiments demon-
ftrate, of which thefe are the chief : If certain Qils
be long triturated with an alkaline falr, and the al-
kali afterwards diffolved in water, cryftals of atrue
neutral falt will be produced: fome metals, and
particularly Copper, are corroded and rufted by
Qils, juft as they are by acids: again, acid cryftals

i3 are
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are found in fome ‘Oils that hiave been long kept,
“This acid in Oil ferves undoubtedly to unite its
phlogifton with its water 5 becaufe thefe two fub-
ftances having no affinity with each othier cannot be
united without the intervention ‘of fuch a medium
#s an acidy which has an affinityswith bothi .~ As to
the exiftence of water in Oils, it appears’ plainly
when they are decampofed by repeated diftillations,
efpeciaily after mixing them with abforbent earths,
Laltly, when an Oil is dcitroyed. by burning, a cer-
tain quantity of earth is conftantly left behind.

We are very fure that the abovementioned prin-
ciples enter into the compofition of Oils; for they
may be obtained from every one of them : butitis
not abfolutely certain that they confift of thefe only,
and that they do not contain fome other principle
which may efcape our notice in decompofing them,
for hitherto it doth not appear, by any experiment
we can depend ‘on, that Oil was ever produced by
combining together the principles here fpecified : yet
{fuch redintegrarions are the only means we have of
fatisfying ourfelves that we know all the principles
which conftitute a body. o -

- Oils expofed to the fire in clofe veffels pafs over
almoft wholly from the containing veflel into any
other applied to receive them. There remains,
however, a {fmall quantity of black marrer, which is
extremely fixed, and contipues unalterable as long
as it has no communication with the external air, be

the force of the fire ever fo violent. This matter

is no other than part of the phlogifton of the Oil
united with its moft fixed and groffeft earth ; and
this is what we called Charcoal, or plainly 3 Coal.

§.I. Of Cuarcoal,

~ Wien Oil happens to be united to much earth, as
it is in vigetable and animal bodies, it leaves a con-

‘derable quantity of Coa! or Charred matter.

This




THEORY ¢f CHYMISTRY, 103

This Coal, expofed to the fire in the open air,
burns ahd waftes; but without blazing like other
combuftible matters : there appears only a {mall
blueith flame, but not the leaft {moke. Moft com-
monly it only glows and fparkles, and fo gradually
falls into afhes, which are nothing but the earth of
the body combined with an alkaline falt in turning.
This alkaline falt may be feparated from the earth,
by lixiviating the afhes with water, which diffolves
all the falt, and leaves the earth quite pure.

Charcoal is unalterable and indeftruétible by any
other body but fire; whence it follows, that when
it is not attually kindled and ignited, the moft
powerful agents, fuch as the acids, though ever fo
ftrong and concentrated, have not the leaft efcd®
on it.

T'he cafe is otherwife when it is lighted, that is,
when its phlogifton begins to feparate from its
earth ; for then the pure acid of vitriol being joined
therewith contracts an inftantaneous union with its
phlogifton, and evaporates in a volatile fulphureous
fpirit. If the vitriolic acid, inftead of being ap-
plied quite pure, be firlt clogged with fome bafis,
efpecially an alkaline one, it quits that bafis, enters
into a more intimate union with the phlogifton of
the burning Coal, and fo forms an actual fulphur,
with which the alkali now unites and forms a hepar.

The pure acid of fea-falt hath not been obferved
to act in the leaft upon Charcoal, efpecially when it
1§ not on fire.  But when this acid is incorporated
with an alkaline or metallic bafis, and combined
according to a peculiar procefs with burning Char-
- coal, it in like manner quits its bafis, unites with
. the phlogifton, and therewith forms a Phofphorus,
of which we have already taken notice.
© Nor has the pure nitrous acid any effect on a
charred Coal, even when ignited : and fo far is it
- from being able to kindle a cold one, that when
H 4 poured
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Eourr:d on a live one, it extinguithes it like water.’

ut when this acid is united with a bafis, it quits it
rapidiy as foon as it touches a burning coal, and
rufhes violently into an union with the phlogifton
thereof.  From this union there probably arifes, as
we faid before, a kind of fulphur or phoiphorus,
which is fo inflammable 2s to be deftroyed by the
fire the very moment it is generared.

The acids of nitre and vitriol aét upon Oils 3 but
very difterently, according to the quantity of
phlegm they contain, If they be weakened with
much water, they have no effeét at all upon Qils ;
if they contain little water, or be dephlegmated to
a certain degree, they diffolve them with heat, and
with them form compounds of a thick confiftence,
Acids thus combined in a confiderable proportion
with Oils render them foluble in water. '

N 1, O Saa 5 -
Avk avis alfo have the fame property. . 'When an -
Oil is combined with an acid or an alkali in fuch a
manner that the compound refulting from their
union is foluble in water ; fuch a compound may in
general be called a Saap. Soap itfelf hath the pro-
perty of rendering fat bodies in fome meafure foluble
in water ; on which account it is very ufeful for
{couring or cleanfing any thing greafy. [ 1
Cily and faline {ubftances, combined together, ob-
ferve the fame general rules as all other combina-
tions; that is, they mutually communicate the
properties belonging to each: thus Oils, which na-
turally are not foluble in water, acquire by their
union with faline matters the property of diflolving
therein; and falts lofe by their conjunétion with
Qils part of their natural tendency to incorporate
with water; fo that while they ferve to conftitute
Soap they donat, as before, attract the moifture of
the air, &¢. and in like manner, as they are not
n-
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inflammable, they confiderably leffen the inflamma-
bility of the Oils combined with them. |

Acid Soaps are decompounded by alkalis, as al-
kaline Soaps are by acids, according to the general
rules of affinities.

The acids of nitre and vitriol, when highly con-
centrated, diffolve Oils with fuch violence as to heat
them, make them black, burn them, and even for
them on fire. How fea-falt affe@s Oils is not yet
fufficiently afcertained.

Al Qils have the property of diffolving fulphur;
which is not at all furprifing, feeing éach of its com-
ponent principles hath an affinity with Oil.

It is alfo a property common to all Qils to be-
come more fluid, fubtile, light, and limpid ‘the-
oftener they are diftilled. * On 'the contrary, by be-
ing incorporated with faline fubftances they acquire
a greater confiftence, and fometimes form  com-

pounds that are almoft folid.

CHAP XI
of the Jeveral forts of OrLs.

ILS are diftinguithed by the fubftances from
which they are drawn: and as Oils are ex-
tratted from minerals, from vegetables, and from
animals, there are of courfe Mineral, Vegetable, and

Animal Qils.

§.1. Of MineraL Oi1Ls.

In the bowels of the earth we find but one fort of
Oil, called Pesroleum : its {mell is {trong and not
difagreeable, and its colour fometimes more fome-

times
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times lefs yellow. There are certain mineral fub-
ftances which yield by diitillation a' great deal of
Oil very like Petroleum. This fort of fubftance
is called a Brfumen, and is, indeed, “nothing but an
Oil rendered confiftent and folid by being combined
with an acid; as appears from hence,  that by unit-
ing. Pﬁtmleum wich the acid of vitribl we can pro-=
duce an artificial Bitumen very like the native. -

§. 1I. Of VEGETABLE OrLs

VecerasLk fubftances yield a very great quantlry
and variety of Oils: for there is not a plant, or part
of a plant, that does not contain one or more forts
theteof, generally peculiar to itfelf; and different
from all others.

By expreflion only, that is, by brmzmg and
fqueezing vegetable fubftances, particularly certain
fruits and feeds, a fort of Oil is obtained which has
fcarce any fmell or tafte.  Oils of this fort are very
mild and un¢tuous ; and, becaufe in this refpect

refemble animal fat more than the reft dn, they
are called Far Oils.

Thefe Oils, being expofed to the air for fome
time, fooner or later grow thick, acquire an acrid
tafte, and a ftrong difagreeable fmell. Some of
them conge:l with the fmalleft dégree of cold. This
fort of Oil is well adapted to diffolve thofe prepa-
rations of Lead caHed Litharge and Minium, with
which they form a thick tenacious fubftance, that is
ufed for the bafis of almoft all plaifters.  They als
fo diffolve Lead in its metaihne form; but not fo
eafily as the forts of calx abwementiﬂned; pro-
bably becaufe its body is not fo much opened, nor
its parts {o divided.

By expreflion alone we alfo prcicure from CErtam
vegetable {ubftances another fort of Cil, which is
thm limpid, volatile, of a pungent taf‘h?, and re-
tains the fmcl] of the vegetable that yielded it; on

which
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which account it is called-an Effential Oil. OF this
‘this there are feveral forts, differing from one an-
other, like the Fat Oils, according to the fubjeéts
from which they are obtained.
- We muft obferve that it is very difficult, or ra-
ther in moft cafes impofiible, to force from the
greateft part of vegetables, by expreffion only, all the
cflential Oil they contain. For this purpofe there-
fore recourfe muft be had to fire : ‘a gentle heat, not
exceeding that of boiling water, will extract all the
effential Oils of a vegetables and this is the moit
ufual and moft convenient way of procuring them.
The fat Oils cannot be obtained by the fame me-
thod : thefe being much lefs volatile than the ef:
fential Oils require a2 much greater degree of heat o
raife them ; which neverthelefs they cannot bear
without being much fpoiled and entirely changed in
their nature, as fhall prefently be thewn. AI[Qils,
therefore, which rife with the heat of boiling water,
and fuch alone, fhould be called k fiential Oils.
: Effential Qils, in a longer or thorter time, ac-
cording to the nature of cach, lofe the fragrant
{mell they had when newly diftilled, and acquire
another which is ftrong, rancid, and much lefs
agreeable : they alfo lofe their tenuity, becoming
thick and vifcid ; and in this ftate they greatly re-
femble thofe fubftances abounding in Oil which
flow from certain trees, and which are called Ba/-
Jams or Refins, according as they are lefs or more
- confiftent, .
Balfams and Refins are not foluble in water.
But there are other Oily compounds which likewife
run from trees ; and, though not unlike Refins, are
however {oluble in water. Thefe are called Gums s
and their property of diffolving in water arifes from
their containing more water and more falc than Re-
fins have; or at leaft their faline parts are lefs
clogged and more difengaged.
1 Balfams
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Balfams and Refins diftilled with the heat of bml—
ing water yield great quantities of a limpid, fubtle,
odoriferous, and, in one word, effential Qil. -Inn
the {lill there remains a fubftance thicker and more.
confiftent than the Balfam or Refin was before dif-
tillation. The fame thing happensito effential Qils:
which by length of time have acquired a confiftence;:
and are grown refinous.  If they be rediftilled, they
recover their former tenuity, leaving behind them:a
remainder thicker and more refinous than they them-
felves were. - This fecﬂnd mlhilatmn is called the
Rectification of an Oil,

It muft be obferved that an effential Qil, com-
bined with an acid ftrong enough to diffelve it, im&:
mediately becomes as thick and. refinous, in confe-
quence-of this union, as if it had' bcen long ex-

pofed to the air : which proves the confiltence an
011 acquires by long keeping to be owing to this)’
that its hghtei’c and lefs acid parts being f-vapnratu:l
the proportion of its acid to the remainder 1s fo in-:
‘crealed thar it produces therein the fame change as
an additional acid mixed with the Oil would hav:r
wrought before the evaporation. ol

This alfo fhews us that Balfams and Refins ‘are
only eflential Oils combined with a great prﬂpurtu}n
of acid, and thereby thickened.

If vegetable {fubftances, from which no more ef-
fential Oil can be drawn by the ‘heat of bmimn“
water, be expofed to a fironger heat, they ]E:id
an additional quantity of Oil; But it is t]uckn:,r and
heavier than the effential Oil. Thefe Oils are black,
and have a very difagreeable burnt fmell, which
hath made them be called Fetid, or Empyreumatic
Oils. They are moreover very acrid.
~ Jt muft be obferved that, if a vegetable fubftance
be expofed to a degree of heat greater than that
of boiling water, before the fat or the eflential Qil
is extracted from it, an empyreumatic Oil only will

then
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then be obtained ; becaufe both the far and eflential
QOils, when expofed to the force of fire, are thereh
burnt, rendered acrid, acquire a finell of the fire,
and, in a word, become truly empyreumatic.
There is ground to think that an empyreumatic Qil
is nothing elfe but an effential or fat Gil burnt and
fpoiled by the fire, and that no other Qil befides
thefe two exifts naturally in vegetables,
Empyreumatic Qils, diftilled and reQified feveral
times by a gentle heat, acquire by every diftillation
a greater degree of tenuity, lightnefs, and limpi-
dity. By this means alfo they lofe fomething of
their difagreeable odour; fo thac they gradually
come nearer and nearer to the nature of effential
Oils : and if the reGifications be often enough re-
peated, ten or twelve times for inftance, they be-
come perfectly like thofe Oils; except that  their
fmell will never be fo agreeable, nor like that of
the fubftances from which they were obtained.
- Fat Oils may alfo be brought by the fame means
to refemble effential Oils - but neither effential nor

empyreumatic Oils are capable of acquiring the pro-
perties of fac Oils.

§.1II. Of Aximar Orvs.

DisTiLLaTron procures us confiderable quantities
of Oil from all the parts of animal bodies, and
efpecially from their fat, This Oil at firft is not
very fluid, and is extremely fetid: but by many
rectifications it gradually acquires a great degree of
clearnefs and tenuity, and at the fame time lofes
much of its difagreeable odour. Animal Oils, thus
rendered thin and fluid by a great number of recti-
fications, have the reputation of being an excellent
medicine, and a fpecific in the epilepfy.

CHAP.
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C.HeA Pose X1
- Of FERMENTATION in general.

)Y Fermentation is meant an inteftine motion,

which, arifing fpontancoufly among the in-

fenfible parts of a body, produces a new difpofition
and a different combination of thofe parts.

To excite a Fermentation in a mixt body it is ne-
cefary firlt, that there be in the compofition of that
mixt a certain proportion of watery, faline, oily,
and earthy parts : but this proportion is not yet fuf-
ficiently afcertained. Secondly, it is requifite that
the body to be fermented be placed in a certain de-
gree of temperate heat: for much cold obftruéts
fermentation ; and too much heat decompofes bo-
dies. Laftly, the concurrence of the air is alfo ne-
ceffary to fermentation,

All vegetable and animal fubftances are fufceptible
of Fermentation, becaufe all of them contain in a
due proportion the principles above fpecified. How-
ever, many of them want the proper quantity of
water, and cannot ferment while they remain in
fuch a ftate of drynefs. But it is eafy to fupply
that defect, and fo render them very apt to fer-
ment,

With refpect to minerals properly {o called (that
is, excluding fuch vegetable and animal fubftances
as may have lain long buried in the earth) they are
not {ubject to any Fermentation ; at leaft that our
fenfes can perceive.,

There are three forts of Fermentation, diftinguifthed
from one another by their feveral produétions. The

firlt produces wines and fpirituous liquors; for
which
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which reafon it is called the Finousor Spirituons
Fermentation : the refule of the fecond is an acid li-
quor ; and thercfore it is called the Aretous Fermen-
tation : and the third generates an alkaline falt ,
which, however, differs from the alkaline fales hi-
therto treated of, in chis refpect chiefly that, inftead
of being fixed, it is extremely wolatile : this laft
fort takes the name of the Putrid or Putrefaltive
Lermentation.  We fhall now confider thefe three
forts of Fermentation and their effeéts a little more
particularly.

Thele three forts of Fermentation may take place
fucceflively in the fame fubject ; which proves them
to be only three different degrees of fermentation,
all proceeding from one and the fame caufe, rather
than three diftinét fermentations.  Thefe degrees of
fermentation always follow the order in which we

have here placed them.

a— -- -

C-H A P. XJL
Of the SPIR-ITUOUS FERMENTATION.

, HE juices of almott all fruits, all faccharine
T vegetable matters, all farinaceous feeds and
grains of every kind, being diluted with 2 fuficient
quantity of water, are proper fubjects of Spirituous
Fermentation. If fuch liquors be expofed, in vel-
fels flightly ftopped, to a moderate degree of heat,
they begin in fome time to grow turbid; there
arifes infenfibly a fmall commetion among their
parts, attended with a hifling noife ; this by litdle
and little increalfes, till the groffer parts appear, like
little feeds or grains, moving to and fro, agitated
among themfelves, and thrown up to the furface,
At the fame time fome air bubbles rife, and the

liquor
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liquor acquires a pungent, penetrating fmell, occa-
fioned by the very {ubtile vapours which exhale
from it.

Thefe vapours have never yet been colletted, in
order to examine their nature; and they are known
only by their noxious effects.  They are fo actively
pernicious, that if a man comes rafhly into a clole
place, where large quantities of liquors are ferment-
ing, he fuddenly drops down and expires, as if he
were knocked on the head.

When thefe feveral phenomena begin to go off,
it is proper to ftop the fermentation, if a very fpi-
rituous liquor be required : for if it be fuffered to
continue longer, the liquor will become acid, and
from thence proceed to its laft ftage, that is, to pu-
trefaction.  This is done by ftopping the containing
veflels very clofe, and removing them into a
cooler place. Then the impurities precipitate, and
fettling at the bottom leave the liquor clear and
tranfparent : and now the palate difcovers that the
fweet, faccharine tafte it had before fermentation is
changed to an agreeable pungency which is not
acid.

“ Liquors thus fermented are in general calfed
Wines : for though in common life that word pro-
perly fignifies the fermented juice of grapes only,

and particular names are given to the fermented
- juices of other vegetable fubftances; as that ob-
tained from Apples is called Cyder 5 that made from
malt is called Beer : yer in Chymiftry it is of ufe to
have one general term denoting every liquor that
has undergone this firft degree of fermentation. -

By diftillation we draw from Wine an inflam-
mable liquor, of a yellowith white colour, light,
and of a penetrating, pleafant finell.  This liquor
is the truly fpirituous part of the wine, and the
product of fermentation. That which comes off in
the firlt diftillarion is commonly loaded with much

phlegm
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phlegm and fome oily parts, from which it may be
afterwards freed. 1Tn this ftate it goes by the name
of Brandy; but when freed from thefe heteroge-
neous matters by repeated diftillations, it becomes
ftill clearer, lighter, more fragrant, and much
more inflammable, and then is called Spiris of Wine,
and Resified Spirit of Wine, or Ardent Spirits, if
confiderably purified. The properties which di-
ftinguith an Ardent Spirit from all other fubftances
are its being inflammable; its burning and confuming
entirely, without the leaft appearance of fmoke or
fuliginofity ; its containing no particles reducible to a
coal ; and its being perfectly mifcible with water.
Ardent Spirits are lighter and more volatile than
any of the principles of the mixts from which they
were produced, and confequently more fo than the
phlegm, the acid, and the oil of which they them-
Aelves confift. This arifes from a particular difpo-
Aicion of thefe principles, which are in a fingular
manner attenuated by fermentation, and thereby
-rendered more fufceptible of expanfion and rarefac-
tion.

Ardent fpirits are fuppofed to be the natural fol-
vents of oils and oily matters. But it is very re-
markable that they diffolve effential oils only,
without touching the fat of animals, or the fat oils
obtained from vegetables by expreffion ; yet when
thefe oils have once undergone the action of fire,
they become foluble in fpirit of wine, and even ac-
quire a new degree of folubility every time they are
diftilled. It is not fo with effential oils, which can
never be rendered more foluble in ardent fpirits than
they are at firft; and are fo far from acquiring a new
degree of folubility every time they are diftilled,
that on the contrary they even in fome meafure Jofe
that property by repeated reétifications.

I have taken fome pains to find out the
caufes of thefe fingular effes, and the refult of

You. L | my
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my enquiries is publifhed among the Memoirs of
the Academy of Sciences for the year 1745. I
thercin confider ardent fpirits as confifting of an
oil, or at leaft a phlogifton, mixed with a portion
of water, in which it is rendered foluble by means
of an acid. This being laid down, I fhew that the
inability of ipirit of wine to diffolve fome oils muft
be imputed to its aqueous part, in which oils are not
naturally foluble without the intervention of a falt:
and that the power which this fpirit exerts in
diffolving other oils with eafe, fuch as eflential oils,
muft in all probability be owing to this, that in
thefe oils it meets with the neceffary faline me-
dium, that is, with an acid, which numberlefs
experiments fhew they actually contain.

On the other hand, I there prove that the acid in
efiential oils is fuperabundant, and in fome fort fo-
reign to their nature, or that it is but flightly con-
nected with them, and in part deferts them every
time they are diftilled ; which renders théem lefs fo-
luble after every new rectification : whereas, on the
contrary, the fat exprefled oils in their natural ftate
give not the leaft fign of acidity; but the aétion of
fire upon them difcovers an acid which was not per-
ceivable before. Hence I conjeture that thefe oils
contain no more acid than is juft neceflary to confti-
tute them oils ; that this acid is intimately blended
with their other component parts; that it is fo
fheathed and entangled by thefe parts as to be in-
capable of exerting any of its properties ; and that
on this aceount thefe oils in their natural ftate are
not foluble in {pirit of wine : but that the difpofition
of their parts being gradually changed by the fire,
and their acid, being by that means fet more and-
more at liberty, at length recovers its properties,
and particularly that of rendering the oily parts fo-
luble in an aqueous menftruum : and hence it fol--
lows that the fat oils become fo much the more fo-

luble
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luble in fpirit of wine the oftener they are expofed to
the attion of fire.

Spirit of wine doth not diffolve fixed alkalis ; or
at lealt it takes up but a very fmall quantity thereof;
and hence ardent fpirits may be freed from much of
thewr phlegm by means of thefe falts thoroughly
dried : for as they ftrongly imbibe moifture, and
have even a greater affinity than ardent {pirits with
water, if a fixed alkali well exficcated be mixed with
fpirit of wine that is not perfeétly dephlegmated,
the alkali immediately attraéts its  fuperfluous
moifture, and is thereby refolved into a liquor,
which on account of its gravity defcends to the
bottom of the vefflel. The fpiric of wine, which
{fwims a-top, is by thismeans as much dephlegmated,
and as dry, as if it had been reified by feveral di-
ftillations.  As it takes up fome alkaline particles

“1n this operation, it is thereby qualified to diffolve
oily matters with the greater facility. When reti-
fied in this manner it is called Zartarifed Spirit of
Wine,

Yet fpirit of wine, even when re&ified to an
alcohol, is not capable of diffolving all oily
matters. Thofe named Gums will by no means en-
ter into any fort of union therewith; but it readily
- diffolves moft of thofe which are known by the ap-
pellation of Refins. When it has diffolved a cer-
-tain proportion of refinous particles it acquires a
greater confiftence, and forms what is called a Spiri¢-
Varnifb, or a Drying Varnifh, becaufe it foon dries,

- This Varnifh is fubjett to be damaged by water,
Many forts thercof are prepared, differing from each
other according to the different refins employed,

- or the proportions in which they are ufed. Moft
- of thefe Varnifhes are tranfparent and colourlefs.

Such bitumens or refins as {pirit of wine will
mot touch are diflolved in cils by means of fire, and

~ then form another kind of Varnith which water daes

i3 ROt
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not hurt. Thefe Varnifhes are ufually coloured, and
require much longer time to dry than the Spirit-
Varnifhes : they are called Ou-Farnifbes.

Spirit of wine hath a much ‘greater affinity with
water than with oily matters ; and therefore if a {fo-
lution of any oil or refin in {pirit of wine be
mixed with water, the liquor immediately grows
‘turbid, and acquires a whitifh-milky colour, owing
entirely to the oily parts being feparated from the
{pirituous menftruum by the acceffion of water, and
too finely divided to appear in their natural form.
But if the liquor ftand fome time quiet, feveral of
thefe particles unite together, and graduvally acquire a
bulk fufficient to render them very perceptible to the
eye.

: Acids have an affinity with {pirit of wine, and
may be combined with it. By this union they lofe
moit of their acidity, and on that account are faid
to be Dulcified. But as thefe combinations of acids,
efpecially of the vitriolic acid, with fpirit of wine
furnith fome new productions of very fingular pro-
perties, and as an examination thereof may throw
much light on the nature of ardent {pirits, it will
not be amifs to take notice of them in this place,
and confider each of them particularly.

One part of highly concentrated oil of vitriol be-
ing mixed with four parts of well dephlegmated
fpirit of wine, there arifes immediately a confider-
able ¢bullition and effervefcence, attended with great
heat, and abundance of vapours, which fmell plea-
fantly, but are hurtful to the lungs. At the fame
time is heard a hifling like that produced by a piece
of red-hot iron plunged in water. Indeed it is pro-
per to mix the liquors very gradually ; for otherwife
the vefitls in which the operation is performed will
be in great danger of breaking.

If the two liquors thus mixed be diftilled with a |

very gentle heat, there rifes firft a fpirit of ‘wine of

a_ ]
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a molt penetrating and grateful odour : when about
half thereof is come over, what follows has a quicker

- and more fulphureous fmell, and is alfo more loaded

with phleem. When the liquor begins to boil a
little, there comes off a phlegm which fimells very
ftrong of fulphur, and grows gradually more acid,
On this phlegm floats a fmall quantity of a very
light and very limpid oil. In the ftill there remaing
a thick, blackifh fubftance, fomewhat like a refin
or bitumen. From this fubftance may be {eparated
a good deal of a vitriolic but fulphureous acid.
‘When thar is extrated, there remains a black malfs
like a charred coal, which being put into a crucible
and expofed to a violent heat leaves a fimall portion

of earth, very fixed, and even vitrifiable. '

By retifying the ardent fpirit, which came over
in diftilling the abovementioned mixture, a ve
fingular liquor is obtained, which differs efientially
both from oils and from ardent fpirics, though in
certain refpects it refembles them boch. This Ii-
quor is known in Chymifiry by the name of % ber,
and its chief properties are as follow.

/Ether is lighter, more volatile, and more in-
flammable, than the moft highly rectified fpisit of
wine. It quickly flies off when expofed to the
air, and fuddenly catches fire when any flame ap-
proaches it. It burns like fpirit of wine without
the leaft {moke, and confumes entirely without
leaving the fmalleft appearance of a coal or of afhes,
It diffolves oils and oily matters with great eafe and
rapidity. Thefe properties it has in common with an
ardent fpirit. But it refembles an oil in that it is

 not mifcible with water ; and this makes it effen-
~ tially different from fpirit of wine, the nature of

which is to be mifcible with all aqueous liquors.
Another very fingular property of Aither is its

-~ great affinity with gold, exceeding even that of aqua

regis. It does not indeed diffolve gold when in a
| I3 mals,
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mafs, and in its metalline form: but if a finall
quantity of Ather be added to a folution of gold in
aqua regis, and the whole thaken together, the gold,
feparates from the agua regis, joins the Ather, and

- remains diffolved therein.

The reafon of all the phenomena above-mention-
ed, refulting from the mixture of fpirit of wine
with oil of vitriol, is founded on the great affinity
between this acid and water. For if the vitriolic
acid be weak, and as it were over-dofed with watery
parts, neither oil nor Zither can be obtained by
means thereof : but when highly concentrated, it
attracts the aqueous parts very powerfully; and
therefore being mixed with fpirit of wine lays hold
of moft of the water contained in it, and even robs
it of fome portion of that which is effential to its
nature, and neceffary to conftitute it {piric of wine :
whence it comes to pafs that a certain quantity of
the oily particles in its compofition being feparated
from the watery particles, and fo brought ncarer to
each other, they unite and aflume their natural
form ; and thus the oil that fwims at top of the ful-
phureous phlegm is produced.

The virriolic acid moreover thickens and even
burns fome of this o1l ; and hence comes the bitu-
minous refiduum left at the bottom of the fill,
which looks like the refult of a wvitriolic acid com-
bined with common oil. Lattly, the vitriolic acid
becomes fulphureous, as it always doth when united
with oily matters, and alfo very agueous, on account
of the quantity of phlegm which it attratts from
the fpirit of wine.

Aither may be confidered as a {pirit of wine ex-
ceedingly dephlegmated, even to fuch a degree that
its nature is thereby changed ; fo that the few a-
queous particles left in it are not fufficient to diffolve
the oily particles and keep them afunder; which
therefore being now much nearer to one another

than
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than in common fpirit of wine, the liguor hath
loft its property of being mifcible with water.

Spirit of nitre well dephlegmated, and combined
with fpiric of wine, prefents likewife fome very
fingular appearances.

Firdt, in the very inftant of its mixture with {pi-
rit of wine it produces a greater and more violent
effervefcence than the vitriolic acid occafions.

sSecondly, this mixture, without the help of dif-
tillation, and only by ftopping the bottle in which
the liquors are contained, affords a fort of ther,
produced probably by the vapours which afcend
from, and fwim at top of the mixture. This is a
very fingular liquor. Dr. Navier was the firft that
took notice of it, and gave a delcription thereof,

~which may be feen in the Memoirs of the Academy
of Sciences. :

Thirdly, fome authors pretend that by diftilling
the mixture under confideration an oil is obtained
greatly refembling that which, as we obferved
above, rifes from fpirit of wine combined with the
vitriolic acid : others again deny this. For my part,
I believe the ‘thing depends on the different concen-
tration of the {pirit of nitre, as well as on the qua-
lity of the fpirit of wine, which is fometimes more
fometimes lefs oily.

Fourthly, the two liquors we are fpeaking of, be-
ing intimately mixed by diftillation, form a liquor
flightly acid, ufed in medicine, and known by the
name of Sweet or Dulcified Spirit of Nitre; a very
pioper name, fecing the nitrous acid, by uniting
with the fpiric of wine, actually lofes almoft all
its acidity and corrofive quality. i

Fifthly and laftly, when the diftillation is finifhed,
there remains in the bottom of the veflel a thick,
blackifh fubftance, nearly refembling that which is
found after diftilling oil of vitriol and fpirit of
wine.

I4 Spirit
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Spirit of falt hath likewife been combined with
fpint of wine; but it does not unite therewith fo
eafily or fo intimately as the two acids abovemen-
tioned. To mix them thoroughly, the fpirit of
falt muft be highly concentrated, and {mokeing,
and moreover the afliftance of the ftill muft be
called in. Some authors pretend that from this
mixture alfo a {mall quantity of oil may be obtained ;
which probably happens when the liquors have the
qualities above fpecitied. The marine acid likewife,
by uniting. with {pirit of wine, lofes moft of its
acidity; on which account it is in like manner called
Sweet or Dulcified Spirit of Salt. A thick refiduum
s alfo found here after diftillation.

CHEH AFE XY,
Of the AcETous FERMENTATION.

ESIDES an ardent {pirit, wine affords a

great deal of water, oil, earth, and a fort of
acid which fhall be confidered prefently. When
the {pirituous part is feparated from thefe other
matters, they undergo no further change. But if
all the conftituent parts of wine remain combined
together, then, after fome time, fhorter or longer
as the degree of heat in which the wine ftands is
greater or lefs, the fermentation begins afrefh, or
rather arrives at its fecond ftage. The liquor once
more grows turbid, a new inteftine motion arifes,
and after fome days it is found changed into an
acid; which, however, is very different from thole
hitherto treated of. The liquor then takes the name
of Vinegar. The acetous fermentation differs from
the fpirituous, not only in its effect, but alfo in fe-
veral of its concomitant circumf{lances. Moderate

motion
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motion is of fervice to this, whereas it obftructs
the fpirituous ; and it is attended with much more
warmth than the fpirituous. The vapours it produces
are not noxious, like thofe of fermenting wine.
Laftly, Vinegar depofites no tartar, even when the
wine employed in this operation is quite new, and
hath not had time to difcharge its tarzar : inftead
of tartar Vinegar depofites a vifcid matter which is
very apt to putrify.

It muft be obferved that wine is not the only
fubftance that is {ufceptible of the acetous fermen-
tation : for feveral vegerable and even animal
matters, which are not {ubject to the {pirituous fer-
mentation, turn four before they putrify. But as
vinous liquors poffefs in a very eminent degree the
property of being fufceptible of the acetous fermen-
tation, and likewife of producing the ftrongeft acids
that can refult from fuch fermentation, their acid
fhall be more particularly confidered in this place.

§ I. Of VinEGgar,

Ir wine, which has gone through this fecond
ftage of fermentation, be diftilled, inftead of an ar-
dent {pirit, only an acid liquor is obtained, which is
called Diftilled Vinegar.

This acid has the fame properties as the mineral
acids of which we have already treated ; thart is, it
unites with alkaline falts, abforbent earths, and me-
tallic fubftances, and therewith forms neutral faline
combinations.

Its afhinity with thefe fubftances obferves the fame
order as that obferved by the mineral acids with re-
gard to the fame fubftances; but in general it is
weaker ; that is, any mineral acid is capable of ex-
pelling the acid of Vinegar out of all matters with
which 1t is united,

Vinegar hath likewife a greater affinity than ful-
phur with alkalis : whence it follows that it is ca-

pable
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pable of decompounding that combination of ful-
phur with an alkali called Liver of Sulphur, and of
precipitating the fulphur it contains,
- The acid of Vinegar is always clogged with a
certain proportion of oily parts, which greatly weaken
it, and deprive it of much of its activity ; and for
this reafon it is not near {o ftrong as the mineral
acids, which are not entangled with any oil. By
diftillation, indeed, it may be freed from this oil,
and at the fame time from the great quantity of
water which in a manner fuffocates it, and by that
means may be brought much nearer to the nature
of the mineral acids : but this attempt hath not
yet been profecuted with the afliduity it deferves.
Befides diftillation, there is another way of freeing
Vinegar from a good deal of its phlegm ; and that
is, by expoling it to a hard froft, which readily con-
geals the watery part into ice, while the acid retains
its fluidity.
Vinegar, faturated with a fixed alkali, forms a
neutral oily falt, of a dark colour, which is femi-
volatile, melts with a very gentle heat, flames when
thrown upon burning coals, and diffolves in {pirit
of wine, of which, however, it requires fix parts to
complete the folution. This folution being evapo-
rated to drynels leavesa matter in the form of leaves
lying on each other ; on which account it hath ob-
tained the name of Terra Foliata. The fame fo-
liated matter will be obtained, though the falt be not
previoufly diffolved in fpirit of wine ; but not fo
readily. This falt is alfo called Regenerated Tartar.
Under the head of Tartar we fhall fee the reafon of
thefe different appellations. Regenerated Tartar is
alfo in fome degree capable of cryflallizing : for
this purpofe a folution thereof in water muft be
flowly evaporated to the confiftence of a fyrup, and
then {uffcred to fland quiet in a cool place; by
which means it will fhoot into clufters of cryftals,

lying
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lying one upon another, not unlike the feathers on
a quill.

With Vinegar and feveral abforbent earths, fuch
as calcined pearls, coral, fhells of fith, &. are alfo
formed neutral faline compounds, each of which
takes the name of the particular earth employed in
its compofition.

Vinegar perfeitly diffolves Lead, and converts it
to a neutral metallic falt, which fhoots into cryfials,
and has a fweet faccharine tafte. This compound
is called Sugar of Lead, or Sal Saturni.

If Lead be expofed to the bare vapour of Vine-
gar, it will be thereby corroded, calcined, and con-
verted into a white matter much ufed in painting,
and known by the name of Cerufe; or, when it is
finer than ordinary, #hite Lead.

Vinegar corrodes Copper likewife, and converts
it into a beautiful green ruft, which alfo is ufed in
painting, and diftinguifhed by the name of Verdegris.
However, Vinegar is not commonly employed to
make Verdegris : for this purpofe they ufe wine, or
the rape of wine, from which fire extricates an
acid analogous to that of Vinegar.

In treating of the feveral fubftances which con-
ftitute wine we mentioned an acid matter, but did
not then enter into a particular examination thereof ;
becaufe as that matter greatly refembles the acid of
Vinegar, we thought it more proper to defer the
confideration of its properties till we had treated
of the acetous fermentation, and its effects.

§. II. Of TARTAR.

Tais fubftance is a faline compound, conlifting of
earthy, oily, and efpecially acid parts. It is found
in the form of crufts, adhering to the inner fides of
veffels in which wines have ftood for fome time,

particularly acid wines, fuch as thole of Germany.
Tartar
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Tartar derives its origin from the fuperabundant
quantity of acid contained in the juice of the
grape. This fuperfluous acid, being more than
is requifite to conftitute the ardent {pirit, unites
with fome of the oil and earth contained in the fer-
mented liquor, and forms a kind of falt; which
tor fome time continues fufpended in that liquor,
but, when the wine ftands undifturbed in a cool
place, is depofited, as hath been faid, on the fides
of the cafk.

T'artar in this ftate contains many earthy parts,
which are fuperfluous, and foreign to its nature,
From thefe it may be freed by boiling it repeatedly
with a fort of earth found in the neighbourhood of
Montpellier, as may be feen in the Memoirs of the
Academy of Sciences.

When itis purified there appears on the furface
of the liquor a fort of white cryftalline pellicle,
which is fkimmed oft as it forms. This matter is
called Cream of Tartar. The fame liquor which

roduces this Cream, and in which the purified
Tartar is diffolved, being fet to cool yields a great
number of white femi-tranfparent cryftals, which
are called Cryfals of Tartar. The Cream and the
Cryltals of Tartar are therefore no other than pu-
rified Tartar, and differ from each other in their
form only.

Though the Cryftals of Tartar have every ap-
pearance of a neutral fult, yet they are far from
being fuch ; for they have all the properties of a
true acid, which fcarce differs from that of vine-
gar, except that it contains lefs water, and more
-earth and oil ; to which it owes its folid form, as
well as its property of not being foluble in water
without much difficulty : for a very great quan-
tity of water is requifite to keep the Cryftals of
Tartar in {olution ; and it muft moreover be boil-
ing hot ; otherwife as foon as it cools moft of the

Tartar
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Tartar diffolved in it feparates from the liquor,
and falls to the bottom in the form of a white
powder.

Tartar 1s decompofed by calcination in the open
fire.  All its oily parts are confumed or diffipated
in {moke, together with moft of its acid. The
other part of its acid, uniting intimately with its
earth, forms a very ftrong and very pure fixed al-
kali, called Salt of Tarsar.

It will be fhewn in its proper place that almoft
‘every vegetable matter, as well as Tartar, leaves a
fixed alkali in its athes: yet Tartar has thefe
culiar properties ; firft, it affumes an alkaline cha-
ratter even when burnt or calcined in clofe vef-
dels ; whereas other fubftances acquire it only by
being burnt in the open air; fecondly, the alkali
of Tartar is ftronger and more faline than almoft
-any that i1s obtained from other matters,

This alkali, when thoroughly calcined, power-
fully attracts the moifture of the air, and melts
into an unctuous alkaline liquor, improperly called
Oil of Tartar per deliguium. This is the alkali
‘generally ufed in making the Terra foliata, men-
~tioned under the head of Vinegar ; for which rea-
~{on this combination s called Terra Foliata Tartari,
a name fuitable enough. Burt the fame cannot be
faid of the other name, Regenerated Tartar, which
1s alfo given it. Tis true that on this occafion
~an oily acid is reftored to the earth of the Tartar,
analogous to that of which the fire had deprived
it: but the compound thence refulting is a neu-
tral falt which very readily difitlves in water;
whereas Tartar is manifeftly acid, and not foluble,
or at leaft hardly {foluble, in water.

Cryftals of Tartar combined with alkali of Tar-
tar produce a great effervelcence while they are
mixing, as all acids ufually do ; and if the combina-
tion be brought exactly up to the point of faturation,

a per-
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a perfectly neutral falt is formed, which fhoots i into
cryftals, and eafily diffolves in water; and this
hath procured it the name of Soluble Tartar. It is
alfo called the Pegerable Sait, as being obtained
from vegetables only ; and again, Tertarifed Tar-
tar, becaufe it confifts of the acid and the alkali
of Tartar combined together.

Cryftals of Tartar combined with alkalis pro-
cured from the afhes of fea-weeds, fuch as Soda,
which alkalis refemble the bafis of fea-falt, form
likewife a neutral falt, which cryftallizes well, and
diffolves eafily in water. This falt is another fort
of foluble Tartar, It is called Smgﬂma s Salz,
from the inventor’s name.

Both the Vegetable Salt and Saignette’s Salt are
gently purgatiw: foaps, and much ufed in Me-
dicine,

Tartar likewife diffolves the abforbent earths, as
lime, chalk, &%. and with them forms neutral
falts which are foluble in water®*. It even attacks
metallic bodies, and when combined with them
becomes foluble. A {foluble Tartar for medical
ufe is prepared with Cryftals of Tartar and Iron:
the metallic falt thereby produced hath the name
of Chaiybeated Jfoluble ‘T artar. This falt attracts
the moifture of the air, and is one of thofe which
do not cryitallize.

Cryftallized Tartar alts alfo upon feveral other
metallic fubftances: for inftance, it difiolves the
Regulus, Liver, and Glafs of Antimony, and
thence acquires an emetic quality : it is then called
Stibiated or Emetic Tartar. It likewife diffolves
Lead, and therewith forms a falt which, in the
figure of its cryflals, refembles Tartarifed Tartar.

It is very extraordinary’ that Tartar, which of
itfelf is not foluble in water, fhould be foluble

* See Mr. Duhamel’s Effays on this fubject in the Memoirs
of the Academy of Sciences.

therein
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therein when become a neutral fale by uniting either
with alkalis or with abforbent earths, or even with
metals. With refpeét to alkalis, indeed, it may be
urged that, having themfelves a great affinity with
water, they communicate to Tartar fome of that fa-
cility with which they naturally unite therewith :
but the fame cannot be alledged concerning abfor-
bent carths, and metallic fubftances, which water
diffolves not at all, or at leaft with great difficulty,
and in fmall quantity. This effe, therefore, muft
be attributed wholly to fome change in the difpofi-
tion of its parts which is to us unknown,

All the foluble Tartars are eafily decompounded
by expofing them to a certain degree of heat. In
diftillation they yield the fame principles which are
obtained from Tartar ; and what remains fixed in
the fire, after they are thoroughly burnt, is a com-
pound of the alkali which Tartar naturally pro-
duces, and of the alkaline or metallic fubftance
with which it was converted into a neutral falt.

As Cryftal of Tartar is the weakeft of all acids,

~on account of the oily and earthy matters with
which it is combined, foluble Tartars are decom-
pounded by all the acids ; by any of which cryftal
of Tartar may be feparated from the fubftance that
ferves it for a bafis and renders it a neutral falt.

‘The other acids which are procured from ve-
getables, and even thofe which are obtainable from
fome animal fubftances, may all be referred to and
compared with either Vinegar or Tartar, according
to the quantities of oil or earth with which they are

" combined,

After all, thefe acids have not yet been tho-
roughly examined. There is great reafon to think
that they are no other than the mineral acids, which
in paffing through the bodies of vegetables, and
even of animals, undergo a confiderable change,

» efpecially by contracting an union with oily matters.
Far,
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For, as we faid before in treating of Vinegar, by
frecing them from their oil they are brought very
near to the nature of mineral acids : and {fo likewife
the mineral acids acquire many of the properties of
vegetable acids by being combined with oils.

Col AP, XN
Of the Purrip FERMENTATION, o7
PurrEFacCTION. |

VERY body which hath gone through the

two ftages of fermentation above defcribed,
that is, the fpirituous and the acetous fermentation,
being left to itfelf in a due degree of warmth, which
varies according to the fubje@, advances to the
laft ftage of fermentation; that is, to putrefac-
‘tion.

It is proper to obferve, before we go any further,
that the reverfe of this propofition is not true; thatis,
it is not neceffary that a body fhould fucceflively pafs
through the {pirituous and the acetous fermentation,
before it can arrive at the putrid ; but that, as cer-
tain fubftances fall into the acetous without having -
gone through the fpirituous fermentation, fo others -
begin to putrify without having undergone either
the {pirituous or the acetous fermentation ; of which
laft kind are, for inftance, moft animal fubftances.
When therefore we reprefented thefe three forts of
fermentation as three different degrees or ftages of
one and the fame fermentation, we fuppofed it to be
excited in a body fufceptible of fermentation in its
full extent.

However, there is ftill room to think that every
fubftance which is capable of fermenting always

6 paflcs
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paffes neceffarily through thefe three different ftages
but that the fubftances moft difpofed thereto pafs
with fuch rapidity through the firtt, and even the
fecond, that they arrive at the third before our
fenfes can perceive the leaft figns of either of the
two former. = This opinion is not deftitute of pro-
bability 5 yet it is not fupported by proofs {uffi-
ciently ftrong and numerous to compell our affent.

When a body is in a putrefying ftate it is eafy to
difcover, (as in the two forts of fermentation  al-
ready treated of,) by the vapours which rife from it,
by the opacity which invades it, if a pellucid liquor,
and frequently even by a greater degree of heat
than is found in the two other forts of fermentation,
that an inteftine motion is begun among its confti-
tuent parts, which lafts till the whole be entirely
putrefied.

The effet of this inteftine motion is in this, asin
the two other forts of fermentation, to break the
union, and change the difpofition, of the particles
conftituting the body in which it is excited, and
to produce a new combination, This is brought
about by a mechanifm to which we are ftrangers,
and concerning which nothing beyond conjectures
can be advanced : but thefe we neglect, refolving to
keep wholly to fa&s, as the only things in Natural
Philofophy that are pofitively certain.

If, then, we examine a fubftance that has un-
dergone putrefaction, we fhall foon perceive that
it contains a principle which did nor exift in it be-
fore. If this fubftance be diftilied, there rifes firft,
by means of a very gentle heat, a faline matter
which is exceedingly volatile, and affe@s the organ
of fmelling brifkly and difagreeably. Nor is the
aid of diftillation neceffary to difcover the prefence
of this produét of putrefaction: it readily ma-
nifefts itfelf in moft fubftances where it exifts, as’
any one may foon be convinced by obferving the

Vor. 1. K different



130 ELEMENTS of the

different fmell of freth and of putrefied urine; for
the latter not only affets the nofe, but even makes
the eyes {mart, and irritates them {o as to draw tears
from them in abundance.

This faline principle which is the product of pu-
trefaction, when feparated from the other principles
of the body which affords it, and colleted by itfelf,
appears either in the form of a liquor, or in that of
a concrete falt, according to the different methods
ufed to obtain it. In the former ftate it is called a
Volatile Urinous Spirit 5 and in the latter a Volatile
Urinous Salt. 'The qualification of urinous is given
it, becaufe, as was faid, a great deal thereof is
generated in putrefied urine, to which it communi-
cates its fmell. It goes alfo by the general name of a
Volatile Alkali, whether in a concrete or in a liquid
form. The enumeration of its properties will hew
why it is called an Alkali.

Volatile Alkalis, from whatever {ubftance ob-
tained, are all alike, and have all the fame proper-

ties ; differing only according to their degrees of

purity. The Volatile Alkali, as well as the Fixed,
confifts of a certain quantity of acid combined with
and entangled by a portion of the earth of the mixt

body from which it was obtained ; and on that ac-

count it has many properties like thofe of a Fixed
Alkali.  But there is moreover in its compofition a
confiderable quantity of a fat or oily matter, of
which there is none in a Fixed Alkali; and on this
accountagain there is a great difference between them.
Thus the Volatility of the Alkali produced by pu-
trefaction, which is the principal difference between
it and the other kind of Alkali whofe nature it is to
be Fixed, muft be attributed to the portion of oil
which it contains : for there is a certain method of

volatilizing Fixed Alkalis by means of a fatty fub-,
ftance.

Vﬁlatil:; E
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Volatile Alkalis have a great affinity with acids,
unite therewith rapidly and with ebullition, and
form with them neutral falts, which fhoot into
cryftals, but differ from one another according to
the kind of acid employed in the combination.

The neutral fales which have a Volatile Alkal; for
their bafis are in general called Ammopigcal Salts.
That whofe acid is the acid of fea falt s called Sa/
Ammoniac.  As this was the firft known, it gave
name to all the reft. Great quantities of this falt
are made in Egypt, and thence brought to us. They
fublime it from the foot of cow’s-dung, which is the
fewel of that country, and contains fea-falt, toge-
ther with a Volartile Alkali, or at leaft the materials
proper for forming it ; and confequently all the in-
gredients that enter into the com polition of Sal Am-
moniac. See the Memoirs of the Academy of
Sciences.

‘The neutral falts formed by combining the acids
of nitre and of vitriol with ‘a Volatile Alkali are
called, after their acids, Nitrous Sal Ammoniac and
Vitriolic Sal Ammoeniac » the latter, from the name .
of its inventor, is alfo called Glauber’s Secrer Sal
Ammoniac.

A Volatile Alkali, then, has the fame property
as a fixed Alkali with regard to acids ; yet they
differ in this, that the affinity of the former with
acids is weaker than that of the latter : and hence it
follows that any Sal Ammoniac may be decom-
pounded by a Fixed Alkali, which will lay hold of
the acid, and difcharge the Volatile Alkali.

A Volatile Alkali will decompound any neutral
falt which has not a Fixed Alkali for its bafis; that
1, all fuch as confift of an acid combined with an
abforbent earth or a metallic fubftance. By joining
with the acids in which they are diffolved, “it difen.
gages the earths or metallic fubftances, takes their

K 2 place,
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place, and in conjunttion with their acids forms
Ammoniac Salts.

Hence it might be concluded that, of all fub-
ftances, next to the Phlogifton and the Fixed Alka-
lis, Volatile Alkalis have the greateft affinity with
acids in general, Yet there is fome difficulty in
this matter : for abforbent earths and feveral me-
tallic fubftances are alfo capable of decompounding
Ammoniacal Salts, difcharging their Volatile Al-
kali, and forming new compounds by uniting with.
their acids. This might induce us to think that
thefe fubftances have nearly the fame affinity with
acids.

But it is proper to obferve, that a Volatile Alkali
decompounds fuch neutral falts as have for their
bafis either an abforbent earth or a metallic fub-
{tance, without the aid of fire; whereas abforbent
earths or metallic fubftances will not decompound an
Ammoniacal Salt, unlefs they be affifted by a cer-
tain degree of heat. |

Now as all thefe matters are: extremely fixed, at
lealt in comparifon with a Volatile Alkali, they.
have the advantage of being able to refift the force
of fire, and fo of acting in conjunction therewith 3
and fire greatly promotes the natural action of {ub-
ftances upon one another : whereas the Volatile Al-
kali in the Ammoniacal Salt, being unable to abide
the force of fire, is compelled to defert its acid 3
and that fo much the more quickly, as its affinity:
therewith is confiderably weakened by the prefence
of an earthy or metallic fubftance, both of which
have a great affinity with acids. _

Thefe confiderations oblige us to conclude, that
Volatile Alkalis have a fomewhat greater affinity,
than abforbent earths and metallic fﬁbﬁ:ances, with
acids.

Ammoniacal Salts projected upon nitre in. fufion
make it detonate ; and the Nitrous Sal Ammoniac

detonates
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detonates by itfelf, without the addition of any in-
flammable matter. This fingular effect evidently
demonftrates the exiftence of an oily matter in Vo-
latile Alkalis; for .it is certain that nitre will never
deflagrate without the concurrence, and even the
immediate contact, of fome combuftible matter.

This oily fubftance is often found combined with
Volatile Alkalis in fuch a large proportion as to dif-
guife it, in fome meafure, and render it exceeding
foul. The falt may be freed from its fuperfluous
oil by repeated fublimations ; and particularly by
fubliming it from abforbent earths, which readily
drink up oils. This is called the Re&ification of a
Volatile Alkali. The falt, which before was of a
yellowith or dirty colour, by being thus reétified
becomes very white, and acquires an odour more
pungent and lefs fetid than it had at firft, that is,
when obtained by one fingle diftillation from a pu-
trid {ubftance.

It is proper to obferve that the redtification of
a Volatile Alkali muft not be carried too far, or re-

. peated too often; for by that means it may be en-
tirely decompofed at length ; and particularly if an
abforbent earth, and efpecially chalk, be employed
for that purpofe, the falt may be converted into an
oil, an earth, and water.

Volatile Alkalis at upon feveral metallic fub-
ftances, and particularly on copper; of which they
make a moft beautiful blue folution. On this pro-
perty depends a pretty fingular effect, which happens
{fometimes when we attempt by means of a Volatile
Alkali to feparate copper from any acid with which
it is combined. Inftead of feeing the liquor grow
turbid, and the metal fall, both which generally

- happen when any Alkali whatever is mixed with a

metallic folution, we are furprifed to obferve the fo-
lution of copper, upon adding a Volatile Alkali,

retain its limpidity, and let fall no precipitate ; or at
K 3 leaft




134 ELeMENTS of the

leaft if the liquor does grow turbid, it remains fo
but for a moment, and inftantly recovers its tranf-
parency. '
This is occafioned by adding fuch a quantity of
Volatile Alkali as is more than fufficient fully to fa-
turate the acid of the folution, and confiderable
enough to diffolve all the copper as faft as it is fe-
parated from the acid.  On this occafion the liquor
acquires a deeper blue than it had befores which
arifes from the property which Volatile Alkalis have
of giving this metal, when combined with them, a
fuller blue than any other folvent can: hence we

have a touchftone to difcover copper wherever

it is; for let the quantity of this metal combined
with other metals be ever fo fmall, a Volatile Alkali
never fails to difcover it, by making it appear of a
blue colour.

Though a Volatile Alkali be conftantly the re-
fult of putrefaction, yet it muft not therefore be ima-
gined that none can be produced by any other
means 3 on the contrary, moit of thofe which con-
tain the ingredients neceffary to form it yield no in-
confiderable quantity thereof in diftillation, Tartar,
for example, which by being burnt in an open fire
1s converted, as was fhewn, into a Fixed Alkali,
yields a Volatile Alkali when it is decompofed in
clofe veffels ; that is, when it is diftilled : becaufe
in this latter cafe the oily part is not diffipated or
burnt, as it is by calcination in a naked fire, but
has time to unite with fome of the earth and acid of
the mixt, in fuch a manner as to form a true Vo-
latile Alkali.

To prove that on this occafion, as well as on all
others, where unputrefied bodies yield a Volatile Al-
kali, this falt is the produ&t of the fire, we need
only obferve, that in thefe diftillations it never rifes
till after fome part of the phlegm, of the acid, and
even of the thick oil of the mixt, is come over s

which
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which never is the cafe when it s formed before-
hand in the body which is the fubject of the opera-
tion, as it is in thofe which have undergone pu-
trefaction : for’ this falt, being much lighter and
more volatile than thofe other {fubftances, rifes of
courfe before them in diftillation.

C:H AP, .-XVI

A General View of CryMiIcaL
DecomrosiTIiON,

HOUGH we have confidered all the fub.

I ftances which enter into the compofition of
Vegetables, Animals, and Minerals, whether as pri-
mary or as fecondary principles, it will not be im-
“proper to thew in what order we obtain thefe prin-
ciples from the feveral mixts; and efpecially from
Vegetables and Animals, becaufe they are much more
complicated than Minerals. This is called Analyfing
a compound.
| The method moft commonly taken to decompofe
| bodies is by applying to them fucceffive degrees of
| heat, from the gentleft to the moft violent, in ap-
propriated veflels, fo contrived as to collet what
exhales from them. By this means the principles
are gradually feparated from each other ; the moil
volatile rife firft, and the reft follow in order, as
they come to be acted on by the proper degree of
heat : and this is called Diffillation.

But it being obferved that fire, applied to the de- ]
compofition of bodies, moft commonly alters their
fecondary principles very fenfibly, by combining
them in a different manner with each other, or
even partly decompofing them, and reducing them
. K 4 to
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to their primitive principles ; other means have been
ufed to feparate thofe principles without the help of
fire.

With this view the mixts to be decompofed are
forcibly compreffed, in order to fqueeze out of them
all fuch parts of their fubftance as they will by this
means part with ; or elfe thofe mixts are for a long
time triturated, either along with water, which car-
ries off all their faline and faponaceous contents ; or
with {olvents, fuch as ardent {'Pirits, capable of taking
upevery thing in them that is of an ocily or refinous
nature. .

We fhall here give a fuccint account of the ef-
fects of thefe different methods, as applied to the
principal fubftances among Vegetables and Ani-
mals, and likewife to fome Minerals.

§. L. The Anavvsts of VeceTABLE SuBsTANCES.

A vaft many vegetable fubftances, fuch as kernels
and feeds, yield by ftrong compreflion great quantities
of mild, fat, un&uous Oils, which are not foluble
in ardent fpirits : thefe are what we called Expreffed
Oils. They are alfo fometimes called Faz Oils, on
account of their untuoufnefs, in which they exceed
all other forts of Qil. As thefe Oils are obtained |
without the aid of fire, it is certain that they ex- |
ifted in the mixt juft as we fee them, and that they
are not in the leaft altered ; which could not have |
been the cafe had they been obtained by diftillation : |
for that never produces any Oils but fuch as are
acrid and foluble in fpirit of wine.

Some vegetable matters, fuch as the rind of ci-
trons, lemons, oranges, &7¢. alfo yield, only by be- |
iny, fqueezed between the fingers, a great deal of
Oil.  This fpirts out in fine {mall jets, which being
- Teceived upon any polithed furface, fuch as a looks

ing-glafs, run together and form a liquor that is a
reai Oi-[- -
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But it maft be carefully noted that this fore of
Oil, though obtained by expreilion only, is never-
thelefs very different from the Oils mentioned before
to which the title of Expreffed Oil5 peculiarly be-
longs : for this is far lighter and thinner ; moreover,
it retains the perfect odour of the fruit which yields
it, and is foluble in fpirit of wine; in a word, it is
a true eflfential Oil, but abounds fo in the fruits
which produce it, and is lodged therein in fuch a
manner, occupyinga vaft number of little cells pro-
vided in the peel for its reception, that a very flight
preflure difcharges it; which is not the cale with
many other vegetables that contain an effential Ojl.

Succulent and green plants yield by compreffion
a great deal of liquor or juice, which confifts of
moft of the phlegm, of the falts, and a fimall por-
tion of the oil and earth of the plant. Thefe juices,
being fet in a cool place for fome time, depofite {a-
line eryftals, which are a combination of the acid of
the plant with part of its oil and earth, wherein the
acid is always predominant. Thefe falts, as is evi-
dent from the defcription here given, bear a great
refemblance to the tartar of wine treated of above.,
They are called Effential Seltsy fo that Tartar
might likewife be called the Effential Salt of Wine,

Dried plants, and fuch as are of a ligneous, or acid
nature, require to be long triturated with water,
before they will yield their effential falts. Tritura-
tion with water is an excellent way to get out of

“them all their faline and faponaceous contents.

A vegetable matter that is very oily yields its ef-
fential falt with much difhculty, if at all; becaufe
the exceflive quantity of oil entangles the falt fo
that it cannot extricate itfelf or fhoot into cryftals.
Mr. Gerike, in his Principles of Chymiftry, fays, that
if part of the oil of a plant be extracted by ipirit
of wine, its eflential falt may be afterwards ob-
tained with more eafe and in greater quantity. This

muft
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muft be a very good method for fuch plants as have
an exceffive proportion of effential oil ; but will
not fucceed if the effential falt be hindered from
cryftalizing by a redundancy of fat oil, becaufe
fat oils are not foluble in fpirit of wine.

Effential Salts are among thofe fubftances which
cannot be extracted from mixts by diftillation ; for
the firlt impreffion of fire decompofes them.

Though the acid which predominates in  the Ef-
fential Salts of plants, be moft commonly analogous
to the vegetable acid, properly fo called, that is, to
the acid of vinegar and tartar, which is probably no
other than the vitriolic acid difguifed ; yet it fome-
times differs therefrom, and fomewhat refembles the
nitrous or the marine acid. This depends on the
places where the plants grow which produce thefe
falts : if they be fubmarine plants, their acid is
akin to the acid of fea-falt ; if on the contrary they
grow upon walls, or in nitrous grounds,. their acid
is like that of nitre. Sometimes one and the fame
plant conrains falis analogous to all the three mineral
acids ; which fhews that the vegetable acids are no
other than the mineral acids varioufly changed by
circujating through plants. 2

Liquors containing the Effential Salts of plants
being evaporated by a gentle heat to the confiftence
of honey, or even further, are called Extrass.
Hence it is plin, that an Extra& is nothing but
the Effential Salt of a plant, combined with fome
particles of its oil and earth, that remained fuf-
pended in the liquor, and are now incorporated by
evaporation.

Extralts of plants are alfo prepared by boiling
them long in water, and then evaporating fome part
it. But thefe Extracts are of inferior virtue ; be-
caufe the fire diffipates many of the oily and falin

parts, .
EMursions
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EMvurLsions,

Subftances which abound much in Gil, being
bruifed and triturated with water for fome time, af-
ford a liquor of an opaque dead-white colour like
milk. This liquor confifts of fuch juices as the wa-
ter is capable of diffolving, together with a portion
of the oil, which being naturally indiffloluble in wa-
ter, is only divided and difperfed in the liquor, the
limpidity whereof is by that means deftroyed.
This fort of oily liquor, in which the oil is only di-
vided, not diffolved, is called an Emulfion, The
oily particles in Emulfions fpontaneoufly feparate
from the water, when left at reft, and uniting into
greater mafles rife, on account of their lightnefs, to
the furface of the liquor, which by that means re-
covers a degree of tranfparency.

If vegerables abounding in effential oils and re-
fins be digefted in fpirit of wine, the menftruum
takes up thefe oily matters, as being capable of
diffolving them ; and they may afterwards be eafily
{eparated from it by the affufion of water, Tha
water, with which 1pirit of wine has a greater af-
finity than with oily matters, feparates them by this
means from their folvent, agreeably to the common
laws of affinities.

Without the help of fire fcarce any thing,
befides the fubftances already mentioned, can be
obtained from a plant: but by the means of diftil-
lation we are enabled to analyfe them more com-
pletely. In profecuting this method of extracting
from a plant the feveral principles of which it con-
fifts, the following order is to be obferved.

A plant being expofed to a very gentle heat, in
a diftilling veflel fet in the Zalneum marie, yields a
water which retains the perfect fmell thereof. Some
Chymiits, and particularly the illuftrious Boerhaave,
have called this liquor the Spiritus Reffor. The

nature
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nature of this odoriferous part of plants is not yet
thoroughly known; becaufe it is fo very volatile
that it is difficult to fubjc(t it to the experiments ne-
ceffary for diicovering all its properties.

If inftead of diftiliing the plant in the Jalneum
marie, it be ditilled over a naked fire, with the
precaution of putting a certain quantity of water in-
to the diftilling vefiel along with it, to prevent its
fuffering a greater heat than that of boiling water,
all the eflential oil contained in that plant will rife
together with that water, and with the fame degree
of heat.

On this occafion it muft be obferved that no efs
fential oil can be obtained from a plant after the
Spiritus Reffor hath been drawn off;; which gives
ground to think that the volatility of thefe oils is
owing to that fpirit.

The hear of boiling water is alfo fufficient to fe-
parate from vegetable matters the fat oils which
they contain: that, however, is to be done by the
way of decoction only, and not by diftillation ; be-
caufc though thefe oils will fwim on water, yetthey
will not riie in vapours without a grearer degree of
heat.

When the effential oil is come over, if the plant
be expofed to a naked fire, without the addition of
water, and the heat be increafed a little, a phlegm
will rife that gradually grows acid ; after which, if
the heat be increafed as occafion requires, there
will come over a thicker and heavier oil ; from fome
a volatile alkali; and laft of all, a very thick,
black, empyreumatic oil.

When nothing more rifes with the ftrongeft de-
gree of heat, there remains of the plant a mere coal
only, calied the Caput moriaum, or Terra damnata.
This coal when burnt falls into afhes, which being
lixiviated with water, give a fixed alkali.’

It
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It is obfervable that in the diftillation of plants
which yield an acid and a volatile alkali, thele two
falts are often found quite diftin&t and {eparate in
the fame receiver ; which feems very ertraordinary,
confidering that they are naturally difpofed to unite,
and have a great affinity with one another. The rea-
fon of this phenomenon is that they are both com-
bined with much oil, which embarrafies them fo
that they cannot unite to form a neutral falt, as
they would not fail to do were it not for that im-
pediment.

All vegetables, except fuch as yield a great deal
of volatile alkali, being burnt in an open fire, and
fo as to flame, leave in their afhes a large quantity
of an acrid, cauftic, fixed alkali. But if care be
taken to {mother them, o as to prevent their flaming
while they burn, by covering them with fomething
that may continually beat down again what exhales,
the falt obtained from their athes will be much lefs
acrid and cauftic ; the caufe whercof is, that fome
part of the acid and oil of the plant being detained
in the burning, and ftopped from being diffipated
by the fire, combines with its alkali. Thefe falts
cryftallize, and being much milder than the com-
mon fixed alkalis, may be ufed in medicine, and
taken internally. They are called Tachenus’s Salts,
becaufe invented by that Chymift.

Marine plants yield a fixed alkali analogous to
that of fea-falt. As for all other plants or vegerable
fubftances, the fixed alkalis obtained from them,
if rightly prepared and thoroughly calcined, are all -
perfectly alike, and of the very fame nature.

The laft obfervation I have to make on the pro-
duction of fixed alkalis is, that if the plant you in-
tend to work upon be fteeped or boiled in water
before you burn it, a much fmaller quantity of fale
will be obtained from it; nay, it will yield none at”
all, if repeated boilings have robbed it entirelﬁ of

- thofe
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thofe faline particles which muft neceflarily concur
with its earth to form a fixed Alkali,

§. II. The Axarvsis of ANtMAL SUBSTANCES.

SuccuLeNT animal fubftances, fuch as new-killed
fleth, yield by expreflion a juice or liquid, which
15 no other than the phlegm, replete with all the
principles of the animal body, except the earth, of
which it contains but little. "The hard or dry parts,
fuch as the horns, bones, &. yield a fimilar juice,
by boiling them in water. Thefe juices become
thick, like a glue or jelly, when their watery parts
are evaporated ; and in this ftate they are true ex-
tracts of animal matters. Thefe juices afford no
cryftals of effential falt, like thofe obtained from ve-
getables, and fhew no fign either of an acid or an_
alkali. | '

Great part of the oil which is in the flefh of ani-
mals may be eafily feparated without the help of
fire; for it lies in a manner by itfelf: it is com-
monly in a concrete form, and is called Fat. This
oil fomewhat refembles the fat oils of vegetables j
for like them it is mild, unctuous, indiffloluble in
fpirit of wine, and is fubtilized and attenuated by the
attion of fire. But there is not in animals, as in
vegetables, any light eflential oil, which rifes with
the heat of boiling water ; fo that properly fpeak-
ing, animals contain but one fort of oil.

Few animal fubftances yield a perceptible acid.
ants and bees are almoft the only ones from which
any can be obtained; and indeed the quantity
which they yield is very fmall, as the acid itelf is
extremely weak.

The reafon thereof is, that as animals do ot
draw their nourithment immediately from the earth,
but feed wholly either on vegetables or on the fleth
of other animals, the mineral acids, which have
already undergone a great change by the union con-

tracted
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trated between them and the oily matters of the
vegetable kingdom, enter into a clofer union and
combination with thefe oily parts while they are
pafling through the organs and ftrainers of animals;
whereby their properties are deftroyed, or at leaft fo
impaired that they are no longer fenfible,

Animal matters yield in diftillation, firft, a
phlegm, and then, on increafing the fire, a pretty
clear oil, which gradually becomes thicker, blacker,
more fetid, and empyreumatic. It is accompanied .
with a great deal of volatile alkali; and if the fire
be raifed and kept up till nothing more comes over,
there will remain in the diftilling veffel a coal like
that of vegetables ; except that when it is reduced
to afhes, no fixed alkali, or at leaft very little, can
be obtained from them, as from the afhes of ve-
%etables. This arifes from hence that, as we faid

efore, the faline principle in animals being more
intimately united with the oil than it is in plants,
and being confequently more attenuated and fubri-
lized, is too volatile to enter into the combination
of a fixed alkali; on the contrary it is more dif-
poled to join in forming a volatile alkali, which on
this occafion does not rife till after the oil, and
therefore muft certainly be the production of the
fire. It muft be obferved, that all we have hitherto
faid concerning the analyfis of bodies muft be un-
derftood of fuch matters only as have not undergone
any fort of Fermentation. -

The chyle and the milk of animals which feed on
Plants {till retain fome likenefs to vegetables; be-
caufe the principles of which thefe liquors are com-
pofed have not gone through all the changes which
they muft fuffer before they enter into the animal
combination. :

Urine and fweat are excrementitious aqueous li-
quors, loaded chiefly with the faline particles which

are of no fervice towards the nourifhment of the
animal,
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animal, but pafs through its ftrainers without re-
celving any alteration; fuch as the neutral falts
which have a fixed alkali for their bafis, and
particularly the fea-falt which happens to' be jin
the food of animals, whether it exift therein natu-
rally, as it does in fome plants, or whether the ani-
mals eat it to pleafe their palates.

The faliva, the pancreatic juice, and efpecially
the bile, are faponaceous liquors, that is, they con-
fift of faline and oily particles combined together;
fo that being themfelves diffolved in an aqueous li-
quor, they are capable of diffolving likewife the
oily parts, and of rendering them mifcible with:
water.

Laftly, the blood being the receptacle of all
thefe liquors partakes of the nature an each, more

or lefs in proportion to the quantity, thereof which:
it contains,

§. HI. The Anarysis of MINERAL SuBSTANCES.

MineraLs differ greatly from vegetables, and
from animals; they are not near fo complex as
thofe organized bodies, and their principles are
much more fimple; whence it follows that thefe
principles are much more clofely connefted, and
thac they cannot be feparated without the help of
fire ; which not having on their parts the fame ac-
tion and the fame power as on organized bodies, hath:
not the fame ill effet on them ; I mean the effed

of changing their principles, or even deftroying
them entirely. - §Riq

I do not here fpeak of pure, vitrifiable, or refrac--
tory earths ; of mere metals and femi-metals ; of
pure acids ; or even of their fimpleft combinations,
fuch as fulphur, vitriol, alum, fea-falt: of ail -
thefe we have faid enough. |

We are now to treat of bodies that are more com=
plex, and therefore more fufceptible of decompofition,:

6 Thele
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Thefe bodies are compound mafies or combinations
of thofe above-mentioned ; that is, metallic fub-
ftances as they are found in the bowels of the earth,
united with feveral forts of fand, ftones, earths,
femi-metals, fulphur, &c. When the metallic mat-
ter is combined with other matters in fuch a pro-
portion to the reft that it may be feparated from
them with advantage and profit, thefe compounds
are called Ores : when the cafe is otherwife, they are
called Pyrites, and Marcafites ; efpecially if fulphur
or arfenic be predominant therein, which often hap-
ens.

2 In order to analyfe an ore, and get out of it the

metal it contains, the firft flep is to free it from a

great deal of earth and flones which commonly ad-

here to it very flightly and fuperficially. This is
- effected by pounding the ore, and then wathing it
1n water; to the bottom of which the metalline parts
prefently fink, as being the heavieft, while the
fmall particles of earth and ftone remain fufpended
fome time longer.

Thus the metallic part is left combined with
{uch matters only as are moft intimately complicated
with it. Thefe fubftances are moft commonly ful-
phur and arfenic. Now as they are much ‘more
volatile than other mineral matters, they may be
diflipated in vapours, or the fulphur may be con-
fumed, by expofing the ore which contains them
to a proper degree of heat, If the fulphur and arfe-
nic be defired by themfelves, the fumes thereof
may be catched and colle€ted in proper veflels and
places. This operation is called Roafting an Ore.

The metal thus depurated is now fit to be expofed
to a greater force of fire, capable of melting it.

On this occafion the femi-metals and the im-
perfect metals require the addition of fome matter
abounding in phlogifton, particularly charcoal-
duft ; becaufe thefe metallic fubftances lofe their
phlogifton by the action of the fire, or of the fluxes

Yor. L. L joined
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_joined with them, and therefore without this pre-
caution would never acquire either the fplendour or
the dudlility of a metal. By this means the me-
tallic fubftance is more accurately feparated from the
carthy and ftony parts, of which fome portion al-
ways remains combined therewith till it is brought
to fufion. For, as we obferved before, a metallic
glafs or calx only will contra& an union with fuch
matters; a metal poflefied of its phlogifton and
metalline form being utterly incapable thereof.

We took notice of the caufe of this feparation
above, where we fhewed that a metal pofiefied of its
phlogifton and metalline form will not remain inti-
mately united with any calcined or vitrified matter,
not even with its own calx or glafs.

‘The metal therefore on this occafion gathers into
a mafs, and lies at the bottom of the veflel, as
being molt ponderous ; while the heterogeneous mat-
ters float upon it in the form of a glafs, or a femi-
vitrification. Thefe floating matters take the name
of Scorie, and the metalline fubftance at bottom is
called the Regulus.

It frequently happens that the metalline regulus
thus precipitated is itfelf a compound of feveral metals
mixed together, which are afterwards to be feparated.
We cannot at prefent enter into a detail of the ope-
rations neceflary for that purpofe: they will appear
in our Treatife of Pra&ical CEymiftry : but the prin-
ciples on which they are founded may be deduced’
from what we have faid above concerning the proper-
ties of the feveral metals and of acids.

It is proper to obferve, before we quit this fub-
ject, that the rules here laid down for analyfing
ores are not abfolutely general : for example, it is
often advifable to roaft the ore before you wath it;
for by that means fome ores are opened, attenuated,
and made very friable, which would coft much trou-

ble
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ble and expence, on account of their exceflive hard-
nefs, if you thould attempt to pound them without
a previous torrefaction.

It is alfo frequently neceflary to feparate the ore
from part only of its ftone ; fometimes to leave the
whole ; and fometimes to add more to it, before
you fmelt it. This depends on the quality of the
ftone, which always helps to promote fufion when
it is in its own nature fufible and vitrifiable. [t is
then called the Fluor of the ore : But of this we muft
fay as we did of the preceding article ; itis fufficient
for our prefent purpofe to lay down the fu ndamental
principles on which the reafon of every procefs
18 built; the defcription of the operations them-
{elves being referved for our fecond Part.

We fhall now give a fuccinét account of the princi-
pal ores and mineral bodies, contenting ourfelves
with juft pointing out the particulars of which they
{everally confift.

Of the PyriTES.
The yellow Pyrites,

Tur yellow Pyrites is a mineral confifting of
fulphur, iron, an unmetallic earth, and frequently
a little copper : the fulphur, which is the only one
of thefe principles that is volatile, may be feparated
from the reft by fublimation : it ufually makes a
fourth, and fometimes a third, of the whole weight of
thefe Pyrites. The other principles are feparated from
one another by fufion and reduction with the phlo-
gifton, which, by merallizing the ferruginous and
cupreous earths, parts them from the unmetallic
earth : for this earth vitrifies, and cannot afterwards
continue united with metallic matters pofiefied of
their metalline form, as hath been faid before.

2 There
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There is yet another way of decompofing the
yellow Pyrites, which is to let it lye «ill it efflo-
refces, or begins to fhoot into flowers; which is
nothing but a fort of flow accenfion of the {ul-
phur it contains. The fulphur being by this
means decompofed, its acid unites with the ferru-
ginous and cupreous parts of the Pyrites, and
therewith forms green and blue vitriols; which
may be extratted by fteeping in water the Pyrites
which has efflorefced or been burnt, and then eva-
porating the lixivium to a pellicle; for by this means
the vitriol will fhoot into cryftals.

Sometimes the Pyrites contains alfo an earth of
the fame nature with that of alum: a Pyrites of
this fort, after flowering, yields alum as well as
vitriol.

The White Pyrites.

Tue white Pyrites contains much arfenic, a
ferruginous earth, and an unmetallic earth. The
arfenic being a volatile principle may be feparated
by fublimation or diftillation from the reft, which
are fixed : and thefe again may be disjoined from
each other by fufion and reduétion, as was faid in

relation to the yellow Pyrites.

The Copper Pyrites.

Tue Copper Pyrites contains fulphur, copper,
and an unmetallic earth. A great deal thereof
likewife holds arfenic, and its colour approaches
more or lefs to orange, yellow, or white, accord-
ing to the quantity of arfenic in it. It may be de~
compoled by the fame means as the yellow and white -

Pyrites.
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OfF Oreks.
Of Gold Ores,

GoLp being conftantly found in its metalline
form, and never combined with fulphur and arfe-
nic, its ores are not, properiy fpeaking, ores; be-
caufe the metal contained in them is not mine-
ralized. The gold is only lodged between particles
of ftone, earth, or fand, from which it is eafily fe-
parated by lotion, and by amalgamation with quick-
filver. The gold thus found is feldom pure, but is
frequently alloyed with more or lefs filver, from
which it is to be feparated by quartation.

It is alfo very common to find gold in moft
ores of other metals or femi-metals, and even
in the Pyrites ; but the quantity contained therein is
generally fo {mall, that it would not pay the coft of
- extrating it. However, if any fhould incline to
- attempt it, merely out of curiofity, it would be ne-
~ ceffary to begin with treating thefe ores in the man-
ner proper for feparating their metalline part ; then
to cupel the metalline regulus fo obtained; and
laftly to refine it by quartation,

Of Silver Ores,

IT is no rare thing to find filver, as well as gold,
in its metalline form, only ledged in fundry earths
and ftony matters, from which it may be feparated
in the fame manner as gold. But the greateft
quantities of this metal are ufually dug out of the
bowels of the earth in a truly mineral ftate ; that is,
combined with different fubftances, and particularly
with fulphur and arfenic.

Several filver ores are diftinguithed by peculiar
characterifticks, and are accordingly denoted by
particular names. ‘That which is called the 7i-

ki 3 treous
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treous Silver Ore, is {carce any thing elfe but a com-
bination of filver and fulphur. Another is known
by the name of the Hrny Silver Ore, becaufe when
in thin plates it is femi-tranfparent : in this ore the
filver is mineralized by fulphur and a little arfe-
nic. The Red Silver Ore 1s of the colour which
its name imports, fometimes more, fometimes lefs
vivid; and is chiefly compofed of filver, arfenic,
and fulphur: it alfo contains a little iron.

Thefe three ores are very rich in filver: the firft
contains nearly three fourths of its weight, and the
others about two thirds of theirs.

There is a fourth, called the White Silver Ore,
which though it be heavier, is not fo rich in filver,
becaufe it contains much copper. Many other ores
contain filver, yetare not, properly {peaking, filver
ores ; becaufe a much greater quantity of other me-
tals than of filver is found in them.

When a filver ore is to be decompofed, in order to
have the filver pure, or when filver is to be extraéted
out of any ore that contains it, the firft thing to be
done is to roaft the ore inorder to clear it of the vgla-
tile minerals : and as filver cannot be had pure with-
out the operation of the cupel, which requires more
or lefs lead to be joined with it, it is ufual to mix
with the torrified filver ore a quantity of lead pro-
portioned to that of the heterogeneous matters com-
bined with the filver, and to melt the whole toge-
ther. Part of the added lead vitrifies during the
fufion, and at the fame time converts fome of the
heterogeneous matters alfo into glafs, with which
it forms a fcoria that rifes to the furface of the
matter. The other part of the lead, with which the
{ilver 1s mixed, falls to the bottom in the form of a

regulus, which muft be cupelled in order to have
the filver pure,
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Of Copper Ores.

Corper is much feldomer found in metalline
form, than gold or filver : it is commonly in a mi-
neral ftate : it is mineralized by fulphur and arfe-
nic : almoft all its ores contain alfo more or lefs
iron ; fometimes a little filver or even gold, to-
gether with unmetallic earths and ftones, as all
ores do.

Moft copper ores are of a beautiful green or blue,
or elfe in fhades blended of thefe two colours. The
minerals called mountain green, and mountain bl ue,
are true copper ores; not in the form of hard ftones,
like other ores, but crumbly and friable like earth.

Neverthelefs there are feveral copper ores of diffe-
rent colours, as afh-coloured, whitifh, and fhaded
with yellow or orange ; which colours arife from the
different proportions of arfenic, fulphur, and iron,
which thefe ores contain.

In order to decompofe a copper ore, and to ex-
tract the copper it contains, it is firft of all to
be freed from as many of its earthy, ftony, ful-
phureous, and arfenical parts, as is pofiible, by
roafting and wafthing ; then what remains is to be
mixed with a flux compounded of a fixed alkali
and fome inflammable marter; a little fea-falt is to be
put over all, and the whole melted by a ftrong
fire. The falts facilitate the fufion andrfcorification
of the unmetallic matters, and therewith form a
flag, which being the lighteft rifes to the furface.
The metalline matters are colleted below in the
form of a thining regulus of copper ; which, how-
ever, 1s not ufually fine copper, but requires to be
purified in the manner to be fhewn in our fecond
part. |
~ Inorder to feparate the copper from the unmetallic
matters, it is abfolutely neceflary to melt its ore
along with inflammable fubftances abounding in

L4 phlogtiton,
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phlogifton. For, as this metal is not poffeffed
of its metalline form while it is in a mineral
ftate, as it is deftitute of the true quantity of phlo-
gifton, and, though it were not, would lofe it by
the action of the fire, it would come to pafs that if
its ore were melted withcut the addition of any in-
flammable matter, the cupreous earth or calx would
be {fcorified and confounded with the unmetallie
matters ; and as all metallic matters, except gold
and filver, are fubject to this inconvenience as

well as copper, the addition of an inflammable fub- |

ftance, in fluxing all ores that contain them, is a ge-
neral rule that ought conftantly to be obferved,

Of Iron Ores.

Trow is feldom found pure and malleable in the
earth; yet it is much feldomer found in the mineral
ftate, properly fo called, than any of the other me-
tals : for moft iron ores are fcarce any thing more
than a ferruginous earth mixed in different pro-
portions with unmetallic earths and ftones. Some
of them, however, contain alfo volatile minerals,
fuch as fulphur and arfenic; and therefore it is ne-

- ceflary to roaft the iron ores, like all others, before
you attempt to extract the metal out of them. That
being done, they are to be {melted with a flux con-
{ifting of fufible and inflammable matters, as the ge-
neral rule direlts.

Iron is the commoneft of all metals; nay, it is
fo univerfally diffufed through the earth, that it is

difficult to find any ftone, ecarth, or fand, thatdoes
not contain fome of ity and therefore none of thefe

are ufually confidered and treated asiron ores, except
fuch as contain a great deal of that megal, and melt
eafily. ‘The hematites, emery, . yellow pyrites, ca-

lamine, all contain a pretty confiderable quantity of

iron; but no body attempts to extra it from
them, becaufe they are very hard to melt.

Ferruginous
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Ferruginous earth being naturally of an orange
colour, a ftone or earth may be judged to contain
iron, if either naturally or after roafting it appears
to have any fhade of yellow or red.

The fingular property which iron has of being
attrated by the magnet, and of being the only body,
exclufive of all others, that is fo, iikewife affords
us an ealy method of difcovering the prefence of
this metal among other matters, where it often exifts
in fuch a fmall quantity that it could not otherwife
be found out. For this purpofe the body in which
iron is fufpected to lurk, muft be pulverifed and tor-
refed with fome inflammabie matter; and then the
powder thus roafted being touched with a magnet,
or a3 magnetical bar, if it contains any particles of

iron they will infallibly adhere to the magnet or
bar,

Of Tin Ores.

Tix is never found in the earth pure and malle-
able, but always in a mineral ftate, and always mi-
neralized by arfenic. Tin oresare not fulphureous ;
whence it comes that though tin be the lighteft of
all mertals, its ores are neverthelefs heavier than
thofe of other metals, as arfenic greatly exceeds ful-
phur in gravity. Some tin ores contain alfo a little
iron. The ores of tin are to be wafthed, roafted,
and {melted with a reducing flux, according to the
general rules,

Of Lead Ores.

Leap, like tin, is never found but in a mineral
ftate. It is moft commonly mineralized by ful-
phur ; yet there are fome lead ores which alfo con-
tain arfenic,

Lead ores, as well as all others, muft be roafted
and fmelted with a reducing flux: however, as itis
difficult to free them from all their fulphur by torre-

faction
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faction only, the reducing flux employed in their
fufion may be made up with a quantity of iron
filings, which being incapable of any union with
lead, and having a much greater affinity than that
metal with fulphur, will on this occafion be of
great fervice by interpofing between them.

Of Quick-filver Ores.

Run~Nine Mercury is fometimes found in cer-
tain earths, or grey, friable ftones; but moft com-
monly in a mineral ftate. It is always mineralized
by fulphur, and by fulphur alone: fo that cinabar
is the only ore of quick-filver that we know of:
and a very rich one it is, feeing it contains fix or
feven times as much mercury as fulphur.

Roafting can be of no ufe towards decompo-
fing the ore of mercury, and feparating its Eﬁ
phur ; becaufe mercury being itfelf very wolatile
would be carried off by the fire together with the
fulphur. In order therefore to part the two fub-
{tances of which cinabar confifts, recourfe muft ne-
ceffarily be had to fome third body, which will unite
with one of them, and by that means feparate it
from the other. Now all the metals, except gold,
having a greater -affinity than mercury with ful-
phur, fuch a body is eafily found: any metal but
gold may be employed with fuccefs in this decom-

fition ; but as iron hath a greater affinity with ful-
phur than any of the reft, and is moreover the only
ohe that cannot unite with mercury, it muft on
account of thefe two qualities be preferred to all
-the reit.

Fixed alkalis are alfo well qualified to abforb
the fulphur of cinabar. Cinabar muft be decom-
pofed in clofe veficls, and by the way of diftilla-.
tion; otherwife the mercury, as foon as it feparates

| from
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from the fulphur, will be diffipated in vapours
and entirely loft.

In this operation it is needlefs to add either flux
or phlogifton; becaufe the cinabar is decompofed
without melting, and the mercury, though in a
mineral ftate, contains, like gold and filver, all
the phlogifton requifite to fecure its metalline
properties.

Of the Ores of Regulus of Antimony.

RecuLus of Antimony is always found in a mi-
neral ftate : it is mineralized by fulphur; but fome-
times, though rarely, it is alfo combined with a
little arfenic.

When the ore of regulus of antimony is to be de-
compofed, the firft thing to be done is to expole it to
a degree of heat too weak to melt its earthy and (tony
parts, but ftrong enough to fufe its reguline together
with its fulphureous parts, which by this means are
feparated from the earth, and united into one mafs,
known by the name of Antimony.

It is plain that this firft operation, which is founded
on the great fufibility of antimony, produces, with
regard to the ore of regulus of antimony, the fame
effect that wafhing hath on other ores: fo that after
this firfl fufion nothing more is requifite to the obtain-
ing of a pure regulus of antimony, but to feparate
it from its fulphur by roafting, and to melt it with
fome matter abounding in phlogifton, in the fame
manner as other metallic matters are treated. The
term calcination is generally ufed to exprefs this
torrefaction of antimony, by means whereof the
metallic earth of the regulus of antimony is feparated
from its fulphur.

As regulus of antimony hath, like mercury.
much lefs affinity with fulphur than the other me-
tals have, it follows that antimony may be decom-
pofed by the fame means as cinabar; but the regiu-

s
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lus fo obtained is adulterated with a portion of the
addl:tament made ufe of, which combines there-
with.

‘There 15’ ftill another procefs employed for ob-
taining the regulus of antimony: it cenfifls, as
was mentioned in its place, in detonating the mine-
ral with a mixture of nitre and tartar, applied in
fuch a proportion that, after the detonation has
confumed the fulphur, there may remain fo much
inflammable matter as will be fufficient to furnith
the metalline earth of the antimony with the phlo-
gifton neceflary to preferve irs merallic properties.
But by this method lefs regulus is produced, than
by calcining, or torrelying, and reducing as ufual.

Of ibe Ores of Bifmuth.

Ture ore of Bifmuth confifts of the femi-metal
mineralized by the arfenic, and of an unmetallic
earth. It is very ealy to decompofe this ore, and
to extract the bifmuth it contains : for this pur-
pofe it need only be expoled to a moderate heat,
whereby the arfenic will be diffipated in vapours,
and the bifmuth melted, which will then feparate
from the unmetallic earth., 'This earth, at leaft
in feverpl ores of bifmuth, poffefies the property of
tinging all vitrifable matters with which 1t is melted
of a beautiful blue colour.

To decompofe the ore of bifmuth no Aux or in-
flammable matter is ufed ; becaufe this femi-metal
is pofleficd, even in its mineral ftate, of all the
phlogifton requifite to maintain its metalline proper-
ties; and its great fufibility makes it unneceffary to
melt the metallic earth contained in its ore,

Of the Ores of Zinc.

Zixc is not generally obtained from a particular
ore of its own ; but fublimes during the fufion of a
mineral, or rather a confufed mafs of minerals,

that
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that contains this femi-metal together with j
copper, lead, fulphur, arfenic, and,  like
ores, an unmetallic earth.

Neverthelefs chere is a fubftance which may be
confidered as the proper ore of zink, becaufe it
contains a pretty large quantity of chat [emi-meral,
a little iron, and an unmetallic earth, It is called
Calamine, or Lapis Calaminaris : bue hitherto the
art of procuring zinc dire@ly from this mineral hath
no whete been practifed.  Calamine is commonly
employed only to convert copper into brafs or
a yellow metal, by cementing it therewith. In-
deed till lately no eafy or practicable method of ob-
taining pure zinc from calamine was publickly
known j for that femi-metal being volarile and ve
inflammable, its ore cannot be fufed like others. Mr.
Margraai was the firft who, by mixing powdered
charcoal with calamine in clofe veflels, obtained a
perfect zinc from it, by the means of diftillation

ot {ublimation, as fhall be fhewn in our Pradical
Chymiftry,

romn,
all other

Of Arfexical Minerals.

ARrsente, as well as fulphur, is naturally com-
bined with almoft all ores, or minerals containin
metallic fubftances. As it is very volatile, while
the matters with which it is united are fixed, at
leaft in comparifon therewith, itis cafily feparated by
fublimation,

The minerals that contain moft arfenic are the
white pyrites, orpiment, and cobalt. We have al-
ready confidered the white pyrites : as to Orpiment,
it confifts of fulphur and arfenic. Both thefe fub-
ftances being very volatile, it is difficult to feparate
them by fublimation : yet, with proper manage-
ment, and a due regulation of the fire, this fepara-
tion may be effeted; becaufe fulphur fublimes a lit-
tle more eafily than arfenic.  But it is more conve-

nient
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~ nient, as well as more expeditious, to make ufe of
fome additament that hath a greater affinity with one
of thofe fubftances than with the other. Fixed al-
kalis and mercury, both of which have more af-
finity with fulphur than with arfenic, may be very
properly employed on this occafion.

Cobalt is a mineral compofed of arfenic, an
unmetallic earth, and frequently bifmuth : and as
none of thefe are very volatile, except the arfenic,
this may be eafily feparated from the reft by fubli-
mation. The unmetallic earth which remains has,
like that of the ore of bifmuth, the property of
giving a blue colour to any vitrifiable matters
melted with it ; whence it is conjectured that cobalt
and the ore of bifmuth have a great refemblance, or
are often blended with each other. WNeverthelefs
Mr, Brant, an ingenious Swedith Chymift, infifts
that they are very different: he pretends that the
metallic fubftance contained in the true cobalt is
a femi-metal of a peculiar nature, which hath been
erroneoufly confounded with bifmuth: and indeed
he proves by a great number of curious experi-
ments, related in the Memoirs of the Academy of
Upfal, that thefe ewo metallic fubftances have pro-
perties that are effentially different : to that which is
obtained from cobalt he gives the name of Regulus
of Cobalt.

Befides the minerals already recited, there 1s found
in the bowels of the earth another fpecies of com-
pound body, of which we have already taken notice;
but which is fuppofed, with fome degree of pro-
bability, to belong as much to the vegetable as to
the mineral kingdom: I mean the Bitumens;
which the beft obfervations oblige us to confider
as vegetable oils, that by lying long in the earth
have contrated an union with the mineral acids,
and by that means acquired the thicknefs, con-

filtence, and other properties oblervable in them.
By
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By diftillation they yield an oil, and an acid not
unlike a mineral acid. Mr. Bourdelin has even de-
monitrated, by a very artful and ingenious procefs,
that amber contains a manifelt acid of {ea-falt.
See the Memoirs of the Royal Academy of Sciences,

CoH A P2 XV
Explanation of the Table of Affinities.

T hath been fhewn in the courfe of this worl
that the caufes of almoft all the phenomena,
which Chymiftry exhibits, are deducible -from the
mutual affinities of different fubftances, elpecially
the fimpleft. We have already explained, (fee Chap.
II.) what is meant by Affinities, and have laid down
the principal laws to which the relations of dif-
ferent bodies are fubject. The late Mr. Geoffroy,
one of the beft Chymifts we have had, being con-
vinced of the advantages which all who cultivate
Chymiftry would receive from having conftantly be-
fore their eyes a ftate of the beft afcertained relations
between the chief agents in Chymiftry, was the firft
who undertook to reduce them into order, and
unite them all in one point of view, by means of a
table. Weare of opinion, with that great man, that
this T'able will be of confiderable ufe to fuch as are
beginning to ftudy Chymiftry, in helping them to
form a juft idea of the relations which different
fubftances have with one another; and that the
practical Chymift will thereby be enabled to accoung
for what pafies in feveral of his operations otherwife
difficult to be underftood, as well as to qudge what
may be expected to refult from mixtures of different
compounds. Thefe reafons have induced l:IHftG
1Nl TE
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infert it at the end of this elementary treatife, and to
give a fhort explanation of it here; efpecially as it
will ferve, at the fame time, for a recapitulation of
the whole work, in which the feveral axioms of this

‘Table are difperfed. : |

You have it here juit as it was drawn up by Mr.
Geoffroy, without any addition or alteration. I
own, however, that it might be improved both
ways ; for fince the death of that great Chymift
many experiments have been made, fome of which
have difcovered new affinities, and others have
raifed exceptions to fome of thofe laid down by
him. But feveral reafons diffuade me from publifh-
ing a new Table of Affinities, containing all the
emendations and innovations that might be made in
the old one. '

The firft is, that many of the affinities lately
difcovered are not yet fufficiently verified, but,
on the contrary, fubjet to be contefted : in fhort,
they arve perhaps liable to more confiderable ob-
jections and exceptions than the other.

The fecond is, that as Mr. Geoffroy’s Table con-
tains all the fundamental affinities, it is more fuit=
able to an Elementary Treatife than a much fuller
one would be ; feeing this would neceffarily fuppofe
the knowledge of many things not treated of by us,
and of which it was not proper to fay any thing
in fuch a book. :

However, as it is effential to our purpofe that we
lead none into error, we fhall take care, in explain~
ing the affinities delivered by Geoffroy, to mention
the principal objections and exceptions to which
they are liable : we fhall moreover add a very few
new ones, confining ourfelves to fuch only as arg
elementary and well afcertained. '

The upper line of Mr. Geoffroy’s Table compre<
hends feveral fubftarices ufed in Chymiftry. Undet
each of thofe fubftances are ranged in diftin& co-

lumns
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lumns feveral matters compared with them, in the
order of their relation to that firft fubftance; fo as
that which is the neareft to it is that which hath the
greate(t affinity with it, or that which none of the
fubftances ftanding below it can feparate therefrom ;
but which, on the contrary, feparates them all when
they are combined with it, and expels them in or-
der to join itfelf therewith, The fame is to be un-
derftood of that which occupies the fecond place of
affinity 5 that is, it has the fame property with re-
gard to all below it, yielding only to that which is
above it : and fo of all the reft,

At the top of the firft column ftands the charac-
ter which denotes an Acid in general. Immediately
under this ftands the mark of a Fixed Alkali, being
placed there as the fubftance which has the greateft
affinity with an Acid. After the Fixed Alkali ap-
pears the Volatile Alkali, whofe affinity with Acids
yields only to the Fixed Alkali. Next comethe Ab-
forbent tarths ; and laft of all Metallic Subftances,
Hence it follows that when a Fixed Alkali is united
with an Acid it cannot be feparated therefrom by
any other fubftance; that a Volatile Alkali united
with an Acid cannot be feparated from it by any
thing but a Fixed Alkali, that an Abforbent Farth
combined with an Acid may be feparated from it
either by a Fixed or by a Volatile Alkali; and
laftly, that any Metallic Subftance combined with
an Acid may be feparated from it by a Fixed Al-
kali, a Volatile Alkali, or an Abforbent Farth.

There are many important remarks to be made
on this firft column. Firft, ic is making the rule
too general to fay that any Acid whatever has a
greater affinity with a Fixed Alkali, than with any
other fubftance : and indeed Mr. Geoffroy himfelf
hath made an exception with refpe@ to the Vitriolic
Acid ; for in the fourth column, at the head of
which ftands that Acid, we find the figh of the

Vor. L. M Phlogifton
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Phlogifton placed above that of the Fixed Alkali,
as having a greater affinity than the Fixed Alkali
with the Vitriolic Acid. This is founded on the
famous experiment, wherein Vitriolated Tartar and
Glauber’s Salt are decompounded by means of the
Phlogifton, which feparates the Fixed Alkalis of
thefe Neutral Salts, and uniting with the Vitriolic
Acid contained in them forms therewith a Sul-
phur.

Secondly, Nitre deflagrates, and is decompofed,
by the contatt of any inflammable matter whatever
that is actually on fire ; and the operation which
produces Phofphorus is no other than a decompofi-
tion of f{ea-falt, whofe Acid quits its Alkaline ba-
{is to join with the Phlogifton: now thefe faéts fur-
nith very ftrong reafons for believing that both
thefe Acids, as well as the Vitriolic, have a {tronger
affinity with the Phlogifton than with a Fixed Al-
kali. Laftly, as feveral experiments thew the Ve-
getable Acids to be only the Mineral Acids dif-
guifed and mortified, there are fufficient grounds
for fufpecting that Acids in general have a greater
affinity with the Phlogifton than with Fixed Alka-
lis: fo that inftead of making an exception with
regard to the Vitriolic Acid, it would perhaps be
better to lay down this greater affinity as common:
to all Acids whatever, and to place the Phlogifton
in the firft column, immediately under the charac-
ter which denotes an Acid in general. This theory,
however, ftands in need of confirmation from other
experiments *,

* Mr. Margraaf, an able German Chymift, has ‘made feveral
experiments which induce him to think that the Acid of Phof.

horus is of a particular kind, and difierent from that of fea.
fale. May it not be the Marine Acid, but altered by the union-
it has contracted with the phlogifton ? Or may it not be, with
re[%:& to Phofphorus, what the volatile fulphureous {pirit is,,

with refpect to Sulphur ? See the Memoirs of the Royal Acade-
my of Sciences of Berlin,
Thirdly,
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Thirdly, in this fame column the chara&er of a
Volatile Alkali is fet above that of an Abforbent
Earth, as having a greater afhnity with Acids;
and yet thefe Abforbent Earths decompole the Am-
moniacal falts, drive away the Volatile Alkali
from the Acids, and afflume its place. This is one
of the ficlt objections made againft Mr. Geoffroy’s
Table. His anfwer thereto is printed in the Me-
moirs of the Academy of Scicnces for 1718, where
his Table alfo is to be found. We have already
declared our opirion about this matter in treating of
a Volatile Alkali.

Fourthly, in 1744, Mr. Geoffroy, brother to
the author of the Table, who hath done no lefs ho-
nour to Chymiftry than that eminent phyfician,
gave in a Memoir containing an exception to the
Jaft affinity in the firlt column; namely, that which
places Abforbent Earths above Metallic Subftances.
He therein fhews that Alum may be converted into
Copperas by boiling it in Iron veffels ; that on this
occafion the Iron precipitates the Earth of the Alum,
feparates it from its Acid, and affumes its place ;
fo that of courfe it muft have a greater affinity, than
the Abforbent Earth of Alum, with the Vitriolic
Acid.

At the head of the fecond column ftands the cha-
racter of the Marine Acid, which fignifies that the
affinities of this Acid are the fubjeét of the column.
Immediately below it is placed the mark of Tin.
As this is a Metalline fubftance, and as the firft co-
lumn places Metalline fubftances in the loweft degree
of affinity with all Acids, it is plain we muft fup-
pole Fixed Alkalis, Volatile Alkalis, and Abforbent
Earths, to be placed here in order after the Marine
Acids, and before Tin. Tin, then, is of all Me-
talline fubftances that which bas the greateft affinity
with the Marine Acid ; and then follow Regulus
of Antimony, Copper, Silver, Mercury. Gold
comes laft of all; and there are no lefs than two

M 3 vacant
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vacant places above it. By this means it is in fome

fort excluded from the rank of fubftances that have

an affinity with the Marine Acid. The reafon

thereof is that this Acid alone is not capable of dif-
folving Gold and combining therewith, neceffarily
requiring for that purpofe the aid of the Nitrous
Acid, or at leaft of the Phlogifton.

The third column exhibits the affinities of the
Nitrous Acid, the charatter whereof ftands at its
head. TImmediately below it is the fign of Iron, as
the metal which has the greateft afhinity with this
Acid ; and then follow other metals, each accord-
ing to the degree of its relation ; to wit, Copper,
Lead, Mercury, and Silver. In this column, as
in the preceding one, we muft fuppofe the fub-
ftances, which in the firft column fland above Me-
tallic fubftances, to be placed in their proper order
before Iron.

The fourth column is intended to reprefent the
affinities of the Vitriolic Acid. Here Mr. Geoffroy
has placed the Phlogifton as the fubftance which
has the greateft affinity with this Acid, for the rea-
fon given in our explanation of the firlt column.
Below it he has ranked Fixed Alkalis, Volatile
Alkalis, and Abforbent Earths, to fhew that this
1s an exception to the firlt column. As to Metal-
line fubftances, he has fet down but three, being
thofe with which the Vitriolic Acid has the moft
petceptible affinity : thefe metals, placed in the os-
der of their affinities, are Iron, Copper, and
Silver.

The fifth column fhews the affinities of Abforbent
Farths. As thefe Farths have no fenfible affinit
but with Acids, this column contains only the cha-

rafters of the Acids ranked according to the degree
of their ftrength, or affinity with the Farths ; to
wit, the Vitriolic, the Nitrous, and the Marine

Acds,
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Acids. Underneath this laft might be placed the
Acid of Vinegar, or the Vegetable Acid.

The fixth column exprefles the affinities of Fixed
Alkalis with Acids, which are the fame with thofe
of Abforbent Earths. Moreover, we find Sulphur
placed here below all the Acids ; becaufe Liver
of Sulphur, which is a combination of Sulphur with
a Fixed Alkali, is atually decompounded by any
Acid : for any Acid precipitates the Sulphur and
unites with the Alkali.

Immediately over the Sulphur, or in the fame
{quare with it, might be fet a mark denoting the
Volatile Sulphureous Spirit ; becaufe, like Sul-
phur, it has lefs affinity than any other Acid with
Fixed Alkalis. Oils might allo be ranked with
Sulphur, becaufe they unite with Fixed Alkalis,
and therewith form Soaps which are decompounded
by any Acid whatever,

The feventh column points out the affinities of
Volatile Alkalis, which are likewile the fame as
thofe of Abforbent Farths ; and the Vegetable Acid
might be placed here alfo under the Marine Acid.

The eighth column fpecifies the affinities of Me-
tallic fubftances with Acids. The affinities of the
Acids, which with refpect to Fixed Alkalis, Vola-
tile Alkalis, and Abforbent Farths, fucceeded each
other uniformly, do not appear in the fame order
here. ‘The Marine Acid, inftead of being placed
below the Vitriolic and Nitrous Acids, ftands, on
the contrary, at their head ; becaufe, in fa&, this
Acid {eparates Metalline fubftances from all the
other Acids with which they happen to be united,
and forcing thefe Acids to quit poffeffion intrudes
into their place.  Neverthelefs, this is not a general
rule y for feveral Metalline fubftances muft be ex-
cepted, particularly Iron and Copper.

The ninth column declares the affinities of Sul-
phur. Fixed Alkalis, Iron,Copper, Lead, Silver, Re-

M 3 gulus
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gulus of Antimony, Mercury, and Gold, ftand be-

low it in the order of their affinitiecs. With regard
to Gold it muft be obferved, that it will not unite
with pure Sulphur ; it fuffers itfelf to be difiolved
only by the Liver of Sulphur, which is known
tp be a compofition of Sulphur and Fixed Alkali.

At the head of the tenth column appears Mer-
cury, and beneath it feveral Metalline fubftances, in
the order of their affinities with it. Thofe Metal-
hine {ubftances are Gold, Silver, Lead, Copper, Zinc,
and Regulus of Antimony. |

It is proper to remark on this column that Re-
gulus of Antimony, - which ftands the loweft,
unites but very imperfeétly wich Mercury ; and that
after a feeming union of thefe two Metaliic fub-
ftances hath been obtained, by a tedious triture
with the addition of water, they do not continue
long united, but fpontaneoufly feparate from each
other in a fhort time. Iron and Tin are here ex-
cluded ; the former with great reafon, becaufe hi-
therto it hath not been clearly proved, by any known
experiment, that ever Mercury was united with
Iron: but the fame objection cannot be made tq
Tin, which amalgamates very well with Mercury,
and might therefore be placed in this column nearly
between Lead and Copper. I ufe the word nearly,
becaufe the different degrees of affinity between Me-
talline fubftances and Mercury are not fo exactly de-
termined, as the other relations before confidered ;
feeing they generally unite with it, without ex-
cluding one another. We can therefore frarce
judge of the degree of affinity that belongs to each,
but by the greater or lefs readinefs of each to amalga-
mate therewith.

Theeleventh column fhews that Lead has a greater
affinity with Silver than with Copper.

The twelfth, that Copper has a greater affinity
with Mercury than with Calamine, =~ '
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The thirteenth, that Silver has a greater affinity
with Lead than with Copper.

The fourteenth contains the affinities of Iron.
Regulus of Antimony ftands immediately under-
neath it, as being the Metallic fubftance which has
the greateft affinity with it. Silver, Copper, and
Lead are placed together in the next fquare below,
becaufe the degrees of affinity which thofe Metals

have with Iron are not exaétly determined.
~ The fame is to be faid of the fifteenth column :
Regulus of Antimony flands at its head ; Iron is
immmediately below it; and below the Iron the
fame three Metals occupy one fquare as before.

Latftly, the fixteenth column indicates that Water
has a greater affinity with Spirit of Wine than with
Salts. By this general expreffion muft not be under-
ftood any Saline fubftance whatever ; but only the
- Neutral Salts, which Spirit of Winé frees from the
water that kept them in folution. Fixed Alkalis,
on the contrary, as well as the Mineral Acids,
have a greater affinity than Spirit of Wine with Wa-
ter: {0 that thefe Saline fubftances, being well dephleg-
mated and mixed with Spirit of Wine, imbibe the
water it contains and reétify it.

To thefe might be added another fhort column,
having Spirit of Wine at its head ; immediately be-
low it fhould be the character of Water, and below
that the mark of Oil. This column would fhew
that Spirit of Wine has a greater affinity with Wa-
ter than with Cils ; becaufe any Oily matter what-
ever, that is diffolved in Spirit of Wine, may be ac-
tually feparated from it by the affufion of Water.
This rule admits of no exception but in one cafe,
which is when the oily fubftance partakes of the na-
ture of foap, by having contraéted an union with
fome faline matter. But as this muft be imputed
wholly to that adventitious faline matter being {uper-
added to the oily fubftance, it is no juft foundation

M 4 for
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for an exception, and the affinity in queftion is ne-
verthelefs general.

We have now delivered every thing material that
we had to fay concerning Mr. Geofiroy’s Table of
Affinities. It is, as we obferved before, of ex-
ceeding great fervice, as it colleéts into one view the
principal truths laid down in this Treatife. In-
deed the moft advantageous way of ufing it is, not
to delay confulting it till you have read the book
through, but to turn to it while you are reading, as
oft as any affinity between bodies is treated of ;
which it will imprint more ftrongly on your mind,
by reprefenting it in a manner before your eyes.

CH A P XV
The THEORY of CONSTRUCTIN G

the VESSELS muoff commonly ufed
777 CHYMISTRY.

HY MISTS cannot perform the operations
C of their art without the help of a confiderable
number of wveflels, inftruments, and furnaces,
adapted to contain the bodies on which they intend
to work, and to apply to them the feveral degrees
of heat required by different procefles. It is
therefore proper, before we advance to the operations
themiclves, to confider particularly and minutel
what relates to the inftruments with which they
are to be performed.
Vellels intended for Chymical Operations fhould,
to be perfett, be able to bear, without breaking,

the fudden application of great heat and great cold 3 ;.*-"'.
be impenetrable to every thing, and unalterable by §

any folvent 5 unvitrifiable, and capable of enduring
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the moft violent fire without melting : but hi-
therto no vefiels have been found with all thefe
qualities united.

‘They are made of fundry materials, namely, of
metal, of glafs, and of earth. Metalline veflels,
efpecially thofe made of Iron or Copper, are apt to
be corroded by almoft every faline, oily, or even
aqueous fubftance. For this reafon, in order to
render the ufe of them a little more extenfive, they
are tinned on the infide. But, notwithftanding
this precaution they are on many occafions not to
be trufted ; and fhould never be employed in any
nice operations which require great accuracy
they are, morcover, incapable of refifling the force
of fire.

Earthen veflels are of feveral forts. Some, that
are made of a refractory earth, are capable of being
fuddenly expofed to a fliong fire without break-
ing, and even of fuftaining a great degree of heat
for a confiderable time : but they generally fuffer
the vapours of the matters which they contain, as
well as vitrified metals, to pafs through them ; efpe-
cially the glafs of lead, which eafily penetrates them,
and runs through their pores as through afieve. There
are others made of anearth that whenwell baked looks
as if it were half vitrified : ‘Thefe being much lefs
porous are capable of retaining the vapours of the
matters which they contain, and even glafs of lead
in fufion; which is one of the fevereft trials a veffel
can be put to: but then they are more brittle than
the other fort,

Good glafs vefiels thould conflantly be employed
in preference to all others, whenever they can pof-
fibly be ufed : and that not only becaufe they are
no way injured by the moft adtive folvents, nor fuffer
any part of what they contain to pafs through,
but alfo becaufe their tranfparency ailows the Chy-
mift to obferve what pafles within them; which is

always
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always both curious and ufeful. But it is pity that
veflels of this fort thould not be able to endure
a fierce fire without melting. We fhall take care,
‘when we come to defcribe the feveral forts of chy-
mical inftruments, and the manner of ufing them,
to note what veflels are to be preferred to others on
different occafions.

Diftillation, as hath been already faid, is an ope-
ration by which we feparate from a body, by the
help of a gradual heat, the feveral principles of
which it confifts.

There are three methods of diftilling. The firlt
is performed by applying the heat over the body
whofe principles are to be extracted. In this cafe,
as the liquors when heated and converted into va-
pours conftantly endeavour to fly from the center
of heat, they are forced to re-unite in the lower
part of the veffe] that contains the matter in diftilla-
tion, and fo pafling through the pores or holes of
that veffel, they fall into another cold veffel applied
underneath to receive them. This way of diftilling
is on this account called Diltilling per defeenfum. It
requires no other apparatus than two vefiels figured
like fegments of hollow {pheres, whereof that
which is pierced with little holes, and intended to
contain the matter to be diftilled, ought to be
much lefs than the other which is to contain the
fre, and clofe its aperture exaély ; the whole toge-
ther being fupported verrically upon a third veflel,
which is to ferve the purpofe of a recipient, admit-
ting into its mouth the convex bottom of the veflel
containing the matter to be diftilled, which muft
accurately fill it.  This method of diftilling is bue
little ufed.

The fecond method of diftilling is performed by
applying the heat underneath the matter to be de-
compofed. On this occafion the liquors being
heated, rarefied, and converted inta vapours, rife,

and
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and are condenfed in a vefiel contrived for that pur-
pofe, which we fhall prefently defcribe.  This way
of diftilling is called Diftilling per afcenfum, and is
much ufed,

The veflel in which this diftillation per afcen-
Jum is performed we call an Alembic.
~ There are feveral forts thereof differing from one
another both in the matter of which and the man-
per in which they are made.

Thofe employed to draw the odoriferous waters
and eflential oils of plants are generally made of
copper, and confift of feveral pieces. The firft,
which is defigned to contain the plant, is formed
nearly like a hollow cone, the vertex whereof is
drawn out in the fhape of a hollow cylinder or tube :
this part is named the Cucurbit, and its tube the
Neck of the alembic. To the upper end of this
tube another wvefiel is foldered : this is called the
Head, and commonly has likewife the form of a
cone, joined to the neck of the alembic by its bafe,
round which on the infide is hollowed a {mall groove
communicating with an orifice that opens at its moft
depending part. To this orifice is {oldered a fmall
pipe in a direction floping downwards, which is called
the Nofe, Spout or Break of the alembic.

As foon as the matters contained in the alem-
bic grow hot, vapours begin to arife from them,
-and afcending through the neck of the alembic into
the head, are by the fides thereof ftopped and con-
denfed : from thence they trickle down ‘in little
ftreams to the groove, which conveys them to the
fpout; and by that they pafs out of the alembic into
a glafs veffel with a long neck, the end of the fpout
being introduced into that neck and luted thereto,

To facilitate the refrigeration and condenfation of
the vapours circulating in the head, all alembics of
metal are moreover provided with another piece,
which is a kind of large pan of the fame metal,

fitted
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fitted and foldered round the head. This piece
ferves to keep cold water in, which inceffantly cools
the head, and therefore it is called the Refrigera-
tory. The water in the refrigeratory itfelf grows
hot after fome time, and muft therefore be chang-

ed occafionally 5 the heated water being firft

drawn off by means of a cock fixed near the
bottom of the refrigeratory.  All copper alem-
bics fhould be tinned on the infide for the reafons
already given. |

When faline fpirits are to be diftilled, alembics of
metal muft not be ufed ; becaufe the faline vapours
would corrode them. .In this cafe recourfe muft be
had to alembics of glafs. Thefe confift of two
pieces only ; namely, a cucurbit, whofe fuperiour
orifice is admitted nto and exa@ly luted with its
head, which is the fecond piece.

In general, as alembics require that the vapours of
the matter to be diftilled thould rife to a confiderable
heighth, they ought to be ufed only when the
moit volatile principles are to be drawn from bodies:
And the lighter and more volatile the fubftances to
be feparated by diftillation are, the taller muft the
alembic be ; becaufe the moft ponderous parts, be-
ing unable to rife above a certain heighth, fall back
again into the cucurbit as foon as they arrive
there, leaving the lighter to mount alone, whofe
vu]act}i.lity qualifics them to afcend into the
head.

When a matter is to be diftilled that requires a
very tall alembic, and yet does not admit of a me-
taliine veffel, the end will be beft anfwered
by a glafs vefftl of a round or oval fhape, hav-
ing a very long neck, with a fmall head fitted to
its extremity.  Such a vefftl ferves many pur-
pofcs : It is fometimes employed as a receiver, and
at other times as a dicelling vefiel ; on which
lalt occafion it goes under the name of a Matrafs,

When
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When one of thefe provided with a head is ap-
plied to the purpofe of diftilling, it forms a for
of alembic. '

There are fome alembics of glafs, blown in fuch
a manner by the workmen, that the body and head
form but one continued piece. As thefe alembics
do not ftand in need of having their feveral pieces
luted together, they are very ufeful on fome occa-
fions, when fuch exceeding fubtile vapours rife as
are capable of tranfpiring through lutes. The
head muft be open at the top, and provided with a
fhort tube, through which by means of a funnel
with a-long pipe, the matter to be diftilled may be
introduced into the cucurbit. This is to be exactly
clofed with a glafs ftopple, the furface whereof muit
be made to fit the infide of the tube in every point,
by rubbing thofe two pieces well together with
emery.

Another fort of alembic hath alfo been invented,
which may be ufed with advantage when cohobation
is required ; that is, when the liquor obtained
by diftillation is to be returned upon the matter in
the cucurbit ; and efpecially when it is intended that
this cohobation fhall be repeated a grear number of
times. The veflel we are fpeaking of is conflruted
exaftly in the fame manner as that laft defcribed ;
except that its beak, inftead of being in a ftraight
line as in the other alembics, forms a circular arch,
and re-enters the cavity of the cucurbit, in order to
convey back again the liquor collected in the head.
This inftrument hath commonly two beaks oppolite
to each other, both turned in this manner, and is
called a Pelican : It faves the artift the trouble of
frequently unluting and reluting his vefltls, as well
as the lofs of a great many vapours.

‘There are certain fubftances which in diftillation
afford matters in a concrete form, or rife wholly in
the form of a very light powder, called Flowers,

W\ hen
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When fuch fubftances are to be diftilled, the cuctifs
bit which contains them is covered with a head with-
out a nofe, which is named a Blind-head.

- When the flowers rife in great quantities and
very high, a number of heads is employed to colleét
them; or rather a number of a kind of pots, con-
fifting of a body only without any bottom, which fit-
ting one into the other form a canal, that may be
lengthened or fhortened at pleafure, according as
the flowers to be fublimed are more or lefs volatile.
The laft of the heads, which terminates the canal,
18 quite clofe at one end, and makes a true blind-
head. Thefe veflels are called Aludels: they are
ufually of earthen or ftone ware. _

All the veffels above mentioned are fit only for
diftilling fuch light volatile matters as can be eafily
raifed and brought over; fuch as phlegm, efiential
oils, fragrant waters, acid oily {pirits, volatile al-
kalis, &¢. But when the point is to procure by
diftillation principles that are much lefs volatile,
and incapable of rifing high, fuch as the thick
fetid oils, the vitriolic, the nitrous, and the marine
acids, &c. we are are under a neceflity of having
recourfe to other veflels, and another manner of dif-
tilling. |

ltgis ealy to imagine that fuch a veflel muft be
much lower than the alembic. It is indeed no more
than a hollow globe, whofe upper part degenerates
intoa neck or tube, that is bent into a horizontal po-
fition ; for which reafon this inftrument is called a
Retort : it is always of one fingle pieee. |

The matter to be diftilled is introduced into the
body of the retort by means of a ladle with a long
tubular fhank. Then it is fet in a furnace built pur-
pofely for thisufe, and {o that the neck of the retort
coming out of the furnace may, like the nofe of the
alembic, ftand in a floping pofition, to_facilitate
the egrels of the liquors, which by its means are

conveyed
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conveyed to a receiver, into which it is introduced,
and with which it is luted. This way of diftilling,
in which the vapours feem rather to be driven out
of the veflel horizontally and laterally, than raifed
up and fublimed, is for that reafon called Diftillation
per latus.

Retorts are, of all the inftruments of diftillation,
thofe that muft fuftain the greateft heat, and refift
the ftrongeft folvents ; and therefore they muft not
be made of metal. Some however, which are
made of iron may do well enough on certain occa-
fions: the reft are either of glafs or earth. ‘Thofe
of glafs, for the reafons above given, are preferable
to the other fort, in all cafes where they are nor to
be expofed to fuch a force of fire as may melt them.
The beft glafs, that which ftands both heat and
{olvents beft, is that in which there are feweft alka-
fine fales : of this fort is the green German glafs -
the beautiful white cryftal glafs is far from being
equally ferviceable.

Retorts, as well as alembics, may be of different
forms. For example, fome matters are apt to fwell
and rife over the neck of the retort in fubftance
without fuffering any decompofition; when fuch
matters are to be diftilled in a retort, it is proper
that the body of the veffel, inftead of being globular,
be drawn out into the form of a pear, fo as nearly
to refemble that of a cucurbit. In a retort of this
kind, the diftance between the bottom and the neck
being much greater than in thofe whofe bodies are
ipherical, the matters contained have much more
room for expanfion ; fo that the inconvenience here
mentioned is thereby prevented. Retorts of this
form are called Englith retorts: as they hold the
middle place between alembics and common retorts,
they may be ufed to diftill fuch matters as have a
mean degree of voaltility between the greareft and
the leaft. :

It



176 ELEMENTS of the

It is moreover proper to havein a laboratory furn-

dry retorts with necks of different diameters. Wide

necks will be found the fitteft for conveying thick
matters, and fuch as readily become fixed ; for in-
ftance, fome very thick fetid oils, butter of antimo-
ny, (J¢. for as thefe matters acquire a confiftence
as foon as they are out of the reach of a certain de-
gree of heat, they would foon choak up a narrow
neck, and by ftopping the vapours, which rife at
the fame time from the retort, might occafion the
burfting of the veffels.

Some retorts are alfo made with an opening on
their upper fide, like that of tubulated glafs alem-
bics, which is to be clofed in the fame manner wich
a glafs flopple. Thefe retorts are alfo called tubu-
lated retorts and ought always to be ufed whenever
it is peceflary to introduce frefh matter into the re-
tort during the operation ; feeing it may be done

by means of this invention, without unluting and
reluting the veflels; which ought always to be

avoided as much as poffible.

One of the things that moft perplexes the Chy-
mifts, is the prodigious elafticity of many different
vapours, which are frequently difcharged with im-
petuofity during the diftillation, and are even capa-
ble of burfting the veflels with explofion, and with

danger to the artift, On fuch occafions it is abfo-

lutely neceffary to give thefe vapours vent, as we
fhall direct in its proper place : but as that can ne-
ver be done without lofing a great many of them;
as fome of them in particular are fo elaftic that
fcarce any ar all would remain in the veffel ; for

inftance, thofe of the fpirit of nitre, and efpecially

thofe of the fmoking {pirit of falt; the practice is
to make ufe of very large reccivers, of about eighteen

or twenty inches diameter, that the vapours may

have fufficient room to circulate in, and by apply- =

ing to the wide furface prefented them by the exten-

{ive
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five infide of fuch a large veflel, may be condenfed
into drops. Thefe huge receivers are commonly in
the form of hollow globes, and are called Ballons.

To give thefe vapours ftill more room, ballons
have been contrived with two open gullets in each,
diametrically oppofite to one another; whereof one
admits the neck of the retort, and the other is re-
ceived by one of the gullets of a fecond ballon of
the fame form, which is joined in like manner to
a third, and fo on. By this artifice the fpace may
~ be enlarged at pleafure. Thefe ballons with two

necks are called Adopters.

Operations on bodies that are abfolutely fixed,
as metals, ftones, fand, &'c. require only fuch
veflels  as are capable of containing thofe bodies
and refifting the force of fire. Thefe veflels are
little hollow pots, of different dimenfions, which
are called Crucibles. Crucibles can hardly be made
of any thing but earth ; they ought to have a cover
of the fame material fitted to fhut them clofe. The
beft earth we know is that whereof thofe pots are
made in which butter is brought from Bretagne :
thefe pots themfelves are exceeding good crucibles ;
and they are almoft the only ones that are capable of
holding glafs of lead in+#ufion, without being pe-
netrated by it.

For the roafting of ores, that is, freeing them
by the help of fire from their fulphureous and arfe-
nical parts, little cups made of the fame material
with crucibles are ufed; but they are made flat,
fhallow, and wider above than below, that thefe vo-
latile matters may the more frecly exhale. Thele
veflels are called Tefts, or Scorifiers : they are
{carce ever ufed but in the Docimaftic art, thatis, in
making {mall Affays of ores.

You. 1. N CHAP
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, CHE JPesogpx s ovig 0T
The  'Tueory of CoNsTRUCTING #he
- Furnaces moff commonly wfed in

CHYMISTRY. '

 KILL in conduting and applying fire pro-
S perly, and determining its different degrees, is
of very great confequence to the fuccefs of Chymical
operations, : 1 :

As it is exceeding difficult to govern and mode-
rate the action of fire, when the veffels in which any
operation is performed are immediately expofed to
it, Chymifts have contrived to convey heat to their
veflels, in nice operations, through "different me-
‘diums, which they place occafionally between thofe
“veffels and the fire. Bl | |

Thofe intermediate fubftances in which they
plunge their veffels are called Baths. They are
either fluid or folid : the fluid baths are water or its
vapours. "When the diftilling veflel is fet in water,
the bath is called Balneum marie, or the Water-
‘bath 3 and the greateft degree of heat of ‘which it
is fufceptible is that of boiling water. When the
‘vefiel is expoled only to the vapours which exhale
from water, this forms the Pzpour-bath; the heat
of which is nearly the fame with that of the Balneusn
marie.  Thefe baths are ufeful for diftilling effential
“oils, ardent {pirits, f{weet-fcented waters ; in a
word, all fuch fubftances as cannot bear a greater
heat without prejudice either to their odour, or to-
fome of their other qualities.

‘ 5 ‘- UBaths B
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‘Baths 'may alfo’ be made of any other fuids,

fuch as oils, mercury, &e. which are capable of
receiving and communicating much more heat; .
but they are very feldom ufed. When a more con-
fiderable degree of heat is required, a bath is pre-
pared of any folid matter reduced to a fine powder,
fuch as fand, afhes, filings of iron, &’c. The heat
of thefe baths may be puthed fo far as to make the
bottom of the veffel become faintly red. By plung-
ing a thermometer into the bath, by the fide of the
veflel, it is eafy to obferve the precife degree of
heat applied to the fubftance on which you are
“working. It is neceffary that the thermometers
-employed on this occafion be conftruéted on good
principles, and fo contrived as to be eafily compared
with thofe of the moft celebrated natural philofo-
phers. - Thofe of the illuftrious Réaumur are moft
ufed and beflt known, fo that it would not be amifs
“to give them the preference. When a greater heat
‘s required than any of thofe baths can give, the
-veflels muft be fet immediately on live coals, or in
~a flaming fire : this is called working with a naked
“fire ; and in this cafe it is much more difficult than
in the other to determine the degrees of heat.

There are feveral ways of applying a naked fire.
“When the heat or flame is refleted upon the upper
part of the veflel which is expofed to the fire, this
“is called a Reverberated heat. A Melting heat is that
which is ftrong enough to fufe moft bodies. A
Forging heat is that of a fire which is forcibly excited
by the conftant blaft of a pair of bellows, or more.

There is alfo another fort of fire which ferves
- very commodioufly for many operations, becaufe it
~does not require to be fed or frequently mended :
‘this is afforded by a lamp with one or more

wicks, and may be called a Lamp-heat. It is
fearce ever employed but to heat baths, in opera-

tions which require a gentle and long coptinued
N 2 warmth :
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warmth : if it hath any fault, it is that 6f growing
~gradually hotter. | i

All thefe different ways of applying fire require
furnaces of different conftructions: we fhall there-
fore defcribe fuch as are of principal and moft ne-
ceffary ufe.

Furnaces muft be divided into different parts or
ftories, each of which has its particular ufe and
name.

The lower part of the furnace defigned for re-
ceiving the afhes, and giving paffage to the air, 1s |
called the afh-hole. The afh-hole is terminated
~above by a grate, the ufe of which is to fupport the
' coals and wood, which are to be burnt thereon:
this part is called the fire-place. The fire-place is
in like manner terminated above by feveral iron |
bars, which lie quite a-crofs it from right to left, in |

lines parallel to each other: the ufe of thefe bars is |
“to fuftain the veficls in which the operations are tobe
performed. The fpace above thefe bars to the top |
of the furnace is the upper ftory, and may be called
the laboratory of the furnace. Laftly, fome fur- |
naces are quite covered above, by means of a kind |
of vauleéd roof called the dome. _ |
Furnaces have moreover feveral apertures :-one of E
thefe is at the ath-hole, which gives paffage to the air, |
and through which the athes that fallthrough the grate |
- are raked out; thisaperture is called the afh-hole door:
another is at the fire place, through which the fire
is fupplied with fewel, as occafion requires 3 this is |
called the mouth or door of the fire place, or the |
floke-hole : there is a third in the upper ftory, |
-through which the neck of the vefiel pafles; and-a
“fourth in the dome for carrying off the fuliginofities
of combuftible matters, which is called the chim-
ney. A
1:’rl‘nt:nr conclude, there are feveral other openings PE
in the feveral parts of the furnace, the ufe whareq@
: : | 183
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is to admit the air into thofe places, and alfo, as
they can be eafily fhut, to incite or flacken the
altivity of the fire, and fo to regulate it ; which has
procured them the title of regifters. All the other
openings of the furnace fhould be made to fhut
very clofe, the better to affift in governing the fire ;
by which means they likewife do the office of
regifters. '
In order to our forming a juft and general idea of
the conftruction of furnaces, and of the difpofition
of the feveral apertures in them, with a view to in-
creafe or diminifh the attivity of the fire, it will be
proper to lay down, as our ground-work, cer-
tain principles of natural philofophy, the truth of
which is demonftrated by experience.
- And firft, every body knows that combulftible
matters will not burn or confume unlefs they have a
free communication with the air; infomuch that
if they be deprived thereof, even when burning
moft rapidly, they will be extinguifhed at once : that
confequently combuftion is greatly promoted by the
frequent acceflion of frefh air, and that a ftream of
air, diretted fo as to pafs with impetuofity through
burning fewel, excites the fire to the greateft poffi-
ble activity. 4
Secondly, it is certain that the air which touches or
comes. near ignited bodies is heated, rarefied, and
rendered lighter than the air about it, thatis, further
diftant from the center of heat; and confequently
that this air fo heated and become lighter is necefia-
rily determined thereby to afcend and mount aloft,
in order to make room for that which is lefs heated
and not fo light, which by its weight and elaf-
ticity tends to occupy the place quitted by the ctuer.
Another confequence hereof is, that if fire be kind-
led in a place enclofed every where but above and
~ below, acurrent of air will be formed in that place,
running in a direction from the bottom to the top;
fo that if any light bodies be applied to the opening
N below
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below, they will be carried up towards - the
fire; but, on the contrary, if they be held at the
opening above, they will be impelled by a force
which will| drive them up and carry them away
from the fire. ey

Thirdly and laftly, it is a truth demonftrated in
hydraulics that the velocity of a given quantity of
any fluid, determined to flow in any direction what-
ever, is fo much the greater the narsower the chan-
nel is to which that fluid is confined ; and confe-
quently that the velocity of a fluid will be increafed
by making it run from a wider through a narrower
paflage. |

‘Thele principles being eftablithed, it is eafy to
apply them to the conftruction of furnaces. Firft,
if a fire be kindled in the fire-place of a furnace,
which is open on all fides, it burns nearly as if in
were in the open air. It has with the furrounding
air a free communication ; {o that frefh air is conti-
nually admitted to facilitate the entire combuftion
of the inflammable matters employed as fewel. Bup
there being nothing to determine that air to pafs
with rapidity through the fire in this cafe, it does
not at all augment the activity thereof, but fuffers it
to walte atay quietly.
- -Secondly, if the ath-hole or dome of a furnace in
which a fire is burning be thut quite clofe, then
there is no, longer any free communication between
the air and the fire: if the afh-hole be: thut, the air
15 debarred from having free accefs to the fire 3 if
the dome be ftopt, the egrefs of the air rarefied by the
fire is prevented ; and;confequently the fire muft in
either cafe burn very faintly and flowly, gradually.
die away, and at laft go quite out. RHE |
Thirdly, if all the openings of the furnace be
wholly clofed, it is evident that the fire will be very
quickly extinguifhed.
- Fourthly,
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““Fourthly, if only the lateral openings of the fire-
place- be fhut, leaving the afh-hole and upper part
of the furnace open—; it-is plain that the air
entering by the afh-hole will neceffarily be deter-
mined to go out at top, and that confequently a
current of air will be formed, which will pafs
through the fire and make it burn brifkly and vi-
goroufly. ' |

Fifthly, if both the afh-hole and the upper ftory
of the furnace be of fome length, and form canals
either cylindric or prifmatic, then the air being
kept in the fame diretion through a longer fpace,
the courfe of its ftream will be both ftronger and
better determined, and confequently the fire will be
more animated by it. -

Sixthly and laftly, if the afh-hole and the upper
part of the furnace, inftead of being cylindric or prid-
matic canals, have the form of truncated cones or
pyramids, ftanding on their bafes, and fo ordered
that the upper opening of the afh-hole, adjoining
to the fire-place, may be wider than the bafe of the
fuperiour cone or pyramid; then the ftream of air,
being forced to pafs  inceflantly from a larger
channel through a fmaller, muft be confiderably ac=
celerated, and procure to the fire the greateft ac-
tivity which it can receive from the make-of"a
furnace. ‘ |

The materials fitteft for building furnaces are,
t. Bricks, 'joined together with potters clay mix-
ed with fand and moiftened with water. 2. Pot-
ters clay mingled with potfherds, moiftened with
water, and baked in a violent fire. 3. Iron; of
which all furnaces may be made, with this precau-
tion, that the infide be provided with a great many

rominent points, as faftenings for a coat of earth,
with which the internal parts of the furnace muft ne-
ceffarily be covered to defend it from the action of

the fire. o ]
N 4 The
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The reverberating furnace is one of thofe that are
moft employed in Chymiftry : itis proper for diftilla-
tions by the retort, and fhould be conftruéted in the
following manner.

Firft, the ufe of the afh-hole being, as was faid,
to give pafiage to the air and to receive the afhes,
no bad confequence can attend its being made pretty
high : it may have from twelve to twenty or
twenty-four inches in heighth. - Its aperture thould
be wide enough to admit billets of wood when a
great fire is to be made.

Secondly, the afh-hole muft be terminated at
its upper part by an iron grate, the bars of which
fhould be very fubftantial, that they may refift the
action of the fire: this grate is the bottom of the
fire-place, and deftined to fupport the coals. In the
latera] part of the fire-place, and nearly about the
fame heighth with the grate, there fhould be a hole
of {uch a fize that it may eafily admit charcoal, as well
as little tongs and fhovels for managing the fire.
This aperture or mouth of the fire-place fhould be
perpendicularly over the mouth of the afh-hole.

Thirdly, from fix to eight or ten inches high
above the grate over the ath-hole,little apertures muft
be made in the walls of the furnace, of eight or ten
lines in diameter, an inch from one another, and
thofe in one fide muft be diametrically oppofite to
thofe in the other. The ufe of thefe holes is to re-
ceive bars of iron for the retort to reft on; which
fhould be, as I faid, at different heighths, in order to
accommodate retorts of different fizes. At the up-
per extremity of this part of the furnace, which
reaches from the iron bars to the top, the heighth
whereof thould be fomewhat lefs than the width of
the furnace, muft be cut a femi-circular aperture
for the neck of the retort to come through.  This
hole mult by no means be over the doors of the fire-
place and ath-hole; for then, as it gives pafiage to the

neck
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peck of the retort, it muft of courfe be oppofite to,
the receiver, and in that cafe the receiver itfelf
would {tand over againfl thole two apertures ; which
would be attended with this double inconvenience,
that the receiver would not only grow very het,
but greatly embarrafs the operator, whofe free ac-
cefs to the fire-place and afh-hole would be thereby
obftruéed. It is proper therefore that the femi-circu-
lar cut we are fpeaking of be fo placed that when
the greateft ballons are luted to the retort they may
leave an open paflage to the fire-place and ath-hole.

Fourthly, in order to cover in the laboratory of
the reverberating furnace, there muft be a roof
made for it in the form of a cupola, or concave
hemifphere, having the fame diameter as the fur-
nace. This dome thould have a femicircular cur
in its rfim anfwering to that above-direfted to be
made in the upper extremity of the furnace, fo that,
when adjufted to each other, the two together may
form a circular hole for the neck of the retort to
pafs through. At the top of this dome there muft
alfo be a circular hole of three or four inches diame-
ter, carrying a fhart tapering funnel of the fame
diameter, and three inches high, which will ferve
for a chimney to carry off all fuliginofities, and acce-
lerate the current of the air. This paffage may be
fhut at pleafure with a flat cover. Moreover, as it
is neceffary that the dome fhould be taken off and
put on with eafe, it thould have two ears or handles
for that purpofe : a portative or moveable furnace
fhould alfo have a pair of handles fixed oppofite
to each other between the afh-hole and the fire-
place.

Sixthly and laftly, a conical canal muft be pro-
vided of about three foot long, and fufficiently wide
at its lower end to admit the funnel of the aperture at
the top of the dome. This conical tube is to be ap-
phed to the dome when the fire 1 required to be

- extremely
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extremely aftive : it tapers gradually from its
bafe upwards, and breaks off as if truncated at top,
where it fhould be about two inches wide, s

Befides the apertures already mentioned as necef-

fary to a reverberating furnace, there muit allo be
many other {maller holes made in its ath-hole, fire-
place, laboratory, and dome, which muft all be fo
contrived as to be eafily opened and fhut with ftop-
ples of carth: thefe holes are the regifters of the
furnace, and ferve to regulate the a&ivity of the
fire according to the principles before laid down.

When the action of the fire is required to be
exatly uniform and very brifk, it is neceffary to ftop
carefully with moift earth all the little chinks in the
junéture of the dome with the furnace, between the
neck of the retort and the circular hole through
which it pafles, and which it never fills exaétly, and
laftly, the holes which receive the iron bars that
fuftain the retort. | _

It is proper to have in a laboratory feveral rever-
berating furnaces of different magnitudes ; becaufe
they-muft be proportioned to the fize of the retorts
employed. The retort ought to fill the furnace, fo
as to leave only the diftance of an inch between it
and the infide of the furnace.

Yet when the retort is to be expofed to a moft
violent fire, and efpecially when it is required that
the heat fhall act with equal force on all parts of the
furpace, and as ftrongly on its vault as on its bot-
tom, a greater diftance muft be left between the re-
tort and the infide of the furnace ; for then the
furnace may be filled with coals, even to the upper
part of the dome. If moreover fome picces of wood
be put into the ath-hole, the conical canal fitted on
to the funnel of the dome, and all the apertures of
the furnace exactly clofed, except the ath-hole and
the chimney, the greateft heat will then be excited
that this furnace can-produce, 1)

The

-
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The furnace now defcribed may alfo be employed
in'many other chymical operations. If the dome
be laid afide, an alembic may very well be placed
therein : but then the fpace;, which will be left be-
tween the body of the alembic and the top of the
upper part-of the furnace, muft be carefully filled up
with Windfor-loam moiftened ; for withour thar
precaution. the heat would foon reach the very head,
which ought to be kept as cool as poflible, in order
to, promote the condenfation of the vapours,
On this occafion therefore it will be proper to leave
no holes open in the fire-place, but the lateral ones ;
of which alfo thofe-over againft the receiver muft be
ftopped. _

- A pot or broad-brimmed: earthen pan may be
placed over this furnace, and being fo fitted to it as
to clofe the upper part thereof accurately, and filled
with fand, may ferve for a fand-heat to diftill

I Witi-li-

"The bars. defigned to {upport diftilling vefiels
being taken out, 2 crucible may ftand therein, and
many operations be performed that do not require
the utmoft violence of fire. In aword, this furnace
is one of the moft commodious that can be, and
more extenfively ufeful than any other.

The melting furnace is defigned fot applying the
greateft force of heat to the moft fixed bodies, fuch
as metals and earths. It is never employed in dif-
tilling: it is of no ufe but for calcination and fu-
fion ; and confequently need. not admit any veflels
but crucibles.

The afh-hole of this furnace differs from that of
the reverberating furnace only in this, that it muft
be higher, in orderto raife the fire-place toa level with
the artift’s hand ; becaufe in that all the operations
of this furnace are performed. The afh-hole there-
fore muft be about three foot high: and this heighth
procures it moreover the advantage of a good

) ' drﬂught
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draught of air. For the fame reafon, and in con-
fequence of the principles we laid down, it fhould be
fo built that its width leffening infenfibly from the
bottom to the top, it may be narrower where it
opens into the fire-place than any where below. '

‘The afh-hole is terminated at its upper end, like
that of the reverberating furnace, by a grate which
ferves for the bottom of the fire-place, and ought to
be very fubftantial that it may refift the violence of
the fire. The infide of this furnace is commonly an
elliptic curve ; becaufe it is demonftrated by mathe-
maticians that furfaces having that curvature re-
flect the rays of the fun, or of fire, infuch a manner
that meeting in a point, or a line, they produce there
a violent heat. Bur to anfwer this purpofe thofe
furfaces muft be finely polifhed 3 an advantage
hardly procurable to the internal furface of this fur-
nace, which can be made of nothing but earth:
befides, if it were pofiible to give it a polith, the
violent action of the fire that muft be employed
in this furnace would prefently deftroy it. Yet
the elliptical figure muft not be entirely difre-
garded : for, if care be taken to keep the internal
furface of the furnace as fmooth as pofiible, it will
certainly refle¢t the heat pretty ftrongly, and colleét
it about the center. |

The fire-place of this furnace cught to have but
four apertures.

Firft, that of the lower grate, which communi-
cates with the afth-hole.

Secondly, a door in its fore-fide, through which
may be introduced coals, crucibles, and tongs for
managing them : this aperture fhould be made to
thut exaétly with a plate of iron, having its infide
coated with earth, and turning on two hinges fixed
to th furnace. i

Thirdly, over: this door a hole flanting down-

wards towarcs the place where the crucible is te
: ftand.
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ftand. The ufe of this hole is to give the operator
an opportunity of examining the condition of the
matters contained in his crucible, without opening
the door of the fire-place : this hole fhould be made
to open and fhut eafily, by means of a ftopple of
earth.

Fourthly, a circular aperture of about three inches
wide in the upper part or vault of the furnace,
which fhould gradually leflen and terminate, like
that of the dome of the reverberating furnace, ‘in a
fhort conical funnel of about three inches long, and
fitted to enter the conical pipe before defcribed,
which is applied when the adtivity of the fire’is to
be increafed. |

When this furnace is to be ufed, and a crucible to
be placed in it, care muft be taken to fet on the
arate a cake of baked earth fomewhat broader than
the foot of the crucible. The ufe of this ftand is
to fupport the crucible, and raife it above the
grate, for which purpofe it fhould be two inches
thick. Were it not for this precaution the bottom
of the crucible, which would ftand immediately on
the grate, could never be thoroughly heated, be-
caufe it would be always expofed to the ftream of
cold air which enters by the afh-hole. Care fhould
“alfo be taken to heat this earthen bottom red-hot
before it be placed in the furnace, in order to free it
‘from any humidity, which might otherwife happen
to be driven againft the crucible during the opera-
“tion, and occafion its breaking.

" We omitted to take notice in fpeaking of the
- afh-hole that, befides its door, it fhould have about
the middle of its heighth a fmall hole, capable of re-
‘ceiving the nofel of a good perpetual bellows,
~which is to be introduced into it and worked, after
the door -is exaély fhut, when it is' thought

- proper
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proper . to excite the aétivity of the fire to the
utmoft viclence, . . Vi :

. The forge is only a mafs of bricks of about three
foot high, along whofe upper furface, 15 directed the
nofe or pipe of a pair of large perpetual bellows, o
placed that the operator may eafily blow the fire
with ‘one hand.” The coals are laid on the hearth of
the forge near the nofe of the bellows they are
confined, if neceflary, to prevent their being - car-
tied away by the wind of the bellows, ‘within a
fpace inclofed by bricks ; and then by pulling the
bellows the fire is continually kept up in its greateft
activity.  The forge is of ufe when there is occafion
to apply a great degree of heat fuddenly to any
{ubftance, or when it is neceflary that the operator
-be at liberty to handle frequently the matters which
he propofes to fufe or calcine. :

The cupelling furnace is that in which gold and
filver are purified, by the means of lead, from all al-
loy of other metallic fubftances, - This furnace muft
give a heat ftrong enough to vitrify lead, and there-
with all the alloy which the perfeét metals may
contain.  This furnace is to be built in the follow-
ing manner, :

Firft, of thick iren-plates, or of fome fuch com-
pofition of earth as we recommended for the
conftruction of furnaces, muft be formed a hol-
low quadrangular prifm whofe fides may be about
a foot broad, and from ten to eleven inches high
and extending from thence upwards may converge
towards the top, fo as to form a pyramid truncated
at the heighth of feven or eight inches, and termi-
natec by an aperture of the width of feven or eight
inches every way. The lower part of .the prifm s
terminated and clofed by a plate of the fame mate-

- rials of which the furnace is conftru@ted.
Secondly, in the fore-fide or front of this prifm

there is an opening of three or four inches in heighth
by
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by five or fix inches in breadth: ithis opening,
which fhould be very near the bottom, is the door
of the alli-hele. ~Immediately over this opening is
placed an iron grate, the bars of which are qua-
drangular pryfms of half an inch {quare, laid par-
rallel to each other, and about eight or nine inches
afunder, and fo difpofed that two of their angles are
laterally oppofite, -the two -others looking one di-
retly upwards and the other downwards. As in
this fituation -the bars of the grate prefent to the
fire-place very oblique furfaces, the athes and very
fmall coals do not accumulate between them, or
hinder the free entrance of the air from the afh-
hole. This grate terminates the ath-hole ar its
upper part, -and ferves for the bottom of the fire-
- place.

4 Thirdly, three inches, or three and a half, above
the grate, there is in the fore-fide of the furnace
another opening terminated by an arch for its upper
part, which confequently has the figure of a femi-
circle : it ought to be four inches wide at bottom,
and three inches and an half high at its middle.
‘This opening is the door of the fire place; yet it is
not intended for the fame ufes as the door of the fire-
place in other furnaces : the purpofe for which it is
actually deftined fhall be explained when we come
to thew how the furnace is to be ufed. An inch
above the door of the fire-place, ftill in the forefide
of the furnace, aré two holes of about an inch dia-
meter, -and at the diftance of three inches and a
half from each other, to which anfwer two other
holes of the fame fize, made in the hinder part,
directly oppofite to thefe. There is moreover
a fifth hole of the fame width about an inch above
the door of the fire-place. The defign of all thefe
holes fhall be explained when we defcribe the man-
ner in which thefe furnaces are to be ufed.

Fourthly,
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~ Fourthly, the fore-part of the furnace is boutid
by three iron braces, one of which is fixed juft be-
low the door of the afh-hole 5 the fecond occupies
the whole fpace between the afh hole door and the
door of the fire-place, and has two holes in i,
anfwering to thofe which we direted to be made in
the furnace itfelf about this place ; and the third is
placed immediately over the door of the fire-place.
‘Thefe braces muft extend from one corner of the
front of the furnace to the other, and be faftened
thereto with iron pins, in fuch a manner that their
fides next to the doors may not lie quite clofe to the
body of the furnace, but form a kind of grooves
for the iron plates to flide in, that are defigned to
fhut the two doors of the furnace when it is necef-
fary. Each of thefe iron plates thould have a han-
dle, by which it may be conveniently moved 3 and
to each door there fhould be two' plates,  which
meeting each other, and joining exaétly in the mid-
dle of the door-place, may thut it very clofe., Fach of
the two plates belonging to the door of the fire-
place ought to have a hole in‘its upper part ; one
of thefe holes fhould be a flit of about two lines
wide, and half an inch long ; the other may be a
femi-circular opening of oneinch in heighth and two
in breadth. Thefe holes fhould be placed fo that
neither of them may open into the fire-place when
the two plates ‘are joined together in the middle of -

the door to fhut it clofe. '
Fifthly, to terminate the furnace abtove, there
muft be a pyramid formed of the fame materials
with the furnace, hollow, quadrangular, three
inches high on a bafe of feven inches, which bafe
muft exaétly fit the upper opening of the furnace :
the top of this pyramidal cover muft end in a tube
of three inches in diameter and two in heighth,
which muit be almofit cylindrical, and yet a little
inclining to the conical form. This tube ferves,
as

2
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as in the furnaces already defcribed, to carry the co-
nical funnel, which is fitted to the upper part when
a fire of extraordinary aétivity is wanted.

The furnace thus conftructed is fit to ferve all the
-Ezrpofes for which it is defigned : yet before it can
~be ufed another piece muft be provided, which,
‘though it does not properly belong to the furnace,
is neverthelefs neceffary in all the operations per-
formed by it ; and that is a piece contrived to con-
tain the cupels, or other veflels which are to be ex-
pofed to the fire in this furnace. It is called a Muf-

fle, and is made in the following manner.

On anoblong fquare, of fourinches in breadth, and
fix or feven in length, a concave femi-cylinder is
erected, in the form of a vault, which makes a
femi-circular canal, open at both ends. One of
thefe is almoft entirely clofed, except that near the

bottom two fmall femi-circular holes are left. In
‘each of its fides likewife two fuch holes are made,
‘and the other end is left quite open.

The Muffle is intended to bear and communicate
the fierceft heat ; and therefore it muft be made

| thin, and of an earth that will refift the violence of

fire, fuch as that of which crucibles are made. The
‘Muffle being thus conftruéted, and then well baked,
s fit for ufe.

When it is to be ufed it muft be put into the fur-
nace by the upper opening, and fet upon two iron
bars, introduced through the holes made for that
purpofe below the door of the fire-place. The
Muffle muft be placed on thefe bars in the fire-place,
in fuch a manner that its open end fhall ftand next to
and directly againft the door of the fire-place, and may
be joined to it with Jute. Then the cupels are ranged
in it, and the furnace is filled up, to the heighth
of two or three inches above the Mufile, with {mall
coals not bigger than a walnut, to the end that they
may lie clofe round the Muffle, and procure it an

Vor, L. O equal
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equal heat on every fide. The chief ufe of the Muf-
fle is to prevent the coals and afhes from fallingyinto -
the cupels, which would be very fprejudicial to the
operations carrying on in them : for the lead would
not vitrify as it ought, becaufe the immediate con-
tac of the coals would continually reftore its phlo-
.gifton 5 or elfe the glafs of lead, which ought to
penctrate and pafs through the cupels, would be
rendered incapable of fo doing ; becaufe the athes
mixing therewith would give it fuch a confiftence
and tenacity as would deftroy that property, orat
leaft confiderably leffen it. The openings therefore, |
which are left in the lower part of the Muffle, thould
not be {o high as to admit coals or afhes to get into
the cupels ; the ufe of them is to procure an eafier

affage for the heat and the air to thofe veflels. The
gdufﬂe is left quite open in its fore-part, that the
operator may be at liberty to examine what paflesin |
the cupels, to ftir their contents, to remove them
from one place to another, to convey new matters |
into them, &c. and alfo to promote the free accefs |
of the air, which muft concur with the fire towards |
the evaporation neceffary to the vitrification of lead 5
which air, if frefh were not often enough admitted,
would be incapable of producing that effect ; be-
caufe it would foon be loaded with fuch a quantity
of vapours that it could not take up any more,

The government of the fire in this furnace is
founded on the general principles above laid down
for all furnaces. Yet as there are fome little dif-
ferences, and as it is very effential to the fuccefs
of the operations for which this furnace is intended,
that the artift fhould be abfolutely mafter of his de-
gree of heat, we fhall in few words fhew how that
may be raifed or lowered.

When the furnace is filled with coals and kindled,
if the door of the afh-hole be fet wide open, and
that of the fire-place fhut very clofe, the force of

. the
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the fire is encreafed ; and if moreover the pyrami-
dal cover be put on the top, and the conical funnel

added to it, the fire will become ftill more fierce,
Seeing the matters contained in this furnace are
encompafied with fire on all fides, except in the fore
part oppofite to the door of the fire-place, and as
there are occafions which require that the force of
the fire thould be applied to this part alfo, an iron
box, of the fhape and fize of the door,  hath been
contrived to anfwer that purpofe. This box is fill-
ed with lighted coals, and applied immediately to
the door-place, by which means the heat there is
confiderably augmented. This help may be made
ufe of at the beginning of the operation, in order
to accelerate it, and bring the heat fooner to the de-
fired degree ; or in cafe a very fierce heat be requir-
ed ; ‘or at a time when the air being hot and moift
will not make the fire burn with the neceflary vi-

our.

: The heat may be leflened by removing the iron
box, and fhutting the door. of the fire-place quite
clofe. It may be ftill further and gradually dimi-
nifhed, by taking off the conical funnel from the
| top; by fhutting the door of the fire-place with one
| of its plates only, that which has the leaft, or that
which has the greateft aperture in it ; by taking off
the pyramidal cover ; by fhutting the ath-hole door
wholly or in part ; and laftly, by fetting the door of
the fire-place wide open : but, in this laft cafe, the
cold air penetrates into the cavity of the Muffle, and
refrigerates the cupels more than is almoft ever ne-
ceffary.  If it be obferved, during the operation,
that the Muffle grows cold in any particular part,
it 1s a [ign there is a vacuity left by the coals
in that place : in this cale an iron wire muft be
thruft into the furnace, through the hole which is
over the door of the fire-place, and the coals ftirred
0O 2 there-
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therewith, fo as to make them fall into their places
and fill up the vacant interftices.

It is proper to obferve that, befides what has been
faid concerning the ways of increafing the activity
of the fire in the cupelling furnace, feveral other
caufes alfo may concur to procure to the matters
contained in the Muffle a greater degree of heat :
for example, the {maller the Muffle is ; the wider
and more numerous the holes in it are ; the nearer to
its bottom, or further end, the cupels are placed ; the
more will the matters therein contained be affected
with heat.

Befides the operations to be performed by the cu-
pel, this furnace is very ufeful, and even neceffary, for

many chymical experiments ; fuch, for inftance, as

thofe relating to fundry vitrifications and enamelling.
As it is pretty low, the beft way is to place it, when
it is to be ufed, on a bafe of brick-work that may
raife it to a level with the operator’s hand.

A lamp-furnace is exceeding ufeful for all opera-

tions that require only a moderate, but long continu-

it il i -

ed, degree of heat. The furnace for working with a
lamp-heat is very fimple : it confifts only of a hol-

Jow cylinder, from fifteen to eighteen inches high, and
five or fix in diameter, having at its bottom an aper-
ture large enough for a lamp to be introduced
and withdrawn with eafe. The lamp muft have

‘three or four wicks, to the end that by lighting

more or fewer of them a greater or lefs degree of
heat may be produced. The body of the furnace
muft moreover have feveral {mall holes in it, in or-

der to fupply the flame of the lamp with air enough

to keep it alive.

On the top of this furnace ftands a bafon five 1
or fix inches deep, which ought to fill the cavity of |

the cylinder exactly, and to be fupported at its cir-
cumference by a rim which may entircly cover and
clofe the furnace : the ufe of this bafon is to con-

tain

ol at, [
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tain the fand through which the lamp-heat is ufually
conveyed.

Befides this there muft be a kind of cover or
dome made of the fame material with the furnace,
and of the fame diameter with the fand-bath, with-
out any other opening than a hole, nearly circular,
cut in its lower extremity. This dome is a fort of
reverberatory, which ferves to confine the heat and
direct it towards the body of the retort 5 for it is
ufed only when fomething is to be diftilled in a-vef-
fel of this fathion ; and then the hole at its bottom
ferves for a paffage to the neck of the retort. This
dome fhould have an ear or handle, for the conve-
niency of putting it on and taking it off with eafe.

Of Lutes.

CuyMmicat veflels, efpecially fuch as are made
of glafs, and the earthen veffels commonly called
ftone-ware, are very fubject to break when expofed
to fudden heat or cold ; whence it comes that they
often crack when they begin to heat, and alfo when
being very hot they happen to be cooled, either by
frefh coals thrown into the furnace, or by the accefs
of cold air. There is no way to prevent the former
of thefe accidents, but by taking the pains to warm
your veflel very flowly, and by almoft infenfible de-
orees. The fecond may be avoided by coating the
body of the veffel with a pafte or lute, which being
dried will defend it againft the attacks of cold.

The fittelt ftuff for coating veflels is a compo-
fition of fat earth, Windfor-loam, fine fand, file-
ings of iron, or powdered glafs, and chopped cow’s

‘hair, mixed and made into a pafte with water. This
_lute ferves alfo to defend glafs veflels againit the vio-
Jence of the fire, and to prevent their melting eafily.

i

In almoft all diftillations it is of great confequence,
as hath been faid, that the neck of the diftilling vef-
fel be exactly joined with that of the receiver into

B which
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which it is ifitroduced, in order to prevent the vas

pours from efcaping into the air and fo being loft =
and this junction is effe€ted by means of a lute.

A few flips of paper applied round the neck of
the veflels with common fize will be fufficient to
keep in fuch vapours as are aqueous, or not very {pi-
rituous.

If the vapours are more acrid and more fpiritu-
ous, recourfe may be had to flips of bladder long
fteeped in water, which containing a fort of natu-
ralll glue clofe the jun&tures of the veflels very
well.

If it be required to.confine vapours of a ftill more
penetrating nature, it will be proper to employ a lute
that quickly grows very hard 3 particularly a pafte
made with quick-lime and any fort of gelly, whether
vegetable or animal ; fuch as the white of an egg,
ftiff fize, &c. This is an excellent lute and not
ealily penetrated. It is alfo ufed to ftop any cracks
or fraftures that happen to glafs vefiels. But it is

not capable of refifting the vapours of mineral acid

it}:irits, efpecially when they are ftrong and fmoking :
or that purpofe it is neceflary to incorporate the
other ingredients thoroughly with fat earth foftened
with water 3 and even then it frequently happens,
that this lute is penetrated by acid vapours, - efpeci-
ally thofe of the fpirit of falt, which of all others
are confined with the greateft difficulry.

In fuch cafes its place may be fupplied with ano-
ther, which .is called Fat Lute, becaufe it is actu-

ally worked up with fat liquors.  This lute is com-

pofed of a very fine cretaceous earth, called tobacco-

pipe clay, moiftened with equal parts of the drying
oil of lint-feed, and a varnilh made of amber
and gum copal. It muft have the confiftence of @
fliff pafte, When the joints of the veflels are clof-

ed up with this lute, they may, for greater fecurity,
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be covered over with flips of linnen {meared with
the lute made of quick-lime and the white of an egg.

Chymical vefiels are liable to be broken in an ope-
ration by other caufes befides the fudden application
of heat or cold. It frequently happens that the va-
pours of the matters expofed to the action of fire
ruth out with fuch impetuofity, and are fo elattic,
that finding no paflage through the lute with which
the joints of the vefitls are clofed, they burft the
veflels themfelves, fometimes with explofion and
danger to the operator.

To prevent this inconvenience, it is neceffary
that in every receiver there be a {fmall hole, which
being ftopped only with a little lute may eafily
be opened and fhut again as occafion requires. It
ferves for a vent-hole to let out the vapours, when
the receiver begins to be too much crowded with
them. Nothing but practice can teach the artift
when it is requifite to open this vent. If he hits
‘the proper time, the vapours commonly rufth out
with rapidity, and a confiderable hiffing noife ; and
‘the vent fhould be ftopped again as foon as the hiff-
ing begins to grow faint. The luteemployed to ftop
| this {mall hole ought always to be kept fo duétile,
that by taking the figure of the hole exactly it may
| entirely ftop it. Befides, if ‘it fhould harden upon
the glafs, it would ftick fo faft that it would be very
difficult to remove it without breaking the veffel.
This danger is eafily avoided by making ufe of the
fat lute, which continues pliant for a long time,
when it is not expofed to an exceflive heat.

This way of ftopping the vent-hole of the re-
ceiver has yet another advantage : for if the hole
be of a proper width, as a line and half, or two lines,
in diameter, then when the vapours are accumulat-
ed in too great a quantity, and begin to make a
great effort againft the fides of the receiver, they
puth up the {topple, force it out, and make their

O 4 way
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way through the vent-hole : fo that by this means
the breaking of the veflels may always be certainly
prevented. But great care rhuft be taken that the
vapours be not fuffered to efcape in this manner,
cxcept when abfolute neceffity requires it ; for it is
generally the very ftrongeft and moft fubtile part of
a liquor which is thus diffipated and loft.

Heat being the chief caufe that puts the elafticity
of the vapours in action, and prevents their conden{-
ing into a liquor, it is of great confequence in diftil-
lation that the receiver be kept as cool as poffible.
With this view a thick plank fhould be placed be-
tween the receiver and the body of the furnace, to *
intercept the heat of the latter, and prevent its reach-
ing the former. As the vapours themfelves rife very
hot from the diftilling veffel, they foon communi-
cate their heat to the receiver, and efpecially to its
upper part, againft which they ftrike firft. For
this reafon it is proper that linen cloths dipt in very
cold water be laid over the receiver, and frequently .|
fhifted. By this means the vapours will be confide-
rably cooled, their elafticity weakened, and their |
condenfation promoted, |

By what hath been faid in this firft part, concerning
the properties of the principal agents in Chymiftry,
the conftruction of the moft neceffary veflels and
furnaces, and the manner of ufing them, we are
fufficiently prepared for proceeding direttly to the
operations, without being obliged to make frequent

and long ftops, in order to give the neceffary ex-
planations on thofe heads.

Neverthelefs we fhall take every proper occafion
to extend the theory here laid down, and to improve
it by the addition of feveral particulars, which will
find their places in our treatife of Chymical Ope-

rations.




ELEMENTS

OF . THE

PRACTICE of CHYMISTRY;

WHEREIN

The Fundamental Operations are de-
fcribed, and illuftrated by Obferva-

tions on each Procefs.






He

10 W ger1v}

e —————————

ELEMENTS

Ol  THE

PRACTICE of CHYMISTRY.

[————— - T i

INTRODUCTION.

S the Elements of the Theory of Chymiftry,
delivered in the former part of this work,

were intended for the ufe of perfons fup-
pofed to be altogether unacquainted with the art,
could not properly admit of any thing more
than fundamental principles, fo difpofed as conftant-
ly to lead from the fimple to the compound, from
things known to things unknown : for which rea-
fon 1 could not therein obferve the ufual order of
Chymical Decompofition, which is not fufceptible of
fuch 2 method. 1 therefore fuppofed all the analy-
fes made, and bodies reduced to their fimpleft prin-
ciples ; to the end that, by obferving the chief pro-
rties of thofe primary elements, we might be ena-
Bled to trace them through their feveral combina-
tions, and to form fome fort of judgment a priori of
the qualities of fuch compounds as may refult from
their junctions.
But this acter part is of a different nature. It is
a Pratical Treatife, intended to contain the man-
per of performing the principal Operations of Chy-
miftry ; the operations which ferve as ftandards for
regulating all the reft, and which confirm the fun-

mental truths laid down in the Theory. A
5
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As thefe operations confift almoft wholly of ana-
Iyfes and decompofitions, “there can be no doubt
concerning the order proper to be obferved in giving
an account of them : it evidently coincides with
that of the analyfis itfelf.

But as all bodies, which are the fubje@ts of Chy-
mical operations, are divided by nature into three
clafles or kingdoms, the mineral, the vegetable,
and the animal, the analyfis thereof may naturally
be divided into three branches : fome difference may
alfo arife from the different order in which thefe three
may be treated of.

As the reafons affigned for beginning with one
kingdom rather than with another have never been
thoroughly canvaffed, and may perhaps feem e-
qually good when viewed in a particular light,
Chymical writers differ in their opinions on this
point. For my part, without entering into a dif-
cuffion of the morives which have determined others
to follow a different order, I fhall only produce the
reafons that led me to begin with the mineral king-
dom, to examine the vegetable in the fecond place,
and to conclude with the animal.

Firft then, feeing vegetables draw their nourifth-
ment from minerals, and animals derive theirs from
vegetables, the bodies which conftitute thefe three
kingdoms feem to be generated the one by the other,
in a manner that determines their natural rank.

Secondly, this difpofition procures us the advan-
tage of tracing the principles, from their fource in
the mineral kingdom, down to the laft combinations
into which they are capable of entering, that is, in-
to animal matters ; and of obferving the fucceffive
alterations they undergo in pafiing out of one king-
dom into another.

Thirdly and laftly, T look upon the analyfis of
minerals to be the eafieft of all ; not only becaufe
they confift of fewer principles than vegetables and
animals, but alfo becaufe almott all of them are capable

of
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of enduring the moft violent action of fire, when that
is neceflary to their decompofition, without any con-
fiderable chan%e or diminution of their principles, to
which thofe of other fubftances are frequently liable.

Befides, I am not fingular in this diftribution of
the three claffes of bodies, which are the fubjects of
the chymical analyfis": as it is the molt natu-
ral, it has been adopted by feveral authors, or
rather by moft who have publifhed Treatifes of
Chymiftry. But there is fomething peculiarly
my own in the manner wherein I have treated
the analyfis of each kingdom. In the mineral
kingdom, for inftance, will be found a confidera-
ble number of operations not to be met with in other
Treatifes of Chymiftry ; the authors having proba-
bly confidered them as ufelefs, or in {fome meafure
foreign, to the purpofe of elementary books, and
as conftituting together a diftinét art, 1 mean the
procefies for extracting faline and metallic fubftances
from the minerals containing them.

Yet, if it be confidered that falts, merals, and
femi-metals are far from being produced by nature
in a ftate of perfeion, or in that degree of purity
which they are commonly fuppofed to have when
they are firft treated of in Books of Chymiftry ;
but that, on the contrary, thefe fubftances are ori-
ginally blended with each other, and adulterated
- with mixtures of heterogeneous matters, wherewith
they form compound minerals ; I imagine it will be
allowed that the operations by which thefe minerals
are decompofed, in order to extract the metals, fe-
mi-metals, and other fimpler fubftances, efpecially
as they are founded on the moft curious properties of
thefe fubftances, are fo far from being ufelefsorforeign
to the purpofes of an elementary treatife, that they
are, on the contrary, abfolutely neceffary thereto.

After I had made thefe reflections, 1 could not
help thinking that an analyfis of minerals, which
fhould treat of faline and metallic fubftances, with-

out
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out taking any notice of the manner in which their
matrices muft be analyfed in order to extra& them,
would be no lefs defective, than a treatife of the ana-
lylis of vegetables, in which Oils, effential Salts, fix-
ed and volatile Alkalis fhould be amply treated of,
without faying one word of the manner of analyfing
the plants from which thefe feveral fubftances are
obtained. I therefore thought myfelf indifpenfably
obliged to defcribe the manner of decompofing eve-
ry ore or mineral, before I attempted to treat of the
faline or metallic fubftance which it yields.

Forexample : as the Vitriolic Acid, with the con-
fideration of which I begin my Mineral Analyfis, is
originally contained in Vitriol, Sulphur, and Alum ;
and as thefe fubftances again derive their origin from
the fulphureous and ferruginous Pyrites, the firft
operations 1 defcribe under this head are the pro-
cefies for decompofing the Pyrites in order to extrack
its Vitriol, Sulphur, and Alum. T then proceed to
the particular analyfis of each of thefe fubftances,
with a view to extract their Vitriolic Acid 5 and af-
terwards deliver, in their order, the other operations
ufually performed on this Acid. Thus it appears
that this faline fubftance occafions my defcribing the
analyfes of the Pyrites, Vitriol, Sulphur, and Alum.
The whole of the treatife on minerals proceeds on
the fame plan.

"The operations by which we decompofe ores and
minerals are of two forts : thofe employed in work-
ing by the great, and thofe for trying “in fmall the

yield of any ore.  Thefe two manners of operating,

are fometimes a little different ; yet in the main they
are the fame, becaufe they are founded on the fame
principles, and produce the fame effe@s.

As my chief delign was to defcribe the operations
that may be conveniently performed in a labora-
tory, 1 have preferred the procefics for fmall affays ;
efpecially as they are ufually performed with more

| care
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care and accuracy than the operations in great
works : and here I muft acknowledge that I am oblig-
ed to M. Cramer’s Docimafia, or Art of Affaying,
for all the operations of this kind in my analyfis of
minerals. ~ As M. Hellot’s work on that fubject did
ot appear till after I had finithed this, M. Cramer’s
.Docimafiay in which found Theory is joined with
.accurate Practice, was the belt book of the kind 1
could at that time confult. I therefore preferred it
to all others 3 and as I have not quoted it in my ana-
lyfis of minerals, becaufe the quotations would have
been too frequent, let what I fay here ferve for a ge-
neral quotation. .1 have been careful to name, as
often as occafion required, the other authors whofe
procefies I have borrowed : it is a tribute juftly due
to thofe who have communicated their difcoveries to
‘the publick, | !

Though I have told the reader that in my ana-
lyfis of minerals he will find the procefies for ex-
tracting out of each the faline or metallic fub-
ftances contained in it, yet he muft not expeét thar .
this book will inftrut him in all that it is neceffary
he fhould know to be able to determine, by an ac-
curate affay, the contents of every mineral. My
intention was not to compofe a Treatife of Affaying;
and I have taken in no more than was abfolutely ne-
ceffary to make the analyfis of minerals perfectly
underftood, and to render it as complete as it ought
to bein an Elementary Treatife. I have theref%n:
defcribed only the principal operations relating there-
to ; the operations which are fundamental, and
which, as I faid before, are to ferve as ftandards
for the reft, abftracted from fuch additional circum-
ftances as are of confequence only to the Art of Af-
faying, properly fo called.

Such therefore as are defirous of being fully in-
firuted in that Art, muft have recourfe to thofe
works which treat profeffedly of the fubjets and

particu-



208 ELEMENTS of the

particularly to that publithed by M. Hellot : a per-
formance moft efteemed by fuch as are beft fkilled in
Chymiftry, and rendered fo complete by the nume-
rous and valuable obfervations and difcoveries of
the Author, that nothing better of the kind can
be withed for. I thought it proper to give thefe
notices in relation to my analyfis of minerals ; and
fhall now proceed to fhew the plan of my analyfes
of vegetables and of animals.

Seeing all vegetable matters are fufceptible of fer-
mentation, and when analyfed after fermentation
yield principles different from thofe we obtain from
them before they are fermented, T have divided
them into two claffes 5 the former including vege-
tables in their natural ftate, before they have un- *
dergone fermentation ; and the latter thofe only
which have been fermented. This analyfis opens
with the procefles by which we extra& from vege-
tables all the principles they will yield without the
help of fire ; and then follow the operations for de-
compofing plants by degrees of heat, from the gen-
tleft to the moft violent, both in clofe veffels and in
the open air. ]

I have not made the fame divifion in the animal
kingdom, becaufe the fubftances that compofe it
are {ufceptible only of the laft degree of fermenta-
tion, or putrefaction ; and moreover the principles
they yield, whether putrefied or unputrefied, are the
very fame, and differ only with regard to their pro-
portions, and the order in which they are extricated
during the analyfis,

I begin this analyfis with an examination of
the milk of animals that feed wholly on vegeta-
bles ; becaufe though this fubftance be elaborated
in the body of the animal, and by that means
brought nearer to the nature of animal matters, yet
it ftill retains a great fimilitude to the vegetables
from which it derives its origin, and is a fort of

mnter-




|

Pracrice of CayMIsTRY, 209

intermediate fubftance between the vegetable and
animal. Then I proceed to the analyfis of animal
matters properly fo called, thofe which actually make
a part of the animal body. I next examine the ex-
crementitious fubftances, that are thrown out of the
animal body as fuperfluous and ufelefs. And then
I conclude this latter part with operations on the
Volatile Alkali; a faline fubftance of principal con-
fideration in the decompofition of animal matters,
Though in the general view here given of the
order obferved in this Treatife of Practical Chymif-
try I have mentioned only fuch proceffes as ferve for
analyfing bodies, yet I have alfo inferted fome other
operations of different kinds. The book would be
very defective if it contained no more : for the de-
fign of Chymiftry is not only to analyfe the mixts
produced by nature, in order to obtain the fim-
pleft fubftances of which they are compofed, but
moreover to difcover by fundry experiments the pro-
perties of thofe elementary principles, and to re-
combine them in various manners, either with each
other, or with different bodies, fo as to reproduce
the original mixts with all their properties, or even

| form new compounds which never exifted in nature,

In this book therefore the reader will find proceffes
for combining and recompounding, as well as for
refolving and decompofing bodies. I have placed
them next to the procefles for decompofition, tak-
ing all poflible care not to interrupt their order, or
break the connection between them.

Vou. L P ELEMENTS
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Of the ViTrioLic Acip.

PROCESS L
To extrall Vitriol from the Pyrites.

A K E any quantity you pleafe of Iron-Py-

l rites 3 leave them for fome time expofed to
the air: they will crack, {plit, lofe their
brightnefs, and fall into powder. Put this powder in-
to a glafs cucurbit, and pour upon it twice its weight
of hot water ; ftir the whole with a ftick, and the
liquor will grow turbid. Pour it while it is vet
warm into a glafs funnel lined with brown filtering
paper 3 and having placed your funnel over another
glafs
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glafs cucurbit, let the liquor drain into it. Pour
more hot water on the powdered Pyrites, filter as
before, and fo go on, every time leflening the quan-
tity of water, till that which comes off the Pyrites
appears to have no aftringent vitriolic tafte.

Put all thefe waters together into a glafs veficl
that widens upwards ; fet it on a fand bath, and
heat the liquor till a confiderable fmoke arifes ; but
take care not to make it boil. Continue the fame
degree of fire till the furface of the liquor begins
to look dim, as if fome duft had fallen into it 3
then ceafe evaporating, and remove the vefftl into a
cool place : in the fpace of four and twenty hours
there will be formed therein a quantity of cryf-
tals, of a green colour and a rhomboidal figure :
thefe are Vitriol of Mars, or Copperas. Decant
the remaining liquor ; add thereto twice its weight
of water ; filter, evaporate, and cryftallize as be-
fore ; repeat thefe operations till the liquor will
yield no more cryftals, and keep by themfelves the
cryftals obtained at each cryftallization.

OBSERVATIONS.

Twue Pyrites are minerals which by their weight
and fhining colours frequently impofe on fuch as
are not well acquainted with ores. At firft fight
they may be taken for very rich ones ; and yet they
confift only of a {mall quantity of metal combinedwith
much fulphur or arfenic, and fometimes with both.

They ftrike fire with a fteel as flints do, and emit
a fulphureous {mell : fo that they may be known by
this extemporancous proof. The metal moft com-
monly and moft abundantly found in the Pyrites is
iron ; the quantity whereof fometimes equals, or
even exceeds, that of the fulphur. Befides metal-
lic and fulphureous matters, the Pyrites contain alfo
fome unmetallic earth.

There are feveral forts of Pyrites : fome of them
contain only iron and arfenic : they have not all the
property of efflorefcing fpontaneoufly in the air,

A and
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and turning into vitriol : none do fo but fuch as con-
fift only of iron and fulphur, or at leaft contain but
a very {mall portion of copper or of arfenic : and
even amongft thofe that are compofed of iron and
fulphur alone, there are fome that will continue for
years - together expofed to the air without fhooting,
and indeed without fuffering the leaft fenfible altera-
tion.

The efflorefcence of the iron Pyrites, and the
changes they undergo, are phenomena well worth
our notice. They d?end on the fingular pro-
perty which iron poflefies of decompofing fulphur
by the help of moifture. If very fine iron-filings |
be accurately mingled with flowers of fulphur, this
mixture, being moiftened with water, grows very |
hot, fwells up, emits fulphureous vapours, and even
takes fire : what remains is found converted into
Vitriol of Mars. On this occafion, therefore, the |
fulphur is decompofed ; its inflammable part is dif- |
fipated or confumed ; its acid combines with the |
iron, and a Vitriol arifes from that conjunétion.

This is the very cafe with the Pyrites that confift |
only of iron and {ulphur ; yet fome of them, as
we faid before, do not efMlorefce fpontaneoufly and
turn to Vitriol. The reafon probably is that in fuch
minerals the particles of iron and fulphur are not
intimately mixed together, but feparated by fome
earthy particles, :

In order to procure Vitriol from Pyrites of this
kind, they muft be for fome time expofed to the
action of fire, which by confuming part of their
fulphur, and rendering their texture lefs compact, ©
makes way for the air and moifture, to which they
muft be afterwards expofed, to penetrate their fub-
ftance, and produce in them thofe changes with
which thofe others are affected that germinate {pon-
taneoufly. 3

The Pyrites which contain copper and arfenic,
and for that reafon do not efflorefce, muft likewife

. under-
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undergo the attion of fire ; which, befides the ef-
fets it produces on Pyrites that confift of iron and
fulphur only, diffipates alfo the greateft part of the
arfenic. Thefe Pyrites being firft roafted, and then
expofed to the air for a year or two, do alfo yield
Vitriol ; but then it is not a pure Vitriol of Iron,
but is combined with a portion of blue Vitriol, the
bafis of which is Copper.

Sometimes alfo there is Alum in the vitriolic wa-
ters drawn off the Pyrites. It was on account of
this mixture of different falts that we recommended
the keeping apart the cryftals obtained from each
different cryftallization : for by this means they may
be examined feparately, and the fpecies to which
they belong difcovered.. ’

When Vitriol of iron is adulterated with a mix-
ture of the Vitriol of copper only, it is eafy to pu-
rify it and bring it to be entirely martial, by diffolv-
ing it in water, and fetting plates of iron in the fo-
lution : for iron having a greater affinity than cop-
per with the vitriolic acid, feparates the latter from
it, and affuming its place produces a purg Vitriol
of Mars.

In large works for extracting Vitriol from the
Pyrites they proceed thus. They colleft a great
quantity of Pyrites on a piece of ground expofed to
the air, and pile them up in heaps of about three
foot high. There they leave them expofed to the
alion of the air, fun, and rain, for three years
together ; taking care to turn them every fix
months, in order to facilitate the efflorefcence of
thofe which at firft lay undermoft. The rain-water
which has wathed thofe Pyrites is conveyed by pro-
per channels into a ciftern; and when a fufficient
quantity thereof is gathered, they evaporate it to a
pellicle” in large leaden boilers, having firft put
into it a quantity of iron, fome part of which is dif-
folved by the liquor, becaufe it contains a vitriolic
acid that is not fully faturared therewith, When it

P g3 1§
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is {ufficiently evaporated, they draw it off into large

leaden or wooden coolers, and there leave it to
fhoot into cryftals. In thefe laft vefiels feveral fticks
are placed, croffing each other in all manner of di-
rections, in order to multiply the furfaces on which
the cryftals may faften.

The Pyrites are not the only minerals from which
Vitriol may be procured. All the ores of iron and
copper that contain fulphur may alfo be made to
yield green or blue Vitriol, according to the nature
of each, by torrefying them, and leaving them long
expofed to the air : but this ufe is feldom made of
them, as there is more profit to be got by extract-
ing the metals they contain. Befides, it is eafier to
obtain Vitriol from the Pyrites than from thofe
other mineral fubftances.

PR OICESS 4]

To extrafl Sulpbur from the Pyrites, and other Sul-
phureous Minerals.

EDUCE to acoarfe powder any quantity of
yellow Pyrites, or other Mineral containing
Sulphur.  Put this powder into an earthen or glals
retort, having a long wide neck, and fo large a bo-
dy that the matter may fill but two thirds of it. Set
the retort in a fand-bath fixed over a reverberating

furnace : fit to it a receiver half ful]l of water, and
{o placed that the nofe of the retort may be about |

an inch under the water : give a gradual fire, tak-
ing care you do not make it fo ftrong as to melt
the matter.  Keep the retort moderately red for one
hour, or an hour and half, and then Jet the vefiels
cool.

Almott all the Sulphur feparated by this opera-
tion from its matrix will be found ar the extremity
of the neck of the retorr, being fixed there by

the
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the water. You may get it out either by melting it’
with fuch a gentle heat as will not fet it on fire, or
by breaking the neck of the retort.

"OBSERVATIONS.

OFr all minerals the Pyrites contain the moft Sul-
phur ; thofe efpecially which have the colour of fine
brafs, a regular form, {nch as round, cubical, hexa-
gonal, and being broken prefent a number of fhin-
ing needles, all radiating, as it were, from a center.

A very moderate heat is fufficient to feparate the
Sulphur they contain. We directed that the retort’
employed fhould have a long and a wide neck, with
a view to procurea free paffage for the Sulphur : the
water fet in the receiver detains the Sulphur, fixes it,
and prevents it from flying off 5 fothat it is unnecef-
fary to clofe the joints of the veflels.” But it is pro-

r to take notice that when ever you ufe an appa-’
ratus tor diftilling, which requires the beak of the
retort to be under water, it is of very great confe-
quence that the fire be conftantly fo regulated that
the retort may not cool in the leaft : for in that cafe,

| as the rarefied air contained therein would be con-

denfed, the water in the receiver would rife into the
retort and break it.

If in diftilling Sulphur according to the prefent
procefs the matter contained in the retort fhould
happen to melt, the operation would be thereby con-
fiderably protracted, and it would require a great
deal more time to extrac all the Sulphur ; becaufe
all evaporation is from the furface only, and the
matter, while it remains in a coarfe powder, prefents
a much more extenfive furface than when it is
melced.

This remark holds with regard to all other diftil-
lations. Any quantity of liquor, fet to diftil in its
fAuid ftate, will take much more time to rife in va-
pours, and pafs from the retort into the receiver,

B than
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than if it be incorporated with fome folid body
reduced to minute parts, fo that the whole fhail
make a moift powder ; and this though the very
fame degree of fire be applied in both cafes.

If the matter from which it is propofed to extra&
Sulphur be fuch as will melt with the degree of fire
necefiary to this operation ; that is, with a heat which
will make the retort but faintly red, it muft be mix-
ed with fome fubftance that is not fo fufible. Very
pure coarfe fand or clean gravel may be ufed with
fuccefs : but abforbent earths are altogether impro-
per for this purpofe, becaufe they will unite with the
Sulphur. Iy ,

The fulphureous minerals which are moft apt ta
fufe are the cupreous Pyrites, or yellow COpper Qres :
common lead ores are alfo very fufible, i

The Pyrites are by this operation deprived of al- |
moft all the Sulphur they contain ; and confequently
little is left behind, but the particles of iron and
copper, together with a portion of unmetallic earth,,
which we fhall thew how to feparate from thefe me-
tals when we come to treat of them. I fay thar by
this operation the Pyrites are deprived of almoft ali,
and not entirely of all their Sulphur 3 becaufe; this
feparation being made in clofe vefiels only, there
always remains a certain quantity of Sulphur, which
adheres fo obftinately to the metals, that it would be
almoft impoffible to get it all out, even though a
much ftronger fire than that direéted in the procefs
were applied for this purpofe, and though choice
had been, as it ought to be, made of fuch Pyrites,
or other fulphureous Minerals, as part moft eafily
with their Sulphur. Nothing but a very ftrong fire
in the open air is capable of carrying it wholly off,
or confuming it entirely.

In feveral places are found great quantities of na-
tive Sulphur.  The Volcanos abound with it, and
people gather it at the foot of thofe burning moun-

tains.
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tains. Several fprings of mineral waters alfo-yield
Sulphur, and it is fometimes found fublimed to the
vaulted roofs of certain wells, and among others in
one at Aix-la-Chapelle. ;

The Germans and Italians have large works,
for extracling Sulphur in quantities out of Py-
rites, and other minerals which abound therewith.
The procefs they work by is the fame with that here
delivered 5 with this difference only, that Sulphur
being but of {mall value they do not ufe fo many
precautions.  They content themfelves with putting
the fulphureous minerals into large crucibles, or ra-
ther earthen cucurbits, which they place in the fur-
nace in {uch a manner that, when the fulphureous part
melts, it runs into veflels filled with water, and is
thereby fixed.

The Sulphur obtained, either by diftillation or
by fimple fufion, is not always pure. .

When it is obtained by diftillation, if the matters
from which you extrat it contain moreover fome
other minerals of nearly the fame volatility, fuch,
for inftance, as Arfenic, or Mercury, thefe mine-
rals will come over with it.  This is eafily perceiv-
ed : for pure fublimed Sulphur is always of a beau-
tiful yellow, inclining to a lemon colour. If it
look red, or have a reddifh caft, itis a fign that
fome Arfenic hath rifen along with it,

Mercury fublimed with Sulphur likewife gives it
a red colour ; but Sulphur is very feldom adul-
terated with this metallic fubftance : for Arfenic is
frequently found combined with the Pyrites and
other fulphureous minerals, whereas on the contrary
we very rarely meet with any Mercury in them.

But if Mercury fhould happen to rife with the
Sulphur in diftillation, it may be difcovered by ex-
amining the fublimate ; which, in that cafe, will
have the properties of Cinabar : on being broken irs
infide will appear to confift of necdles adhering la-

2  terally
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terally to each other ; its weight will be very confi-
derable; and laftly, the great heat of the place
where it is colle¢ted will furnifh another mark to
know it by ; for as Cinabar is lefs volatile than Ar-
fenic or Sulphur, it faftens on places too hot for ei-
ther Sulphur or Arfenic to bear.

Sulphur may alfo be adulterated with fuch fixed
matters, either metallic or earthy, as it may have
carried up along with it in the diftillation, or as may’
have been fublimed by the Arfenic, which has a ftill
greater power than Sulphur to volatilize fixed bodies.

If you defire to free the Sulphur from moft of
thefe heterogeneous matters, it muft be put into an
earthen cucurbit, and fet in a fand bath. To the
cucurbit muft be fitted one or more aludels, and
fuch a degree of heat applied as fhall but juft melt
the Sulphur ; which is much lefs than that necef-
fary to feparate the Sulphur from its matrix. As
foon as the Sulphur is melted it will fublime in le-
mon-coloured flowers, that will ftick to the infides
of the aludels,

When nothing more appears to rife with this de-
gree of heat, the veflels muft be fuffered to cool.
At the bottom of the cucurbit will be found a ful-
phureous mafs, containing the greateft part of the
adventitious matters that were mixed with the Sul-
phur, and more or lefs red or dark-coloured ac-
cording to the nature of thofe matters.

‘When we come to treat of Arfenic and Mercury
we fhall give the methods of feparating Sulphur en-
tirely from thofe metallic fubftances.

EROCESS I
To extrait Alum from aluminous Minerals.
AKE fuch minerals as are known or fufpected

to contain Alum. Expofe them to the air,

that they may efflorefce. If they remain there a
' year
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year without any fenfible change, calcine them, and
then leave them expofed to the air, till a bit thereof
being put on the tongue imparts an aftringent alu-
minous tafte,

When your matters are thus prepared, put
them into a leaden or glafs vefiel ; pour upon them
thrice their weight of hot water ; boil the liquor ;
filter it ; and repeat thefe operations till the earth
be fo edulcorated that the water which comes off it
hath no tafte. Mix all thefe folutions together, and
let them fland four and twenty hours, that the grols
and earthy parts may fettle to the bottom ; or elfe
filter the liquor : then evaporate till it will bear a
new-laid egg. Now let it cool, and ftand quiet four
and twenty hours : in that time fome cryftals will
fhoot, which are moft commonly vitriolic ; for
Alum is rarely obtained by the firlt cryftallization.
Remove thefe vitriolic cryftals : if any cryftals of
Alum be found amongft them, thefe muft be dif-
folved anew, and fet to cryftallize a fecond time in
order to their purification 3 becaufe they partake of
the nature as well as of the colour of vitriol. By
this method extratt all the Alum that the liquor

| will yield.

If you get no cryftals of Alum by this means,
boil your liquor again, and add to it a twentieth
part of its weight of a ftrong alkaline lixivinm, or
a third part of its weight of putrefied urine, or a
{mall’quantity of quick-lime. Experience and re-
peated trials muft teach you which of thefe three
fubftances is to be preferred, according to the par-
ticular \ nature of the mineral on which you are to
operate.  Keep your liquor boiling, and if there be
any Alum in it, there will appear a white precipi-
tate : in that cafe let it cool and fettle. When the
white precipitate is entirely fallen, decant the clear,
and leave the cryflals of Alum to thoot at Jeifure,

tll
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till the liquor will yield no more : it will then be
exceeding thick.

OBSERVATIONS.

Avruwm is obtained from feveral forts of Minerals.
In fome parts of Italy, and in fundry other places,
it efHorefces naturally on the furface of the earth.
There it is fwept together with brooms, and thrown
into pits full of water. This water is impregnated
therewith till it can diffolve no more. Then it is
filtered, and {et to evaporate in large leaden veflels ;
and when it is fufficiently evaporated, and ready to
fhoot into cryfals, it is drawn off inte wooden cool-
ers, and there left for the falt to cryftallize.

In aluminous foils there are often found fprings
ftrongly impregnated with Alum ; fo that to obtain
it the water need only be evaporated. _
* In'the country about Rome there is a very hard
ftone, which is hewn out of the quarry juft like
other flones for building : this ftone yields a great
deal of Alum. In order to extraét it, the fﬁmfs
are calcined for twelve or fourteen hours; after
which they are expofed to the air in heaps, and care-
fully watered three or four times a day for forty days
together. In that time they begin to efflorefce, and
to throw out a reddith matter on their furface. Then
theyare boiled in water, which difiolves all the Alum
they contain, and being duly evaporated gives it
back in cryftals. This is the Alum called Roman
Alum. | : |
Several fosts of Pyrites alfo yield a great deal of
Alum. The Englifh have a ftone of this kind,
which in colour is very like aflate. 'This ftone con-
tains much Sulphur, which they get rid of by roaft-
ing it. After this they fteep the calcined ftone in
water, which diffolves the Alum it contains, and to
this folution they add a certain quantity of a lye
made of the alhes of fea-weeds.

The
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The Swedes have a Pyrites of a bright, golden
colour, variegated with filver fpots, from which
they procure Sulphur, Vitriol, and Alum. They
feparate from it the Sulphur and the Vitriol by the
methods above prefcribed. 'When the liquor which
hath yielded Vitriol is become thick, and no more vi-
triolic cryftals fhoot init, they add an eighth part of
its weight of putrefied urine, mixed with a lye
made of the afhes of green wood. Upon this
there appears and falls to the bottom a copious red
fediment, 'They decant the liquor from this preci-
pitate, and when it is duly evaporated find it fhoot
into beautiful cryftals of Alum. |

What hath been faid, concerning the feveral ma-
trices from which Alum is obtained, fufficiently
fhews that it is feldom folitary in the waters with
which aluminous fubjeéts have been lixiviated., It is
almoft always accompanied with a certain quantity
of Vitriol, or other faline mineral matters, which
obftruct its cryftallization, and prevent its being
pure. ’Tis with a view to free it from thefe mat-
ters that the waters impregnated with Alum are
mixed with a certain quantity of the lye of fome
fixed Alkali, or with putrefied urine, which con-
tains much volatile Alkali. Thefe Alkalis have the
property of decompounding all the Neutral falts
which have for their bafis either an abforbent earth
or a metallic fubftance ; and fuch as have a metallic
fubftance for their bafis more readily than thofe
whofe bafis is an earth. Confequently, if they are
mixed with a liquor in which both thefe forts of falts
are diffolved, they muit decompound that fort whofe
bafis is metallic fooner than the other whofe bafis is
an earth. This is what comes to pafs in a {olution
of Alum and Vitriol. The metallic part of the
latter is feparated from its acid by the Alkalis when
mixed with that folution ; and ’tis this metallic
part, which is generally iron, that appears in the
form of a reddifh precipitate, as above-mentioned.

But
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But becaufe Alkalis decompound alfo thofe Neu-
tral falts which have an earth for their bafis, care
muft be taken that toco much thereof be not added :
elfe what you put in, more than is neceffary to de-
compound the vitriolic falts in your liquor, will at-
tack the Alum, and decompound it likewife,

The Alkali made ufe of to promote the cryftalli-
zation of the Alum joins with the Vitriolic Acid
which had diffolved the fubftances now precipitated
by it, and therewith forms different Neutral falts ac-
cording to its particular nature. If the Alkali be a
lixivium of common wood-afhes, the Neutral falt will
be a vitriolated Tartar ; if a lixivium of the afhes of
a maritime plant like Soda, the Neutral falc will be a
Glauber’s falt; if putrefied urine, the Neutral falt will
be a vitriolic Ammoniacal falt, Some of thefe falts in-
corporate with the Alum, which in large works cryftal-
lizes in vaft lumps : and hence it comes that fome
forts of Alum when mixed with a fixed Alkali fmell
like a volatile Alkali.

The cryftals of Alum are oftaedsal, that is, they
are folids with eight fides. Thefe oftaedral folids are
triangular pyramids, having their angles cut away, fo
‘that four of their furfaces are hexagons, and the
other four triangles.

Sulphur, Vitriol, and Alum are the three princi-
pal fubjects in which we certainly know that the uni-
verlal or Vitriolic Acid particularly refides, and
from which we extract it when we want to have it
pure.  Lor this reafon we thought it proper, be-
tore we treated of the extraction of this Acid, to
ihew the method of feparating thofe matters them-
felves from the other minerals out of which we ob-
tain them.

Moreover, all the other matrices, in which the
Vitriolic Acid is moft commonly lodged, may be
referred to one or other of the matters which ferve
as bafes to thefe three minerals.

To tulphur we may refer all combinations of the
Vicriolic Acid with an inflammable matter : but we

muft
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muft take care not to confound Sulphur «with
thofe Bitumens in which the Vitriolic Acid may be
found : for the bafis of thofe bitumens is a real
Oil ; whereas the bafis of Sulphur is the pure Phlo-
gifton. Yetas Oils themfelves contain the Phlogif-
ton, which in union with the Vitriolic Acid forms a
true Sulphur, it follows that fuch bitumens may in
a certain refpect be claflfed with Sulphur.

The fame is to be faid of Vitriol. The name is
ufually given to fuch combinations only as are form-
ed of the Vitriolic Acid with Iron or Copper, which
make the green and blue Vitriol ; and to a third
{pecies of Vitriol, which is white, and has Zinc for
its bafis : but as the Vitriolic Acid may, by particu-
lar combinations, be united with many other metal-
lic fubftances, all fuch Metallic Salts muit be referred
to the clafs of Vitriols.

The fame may alfo be faid of Alum, which is
no other than a combination of the Vitriolic Acid
with a particular kind of abforbent earth ; fo that
all combinations of this Acid with any earth what-
ever may be placed in the fame clafs. :

This laft clafs of mixts is the moft extenlive of
all that contain the Vitriolic Acid ; becaufe there are

| a vaft many earths, all differing from one another,
| with which that Acid may be united. Alum pro-

perly fo called, the Gypfums, Talcs, Selenites,
Boles, and all the other compounds of this kind,
differ from each other only in their particular earths.
The different properties of thefe earthy falts de-
pend on the nature of their bafes. Thofe which
are of the aluminous kind retain much water in cryf-
tallizing, which makes them very foluble in water,
and gives them the property of acquiring readily
the aqueous fluor when expofed to the fire. Thofe
which are of the nature of the Selenites admit but
very litdle water in their cryftals, and confequently
are almoft infoluble in water ; nor does the fire give
them an aqueous fluor. Laftly, the Gypfums and
Talc
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Talct are ftill more deftitute of thefe properties,
The natures of the earths in thefe feveral compounds

are hitherto but very imperfeftly known, and may
give the Chymifts occafion for enquiries equally cu~

rious and ufeful, ,

The Vitriolic Acid is fometimes found compli-
cated with a fixed alkaline bafis. This is almoft al<
ways the Alkali of Sez-falt ; fo that the compound ig-
a Glauber’s Salt. Some mineral waters are impreg-

|

nated therewith 5 which happens when thefe waters'

contain Vitriol or Alum, together with Sea-falt.

From the principles laid down, in our Elements of

the Theory, it appears that the Vitriolic' Acid hath
not fo great an aﬂiaity with earthy and metallic fub-

ftances as with fixed Alkalis ; and alfo that it is '

ftronger than the Marine Acid, and hath a greater
affinity with fixed Alkalis. This being allowed,
the generation of native Glauber’s Salts is eafily
accounted for. The Acid of aluminous or Vitriolic
falts quits the earth or the metal with which it was

combined, and expelling the Acid of Sea-fale unites
with its bafis. ‘Warmth greatly promotes thefe de-

compofitions.
It the common foffil falt, ufually called Sa7 Gem,

or any other kind of Sea-falt, fthould happen to be

near a Vulcano when it difcharges flaming Sul-

phur, as is frequently the cafe, and if this Sulphur 3

fhould run among the Sea-falt, a Glauber’s Salt

would inftantly be formed in that place ; becaufe

when Sulphur burns its Acid is feparated and fer at
liberty.

trees confumed by fire, a vitriolated Tartar would
be formed, becaufe thefe athes contain a fixed Al-
kali of the fame nature with that of Tartar.

The Vitriolic Acid when combined with an earthy
bafis adheres ftrongly thereto; fo that the force of

Laftly, if aluminousor vitriolic matters, orburn~:
ing Sulphur, thould meet with the afhes of plantsor

fire 38
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fire is able to expell vety little or none of it. There
is no way of feparating it from fuch a bafis, but by
prefenting to it an Alkaline Salt, with which it will
unite : nor is it ever extraéted from fuch matters
when it is required pure. It does not adhere fo
firmly to metallic fubftances ; bur is feparated from
them by the force of fire : fo that it may be obtain-
ed from the feverdl forts of Vitriol. It is ufually
drawn from Green Vitriol ; that being the common-
eft fort.

As to Sulphur, the Phlogifton which is its bafis
being the fubftance wherewith the Vitriolic Acid
hath the greateft affinity, it would be altogether
impoffible to decompofe it, and to feparate its
Acid, if it were not inflammable ; but by burning
it the Phlogifton is deftroyed, and leaves the Acid at
liberty. By this means therefore it may be feparat-
ed. We fhall now give the Proceffes for extracting
the Acid from Vitriol and Sulphuir.

PROCESS IV.
To extratl the Vitriolic Acid Jrom Green Vitriol,

AKE any quantity of Green Vitriol : put it
in an unglazed earthen vefltl, and heat it
gradually. Vapours will foon begin o rife. Fncreafe
the fire a little, and it will liquefy by means of
the water contained in it, and acquire what we called
an aguecus fluor, Continue the calcination, and it will
become lefs and lefs fluid, grow thick, and turn of a
eyith colour. Now raife your fire, and keep it
up till the falt recover its folidity, acquire an orange
colour, and begin to grow red where it immediate-
ly touches the fides of the veflel. ‘Then take it out;
and reduce it to powder. :
Put the Vitriol thus calcined and pulverized into
a good earthen retort, of which one half at leaft
Vor. L. Q. muft
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muft remain empty. Set the retort in a reverbera-
tory furnace : fit thereto a large glafs receiver,
- and, having luted the joint well, give fire by de-
grees. You will {foon fee white clouds rife into the
receiver, which will render it opaque and heat it.
~ Continue the fame degree of fire till thefe clouds dif-
appear : they will be fucceeded by a liquor which
will trickle down the fides of the receiver in veins.
Still keep up the fire to the fame degree as long as
thefe veins appear. 'When they begin to abate, en-
creafe the fire, and puth it to the utmoft extremity :
upon this there will come over a black, thick li-
quor : it will even be found congealed, and prove
the Icy Oil of Vitriol, if care hath been taken to
change the receiver, keep the vefels perfectly clofe,
and give a {ufficient degree of heat. Proceed thus
till nothing more comes over, or at leaft very little.
Let the veiitls cool, unlute them, pour the countents
of the receiver into a bottle, and feal it hermetically.

OBSERVATIONS.

Grzen Vitriol retains much water in cryfalliz-
ing ; and in order to free it from that {uperfluous
phlegm, it muft be calcined before you diftill it.
Without this precaution the operation will be ex-
ceedingly protracted, and a great deal of time waft-
ed in diflilling fuch a quantity of water ; which
will moreover greatly weaken the Acid by commix-
ing with it, unlefs care be taken to change the reci-
pient as foon as the water is all come over,

But there is alfo another advantage in calcining
the Vitriol before you put it into the retort : for
otherwife this falt would melt on the firft application
of heat, and run into a mafs ; which would prove
a great hindrance to its diftillation. This inconve-
nienice is avoided by a previous calcination, in con- |
fequence whereof the Vitriol is ealily reduced to a
powder which never becomes fluid.

Vitriol
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Vitriol calcined as direéted in the procefs grows
fo hard, and adheres {o firmly to the vefiel in which
the calcination is performed, that it requires no fmall
pains to feparate and pulverize it. Care muft be
taken to put it into the retort as foon as it is pulve-
rized, and to ftop that veflel very clofe if you do
not begin the diitillation immediately : for otherwife
it will naturally attract from the air almoft all the
moifture it hath loft.

The Acid which Vitriol yields by diftillation is
fulphureous ; probably becaufe it ftill retains fome of
the Phlogifton, with which it was united when under
the form of Sulphur in the Pyrites ; or elfe hath
laid hold on a portion of that belonging to the iron
which ferved for its bafis in Vitriol. But this ful-
phureous part is volatile, and flies off in time,

This decompofition of Vitriol in clofe veffels is a
difficult and laborious procefs. To carry the opera-
tion to its utmoft perfection requires a fire of extreme
violence, kept up without intermiffion during four
or five days ; fuch in thort as few veflels are able to
bear. Of courfe this operation is feldom performed
in laboratories. The French Chymifts fetch their Oil
of Vitriol from Holland, where it is extracted from
Vitriol in large quantities, by means of furnaces
ereCted for the purpofe, in which many retorts are
employed at once,

In the Memoirs of the Academy of Sciences M.
Hellot hath given us the moft material circumftances
of a very fine experiment of this kind, in which he

uthed the diftillation of Green Vitriol to the utmott.
Ento a German retort * he put fix pounds of Green
Englith Vitriol calcined to rednefs, which he ex-
poled to a fire of the extremeft violence, conftantly
kept up during four days and four nights. At the
expiration of thag time he found in the veffels em-

Q2 ployed

* They are much the belt, and bear a very fierce heat.
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pl,nj,fed as receivers an Icy Oil of Vitriol, which was
altogether in a cryftalline form and black. The pre-
cautions neceffary to make this experiment fucceed =

he reprefents in the following terms.
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¢ The fuccefs of this operation, which produces
an Oil of Vitriol perfectly Icy and without any
liquor, depends on the care taken to prevent the
acid vapours, driven by the fire out of Vitrio]
ca!cimag to rednefs, from having any communi-

cation with the external air while they are diftil-
ling : for otherwife they will attra&t from it
a moifture which will keep them fluid in the re-
ceiver. ‘The receiver muft be at fuch a diftance
from the furnace that it may remain cool enough
for the vapours to condenfe in it. There muft
alfo be {ufficient room for thofe vapours to circu-
late in, and to prevent the fulphureous explofions,
which are every now and then difcharged out of
the retort, from burfting the veflels : %::r though
the previous calcination of the Vitriol hath car-
ried off the moft volatile, yet there flill remains
enough of the inflammable principle, even in
the iron itfelf, to form a Sulphur with the Acid
as it is extricated, or at leaft a mixt that would
be as apt to take fire as common Sulphur, if it
were not over-dofed with the Acid. i
‘¢ As the beflt means of gaining thefeends M,
Hellot contrived to adapt to the neck of his re-
tort a receiver with two necks, the lowermoft of
which was inferted into a large ballon. Receivers «
applicd to each other in this manner are called =
Adopters, b
¢ It is no eafy matter to get this Icy Oil out of
the ballon : for as foon as the air touches it fuch
a thick cloud of fulphureous fumes arifes, that
it is abfolutely neceflary to place the veflel on
fome fhelf over head, becaufe a man cannot ftand

5 ¢ expofed
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¢« expofed thereto for a fingle minute without being
« fuffocated.”

This Icy Acid muft be fhut up with all poflible ex-

ition in a cryftal bottle accuratelyclofed witha glafs
{topple, which thould be rubbed with emery inits neck
{o as to fit it exaltly : for it attraéts the moifture of
the air fo powerfully that unlefs exceeding great care
be taken to prevent all communication with the ex-
ternal air it will foon diffolve into a fluid.

¢¢ The Icy Oilis black ; becaufe the acid vapours
¢ carry over with them fomewhat of a greafy mat-
¢¢ ter, from which Vitriol is feldom free, and which
¢¢ always appears, after repeated {olutions and cryf-
< rallizations of this Salt, in the mother-water
¢ which will fhoot no more. Now the {malleft
¢« portion of inflammable matter prefently blackens
¢ the moft highly rectified Oil of Vitriol, which is
¢« perfectly clear.

¢« The Vitriolic Acid, when forced over by a vio-
<¢ lentheat, carries along withitfome ferruginous pat-
«¢ ticles alfo, that want nothing but to be united with
¢ a Phlogifton to become true iron. They are ea-
«¢ fily difcovered, either in the common black Oil
« of Vitriol, or in the blackifh cryftals of the Icy
« Qil, by only diffolving them in a large quantity
¢ of diftilled water : for after feven or eight days
¢ digeftion a light powder or downy fediment preci-
¢ pitates, which being calcined in a violent fire is
¢¢ partly attracted by the magnet ; and being again
¢ calcined with bees-wax becomes almoft entirely
=" iroh. ™ '

The Caput mortuum of this diftillation of Vitriol
is the ferruginous earth of this Salt, and is called
Colcothar. When this Colcothar hath undergone a
violent fire, as in the experiment now related, {carce
any Acid remains therein. Out of fix pounds of
Vitriol that M. Hellot ufed, he could recover no
more, by lixiviating what was left in the retort,

& 3 than
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than two ounces of a Vitriolic Salt ; and even that
was very earthy,

If Vitriol be expofed to a fire neither fo violent
nor fo long continued, its Colcothar will yield a
greater quantity of Vitriol that hath not been de-
compofed. A whire cryftalline falt is alfo obtained
from it, and called Szl of Colcothar 3 which is no
other than the fmall portion of Alum ufually con-
tained in Vitriol, and not {0 eafily decompofed by
the action of fire,

PROOHE §8:

To decompofe Sulpbur, and extract its Acid, by burn-
ing it. /
AKE any quantity of the pureft Sulphur: fill
therewith a crucible or other earthen dith :
heat it till it melts : then fer it on fire, and when its
whole furface is lighted place it under a large glafs
head, fothat the flame of the Sulphur do not touch
cither its fides or bottom ; that the air have free
accefs, in order to make the Sulphur burn clear
that the head incline a little toward the fide on
which its beak is, that as the vapours condenfe
therein the liquor may run off with eafe. To the :
beak of this veflel fit a receiver : the fumes of the
lighted Sulphur will be condenfed, and gather into
drops in the head, out of which they will run into
the receiver. There, when the Sulphur has done
burning, you will find an Acid liquor, which is the
Spirit of Sulphu. .

OQBSERVATTIONS
In the burning of Sulphur, the Phlogifton which.
ferves for its bafis is diffipated, and feparated from
the Acid whichi is left at liberty, The acid fumes
which rile from the lighted fulphur ftrike againft the
infide
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infide of the head placed over it, are there condenfed,
and appeat in the form of aliquor. But as Sulphur,
like all other inflammable bodies, Nitre excepted,
will not burn in clofe veflels, it is neceffary that the
air be freely admitted here ; which occafions the lofs
of a great deal of the Acid of the Sulphur, as is e-
vident from the pungent fuffocating fmell perceived
in the laboratory during the operation.

This Acid, while combined with the Phlogifton,
is incapable of contrating any union with water ; but
when alone is very apt to mix therewith : it is even
proper to put fome in its way, that it may incorporate
therewith as foon as it is difcharged from the Sul-
phur ; for it is then very free from phlegm, very
volatile, and confequently very little difpofed to con-
denfe into a liquor, but on the contrary very apt to
fiy off in vapours. The water, which it imbibes
with a kind of avidity, fixes and detains it ; fo that
by this means a much greater quantity thereof is
obtained from Sulphur, than if it were diftilled
without this precaution. '

It is proper therefore now and then to introduce a
dith full of hot water under the head which receives

| the fumes of the Sulphur. The vapours that ex-

hale from the water bedew the infide of the head,
and procure the advantage we are {peaking of.

" The fame thing may be effe¢ted feveral other
ways : thus, the crucible containing the Sulphur
may be fet on a foot placed in an earthen difh with
fome water in it 3 which however muft not rife above
the foot ; for if it fhould reach the crucible, it might
cool and fix the fulphur. The dith thus prepared
muft be placed on a fand-bath hot enough to make
the water fmoke continually 5 and over all is to be

faced the head as directed in the procefs.
" The fize and form of the veffel which immediate-

ly receives the fulphureous fumes may alfo contri-
ik b Q.4 bute
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bute to increafe the quantity of the Acid Spirit. A
very large vefiel, with a hole at bottom no wider
than is juft fufficient to admit the vapours, is the
propereft for this operation.

After the Sulphur has burnt for fome time, it
often happens that a fort of fkin or cruft forms on
its furface, which is not inflammable, but gradually
leflens the quantity and vigour of the flame as it in.
creafes in thicknefs, and at laft puts it quite out.
This cruft proceeds from the impurities, and hete-
rogeneous uninflammable particles contained in the
fulphur. Care muft be taken to remove it with
an iron wire as faft as it forms.

Two quanities of .Sulphur may alfo be kept in
two crucibles, and heared alternately. That in i
which the Sulphur is hot and melted may be fubfti-
tuted for the other in which the Sulphur is grown

cold and fixed 5 becaufe cold Sulphur docs not
burn well. i
The Spirit of Sulphur is at firft pungent and vo-

latile, becaufe it f¥ill retains a fmall portion of the
Phlogifton : but that fulphureous part flies off, ef~
pecially if the bottle in which the Spirit is kept be
left for fome time unftopped. 4

The Acid obrained from Sulphur appears by all
chymical proofs perfe@tly like that obrained from .
Vitriol : they differ in this only that the former is
the pureft ; for the Acid obtained from Vitriol car-
ries over with it fome metallic parts, as we obferved
before, which can never happen to that obtained from,
Sulphur. #

If linnen rags dipped in a folution of Fixed Al. §
kali be expofed to the fumes of burning brimftone,
the Spirit of Sulphur joins with the Alkali, and -
therewith forms a Vigriolated Tartar, “This Salt is 3
known to be formed when the rags grow fiiff, and
appear fpangled with 2 vaft many glittering points,

which =
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which are nothing but little cryftals of the Salt we
are {peaking of.

When the Sulphur burns very gently and flowly
the Spirit that exhales from it is fo much the more
fulphureous and volatile : and hence the Salt formed
by the combination of this Spirit with the Alkali
cxpofed to it in linnen rags, as in the above-menti-
oned experiment, is not at firft a Vitriolated Tartar ;
but a Neutral Salt of a particular kind, which is
capable of being decompofed by any other Mineral
Acid, the fulphureous Acid having lefs affinity than
any of the reft with Alkalis. Neverthelefs this Salt
becomes in time a true Vitriolated Tartar, becaufe

the fulphureous part which weakened its Acid eafily
quits it and flies off,

P T

T

PR OCESS VI

To concentrate the Vitriolic Acid.

AKE the Vitriclic Acid you intend to concen-
trate, that is, to dephlegmate and make
ftronger : pour it into a good glafs retort, of fuch a
fize that your quantity of Acid may but half 1l it
fet this retort in the fand-bath of a reverberating
furnace : fit to it a receiver : lute it on, and give a
gradual fire. There will come over into the recei-
ver a clear liquor, the firft drops of which will be
but faintly Acid : this is the moft aqueous part.
When the drops begin to follow one another much
more flowly, raife your fire, till the liquor begin to
bubble a little in the middle. Keep it thus gently
boiling, till one half or two thirds thereof be come
over into the receiver. Then let your veflels cool 3
unlute them ; what remains in the retort pour into

a cryftal bottle, and ftop it exactly with a glafs
ftopple rubbed with emery.

OBS ER-
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OBSERVATIONS,

Tue Acid obtained from Sulphur is generally
very aqueous ; either becaufe in preparing it water
muft neceflarily be adminiftered, that it may unite
therewith as it feparates from the Sulphur ; or be-
caule it is {o greedy of moifture as to attract a great
deal from the air, which muft needs be admitted to
make the Sulphur burn. |

The Acid obtained from Vitriol, excepting that
which rifes laft, is alfo mixed with a pretty confide-
rable quantity of phlegm ; becaufe the Vitriol,
though calcined, ftill retains a grear deal thereof,
which rifes with the Acid in diftillation. Now, as
there are many chymical experiments that will not
fucceed without Acids exceedingly dephlegmated,
it is proper to have in a laboratory all the Acids
thus conditioned ; becaufe, if they happen to be
too {trong for particular operations, as is fometimes
the cafe, it is very eafy to lower them to the defired
degree, by adding a fufficient quantity of water.

‘The Vitriolic Acid is much heavier and much lefs
volatile than water. If therefore a mixture of thefe
two liquors be expofed to the fire, the aqueous part
will rife with a degree of heat which is not able to
carry up the Acid : by this means they may be fe-
parated from each other ; and thus is the Vitriolic
Acid concentrated,

Neveithelefs, as this Acid combines moft clofely
with water, and is in a manner ftrongly conneted
with it, the water carries up fome portion thereof along
with it 5 and hences it comes that the liquor which
rifes into the receiver is Acid : it is called Spirit of
Vitriol.

As the fire carries off the moft aqueous part,
the other which remains in the retort increafes in
fpecific gravity, The Acid particles are brought
nearer together, retain the aqueous particles more

obfti-

s e

i
|
!
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obftinately, and therefore to feparate them the de-
gree of heat muft be increafed.

It is ufual to draw off one half or two thirds of
the liquor that was put into the retort : but this de-
pends on the degree of ftrength the Acid was of be-
tore concentration, and the degree of concentration
intended to be given it.

If the Acid to be concentrated be Oil of Vitriol,
from being brown or black it grows clearer as the
operation advances, and at laft becomes perlectly
colourlefs and tranfparent ; becaufe the fat matter,
which tinged it black, is diflipated during the pro-
cefs. Some of it depofites a white cryftalline earth.

A fulphureous fmell is generally perceived about
the veflels in this operation. This arifes from a
fmall portion of the Phlogifton from which the
Acid is not free ;3 and ’tis this inflammable marter
which gives the Oil of Vitriol its black colour : for
the cleareft and beft reétified Oil of Vitriol will be-
came brown, and even black, in a fhort time, if any
inflammable matter, though in a very fmall quanti-
ty, be diffolved therein. :

The veflels are luted in this operation, to prevent
any lofs of the Spirit of Vitriol, which being very
acid is of ufe in many chymical experiments, and
may itfelf alfo be again concentrated.

We obferved that in this operation it is neceffary
the retort fhould be of very good glals. Indeed the
Acid is fo ative and fo ftrong, that, if the glafs be
tender and have a little too much falt in its compo-
fition, it will be fo corroded thereby that it will fall
to pieces.

Though we directed the retort to be fet in a {ind-
bath for this operation, it does not follow that it
may not alfo be placed in a naked fiie : on the con-
trary, when the heat is not conveyed through a bath
the nperatiun advances faflter, and 1s much lefs te-
dious. But then great caution muft be ufed, and

the
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the clofeft attention given to the management of
the fire, which muft be raifed by almoft impercep-

tible degrees, efpecially at the beginning of the ope-

ration ; otherwife it is next to a certainty that the

veffels will break. In general, a naked fire may be

employed in almoft all”diftillations which require a

greater degree of heat than that of boiling water,
or the baineum mariz : the operation will be fooner

finithed ; but it requires an experienced hand, that

has by prattice acquired a habit of governing the
fire with judgment.

There is moreover another advantage in not ufi
the fand-bath ; which is, that if in the time of the
operation you perceive the fire too fierce, you can
quickly check it, cither by ftopping clofe” all the
apertures of the furnace, or by drawing out all or
part of the lighted coals, = This inconvenience
is not near fo cafily remedied when you ufe the
fand-bath ; becauft when once heated, it retains
its heat very long after the fire is quite extin-
guifhed.

k-
PROCESS VI

To decompofe Vitriolated Tartar by means of the Phlo-
gifton 5 or to compofe Sulpbur by combining the Vi-
triolic dcid with the Phiogifton. 1.

YAKE equal parts of Vitriolated, Tartar, and

T very dry Salt of Tartar, feparately reduced

to powder ; add an eighth part of their weight of

charcoal-duft 5 and mix the whole together very

accurately.  Throw this mixture into a red hot

crucible, placed in a furnace filled with burning

coals. Cover it very clofe, and kecp it very hot,

till the mixture mele, which may be known by un-

covering the crucible from time to time. Thefﬁ
: W1
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will then appear a blueith Aame, accompanied with
a pungent {mell of Sulphur,

Take the crucible out of the fire : diffolve its
contents in hot water : filter the {olution through
brown paper {upported by a glafs funnel : drop in-
to the filtered liquor by little and little any Acid
whatever. As you add the Acid the liquor will grow
mote and more turbid, and let fall a grey precipi-
tate. Continue dropping in more Acid till the Ii-
quor will yield no more precipitate. Filter it a fe-
cond time, to feparate it from the precipitate : what
remains on the filter is a true inAammable Sulphur,
which you may ecither melt or fublime into fowers.

OBSERVATIONS.

ArL bodies that contain the Vitriolic Acid may
contribute, as well as Vitriolated Tartar, to the ge-
neration of Sulphur : fo that all the neutral Salts
in which this Acid is a principle, the Alums, Sele-
nites, Gypfums, Vitriols, may be fubftituted for it
in this experiment, All théfe matters, with the
~addition of charcoal-duft only, being fufed in 2

crucible, conftantly produce Sulphur ; becaufe the
| Vitriolic Acid having a greater affinity with the
| Phlogifton than with any thing elfe, will quit its ba-
fis, whatever it be, to join with the Phlogifton of
the charcoal, and therewith form a Sul phur.

The fixed Alkali added thereto helps to promote
the fufion of the ingredients, which is neceffary for
effecting the delired combination. It alfo ferves to
unite with the Sulphur, when formed ; and thus
makes the combination called Liver of Sulphur,
which prevents the Sulphur from being confumed as
foon as formed : for the fixed Alkalis, which are in-
combuftible, hinder Sulphur from burning fo eafily
as 1t would do if they were not joined with it.
They may afterwards be feparated from each other,
by the means of any Acid whatever.

This
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This procefs, in which Sulphur is regenerated,
by re-combining together the principles of which
it was originally compofed, is one of the moft beau-
tiful experiments that modern Chymiftry hath
produced. We are indebted for it to M. Stahl ; and
Docétor Geoffroy hath given a particular account of
it in the Memoirs of the Academy of Sciences.

Before thefe gentlemen Glauber and Boyle had
indeed publifbed methods of producing Sulphur.
Glauber made ufe of his Sa/ mirabile and powdered .
charcoal : Boyle employed the Vitriolic Acid and
Oil of Turpentine. But neither of thofe Chymifts
underftood the true theory of their operations : they
did not thoroughly know the principles of Sulphur :
they did not imagine they had compofed Sulphur ; |
they thought they only extracted what they fuppof~ |
ed to exilt previoufly in the matters they employed
in their experiments.

M. Stahl was the firft who difcovered and explain-
ed the nature of Sulphur, and proved that in Glau-
ber’s and Boyle’s experimznts Sulphur was aétually
produced, by uniting together the principles of
which it is conftituted. This beautiful experiment
eives the ftrongeft luftre of evidence to the theory
of the compofition of that mixt, which a&s fuch
a capital part in Chymillry; and it can no longer
be doubted that Sulphur is actually a combination
of the Vitriclic Acid with the Phlogifton.

Beflides this important truth, our procefs for com-
pofing Sulphur by art proves feveral others that are
equally effential and fundamental. '

The firft is that the Vitriolic Acid hath a greater
affinity with the Phlogiflon than with any other
thing, feeing it quits metallic and earthy fubftances, as
well as Alkaline falts, in order to combine therewith.

The fecond is that Sulphur combines with fixed
Alkalis without fuffering any decompolfition ; fecing

it
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it may be feparated from them entire and unalrered ;
and {eeing that very Sulphur, which is naturally in-
diffoluble in water, is rendered foluble therein by
the union it hath contratted with the fixed Alkali.
The third 1s that the Vitriolic Acid, which when
it is pure hath the greateft affinity with Alkalis of
any Acid whatever, lofes a great deal of that affi-
nity by contracting an union with the Phlogiiton ;
feeing the weakeft Acids are capable of decompofing
the Liver of Sulphur, and feparating the Sulphur
from the Alkali. And this alfo confirms one of the
general propofitions concerning affinities advanced in
our theory ; to wir, that the affinities of compound
or mixed fubftances are weaker than thofe of the
fame fubftances in a purer or more fimple flate.

S ERA PN
Of the NiTrous Acip.

T

PROCESS L

To extrall Nitre out of nitrous Earths and Stones.
The Purification of Salt Petre.  Mother of Nitre.
Magnefia. -

TAKE any quantity of nitrous earths or ftones ;

reduce them to powder ; and therewith mix

a third part of the afhes of green-wood and quick-

lime. Put this mixtures into a barrel or vat, and

pour on it hot water to about twice the weight of
the whole mafs.  Let it ftand thus for twenty four
hours, {tirring it from time to time with a ftick.

Then filter the liquor through brown paper, or pafs

it through a flannel bag, till it come clear : it will

then have a yellowith colour. Boil this liquor, and
evaporate till you perceive that a drop of it let fal]

on




240 -~ ELEMENTS of the

on any cold body coagulates. Then ftop the evi-
poration, and fet your liquor in a cool place. In
the pace of four and twenty hours cryftals will
be formed in it, the figure of which is that of
an hexagonal prifm, having its oppofite planes ge-
nerally equal, and terminated at each extremity by
a pyramid of the fame number of fides. Thefe
cryftals will be of a brownifh colour, and deflagrate
on a live coal.

Decant the liquor from thefe cryftals ; mix i with
twice its weight of hot water ; evaporate and cryf-
tallize as before. Repeat the fame operation till the
liquor will 'yicld no more cryftals : it will then be
very thick, and goes by the naime of Mozber of Nitre,

OBSERVATIONSG.

Eartas and ftones that have been impregnated
with animal or vegetable Juices fufceptible of pus
trefaction, and have been long expofed to the air,
but fheltered from the fun and rain, are thofe which
yield the greateft quantity of Nitre. But all forts
of earths and ftones are not equally fit to produce it.
None is ever found in flints or fands of a cryftalline
nature.

Some earths and ftones abound fo with Nitre,
that it efHorefces fpontaneoufly on their furface, in
the form of a cryftalline down, This Nitre may
be collected with brooms, and accordingly has the
name of Sa/t-Petre Sweepings.  Some of this fort is
brought from India,

Hitherto we are much in the dark as to the ori-
gin and generation of Nitre. Some Chymifts pre-
tend that the Nitrous Acid is diffufed through the
air, and gradually depofited in fuch earths and ftones
as are qualified to receive it.

_ Others, confidering that none of j¢ is ever ob-
tained but from earths that have been impregnated
with vegetable or animal Juices, have from thence

concluded




PracTice of CHYMISTRY. 241

toncluded thofe two kingdoms to be the general
repofitories of the Nitrous Acid ; that if wedo not
perceive it to exift in fuch matters at all, or at leaft
in any great quantity, till they have undergone pu-
trefaction, and are in fome meafure incorporated
with fuitable earths and ftones, ’tis becaufe the Acid
is fo entangled with heterogeneous particles that it

‘requires the affiftance of putrefaction, and much

more of filtration through an earth, to difengage it,
and enable it to appear in its proper nature.

Laftly, others are of opinion that this Acid 1s no
other than the univerfal or Vitriolic Acid; difguifed
indeed by a portion of the Phlogifton, which is com-
bined with it in a peculiar manner by the means of
putrefaction. They ground this opinion chicfly
on the analogy or refemblance which they find be-
tween the Nitrous Acid and the Velatile Sulphure-
ous Spirit. Its volatility, its pungent {meil, its
properties of taking fire, and of deftroying the blue
and violet colours of vegetables, ferve them as fo
many proofs.

Their opinion is the more probable on this account,
that even though the Nicrous Acid fhould actually
be produced by vegetable and animal fubftances, yet
as thefe fubftances themfelves draw all their com-
ponent principles from the carth, and as the Vitri-
olic Acid is diffufed through all the foils which
afford them nourithment, there is great reafon to
think that the Nitrous Acid is no other than the
Vitriolic Acid altered by the changes and combina-
tions it hath undergone in its paffage into and thro’
thofe fubftances. In 1750 the Royal Academy of
Sciences at Berlin propoftd an account of the gene-
ration of Nitre as the {ubjeét for their prize, which
was conferred on a Memoir wherein this laft opini-
on was fupported by fome new and very judicious
experiments,

Vor. L. R The
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‘The procefs by which our Salt-petre makers ex-
tract Nitre in quantities, out of rubbifh and nitrous
carths, is very nearly the fame with that here fet
down : fo that I fhall not enter into a particular
account of it. I fhall only take notice of one thing,
which it is of fome confequence to know ; name-
ly, that there is no nitrous earth which does not
contain fea-falt alfo. The greateft quantities of
this falt are to be found in thofe earths which have
been drenched with urine or other animal excre-
ments. Now as the rubbifh of old houfes in great
cities is 1n this clafs, it comes to pafs that when the
- Salt-petre workers evaporate a nitrous lixivium drawn
from that rubbith, as foon as the evaporation is
brought to a certain pitch, a great many little cryf
tals of fea-falt’ form in the liquor, and fall to the
bottom of the veffel.

The Salt-petre workers. in France call thefe faline:
particles zbe Grain, and take great care to feparate
them from the liquor, (which as long as it continues
hot keeps the falt-petre diffolved) before they fet it
to cryftallize. This fact feems a little fingular, cen-
fidering that fea-falt diffolves in water more eafily’
than fale-petre, and cryftallizes with more difficulty.
- In order to difcover the caufe of this phenomenon
we muft recollect fome truths delivered in our theo-
retical Elements. The firft is, that water can ke
but a determinate quantity of any falt in folution,
and that if water fully faturated with a falt be evapo-
rated, a quantity of fale will cryftallize in propor-
tion to the quantity of water evaporated. The fecond
is, that thofe falts which are the moft foluble in wa-
ter, particularly thofe which run in the air, will dif-
folve in cold and in boiling water equally ; wlhereas
much greater quantities of the other falts will diffolve
in hot and boiling water than in_cold water. Thefe
 things being admitted, when we know that fea-fale
#s one of the firft fort, and falt-petre of the fecond,

the
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the reafon why fea-falt precipitates in the preparation
of falt-petre appears at once. For

When the folution of falt-petre and fea-falt comes
to be evaporated to fuch a degree that it contains as
much fea-falt as it poffibly can, this falt muft begin
to cryftallize, and continue to do fo gradually as
the evaporation advances. But becaufe at the fame
time it does not contain as much falt-petre as it can
hold, feeing it is capable of diffolving a much greater
quantity thereof when it is boiling hot than when
it is cold, this laft named falt will not cryftallize fo
foon. If the evaporation were continued till the
cafe of the falt-petre came to be the fame with that
of the fea-falt, then the fale-petre alfo would begin
to cryftallize gradually in proportion to the water
evaporated, and the two falts would continue eryf-
tallizing promifcuoufly together: but it is never car-
ried fo far; nor is it ever neceffary; for as the water
cools it becomes more and more incapable of hold-
ing in folution the fame quantity of falt-petre as
when it was boiling hot.

And then comes the very reverfe, with regard to

the cryftallizing of the two falts ; for then the Salt-

petre thoots, and not the Sea-falt. The reafen of

| this faét alfo is founded on what has juft been faid.

The Sea-falt, of which cold water will diffolve as
much as boiling water, and which owed its cryftal-
lizing before only to the evaporation, now ceafes to
cryftallize as foon as the evaporation ceafes; while
the Salt-petre, which the water kept diffolved only
becaufe it was boiling hot, is forced to cryitallize
merely by the cooling of the water.

When the folution of Salt-petre has yielded as
many cryftals of that Salt as it can yield by cooling,
it is again evaporated, and being then fuffered to
cool yields more cryftals. And thus they continue
evaporating and cryftallizing, till the liquer will
afford no more cryftals. It is plain that as the Salr-

R 2 petre
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petre cryftallizes, the proporticn of Sea-falt to 3
the diffolving liquor increales ; and as a certain
quantity of water evaporates alfo during the time
employed in cryftallizing the Salt-petre, a quantity
of Sea-falt, proportioned to the water fo evaporat-
ing, muft cryftallize in that time : and this is the
reafon why Salt-petre is adulterated with a mixture’
of Sea-falt. It likewifle follows that the laft cryftals
of Nitre, obtained from a folution of Salt.petre
and Sea-falt, contain much more Sea-falt than the
firft, . '

From all chat has been faid concerning the cryf-
tallization of Salt-petre and Sea-falr, it is eafy to k!
deduce the proper way of purifying the former of
thefe two Salts from a mixture of the latter. For
this purpofe the Salt-petre to be refined need only
be diffolved in fair water. The proportion betweeny
the two falts in this fecond folution is very different
from what it was in the former ; for it contains no
more Sea-falt than what had cryftallized along with
the Salt-petre under favour of the evaporation, the k.
reft having been left diffolved in the liquor that re- =
tufed to yield any more nitrous cryftals, ¥

As there is therefore a much greater quantity of [
Salt-petre than of Sea-falt in this fecond folution, it
Is eafy to evaporate it to fuch a degree that a great
deal of Salt-petre fhall cryftallize, while much more
of the water muft neceflarily be evaporated before
any of the Sea-falt will cryftallize. 2

However, the Salt-petre is not yet entirely freed
from all mixture of Sea-falt by this firft purification;
for the cryftals obtained from this liquor, in which
Sea-falt is diffolved, are flill encrufted, and, as it B
were, infeted therewith: hence it comes, that, to
refine the Salt-petre thoroughly, thefe cryftallizati-
ons muit be repeated four or five times.

The Salt-petre men commonly content themfelves
with cryftallizing ic thrice, and call the produce Salt-

o - -k
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petre of the firft, fecond, or third fhoot, accord-
ing to the number of cryftallizations it has un-
dergone. But their beft refined Salt-petre, even
that of the third fhooting, is not yet fufficiently
pure for Chymical experiments that require much
accuracy : fo that it muft be further purified, but
ftill by the fame method.

The Nirtrous Acid is not pure in the' earths and
flones from which it is extracted. It is combined
partly with the very earth in which it is formed, and

partly with the Volatile Alkali produced by the pu-

trefaction of the vegetable or animal matters that
concurred to its generation. A Fixed Alkali and
Quick-lime are added to the lixivium of a nitrous
earth, in order to decompofe the nitrous Salts form-
ed in that earth, and to feparate the Acid from the
Volatile Alkali and the abforbent earth with which
it is united : thence comes that copious fediment
which appears in the lye at the beginning of the e-
vaporation. Thefe matters form with that Acid a
true Nitre, much more capable than the original
Nitrous Salts of cryftallization, detonation, and the
other properties which are eflential thereto. The
bafis of Nitre is therefore a Fixed Alkali mixed with

a little lime. ; v

The Mother of Nitre, which will yield no more
cryftals, is brown and thick : by evaporation over
a fire it is further infpiffated, and becomes a dry,
folid body ; which however being left to itfelf foon
gives, and runs into a liquor. 1 his water ftill con- -
tains a good deal of Nitre, Sea-falt, and the Acids
of thefe Salts united with an abforbent earth. It
contains moreover a great deal of a fat, vifcid mat-
ter, which prevents its cryftallizing.

All faline folutions in general, aiter having yield-
ed a certain quantity of cryftals, grow thick, and
refufe to part with any more, though they ftill con-
tain much Salt. They are all called Mother-waters, as

R 3 : well
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well as that which hath yielded Nitre. The Me-
ther-waters of different Salts may prove the fubjeéts -
of curious and ufeful enquiries. !
If a Fixed Alkali be mixed with the Mother of

Nitre, a copious white precipitate immediately falls,
which being collefted and dried is called Magnefia,
This precipitate is nothing but the abforbent earth |
that was united with the Nitrous Acid, together
with a good deal of the lime that was added, and
was alfo united with that Acid, from which theyare
now feparated by the Fixed Alkali, according to the |
ufual laws of affinities. _ 1

The Vitriolic Acid poured upon Mother of Ni-
tre caufes many Acid vapours to rife, which are
a compound of the nitrous and marine Acids, that «
is, an Agua regio. On this occafion alfo there falls
a large quantity of a white powder, which is ftill -
called Magnefia 5 yet it dilfers from the former in
that it is not, like it, a pure abforbent earth, but
combined with the Vitriolic Acid. g

An dgua regis may alfo be drawn from nitrous
earths by the force of fire only, without the help of
any additament, £

ety - - — —

—mn

PROCESS 1

To decompofe Nitre by metns of the Phlogifion. Ni- |
tre fixed by Charcoal, Clyflus of Nitre. Sal Po-
lychreftum. R
PFEYAKE the pureft Sale-petre in powder ; put &
T into a large crucible, which it may but half
Al 5 fer the crucible in a common furnace, and fur-
round it with coals. When it is red-hot the Nitre
will mele, and become as fluid as water. Then
throw into the crucible a fraall quantity of charcoal-
dﬂﬂ: : the Nﬂt]‘ﬁ' Eﬂd the i:harcw:l will mum:dmtcly de- .'l:
ﬂagratg with violence s andagrtatfnmmﬂriﬂn willbe
. raifed,
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raifed, accompanied with a conliderable hiffing, and
abundance of black {imoke. As the charcoal waftes,
the detonation will abate, and ceafe entirely as {con
as the coal is quite confumed.

Then throw into the crucible the fame quantity
of charcoal-duft as before, and the fame phenome-
na will be repeated. Let this coal alfo be confum-
ed : then add more, and go on in the fame manner
till you can excite no further deflagration ;. always
obferving to let the burning coal be entirely confum-
ed before you add any frefh. When no deflagration
enfues, the matter contained in the crucible will have
loft much of its fluidity.

OBSE!iVA‘fIONS.

Nitet will not take fire, unlefs the inflammable
matter added to it be actually burning, or the Nitre
itfelf red-hot, and {o thoroughly ignited as immedi-
ately to kindle it. Therefore, if you would pro-
cure the detonation of Nitre with charcoal, and
make ufe of cold charcoal, as in the procefs, the
Nitre in the crucible muft be red-hot, and in perfeét
fufion : but you may alfo ufe live coals, and then
the Nitre need not be red-hot.

It is proper that the crucible ufed in this experi-
ment thould be only half full; for during the deto-
nation its contents fwell, and might run over with-
out this precaution. For the fame reafon the char-
coal-duft is to be thrown in by little and little ; and
that firft put in muft be entirely confumed before
any frefh be added.

The matter remaining in the crucible after the
operation is a very ftrong Fixed Alkali. Being ex-
fed to the air it quickly attraéts the moifture there-
of, and runs into a liquor. It is called Alkalizaied
Nitre, or to diftinguifh it from Nitre alkalizated by
other inflammable matters, Nitre fixed by charcoal.

R 4 However,
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However, this Alkali is not abfolutely pure, - Ir =
ftill contains a portion of the Nitre that hath not #
been decompofed : for when there remains but a lit- X
tle of this Salt mixed with a great quantity of Al-
kali, which is not inflammable, the Alkali in fome g
meafure fhelters it, coarts it over, and obftruéts that
immeciate contact with the inflammable matters ap-
plied, which is neceffary to make it deflagrate. 4

It the Fixed Alkali be defired perfectly free from
any mixture of undecompofed Nitre, the fire about
the crucible muft be confiderably increafed as foon :
as the detonation is entirely over ; the matter muft
be made to flow, which requires a much ftronger
heat than would melt Nitre, kept thus in tufion
for about an hour.  After ¢hi§ no perfect Nitre will
be found therein ; for the little that was left, being
unable to abide the force of the fire, as not being
extremely fixed, either is entirely diffipated, or lofes
its Acid, which is carried off by the violence of the
heat. | |

Fixed Nitre contains alfo a portion of the earth
that conftituted the bafis of the Nitre, which is no
other than the lime employed in its cryftallization, or
elfe fome of the earth with which its Acid was origi~
nally combined, and which it retained in cryftallizing.
When Nirre is deflagrated with fuch matters as pro- .
duce afhes, thefe afhes likewife furnifh a certain quan-
tity of earth, which mixes with the Fixed Alkali. To
feparate thefe feveral earths from the Alkali, no- -
thing moie is requiiite than to let them run per deli-
quin, or o diffolve them in water, and filter the
folution through brown paper. Whatever is faline
will pafs through the filtre with the water, and the
carthy part will be lefe upon it. '

The Nitrous Acid is not only diffipated during
the deflagration of the Nitre, but is even deftroy-
cd, and perfectly decompofed. 7The fmoke that E
rifes during the operation has not the leaft odour of ?

an )
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an Acid. Tts nature may be accurately examined
by catching it in proper veflels, and condenfing it -
into a liquor.

Nitre differs from Sulphur, and from all other in-
flammable bodies whatever, in this, that the free ac-
cefs of the air is indifpenfably neceflary to make any
of the others burn 5 whereas Nitre, and Nitre only,
is capable of burning in clofe veflels : and this pro-
perty furnithes us with the means of colleGting the
vapours which it difcharges in deflagration.

For this purpofe to a tubulated earthen retort you
muft fit two or three large adopters : fet the retort
in a furnace ; and under it make a fire fufficient to
keep its bottom moderately red. Then take a {mall
quantity, two or three pinches for example, of a
mixture of three parts of Nitre with one of char-
coal-duft, and drop it into the retort through its
tube, which muft be uppermoft, and immediately
ftopped clofe. A detonation inftantly enfues, and
the vapours that rife from the inflamed mixture of
Nitre and charcoal, paffing out through the neck
of the retort into the adopters, circulate therein for
a while, and at lalt condenfe into a liquor.

When the detonaiion is over, and the vapours
condenfed, or nearly fo, drop into the retort ano-
ther equal quantity of the mixture 3 and repeat this
till you find there is liquor enough in the recipients
to be examined with eafe and accuracy. This liquor
is almoft infipid, and fhews no tokens of acidity ;
or at moft but very flight ones. It is called Chyfus
of Nitre.

It is eafy to perceive why feveral adopters are re-
quired in this experiment, and why a very fmall
quantity of the mixture muft be introduced into the
retort at once. The explofion, and the quantity of
air and vapours difcharged on this occafion, would
quickly burft the veflels, if all thefe precautions

the
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the terrible effects of gun-powder, which is nothing
but a compofition of Nitre, Sulphur, and Charcoal. 3
Nitre is alfo decompofed and takes fire by the 3
means of Sulpbur ; but the circomftances and the
refule differ widely from thofe produced therewith
by charcoal, or any other inflammable body.
Nitre deflagrates with Sulphur on account of the
Phlogifton which the latter contains. If one part
of Sulphur be mixed with two or three parts of Ni-
tre, and the mixture thrown by little and little into
a red-hot crucible, upon every projection there arifes
a detonation accompanied with a vivid flame. 3
The vapours difcharged on this occafion have
the mingled finell of a Sulphureous Spirit and Spi-
11t of Nitre 3 and if they be collected by means of
a tubulated retort, and fuch aa apparatus of veflels
as was ufed in the preceding experiment, the liquor
coritained in the recipients is found to be an aGual
mixture of the Ac'd of Sulphur, the Sulphureous -
Spirit, and the Acid of Nitre ; the firft being in
greater quantity than the other two, and the fecond :
greater than the laft, |
Nor is the remainder after detonation a Fixed Al- 1
kali, as in the former experiments ; but a Neutral
Salt, confifting of the Acid of Sulphur combined
with the Alkali of Nitre ; a fort of Vitriolated Tar-
tar, known in medicine by the name of Sal Poly-
chrefium. : ;
‘There are evidently two effential differences be-
tween this laft experiment and the preceding one.
What remains after the deflagration of Nitre with
Sulphur is not a Fixed Alkah : and moreover, the
vapours emitted in the operation are impregnated
with a quantity of the Nitrous Acid ; which is not the £
cafe when Nitre is decompofed by any other inflam-
mable matter which contains no Vitriolic Acid. '
The reafon of thefe differences is naturally deduce-
ible from what hath been already faid concerning the

properties

3
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properties of the Vitriolic and Nitrous Acids. We
have {een that by burninF Sulphur its Acid is not
decompofed, but only feparated from its Phlo-
gifton. We alfo know that its Acid has a great affi-
nity with Fixed Alkalis. Thefe things being grant--
ed, it follows that, as foon as the Nitrous Acid quits
its Alkaline bafis, by deflagrating with the Phlogifton
of the Sulphur, the Acid of this very Sulphur, be-
ing fet at liberty by that deflagration, muft unite
with the Alkaline bafis deferted by the Acid of Nitre,
and therewith form a Neutral Salt. Hence, inftead
of a Fixed Alkali, we find at the end of the opera-
tion a fort of Vitrielated Tartar; the Acids of Sul-
hur and of Vitriol being the fame, as is evident
me what hath been above faid concerning them.

In order to difcover the caufe of the other pheno-
menon, we muft recolle¢t two things advanced in
our Elements of the Theory ; to wit, that the af-
finity of the Vitriolic Acid with Fixed Alkalis is
greater than that of the Nitrous Acid ; and again,
that the Nitrous Acid is not capable of combining and
taking fire with the Phlogifton, but when it is in the
form of a Neutral Salt, that is, when it is united
with fome alkaline, earthy, or metallic bafis. If
thefe two principles be applied to the effect in quef-
tion, the {olution is ealy and natural. For, in the
deflagration-of Nitre with Sulphur, the Phlogifton
is not the only fubftance capable of {eparating the
Nitrous Acid fromits bafis: the Acid of the Sulphur,
more and more of which is fetat liberty as the Phlo- |

ifton is confumed, is alfo capable of producing

ﬁ'ne fame effeét ; but with this difference, that the
portion of the Nitrous Acid which is detached from
its Alkali by the Phlogifton is at the fame inftant
fet on fire and decompofed by that union 5 where-
as the portion thereof which is feparated by the
Vitriolic Acid, being when fo feparated incapable
of uniting with the Phlogifton, and of confuming

5 | there-
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therewith, is preferved entire, and rifes in vapours,
together with that portion of the Vitriolic Acid
which could not unite with the bafis of the Nitre.

— -

PO, CoE S E AL

To decompofe Nitre by means of the Vitriolic Arid..
The Smoking Spirit of Nitre. Sal de duobus. The
Purification of Spirit of Nitre.

AKE equal parts of well purified Nitre and
Green Vitiiol : dry the Nitre thoroughly, and
bruife it to a fine powder. Calcine the Vitriol to
rednefs : reduce it likewife to a very fine powder ;
and mingle thefe two fubftances well together. Put
the mixture into an earthen long-neck, or a good
glafs retort coated, of fuch a fize that it may be but
half full. '
Set this veflel in a reverberating furnace covered
with its dome; apply a large glafs receiver, hav-
ing a fmall hole in its body, ftopped with a little
lute.  Let this receiver be accurately luted to the re-
tort with the fat lute, and the joint covered with aflip
of canvas fmeared with lute made of quicklime and
the white of an egg. Heat the veflels very gradu-
ally. The receiver will foon be filled with very denfe
red vapours, and drops will begin to diftill from the
nofe of the retort.

Continue the diftillation, encreafing the fire a lit-
tle when you obferve the drops to follow each other
but flowly, fo that above two thirds of a2 minute
pafies between them ; and, in order to let out the re-
dundant vapours, open the fmall hole in the re-
ceiver from time to time. Towards the end of the
operation raife the fire fo as to make the retort
red. When you find that, even when the retort is
red hot, nothing more comes over, unlute the re-
ceiver, and without delay pour the liquor it con-

tains
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tains into a cryltal bottle, and clofe it with a cryftal
ftopple rubbed in its neck with emery. This liquor
will be of a reddifh yellow colour, fmoking exceed-
ingly, and the bottle containing it will be conftant-
ly filled with red fumes like thofe obferved in the

receiver.

OBSERVATIONSG.

Tue Vitriolic Acid having a greater affinity with
Fixed Alkalis than with any other fubftance, the
Phlogifton excepted, and being in the Vitriol united
with a ferruginous bafis, will naturally quit that ba-
fis to join with the Fixed Alkali of the Nitre; the.
Acid whereof being weaker than the Vitriolic, as
we have already nbgerved on feveral occafions, muft
needs be thereby expelled from its bafis. The Ni-
tre therefore is decompofed by the Vitriol, and its
Acid being fet at liberty, is carried up by the force
of the fire. |

Indeed the Nitrous Acid, being thus feparated from
its alkaline bafis, might be expected to combine with
the ferruginous bafis of the Vitriol : but as it has, like
all other Acids, much lefs affinity with Metallic fub-
ftances than with Alkalis, even a moderate degree
of fire is fufficient to feparate it from them. More-
over, this Acid hath either no effeét, or very little,
upon iron that has loft much of its Phlogifton by
contrating an union with any Acid; which is the
cale of the ferruginous balfis of Vitriol.

By the procefs here delivered a very ftrong, per-
fectly dephlegmated, and vaftly {fmoking Spirit of
Nitre is obtained. If the precautions of drying the
Nitre and calcining the Vitriol be negleéted, the
Acid that comes over, greedily attracting the water
contained in thefe falts, will be very aqueous, will
not fmoke, and will be almoft colourlefs, with a ve-
ry {light tinge of lemon.

The
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The fumes of highly concentrated Spirit of Ni-
tre, fuch as that obtained by the above procefs, are
light, corrofive, and very dangerous to the lungs;
being no other than the moft dephlegmated part of
the Nitrous Acid. The perfon therefore who un-
lutes the veflels, or pours the liquor out of the re-
ceiver into the bottle, ought with the greateft cau-
tion to avoid drawing them in with his breath; and
for that reafon ought to place himfelf fo that a cur-
rent of air, either natural or artificial, may carry
them off another way. It is alfo necefiary that
care be taken, during the operation, to give the
vapours a little vent every now and then, by open-
ing the fmall hole in the recipient; for they are fo
elaftic, that, if too clofely confined, they will burft
the vefftls.

When the operation is over, you will find a red
mafs at the bottom of the retort, caft as it were in
a mould. This is a Neutral Salt of the nature of
Vitriolated Tartar, refulting from the union of the
Acid of the Vitriol with the Alkaline bafis of the
Nitre.

The ferruginous bafis of the Vitriol, which is mix-
ed with this fait, gives it the red colour. To fepa-
rate it therefrom, you muft pulverife it, diffolve it
in boiling water, and filter the folution feveral times
through brown paper; becaufe the ferruginous
earth of the vitriol is fo fine, that fome of it will
pafs through the firft time. When the folution is
very clear, and depofites no fediment, let it be
fet to fhoot, and it will yield cryftals of Vitriolated
Tartar ; to which Chymifts have given the peculiar
title of Sal de duobus.

In this Caput mortuum we frequently find, befides
the ferruginous earth of Vitriol, a portion of Nitre
and Vitriol not decompofed ; either becaufe the two
falts were not thoroughly mingled, or becaufe the

fire
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fire was not raifed high enough towards the end of
the operation.

Nitre may alfo be decompofed, and its Acid ob-
tained, by the interpofition of any of the other Vi-
triols, Alums, Gypfums, Boles, Clays ; in fhore,
by means of any compound in which the Vitriolic
Acid is found, provided it have not a Fixed Alkali
for its balfis.

The diftillers of Agua fortis, who make large
- quantities at a time, and who ufe the leaft charge-
- able methods, do their bufinefs by the means of earths
impregnated with the Vitriolic Acid; fuch as Clays
and Boles. With thefe earths they accurately mix
the Nitre from which they intend to draw their Spi-
rit : this mixture they put into large oblong earthen
pots, having a very fhort curved neck, which en-
ters a recipient of the fame matter and form. Thefe
veflels they place in two rows oppofite to each other
“in long furnaces, and cover them over with bricks
cemented with Windfor-loam, which ferves for a
reverberatory : then they light the fire in the fur-
nace, making it at firft very fmall, only to warm
‘the veffels ; after which they throw in wood, and
raife the fire till the pots grow quite red-hot, in
which degree they keep it up till the diftillation is
entirely finifhed.

The Acid of Nitre may alfo be feparated from
its bafis by means of the pure Vitriolic Acid. For
this purpofe the Nitre from which you mean to ex-

tract the Acid muft be finely pulverized, put into a
‘glafs retort, and a third of its weight of concen-
trated Oil of Vitriol poured on it : the retort muft
be placed in a reverberating furnace, and a receiver,
like that ufed in the preceding operation, expediti-
oufly applied. Relk.
~ As foon as the Qil of Vitriol touches the Nitre
the mixture grows hot, and copious red fumes
i begin
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begin to appear : fome drops of the Acid come!
over even before the fire is kindled in the furnace.

On this occafion the fire muft be moderate ; be-
caufe the Vitriolic Acid, being clogged by no bafis,
acts upon the Nitre much more brifkly, and with
much greater effect, than when it is not pure.

This operation may be performed by a fand heat ;
which is a fpeedy and commodious way of obtaining; !
the Nitrous Acid.  In other refpets the precautions
recommended in the preceding experiment muft be .
carefully obferved here, both in diftilling the Acid
and in taking it out of the receiver.

The Spirit of Nitre extrated by this method is-
as ftrong, and fmokes as much, as that obtained by -
calcined Vitriol, provided the Oil of Vieriol made
ufe of be well concentrated ; butit is generally:
tainted by the admixture of a {fmall portion of the:
Vittiolic Acid, which, having no bafis of its own:
to reftrain it, is carried up by the heat before itcan
lay hold of the balis of the Nitre. A

There are feveral experiments in Chymiftry that |
fucceed equally well whether the Nitrous Acid be or™
be not thus adulterated with a mixture,of the Vitri-
olic Acid ; but there are fome, as we thall fee, that:
will not fucceed without a Spirit of Nitre fo mixed.
If the Acid be diftilled with a view to fuch experi-;
ments, it muft be kept as it is. But moft experi-
ments require the Spirit of Nitre to be abfolutely,
pure 5 and if it be intended for fuch, it muft be:
perfectly cleanfed from the Vitriolic taint, gl

This is eafily effeted by mixing your Spirit,
with very pure Nitre, and diftilling it a fecond
time. The Vitriolic Acid, with which this Spirit of
Nitre is adulterated, coming in contaét with a great:
quantity of undecompofed Nitre, unites 'with its,
Alkaline bafis, and expells a proportionable quanticy
of the Nitrous Acid. .

Iu'




-

PrAcTICE of CHYMISTFR?.' 257

Int the retort made ufe of to diftill the Nitrous
Acid, by means of the pure Vitriolic Acid, is found
a Caput mortuum differing from that left after the"
diftillation of the fame Acid by the interpofition
of Vitriol, in as much as it contains no red ferrugi-
nous earth. This is a very white faline mafs,
moulded in the bottom of the retort : if you pound
it, diffolve it in boiling water, and evaporate the
{olution, it will fhoot into cryftals of Vitriolated
Tartar: fometimes alfo it contains a portion of un-
decompofed Nitre, which fhoots after the Vitriolat-
ed Tartar, becaufe it is much more foluble in water,

e

. .

CH. 58P T
Of the MARINE Acip.

PROCESS L

To extralt Sea-Salt from Sea-Watcr, and from Briné-
Springs..  Epfom Sait.

ILTER the falt water from which you intend

to extract the Salt ; evaporate it by boiling till

you fee¢ on its furface a dark pellicle : this confifts

wholly of little cryftals of falt juft beginning to

fhoot ¢ now flacken the fire, that the brine may

evaporate more flowly, and without any agitation:

 The cryftals, which at firt were very fmall, will

become larger, and form hollow truncated pyra-

mids, the apices whereof will point downwards, and
¢heir bafes be even with the furface of the ligunor.

Thefe pyramidal cryftals are only colleétions of

. {mall cubical cryftals concreted into this form.

Vor. L 5 When
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When they have acquired a certain magnitude
they fall to'the bottom of the liquor. When they
come to be in fuch heaps as almoft to reach the fur-
face of the liquor, decant it from them, and con-
tinue the evaporation till no more cryftals of Sea-
falt will fhoot. ' e

OBSERVATIONS.”

"T'ue Acid of Sea-falt is fcarce ever found, either in
Sea-water or in the earth, otherwife than united with
a fixed Alkali of a particular kind, which is its na-
tural bafis ; and confequently it is in the form of a
Neutral Salt. This Salt is plentifully diffolved in
the waters of the ocean, and when obtained there-
from bears the name of Sea-falt It is alfo found in
the earth in vaft cryftalline mafles, and is them
called Sel-Gem : fo that Sca-Salt and Sal-Gem are
but one and the fame fort of Salt, differing very
little from each other, except as to the places where
shey are found.

In the earth are alfo found fprings and foun-
tains, whofe waters are {trong brines, a great deal
of Sea-{zlt being difitlved in them. Thefe fprings
either rife direétly from the Sea, or run through
fome mines of Sal-Gem, of which they takeupa
quantity in their paflage.

As the fame, or at leaft nedrly the fame, quantity
of Sea-falt will continue diffolved in cold water as
boiling water will take up, it cannot fhoot, as Nitre
does. by the mere cooling of the water in which it
i diffoived : it eryftallizes only by the means of eva-
poration, which continually leflens the preportion of .
the water to the Salt ; fo that it is always capable of *
containing juft fo much the kfs Sea-falt the more
there is cryftallized

The brine fhould not boil after you perceive the
pellicle of little cryitals beginning to form on it for-
faces for the calmnefs of the liquor allows them to

form
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form more regularly, and become larger. Nor after
this fthould the-evaporation be hurried on too faft
for a faline cruft would form on the liquor, which,
by preventing the vapours from being carried off,
would obftruct the cryftallization.

If the evaporation be continued after the liquor
ceafes to yield any cryftals of Sea-fale, other cryftals
will be obtained of an oblong four-fided iorm,
which have a bitter tafte, and are almoft always
moift. This fort of Salt is known by the name of
Epfom Salt, which it owes to a falt fpring in Eng-
land, from the water of which it was firft extraét-
ed. This Salt, or rather faline compound, is a con-
geries of Glauber’s Salt and Sea-falt, in a manner
confounded together, and mixed with fome of the
Mother of Sea-falt, in which is contained a kind of
bituminous matter. Thefe two Neutral Salts, which
conftitute the Epfom Salt, may be eafily feparated
from each other, by means of cryftallization only.
Epfom Salt 1s purgative and bitter ; and therefore
named Sal catbarticum amarum, or bitter purging
Salts. '

‘There are different methods ufed in great works
for obtaining Sea-falt out of water in which it is
difiolved. The impleft and eafieft is that practifed
in France, and in all thofe countries which are not
colder. On the fea fhore they lay out a fort of broad
fhallow pits, pans, or rather ponds, which the fea
_fills wich the tide of flood. When the ponds are
thus filled, they ftop their communication with the
fea, and leave the water to evaporate by the heat
of the fun; by which means all the Salt contained in
it neceffarily cryftallizes. Thefe pits are called Sais
Ponds. Salt can be made in this way in the fum-
mer-time only ;3 at leaft in France, and other coun-
tries of the fame temperature : for during the win-
ter, when the fun has lefs power and rains are fre-
quent, this method is not praéticable,

83 "~ For
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For this reafon, as it often rains in the province
of Normandy, the inhabitants take another way to
extract Salt from fea-water. The labourers em-
ployed for this purpofe raife heaps of fand on the
fhore, fo that the tide waters and drenches them
when it flows, and leaves the {and dry when it ebbs.
During the interval between two tides of flood the
fun and the air eafily carry off the moifture that was
left, and fo the fand remains impregnated with all
the Salt that was contained in the evaporated water.
Thus they let it acquire as much falt as it can by
feveral returns of flood, and then wafh it out. with
frefh water, which they evaporate over a fire in
Jeaden boiEs. |

To obtam the Salt from brine-fprings, the water
need only be evaporated : but as feveral of thefe
fprings contain too little Salt to pay the charges that
would be incurred, if the evaporation were efiected
by the force of fire onily, the manufacturers haye
fallen upon a lefs expenfive method of getting rid
of the greateflt part of the water, and preparing the
brine for cryftallization, in much lefs time, and with
much lefs fire, than would otherwife have been pe-
eeflary.

The method confifts in making the water fall
from a certain heighth on a great many fmall fpars
of woad, which divide it into particles like rain.
This is performed under fheds open to all the winds,
which pafs freely through this artificial fhower. By
this means the water prefents to the air a great ex-
tent of furface, being indeed reduced almefl entirely
to furface,  and the evaporation is earried on with
great eafe and expedition. The water is raifed by
pumps to the heighth from which it is intended to
fall *,

PR O-

* The Marquis de Montalembert, in a Memojr read before:
the Academy of Scicnces, propoics a new method of effelling
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PROCESS IL

Experiments concerning the decompofition of Sea-[alt,
by means of the Phlogifton. Kunckel’s Phofphorus.
. F pure urine that has fermented five or fix
¢ days take a quantity in proportion to
¢ the quantity of Phofphorus you intend to make :
¢ it requires about one third part of a hogfhead to
¢ make a dram of Phofphorus. hvapmrate it in
“ jron pans, till it become clotted, hard, black,
““ and nearly like chimney-foot; at which time it
¢ will be reduced to about a fixticth part of its ori-
¢ ginal weight before evaporation.

““ When the urine is brought to this condition
¢ put it in feveral portions into fo many iron pots,
“ under which you muft keep a pretty brifk fire
¢ f{o as to make their bottoms red, and ftir it in-
«¢ ceffantly till the volatile falr and the fetid oil be
<< almoft wholly diffipated, till the matter ceafe to
¢ emit any {moke, and till it fmell like peach-blof-
“ foms. Then put out the fire, and pour on the
¢ matter, which will now be reduced to a powder,
<« {fomewhat more than twice its weight of warm wa-
¢ ter, Stir it about in this water, and leave it to
¢« {oak therein for twenty four hours. Pour off the
¢« water by inclination; dry the drenched matter,
-<¢ and pulverize it. The previous calcination carries
¢ off from the matter about a third of its weight,
¢ and the lixiviation wafhes out half the remainder.

«« With what remains thus calcined, wathed,
¢t and dried, mix half its weight of gravel, or yel-

thefe evaporations, together with fome confiderable improve-
ments in the ftracture and difpofition of the buildings neceflary
for that purpoi’e They are called by the French Batiments e
Gradvation ; which may pmpcrly enough be rendered Brine-

&"‘J" [
i g 3 “ low
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¢ doors of the fire-place and afh-hole,

low freeftone rafped, having fifted out and thrown
away all the fineft particles, River-fand is not
proper on this occafion, becaufe it flies in a hot
fire. Then add to this mixture a fixteenth part of
its weight of charcoal, made of beech, or of any
other wood except oak, becaufe thar alfo flies.
Moiften the whole with as much water as will
bring it to a ftiff pafte, by working and kneading
it with your hands : now introduce it into your
retort, taking care not to daub its neck. The re-
tort muft be of the beft earth, and of fuch a fize,
that when your matteris in it, a full third thereof
fhall ftill be empty. _

<« Place your retort, thus charged, in a reverbe-
rating furnace, fo proportioned, that there may
be an interval of two inches all round between the
fides of the furnace and the bowl of the retort,
even where it contra&s to form the neck, which
fhould ftand inclined at an angle of fixty degrees.
Stop all the apertures of the furnace, except the

¢ Fiton to the retort a large glafs ballon two |
thirds full of water, and lute them together, as

in diftilling the Smoking Spirit of Nitre. 1In the
hinder part of this ballon, a little above the fur-
face of the water, a fmall hole muft be bored.
This hole is to be ftopped with a fmall peg of
birch-wood, which muit flip in and out very ea-
fily, and have a {mall knob to prevent its falling
into the ballon. This peg is to be pulled out from
time to time, that by applying the hand to the
hole it may be known whether the air, rarefied
by the heat of the retort, iflues out with too

much or too little force, |
¢ If the air rufhes out with
and with a hiffing noife, the
muft be enti
If it do not

too much rapidity,
door of the ath-hole
rely fhut, in order to flacken the fire.

ftrike pretty fmartly agamnft the hand,
| ¢ thit
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¢hat door muft be opened wider, and large coals
thrown into the fire-place to quicken the fire im-
mediately.
« The operation ufually lafts four and twenty
hours ; and the following figns {hew that it will
fucceed, provided the retort refift the fire.
¢« You muft begin the operation with putting
fome unlighted charcoal in the afh-hole, and a
lictle lighted charcoal at the door thereof, in or-
der to warm the retort very flowly. When the
whole is kindled, pufh it into the ath-hole, and
clofe the door thereof with a tile. This moderate
heat brings over the phlegm of the mixture. The
fame degree of fire muft be kept up four hours,
after which fome coals may be laid on the grate of
the fire-place, which the hre underneath will kin-
dle by degrees. With this fecond heat brought
nearer the retort, the ballon grows warm, and is
flled with white vapours, which have the {mell of
fetid oil. In four hours after this veffel will grow
cool and clear ; and then you muft open the door
of the ath-hole one inch, throw frefh coals into
the fire-place every three minutes, and every time
(hut the door of it, left the cold air from without
thould firike againft the bottom of the retort and
crack if.
¢ When the fire has been kept up to this degree
for about two hours, the infide of the ballon be-
gins to be netted over with 2 volatile falt of a
fingular nature, which cannot be driven up but
by a very violent fire, and which {mells pretty
ftrong of peach-kernels. Care muft be taken
that this concrete falt do not ftop the little hole in
the ballon : for in that cafe it would burlt, the
retort being then red-hot, and the air exceedingly
rarefied. The water in the ballon, being heated
by the vicinity of the furnace, exhales vapours
S 4 ¢ which
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which diffolve this fprigged falt, and the ballon
clears up in half an hour after it has ceafed rifing.
¢ In about three hours from the firft appearance
of this falt, the ballon is again filled with new va-
pours, which fmell like Sal Ammoniac thrown
upon burning coals. They condenfe on the fides
of the receiver into a falt which is not branch-
ed like the former, but appears in long perpendi-
cular fireaks, which the vapours of the water do
not diffoive. Thefe white vapours are the fore-
runners of the Phofphorus, and a little before the
ceafe to rife they lofe their firft fmell of Sal Am-
moniac, and acquire the odour of garlick. 4
“ As they afcend with great rapidity, the little
hole muft be frequently opened, to obferve whe-
ther the hifling be not too firong ; forin that cafe
it would be neceffary to fhut the door of the afh-
hole quite clofe. Thefe white vapours continue
two hours. When you find they ceafe rifing,
make a {fmall paffage through the dome, by open-
ing fome of its regifters, that the flame may juft
begin to draw. Keep up the fire in this mean
ftate nll the firft volatile Phofphorus begin to ap-
pear,
** This appears in about three hours after the
white vapours firlt begin to rife. In order to dif-
cover it, pull out the little birchen peg once eve-
Iy minute, and rub it againft fome hot part of the
furnace, where it will leave a trail of light, if
there be any Phofphorus upon it.
“ Soon after you obferve this fign, there will i
fue out through the little hole of the ballon a
ftream of blucith light, which continues of a
greater or fhorter extent to the end of the opera-
tion. This ftream or fpout of light does not burn.
If you hold your finger againfl it for twenty or
thirty feconds, the light will adhere to it 5 and if
| “ yoy
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you rub that finger over your hand, the light
will befmear it, and render it luminous.

¢ But from time to time this ftreamer darts out
to the length of feven or eight inches, fhapping
and emitting fparks of fire ; and then it burns all

¢ combulftible bodies that come in its way. W hen

<k
L1
L1
114

i<
<
£c
&L
44
1
13
£c
£L

(43

[ 14
£i
1
£c
£
¢
ic
€<
T
£c
¢
€
13
6c

it

you obferve this, you muft manage the fire very
warily, and fhut the door of the ath-hole quite
clofe, yet without ceafing to throw coals into the
fire-place every two minutes.
¢ The Volatile Phofphorus continues two hours ;
after which the little fpout of light contrats to
the length of a line or two : and now is the time
for puthing your fire to the urmoft: immediately
fet the door of the ath-hole wide open, throw bil-
lets of wood into it, unftop all the regifters of the
reverberatory, fupply the fire-place with large
coals every minute : in fhort, for fix or feven
hours all the infide of the furnace muft be kept
of a white heat, fo that the retort fhall not be
diftinguifhable.
¢ In this fierce extremity of heat the true Phof-
phorus diftills like an oil, or like melted wax :
one part thereof floats on the water in the reci-
pient, the other falls to' the bottom. At laft,
the operation is known to be quite over when the
upper partof the ballon, in which the volatile Phof-
phorus appears condenfed in a blackifb film, begins
to grow red : for this fhews that the Phofphorus is
burnt where the red {pot appears. You muft now
ftop alithe regifters, and fhutall thedoors of the fur-
nace,in order to fmother the fire ; and then clofe up
the little hole in the ballon with fat lute or bees-
wax. In this condition the whole mult be left
for two days ; becaufe the veflfels mult not be fe-
parated till they are perfectly cold, left the Phol-
phorus fhould take fire. i
[ 5
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¢« As foon as the fire is out, the ballon, which is
then in the dark, prefents a moft agreeable object :
all the empty part thereof above the water feems
filled with a beautiful blue light; which conti-
nues for feven or eight hours, or as long as the
ballon keeps warm, never difappearing till it is
cooled.
¢ When the furnace is quite cold take out the
veflels, and feparate them from each other as
neatly as poflible. With a linen cloth wipe away
all the black ftuff you find in the mouth of the
ballon ; for if that filth thould mix with the Phof-
phorus, it would hinder it from being tranfpa-
rent when moulded. This muft be done with
great expedition : after which pour into the bal-
lon two or three quarts of cold water, to accele-
rate the precipitation of the Phofphorus that .
fwimsat top. Then agitate the water in the bal-
lon, to rinfe out all the Phofphorus that may
ftick to the fides; pour out all the water thus
thaken and turbid, into a very clean earthen pan,
and let it ftand till it grows clear. Then decant
this firft ufelefs water, and on the blackifh fedi-
ment, left at the bottom of the pan, pour fome
boiling water to melt the Phofphorus; which
thereupon unites with the fuliginous matter. or
volatile Phofphorus, that precipitateG wiviit, ooth
together forming a mafs of the colour of flate.
When this water, in which you have melted the
Phofphorus, is cool enough, take out the Phof-
phorus, throw it into cold water, and therein
break it into little bits in order to mould it.
¢ Then take a matras, having a long neck
fomewhat wider next the body than at its mouth :
cut off half the body, fo as te make a funnel of
the neck-part, the fmaller end of which muft be
ftopped with a cork. The firft mould being
thus prepared, plunge it endwife, with its
¢ mouth
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mouth uppermoft, in a vefiel full of boiling water,
and fill it with that water. Into this funnel throw
the little bits of your flate-like mafs, which will
melt again in this hot water, and fall fo melted
to the bottom of the tube.  Stir this melted mat-
ter with an iron wire, to promote the feparation
of the Pholphorus from the fuliginous matter
with which it is fouled, and which, being lefs
ponderous than the Phofphorus, will gradually
rife above it towards the upper part of the cy-
linder.

¢ Keep the water in the vefiel as hot as at firft,
till on taking out the tube you fee the Phofpho-

rus clean and tranfparent. ILet the clear tube
cool a little, and then fet it in cold water, where

the Phofphorus will congeal as it cools. When
it is perfetly congealed, pull out the cork, and
with a fmall rod, near as big as the tube, pufh the
cylinder of Phofphorus towards the mouth of the
funnel, where the feculency lies. Cut off the
black part of the cylinder, and keep it apart : for
when you have got a quantity thereof, you may
melt it over again in the fame manner, and fepa-
rate the clean Phofphorus which it ftill contains.
As to the reft of the cylinder which is clean and
tranfparent, if you intend to mould it into fmaller
cylinders, you may cut it in flices, and melt it

again by the help of boiling water in glafs tubes
of fmaller dimenfions.”

OBSERVATIONS.
Thrs procefs for making Phofphorus is copied

from the Memoirs of the Academy of Sciences for

the Year 17375 where it is defcribed by M. Hellot,
with fo much accuracy, clearnefs, and precifion,
that [ thought I could not do better than tranferibe
it, without departing from the author’s own expref-
fions, for the fake of fuch as may not have thofe

Memoirs,



892 ELEMENTS of the

Memoirs. 'We fhall take occafion, in thefe obferva-
tions, to point out fome effential circumftances which
I have omitted in the defeription of the Procefs, that
- I might not break the connection between the phe-
nomena that happen in the courfe of this experiment.

It is proper to obferve, in the firft place, that one *
of the moft ufual caufes of mifcarriage in this ope-
ration is a defect of the requifite qualities in the re-
tort employed. It is abfolutely neceffary to have that
veflel made of the beft earth, and fo well made that
it {hall be capable of refifting the utmoft violence of
fire, continued for a very long time; as appears by
the defcription of the procefs. I he retorts common-
Iy fold by potters, and other earthen ware-men, are
not fit for this operation; and Mr Hellot was ob-
liged to fend to Heffe-Caffel for fuch as he want-
ed,

““ We fhall, in the fecond place, obferve with
¢ M. Hellot that, before you fet your retort in
¢ the furnace, it is proper to make an effay of your
¢ matter, to fee if there be reafon to hope for fuc-
¢ cefs. For this purpofe put about an ounce there-
¢ of into a fmall crucible, and heat it till the vefiel
¢ be red. The mixture, after having fmoked,
*“ ought to chop or crack without puffing up, ore=
¢¢ ven rifing in the leaft. From thefe cracks will iffue
¢ undulating flames, white and blueifh, darting up-
¢ wards with rapidity. This is the firfl volatile
“ Phofphorus, which occafions all the danger of
¢ the operaticn. When thefe firft flathes are over,
¢ increale the heat of your matter by laying a large
¢« live coal upon the crucible. You will then fee
¢ the fecond Phofphorus, like a luminous, fteady
““ vapour, of a colour inclining to violet, covering
¢ the whole furface of the matter: it continues for
*“ a very long time, and diffufes a fmell of garlick,
““ whichis the diftinguifhing odour of the Phofpho-
“ rus you are feeking,

| ‘ “ When
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“ When this luminous vapour is entirely gone,
*¢ pour the red hot matter out of the crucible upon
“ aniron plate. Ifyou do not find one drop of falt
¢ in fufion, but that, on the contrary, the whole falls
¢ readily into powder, ’tis a proof that your mat-
¢ ter was f{ufficiently lixiviated, and that it contains
“ no more fixed Salt, or Sea-falt, if you will, than
* is requifite.  If you find on the plate a drop of
¢ falt coagulated, it fhews that there is too much
¢ left in it, and that there is danger of your mifcar-
““ rying in the operation; becaufe the redundant
“ falt would corrode, and eat through the retort.
“ In this cafe your matter muft be wathed again,
““ and then fufficiently dried.”

Our third obfervation fhall be concerning the fur-
nace proper to be employed in this operation. This
furnace muft be fo conftrufted, that within a nar-
row compalfs it may give a heat at leaft equal to that
of a glafs-houfe furnace, or rather greater, efpecially
during the laft feven or eight hours of the operati-
on. M. Hellot in his Memoir gives an exa& de-
fcription of fuch a furnace.

¢ As certain accidents may happen in the courfe
** of the operation, fome precautions are to be taken
¢ againft them. For inftance, if the ballon fhould
“ break while the Phofphorus is diftilling, and any
“ of it fhould fall on combuitible bodies, it would
¢ fet them on fire, and probably burn the laborato-
“ ry, becaufe it is not to be extinguithed without the
*¢ greatelt difficulty. The furnace muft therefore be
‘¢ erected under fome vault, or upon a bed of brick-
¢ work raifed under fome chimney that draws well :
¢ nor mult any furniture or utenfil of wood be left
*¢ near it. If a little flaming Phofphorus fhauld fall
‘ on a man’s legs or hands, in lefs than three mi-
¢ nutes it would burn its way to the very bone. In
¢ fuch a cafe nothing but urine will ftop its progrefs,

e If
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“ If the retort crack while the Phofphorus is
“ diftilling, there is an unfuccefsful end of your
¢ operation. It is ealy to perceive this by the ftink
¢ of garlick which you will fmell about the fur-
¢ nace; and moreover, the lame that iffucs thro’

¢ the apertures of the reverberatory will be of a

¢ beautiful violet colour. The Acid of Sea-falt al-
“¢ ways gives this colour to the flame of fuch matters
“ as are burnt along with it. But if the retort
¢ break before the Phofphorus hath made its ap-
*¢ pearance, its contents may be faved by throwing
¢ a number of cold bricks into the fire-place, and
¢ upon them a little water to quench the fire at
“ once.” Al thefe ufeful obfervations we owe alfo
to M. Hellot. -

‘The Phofphorus here defcribed was firft difcover-
ed by a citizen of Hamburgh named Brandt, who
worked upon urine in fearch of the Philofopher’s
ftone.  Afterwards two other fkilful Chymifts, who
knew nothing more of the procefs than that Phof-

phorus was obtained from urine, or in general from -

the human body, likewife endeavoured to difcover ity |

and each of them feparately did aGtually make the
difcovery.  Thefe two Chymifts were Kunckel and
Boyle.

The former perfected the difcovery, and found

out a method of making it in confiderable quantities

at a ume; which occafioned it to be called Kunckel’s
Phofpborus.  The other, who was an Englith gen-

tleman, had not time to bring his difcovery to per-

fection, and contented himfelf with lodging a vou-
cher of his having difcovered it in the hands of the

Secretary of the Royal Society of London, who gave
him a certificate thereof. |

““ Though Brandt, fays M. Iellot, who had be-.
¢¢ fore this fold his fecret to a Chymift named Krafit,

¢ fold it afterwards to feveral other perfons, and e-
 ven at a very low rate; and though Mr Boyle

¢ publith-
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s¢ publifhed the procefs for making it; yetit is ex-
«« tremely probable that bath of them kept in their
¢ own hands the mafter-key ; I mean, ¢be particu-
¢ lar management neceffary to make the operation fuc-
¢ ¢eed : for till Kunckel found it out, no other Chy-

« mift ever made any confiderable quantity thereof,
«¢ except Mr. Godfrey Hankwitz, an Englith Chy-

-« mift, to whom Mr. Boyle revealed the whole

“ myftery. .

¢« Neverthelefs, continues ke, we are very far
¢ from alledging that all thofe who have defcribed
«¢ this operation meaned to impofe upon the world :
s buit we conceive that moft of them having obferv-
« ¢d luminous vapours in the ballon, and fome
<« {parks about the juncture of the veflels, were con-
<« tented with thofe appearances. And thus it came
“¢ to pafs, that, after Kunckel and Boyle died, M.
¢ Godfrey Hankwitz was the only Chymift that
¢¢ could fupply Eurepe therewith ; on which ac-
¢ count it is likewife very well known by the name

"¢ of Englifb Phofpborus.” ~

Almoft all the Chymifts confider Phofphorus as a
fubftance confifting of the Acid of Sea-falt com-
bined with the Phlogifton, in the fame manner as
Sulphur confifts of the Vitriolic Acid combined
with the Phlogifton. This opinion is founded on the
following principles.

Firft, Urine abounds with Sea-falt, and contains
alfo a great deal of Phlogifton : now thefe are the
ingredients of which they conjecture Phofphorus to
be compofed.

Secondly, Phofphorus has many of the properties
of Sulphur; fuchas being foluble in oils; melting with
a gentle heat ; being very combuftible ; burning
without any foot ; giving a vivid and blueifh flame;
and laftly, leaving an acid lquor when burnt : fen-
fible proofs that it differs from Sulphur in nothing
but the nature of its Acid,

L Thirdly,
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Thirdly, this Acid of Phofphorus, being mixed

with a folution of filver in Spirit of Nitre, precipi~ -

tates the filver, and this precipitate is a true Luna
cornea, which appears to be more volatile even than
the common fort; as M. Hellot tells us, who made
the experiment. This fact proves inconteftably that
the Acid of Phofphorus is of the fame nature with
that of Sea-falt : for all Chymifts know that the

roperty of precipitating filver in a Luna cornea be~
fungs to the Marine Acid only.

Fourthly, M. Stahl obferves that, if Sea-falt be
caft on live coals, they inftantly burn with great acti-
vity ; that they emit a very vivid flame, and are
much fooner confumed than if none of this Salt had
touched them ; that Sea-falt in {ubftance, which
will bear the violence of fire a confiderable time
when fufed in a crucible, without fuftaining any fen-

fible diminution, yet evaporates very quickly, and
is reduced to white flowers, by the immediate con- |

tadt of burning coals ; and laftly, that the flame
which riles on this occafion is of a blue colour in*
clining to violet, efpecially if it be not thrown di-
retly on the coals themfelves, but kept in fufion
amidft burning coals, in a crucible fo placed that
the vapour of the Salt may join with the enflamed
Phlogifton as it rifes from the coals. :

‘Thefe experiments of Mr Stahl’s prove that the
Phlogifton aéts vpon the Acid of Sea-falt, even
while it is combined with its alkaline bafis. The
flame that appears on this occafion may be confider-
ed as an imperfect Phofphorus : and indeed its co-
four is exaétly like chat of Phofphorus.

All the fa&s above related evince that the Acid
of Phofphorus is akin to that of Sea-falt; or rather
that it is the very fame. But there are other facts

which prove that this Acid undergoes fome change
at leaft, fome peculiar preparation, before it enters

into the compofition of a true Phofphorus, and tha,
when

o ol i e ul e

-1
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when extricated therefrom by burning, it is not
a pure Acid of Sea-falt, bu: is fliill adulterated
with a mixture of fome other fubftance, which
makes it confiderably different from that Acid. For
thefe obfervations we are obliged to M. Marggraff,
of the Academy of Sciences at Berlin, a celebrated
Chymift. I fhall prefently give an account of his
principal experiments as fuccinétly as poffible.

M. Marggraff hath alfo publifhed a procefs for
making Phofphorus, and afiures us that by means
thereof we may obtain in lefs time, with ltfs heat,
lefs trouble, and lefs expence, a greater quantity of
Phu{phnrus than by any other method. ~ His opera-
tion is this:

He takes two pounds of Sal Ammoniac in pow-
der, which he mixes accurately with four pounds of
Minium." ' This mixture he puts into a glafs retort,
and' with a graduated fire draws off a vcry tharp,
volatile, urinous fpirit.

We obferved in our theoretical E!ements that fome
metallic fubftances have the property of decompofe-
ing Sal Ammoniac, and feparating -its'volatile Al-
kali; concerning which phenomenon we there gave
our opinion. 'Minium, which is a calx of lead, is one
of thofe metallic fubltances. In this experiment it
decompofes the Sal Ammoniac, and feparates its vo-
latile Alkali: what remains in the retort is a combi-
nation of the Minium with the Acid of the Sal Am-
moniac, which is well known to be the fame with
the Marine Acid ; and confequently the refidue of
this operation is a fort of Plumbum corneum.

The quantity thereof is four pounds eight ounces.
Of this he mixes three pounds with nine or. ten
pounds of wurine, that has ftood putrefying for two
months, evaporated to the conlfiftence of honey.
Thefe he mixes by little and little in an iron pan o-
ver the fire, ftirring the mixture from time to time,
Then he - adds half a pound of charcoal duft, and

“Vor. L, T &vapo-
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evaporates the matter, kept continually ftirring, till
the whole be brought to a black powder. He next
diftills the mixture in a glafs retort with degrees of
fire, which he raifes towards the end fo as to make
the retort red hot, in order to expell all the urinous
{pirit, fuperfluous oil, and ammoniacal falte. The
diftillation being finifhed, there remains nothing in
the retort but a very friable caput mortuum.

This remainder he pulverifes again, and throws a
pinch thereof on live coals, thereby to difcover whe-
ther or no the matter be rightly prepared, and in
order for yielding Phofphorus. If it be fo, it pre-
fently emits an arfenical odour, and a blue undulat-
ing flame, which pafies over the furface of the coals
like a wave. '

Being thus affured of the fuccefs of his operation,
he puts one half of his matter, in three equal parts, into
three {mall earthen German retorts, capable of hold-
ing about eighteen ounces of water a-piece. - Thefe
three retorts, none of which is above three quarters
full, he places together in one reverberatory fur-
nace, built much like thofe we have defcribed, ex-
cept that it is fo conftructed as to hold the three re-
torts difpofed in one line. To each retort he lutes a
recipient fomething more than half full of water, or-
dering the whole in fuch a manner, that the nofes
of his retorts almoft touch the furface of the water.

Fle begins the diftillation with warming the re-
torts {lowly, for about an hour, by a gentle heat,
When that time is elapfed he raifes the fire gradually,
{o that in half an hour more the coals begin to touch
‘the bottoms of the retorts. He continues throwin
coals into the furnace by little and little, till they rite
half way the heighth of the retorts ; and in this he
employs another half hour. Laftly, in the next half
hour he raifes the coals above the bowls of the retorts.

Then the Phofphorus begins to afcend in clouds:
‘on this he inftantly increafes the heat of the fire as

much
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~ much as poflible, filling the furnace quite up with
coals, and making the retorts very red. This de-
gree of fire caufes the Pholphorus to diftill in drops
which fall to the bottom of the water. He keeps
up this intenfe heat for an hour and half, at the
end of which the operation is finifhed ; {o that it lafts
but four hours and a half in all: nay, he further
affures us that an artift, well verfed in managing the
fire, may perform it in four hours only. In the fame
manner he diftills the fecond moiety of his mixture
in three other fuch retorts.

The advantage he finds in making ufe of feveral
fmall rerorts, inftead of a fingle large one, is that
the heat penetrates them with more eafe, and the
operation is performed with lefs fire, and in lefs
time. He purifies and moulds his Pholphorus much
in the fame manner as M. Hellot does. From the
quantity of ingredients above-mentioned, he obtains
two ounces and a half of fine cryftalline moulded
Phofphorus.

M. Marggraff confidering, as a confequence of the
experiments above related, that a highly concentra-
ted Acid of Sea-falt contributes greatly towards the
formation of Phofphorus, proceeded to try feveral
other experiments, in which he employed that Acid
in a ftate of combination with other bafes. He
mixed, for inftance, an ounce of Luna cornea with
an ounce and half of putrefied and infpiffated urine,
and from the mixture obtained a very beautiful
Phofphorus.

In fhort, the feveral experiments mentioned hav-
ing thoroughly perfuaded him that the Acid of Sea-
falt, provided it were highly concentrated, would
combine with the Phlogifton as readily as the Vitri-
olic Acid does, he refolved to try whether he could
not make Phofphorus with matters containing that
Acid and the Phlogifton, without making ufe of any

wine,
‘T a With
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With this view he made a great number of dif-
ferent trials, wherein he employed Sea-falt in fub-
ttance, Sal Ammoniac, Plumbum corneum, Lu-
na cornea, fixed Sal Ammoniac, otherwife called
Oil of Lime. Thefe feveral fubftances, all of which
contain the Acid of Sea-falt, he mixed with fundry
matters abounding in Phlogifton, different vegetable
coals, and even animal matters, fuch as the oil of
hartthorn, human bloed, &c. varying the propor-
ttons of thefe fubftances many different ways, without

ever being able to produce a fingle atom of Phof-
~ phorus: which gave this able Chymift juft caufe to
fufpect that the Marine Acid, while pure and crude,
is not capable of combining with the Phlogifton in
the manner requifite to form a Phofphorus; that
tor this purpofe it is neceflary the Acid (hould have
contracted a previous union with fome other matter;
and that the Acid found in Urine hath probably un-
dergone the neceffary change. M. Marggraff is of
opinion that the matter, which by its union renders
the Marine Acid capable of entering into the com-
pofition of Phofphorus, is a fort of exceedingly fub-
tile vitrihable earth.. The experiments he made up-
on the Acid of Phofphorus will thew that his notion
is net altogether groundlefs. M. Marggraff’ having
let fome urine, evaporated to the confiftence of ho-
ney, ftand quiet in a cool place, obtained from it,
by cryftallization, a Salt of a fingular nature. By
diftilling this urine afterwards, he fatisfied himfelf
that it yielded him much lefs Phofphorus than
urine from which no Salt had been extradted ;
and as it cannot be entirely deprived of this Salt, he
thinks that the fmall quantity of Phofphorus which
this urine yielded hit came from the Salt that was
ftill left in it :

Further, he diftilled this Salt feparately with lamp-
black, and obtained from it a confiderable quantity
ef very fine Pholphorus.  He even mixed Luna cor-

nea
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#ea with this Salt, in order to fee whether it would
not increafe the quantity of his Phofphorus; but
without fuccefs: whence he concluded that in this
Saline matter refides the true Acid thatis fit to en-
ter into the compofition of Phofphorus. This opi-
nion is confirmed by feveral experiments on the
Acid of Phofphorus, which he found to have fome
properties refembling thofe of this Salt,

The Acid of Phofphorus feems to be more fixed
than any other : and therefore if you would fepa-
rate it by burning from the Phlogifton with which
it is united, there is no occafion for fuch an appa-
ratus of veflels as is employed for obtaining the Spi-
rit of Sulphur. For this Acid will remain ar the bot-
tom of the veffel in which you burn your Phofpho-
rus: indeed, if it be urged by the force of fire, its mofl
fubtile part evaporates, and the remainder appears
in the form of a vitrified matter.

This Acid effervefces with fixed and volatile Alka-
lis, and therewith forms Neutral Salts ; but very dif-
ferent from Sea-falt, and from Sal Ammoniac.- That
which has a fixed Alkali for its bafis does not
crackle when thrown on burning coals; but fwells and
vitrifies like Borax. That which has a volatile Al-
kali for its bafis thoots into long pointed cryftals;
and, being urged by fire in a retore, lets go its volatile
alkali, a vitsiied matter remaining behind. This
Salt is like that abovementioned, as obtained from u-
rine and yielding Phofphorus.

It appears from the experiments adduced, that
the Acid of Phofphorus tends always to vitrification ;
which proves that it is not pure, and gave M. Marg-
graff caufe to think that itis altered by the admixture
of a very fubtile vitrifiable earth.

M. Marggraff alfo obtained Phofphorus from fe-
veral vegetable fubftances which we ufe every day
for food.  This gives him occafion to conjecture that

Xrg the
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the Salt requifite to the formation of Phofphorus
exifts in vegetables, and pafles from thence into the
animals that feed upon them.

Laftly, he concludes his differtation by informing
us of a veryfimportant truth, viz. That the Acid
obtained from Pholphorus, by burning it, will ferve
to form Phofphorus anew ; for which purpofe it need
only be combined with fome charred coal, fuch as
lamp-black, and diftilled.

From what hath been faid on this fubject it is plain
the Chymifts have a great many curious and intereft-
ing enquiries to make concerning Phofphorus, and
paiticularly concerning its Acid.

I thall conclude this article with an account of
certain properties of Phofphorus which I have not
yet mentioned. j

Phofphorus diffolves by lying expofed to the air.
What warter cannot effect, fays M. Hellot, or at
leaft requires eight or ten years to bring about, the
moifture of the air accomplifhes in ten or twelve
days; whether it be that the Phofphorus takes fire
in the air, and the inflammable part evaporating, al-
moft entirely, leaves the Acid of the Pholphorus nak-
ed, which like all other Acids, when exceedingly con-
centrated, is very greedy of moifture ; or elfe that the
moifture of the air, being water divided into infi-
nitely fine particles, is fo fubtile as to find its way
through the pores of the Phofphorus, into which the
grofler particles of common water can by no means
infinuate themfelves,

Phofphorus heated by the vicinity of fire, or by
being any way rubbed, foon takes fire and burns
fercely. It 'is foluble in all Oils and in Ether, giv-
ing to thofe liquors the property of appearing lumi-
nous, when the bottle containing the folution is open-
ed. Being boiled in water, it likewife communicates

thereto this luminous quality. M. Morin, Profef: -

for at Chartres, is the author of this obfervation.
The
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The late Mr, Grofle, a celebrated Chymift, ot
the Academy of Sciences, obferved that Phofpho-
rus being diffolved in effential oils cryftallizes therein.
Thefe cryftals take fire in the air, either when thrown
* into a dry vefiel, or wrapt up in a piece of paper.
If they be dipped in Spirit of Wine, and taken out
immediately, they do not afterwards take fire in the
air : they {moke a little, and for a very thort time,
but hardly wafte at all. Though fome of them
were left in a {poon for a fortnight, they did not
feem to have loft any thing of their bulk : but when
the fpoon was warmed a little they took fire, juft like
common Phofphorus that had never been difiolved
and cryflallized in an efiential oil.

M. Marggraff, having put a dram of Phofpho-
rus with an ounce of highly concentrated Spirit of
Nitre into a glafs retort, obferved that, without the
help of fire, the Acid diffolved the Phofphorus ;
that part of the Acid came over into the recipient
which was luted to the retort ; that at the fame time
the Phofphorus took fire, burnt furioufly, and burft
the veffels with explofion. Nothing of this kind
~happens when any of the other Acids, though con-
centrated, are applied to Phofphorus. '

PRSI

T'o decompofe Sea-Salt by means of the Vitriolic dcid.
Glauber’s Salt. The Purification and Concentration
of Spirit of Salt.

UT the Sea-falt from which you mean to ex-
tract the Acid into an unglazed earthen pipkin,
and fet it amidft live coals, The Salt will decrepi-
tate, grow dry, and fall intoa powder, Pur this
decrepitated Salt into a tubulated glafs retort, leav-
ing two thirds thereof empty. Set the retort in a
reverberating furnace; apply a receiver like that
' T 4 ufed
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ufed in diftilling the fmoking Spirit of Nitre, and
lute it on in the fame manner, or rather more ex-
aétly if poffible. Then through the hole in the up-
per convexity of the retort pour a quantity of highly
concentrated Oil of Vitriol, equal in weight to abouta
third part of your Salt, and immediately fhut the
hole very clofe with a glafs ftopple, firft rubbed
therein with emery o as to fit it exactly. : :
As foon as the Oil of Vitriol touches the Salt,
the retort and receiver will be filled with abundance
of white vapours; and {oon after, without lighting
any fire in the furnace, drops of a yellow liquor will
diftill from the nofe of the retort. Let the diftilla-
tion proceed in this manner without fire, as long as
you perceive any drops come :  afterwards kindle a
very imall fire under the retort, and continue diftil-
ling and raifing the fire by very flow degrees, and
with great caution, to the end of the diftillation 3
which will be finifhed before you have occafion to
make the retort red-hot.  Unlute the veflels, and
without delay pour the liquor, which is a very fmok-
ing Spirit of Salt, out of the receiver into a cryftal -
bottle, like that directed for the fmoking Spirit of
Nitre, .

OBSERVAT IO NS.

SEA«SavLT, as hath been already faid, is a Neutral
Salt compofed of an Acid, which differs from thofe
of Vitriol and ™itre, combined with a Fixed Alkali
that has fome peculiar properties ; but does not vary
from the others in its affinities. - T'his Salt therefore,
as well as Nitre, muft be decompofed by the Vitri-
olic Acid ; which accordingly is the cafe in the pro-
cefs here deferibed.  The Vicriolic Acid unites with
the Alkaline bafis of the Sea-fale, and feparates its
Acid ; and that with much greater facility than it ex-
pells the Nitrous Acid from its Alkaline bafis, be-

caule
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caufe the Acid of Sea-falt has not fo great an affinity
as the Nitrous Acid with Fixed Alkalis.

As a highly concentrated Oil of Vitriol is ufed
on this occafion, and as the Sea-falt is previoufly
dried and decrepitated, the Acid obtained from 1t
by diftillation is very free from phlegm, and always
fmokes, even more violently than the ftrongeft Acid
of Nitre. The vapours of this Acid are alfo much
more elaftic and more penetrating than thofe of the
Nitrous Acid : on which account this diftillation of
the fmoking Spirit of Salt is one of the moft diffi-
cult, moft laborious; and moft dangerous operations
in Chymiftry.

This procefs requires a tubulated retort, that the
Oil of Vitriol may be mixed with the Sea-falt after
the receiver is well luted to the retort, and not be-
fore: for, as foon as thefe two matters come toge-
ther, the Spirit of Salt rufhes out with fo much im-
petuofity, that, if the vefels were not luted at the
time, the copious vapours that would iffue through
the neck of the ballon would fo moiften it, as well
as the neck of the retort, that it would be impracti-
cable to apply the lute and fecure the joint as the
operation requires. Moreoter, the operator would
be expofed to thofe dangerous fumes, which, on this
occalion, rufh out and enter the lungs with fuch in-
eredible attivity as to threaten inttant fuffocation.

Having faid fo much of the elafticity and aétivity
of the fumes of Spirit of Salt, it is needlefs to in-

fift upon the neceffity of giving vent to the vefitls
~ from time to time, by opening the little hole of the
ballon : indeed the beft way to prevent the lofs of a
great many vapours, on this occafion, 1s to employ
adopters, and cover them with wet canvas, which will
cool and condenfe the vapours they contain.

When the operation is finithed, we find a white,
faline mafs at the bottom .of the retort as in a mould.
If this mafs be diffolved in water, and the folution

cryftal-
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cryftallized, it yields a confiderable quantity of Sea-
falt that hath not been decompofed, and a Neutral
Salt confifting of the Vitriolic Acid united with the
Alkaline bafis of that part which hath been decom-
pofed. This Neutral Salt, which bears the name
of Glauber 1ts wmventor, differs from Vitriolated
Tartar, or the §a/ de duobus, which remains after
diftilling the Nitrous Acid, efpecially in that it is
more fufible, more foluble in water, and hath its
cryfals differently figured. But as in thefe two Salts
the Acid is the fame, the differences that appear be-
tween them mult be attributed to the peculiar na-
ture of the bafis of Sea-falt. :

Spirit of Salt drawn by the procefs above de-
fcribed is tainted with a fmall mixture of the Vitri-
olic Acid, carried up by the force of fire before it
had time to combine with the Alkali of the Sea-
falt 5 which happens likewife to the Nitrous Acid
procured in the fame manner. If you defire to have
it pure, and abfolutely free from the Acid of Vitriol,
it muft be diftilled a fecond time from Sea-falt, as
the Acid of Nitre was before diretted to be diftilled
again from freth Nitre, in order to purify it from
any Vitriolic taint. |

Sea-falt, aswell as Nitre, may be decompofed by
any combination of the Vitriolic Acid with a metal-
lic or carthy fubftance : but it is proper to obferve,
that if you diftill Spirit of Salt by means of Green
Vitriol, the operation will not fucceed fo well as
when Spirit of Nitre is diftilled in the fame manner :
lefs Spirit is obtained, and a much fiercer fire is re-
quired.

The caufe of this lies in the property which the
Acid of Sea-falt pofiefies of diffolving Iron, even
when deprived of a part of its Phlogifton by hav-
ing contracted an union with another Acid ; fo that
it 1s no fooner diflodged from its own bafis by the
Vitriolic Acid, than it unites with the ferruginous

bafis
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bafis of the Vitriol, from which it cannot be fepa-

rated but by 2 moft violent fire. This is the confe-

quence more efpecially when calcined Vitriol is made

ufe of : for moifture, as we fhall prefently fee, great-

ly facilitates the {eparation of the Marine Acid from
ofe fubftances with which it is vnited.

When you do not defire a highly dephlegmated
and {fmoking Spirit of Salt you may diftill with the
- additament of any earth containing the Vitriolic
Acid ; as Clay, for inftance, or Bole. To this end
one part of Sea-falt, flightly dried and reduced to a
fine powder, muft be accurately mingled with two
parts of the earth you intend to employ likewife
pulverized ; of this mixture make a ftiff pafte with
a proper quantity of rain water, and having formed
little balls thereof about the fize of a hazel nut, let
them dry in the fun 3 when dry put them into a
ftone or coated glafs retort, leaving a third part
thereof empty ; fet this veflel in a reverberating
furnace, covered with its dome ; apply a receiver,
which need not be luted on for fome time; and
heat the veflels very flowly. At firft an infipid wa-
ter will rife ; which muft be thrown away : after-
wards the Spirit of Salt will appear in white clouds.
Now lute your veflels, andraife the fire by degrees 3
which towards the end muft be puthed to the utmoft
extremity. ‘The operation is known to be finithed
when no drops fall from the nofe of the retort, the
receiver cools, and the white vapours that filled it
are feen no more.

The Spirit of Salt obtained by the procefs here
delivered does not imoke, and contains much more
phlegm than that which is diftilled by means of the
concentrated Oil of Vitriol 3 becaufe the earth,
though dried in the fun, ftill retains a great deal of
moifture, which commixes with the Acid of the Sea-
falt. Confequently it is much eafier to collect its
yapours ; fo that this operation is attended with

il ; much
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much lefs trouble than the other.  Neverthelefs it is
advifeable to proceed gently ; to apply but little heat
at firft, and to unftop every now and then the fmall
hole of the receiver : for a quantity of the vapours
of Spirit of Salt, even when weakened by the ad-
mixture of water, is very apt to burft the veffels.

A much greater degree of fire is neceffary to raife
the Spirit of Salt by this latter procefs, than by thatin
which the pure Vitriolic Acid is employed : for, as
faft as the Spirit of Salt is diflodged from its own
bafis by the Vitriolic Acid contained in the earth
made ufe of, part of it joins that earth, and can-
not be feparated from it without the moft violent
heat,

A Spirit of Salt that fhall not fmoke may alfo be
obtained by means of the pure Vitriolic Acid.  Spi-
rit of Vitriol, or Oil of Vitriol lowered with a good
deal of water, will do the bufinefs.

Some Chymifts direct alittle water to be placed in
the receiver, when Spirit of Salt is to be diftilled by
the intermedium of concentrated QOil of Vitriol, in or-
der to make the acid vapours condenfe more readily.
By this means indeed fome of the inconveniences
. attending the diftillation of {moking Spirit of Salt
may be avoided : but on the other hand, the acid
vapours being abfolutely fuffocated by the water as
fait as they come over, the Spirit of Salt obtained
by this method will be no lefs aqueous than that
procured by the interpofition of earths : fo that
here is an expence to no manner of purpofe. There-
fore, when a Spirit of Salt is defired that fhall not
{moke, it is beft to employ an'additament of earth ;
and that fo much the rather as the Marine Acid ob-
tained by this means is purer and freer from any Vi-
triolic taint, for the reafons already afligned.

Part of the Acid of Sea-falt may be feparated
from its Alkaline bafis by the force of fire alone,
without the intervention of any other body. With

' this
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this view the Salt muft be put into the retort without
being dried. At firft an infipid water rifes ; but it
gradually becomes acid, and hath all the properties
of Spirit of Salt. When the Salt in the retore is
grown perfetly dry, nothing more can be forced
over by any degree of heat whatever. If you would
obtain more Acid from the fame Salt, you muft take
it out of the retort, where you will find itin a lump,
reduce it to powder, and expofe it to the air for
fome time, that it may attract the moifture there-
of ; or elfe wet it at once with fome rain water, and
diftill as before. You will again have an infipid
water, and a lictle Spirit of Salty which will in
like manner ceafe to rife when the Salt in the retorr
becomes dry. This operation may be repeated as of-
ten as fhall be thought proper : and perhaps it may be
poflible to decompofe Sea-falt entirely by means
thereof, without the interpofition of any other body.
The Spirit of Salt thus obtained is exceeding weak,
in fmall quantity, and loaded with much water.

This experiment proves that moifture greatly fa-
cilitates the feparation of the Acid of Sea-falt from
the matters with which it is united : and this is the
reafon that, in diftilling of Spirit of Salt with the ad-
ditament of an earth, the operation requires much
lefs fire at the beginning, while the earth and falt re-
tain a great deal of humidity, than towards the end,
when they begin to grow dry,

After the operation there remains in the retort a
faline and earthy mafs, which contains, 1. Some
entire Sea-falt that has fuffered no decompofition ;
2. A Glauber’s Salt which is, as we faid before, a
Neutral Salt confifting of the Vitriolic Acid united
with the Alkaline bafis of the Sea-falt, from which
it hath expelled its proper Acid ; 3. Part of the
earth ufed as an intermedium, ftill retaining a por-
tion of its original Vitriolic Acid, which, happening
not to lie near enough to any particles of Sea-falr,

could
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could not exert its power in decompofing them, and
fo remains united with its earthy bafis ; 4. Another
part of the fame earth, impregnated with fome of
the Marine Acid, which combined therewith upon
being expelled from its Alkaline bafis by the Vitri-
olic Acid, and which the force of fire was unable ta
feparate from it when the matters were grown per-
fectly dry. Inconfequence of what remains in this
caput mortuum, if the whole mafs be triturated,.
moiltened with a little water, and diftilled a fecond
time, confiderably more Spirit of Salt will be ob-
tained from it : and the fame is to be faid of all
diftillations of this fort.

Spirit of Salt obtained by the means of any other
additament than concentrated Oil of Vitriol is gene-
tally very weak : but it may be dephlegmated and
concentrated, if required, much in the fame man-
ner as Oil of Vitriol. For this purpofe you muft
put itinto a glafs cucurbit, fet itin a balneum marie,
fit thereto a head and a receiver, and with a made-
rate degree of heat draw off one third or one half of
the liquor. What comes over into the receiver will
be the moft aqueous part, which being the lighteft
will rife firft, impregnated however with a little
acid : in the cucurbit will be left a concentrated Spi-
rit of Salt, or the moft acid part, which being the
heavieft will not rife with the degree of heat that is
capable of carrying up the phlegm. Spirit of Salt
thus concentrated, called allo Oz of Sagit, does not
fmoke: it is of a yellow colour inclining to green,
and an agreeable {mell not unlike that of {afiron.

A

ST =
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To decompofe Sea-falt by means of the Nitrous Acid.
Aqua regis. Quadrangular Nitre.
AKE dried Sea-falt : bruife it to powder : put
it into a glafs retort, leaving one half of the
vellel empty.  Your upon it a third of its weight

of
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of good Spirit of Nitre. Place your retort in the
fand-bath of a reverberating furnace; put on the
dome ; lute to the retort a recciver having a fmall
hole in it, and heat the veflels very flowly, There
will come over into the receiver fome vapours,
and an acid liquor. Increafe the fire gradually till
nothing more rifes. Then unlute the veffels, and
pour the liquor out of the.receiver into a cryftal bot-
~ tle, ftopped like others containing Acid Spirits.

OBSERVATIONS.

Thre Nitrous Acid hath a greater affinity than the
Marine Acid with Fixed Alkalis. When therefore
Spirit of Nitre and Sea-falt are mixed together, the
fame confequences, in fome meafure, will follow, as
when the Vitriolic Acid is mixed with that Salt ; that
is, the Nitrous Acid will, like the Vitriolic, decom-
pofe it, by diflodging its Acid from its Alkaline ba-
fis, and affuming its place. But as the Nitrous A-
cid is confiderably weaker, and much lighter, than
the Vitriolic Acid ; a good deal of it rifes along with
the Acid of Sea-falt during the operation. The li-
quor found in the receiver is therefore a true Ayua
regis.

ng decrepitated Salt, and a right fmoking Spirit of
Nitre, be employed in this procefs, the Agua regis
obtained will be very ftrong ; and during the opera-
tion very elaftic vapours will rufh out and burft the
veflels, if thofe precautions be not taken which we
pointed out as necefiary in diftilling the Spirit of Ni-
tre, and the fmoking Spirit of Salt.

The operation being finithed, there is left in the
retort a faline mafs, containing Sea-falt not de-
compofed, and a new fpecies of Nitre, which hav-
ing for its bafis the Alkali of Sea-falt, thatis, as we
have feveral times obferved, an Alkali of a peculiar
nature, differs from the common Nitre, 1. In the
figure of its cryftals; which are folids of four fides,

formed
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formed like lozenges; 2. In that it cryftallizes with’
more difficulty, retains more water in its cryftals, at-
tracts the moifture of the air, and diffolves in water
with the fame circumitances as Sea-falt.

IR g
Of Bor ax,

R O K M D

To decompofe Borax by the means of Acidsy and to fe-
parate from it the Sedative Salt by fublimation and
by eryftallization. | s

EDUCE to a fine powder the Borax from
which you intend to extra& the Sedative Salt.
Put this powder into a wide-necked glafs retort.
Pour upon it an eighth part of its weight of com-
mon water, to moiften the powder; and then add
concentrated Oil of Vitriol, to the weight of fome-
what more than a fourth part of the weight of the
Borax. Set the retortin a reverberatory, make a
moderate fire at firft, and augment it gradually till
the retort become red-hot.

A little phlegm will firft come over, and then
with the laft moifture that the heat expells the Se-
dartive Salt will rife; by which means fome of it will
be diffolved in this laft phlegm, and pafs therewith
into thereceiver; but moft of it will adhere in the form
of faline flowers to the fore-part of the neck of the re-
tort, juft where it is clear of the groove of the furnace.
There they collect into a heap, which the fucceeding
flowers pufh infenfibly forward till they flightly ftop
the paffage. Thofe which rife after the neck is thus
ftopped ftick to the after-part of it which is hot, v;—

trify
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trify in fome meafure, and form a circle of fufed
Salc. In this ftate the flowers of the Sedative Salt
feem to iffue out of the circle, as from their bafis:
they appear like very thin, light, fhining fcales,
and muit be brufhed off with a feather,

At the bottom of the retort will be left a faline
mafs: diffolve this in a {ufficient quantity of hot wa-
ter ; filter the folution in order to free it from a
brown earth which it depofites ; fet the liquor. to e-
vaporate, and cryftals of Sedative Salt will form in

it.
OBSERVATIONS.

TroucH Borax is of great ufe in many chymical
operations, efpecially in the fufion of metals, as
we fhall have occafion to fee, yet till of late years
Chymifts were quite ignorant of its nature, as they
ftill are of its origin 3 concerning which we know no-
thing with certainty, but that it comes rough from
the Eaft Indies, and is purified by the Dutch.
| M. Homberg was one of the firft that attempted
| to analyfe this Salt. He fhewed that mixing it with
the Vitriolic Acid, and diftilling the mixture, a falt
fublimes in little fine needles. This product of Bo-
rax he called by the name of Sedative Salt, becaufe
he found it had the property of moderating the great
tumult and heat of the blood in fevers.

After M. Homberg other Chymifts allo ex-
ercifed themfelves on Borax. M, Lemery difcover-
ed that the Vitriolic is not the only Acid by means
of which the Sedative Salt may be obtained from
Borax ; but that either of the other two Mineral A-
cids, the Nitrous or the Marine, may be ufed in its
ftead.

M. Geoffroy hath greatly facilitated the means of
obtaining the Sedative Salt from Borax ; having
fhewn that it may be extra&ted by cryitallization as
well as by fublimation ; and that the Sedative Salt

VoL, l. U fo
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fo obtained is in no refped inferiour to that which
was procured before by fublimation only. To
him alfo we are indebted for the difcovery that in
the compofition of Borax there is an Alkaline Salt
of the fame nature as the bafis of Sea-falt, This he
found by obferving that he got a Glauber’s Salt from

a folution of Borax into which he had poured
fome Vitriolie Acid with a view to obtain its Seda-
tive Salt, ' ‘

Laftly, M. Baron, whom we mentioned before
on occafion of this Salt, hathproved, bya great num-
ber of experiments, that a Sedative Salt may be pro-
cured from Borax by the help of Vegetable Acids,
which was never done by any body before him ; that
the Sedative Salt is not a combination of an Alka.
line matter with the Acid made ufe of in extratting |
it, as fome of its properties feemed to indicate ; but
that it exifts previoufly and completely formed in the |
Borax ; that the Acid employed to extract it only
helps to difengage it from the Alkali with which it |
is united ; that this Alkali is aétually of the fame
nature as the bafis of Sea-falt, becaufe that after ex-
tracting the Sedative Salt, which by its union there-
with forms the Borax, a Neutral Salt is found, of
the fame fort with that which would be produced by
combining the balis of Sea-falt with the particular
Acid made ufe of ; that is, if with the Vitriolic
Acid, a Glaubei’s falt; if with the Nitrous Acid, a
quadrangular Nitre ; and if with the Marine Acid,
atrue Sea-falt ; and laftly, thatthe Sedative Salt may
be re-united ta its Alkali, and re-produce a Borax,

Nothing therefore now remains, to give us all the
infight we can defire into the nature of Borax, but
to know what the Sedative Salt is, M. Baron hath
already given us certain negative notices concerning
it, by fhewing what it is not; that is, that the A-
cid employed in its extraction doth not enter into its
compofition. We have great reafon to hope that he ”?

will |

L
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will carry his enquiries ftill further, and clear up all
- our doubts on this fubject.

The Sedative Salt may be extracted from Borax,
not only by the means of pure and fimple Acids, but
alfo by the fame Acids combined with a metallic ba-
fis. Thus Vitriols, for inftance, may be employed
for this purpofe with good fuceefs. It is eafy to fee
that the Vitriol muft be decompofed on this occafi-
on, and that its Acid cannot unite with the Alkali
in which the Sedative Salt is lodged, without quitting
its metallic bafis, which muft of courfe precipitate.

The Sedative Saltatually fublimes, when a liquid
containing it is diftilled ; but it does not therefore fol-
low that it is naturally volatile. It rifes only by the
aid of the water with which it is mixed. The proof
of this affertion is, that, when all the hu midity of the
mixture containing this Salt is diffipated, no more
Salt will rife, be the fire ever fo violent; and that
by adding more water to moiften the dried mafs con-
taining it, more Salt will every time be obtained,
through many repeated diftillations. In the fame
manner, if fome Sedative Salt be moiftened, and ex-
| pofed to a proper degree of heat, a fmall quantity
| thereof will rife at firft by the help of the water
but as foon as it grows dry it remains exceedingly
fixed. This obfervation we owe to M. Rouelle.

The Sedative Salt hath the appearance and the
tafte of a Neutral Salt: it does not change the co-
lour of the juice of violets ; nor dees it eafily diffolve
in water; for it requires a quart of boiling water to
diffolve two ounces of it: yet, with regard to Alka-
lis, it has the properties of an Acid ; it unites with
thofe falts, forms therewith a faline compound which
cryftallizes, and even expells the Acids that happen
to be combined with them ; fo that it decompofes
the fame Neutral Salts that are decompoftd by the

Vitriolic Acid.
U2 The
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The Sedative Salt, when fuddenly expofed to the
violent heat of a naked fire, lofes near half its weight,
melts, puts on and retains the appearance of glafs ;
bur its pature ftill remains unchanged. This glafs
diffolves in water, and fhoots anew into cryftals of
Sedative Salt. This Salt communicates to the Al-
kaline falt with which it is united, -when in the form
of Borax, the property of melting with a moderate
heat, and forming a kind of glafs; and *tis this
great fufibility that recommends the frequent ufe of
Borax as a flux for aflaying ores. It is alfo employ-
ed fometimes as an ingredient in the compofition of
glafs ; but, in time, it always communicates thereto
the fault which :ts own glafs hath, namely that of tar-
nithing with the air.  The Sedative Salt hath more-
over the fingular property of diflulving in Spirit of
Wine, and of giving to its flame, when fet on fire,
a beautiful green colour. All thefe obfervations we
owe to Me{l, Geoffroy and Baron.

M. Geofiroy prepares the Sedative Salt by cryftal-
lization only in the following manner. ¢ He dif-
¢ folves four ounces of refined Borax in a fufficient
¢ quantity of warm water, and then pours into the
¢ folution one ounce and two drams of highly con-
*¢ centrated Oil of Vitriol, which makes a crackl;

noife as it falls in. When this mixture has ftood
evaporating for fome time, the Sedative Salt be-
gins to make its appearance in little, fine, fhining
plates, floating on the furface of the liquor. The
evaporation is then to be flopped, and the plates
will by little and little encreafe in thicknefs and
breadth. They unite together into little tufts,
forming with each other fundry different groups.
If the veflel be ever fo little ftirred, the regularity
of the cryftals will be difturbed ; fo that it muik
not be touched till the cryftallization appears to be
finithed. . The cryftalline clufters, being grown
too bulky and too heavy, will then fall of them-
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{elves to the bottom of the veffel. This being ob-
ferved, the faline liquor muft be gently decanted
from thofe little cryftals, which, as they are not ea-
fily difiolved, muft be wathed clean, by pouring,
cold water {lowly on the fides of the pan, three or
four times fucceffively, inorder to rinfe out all re-
mains of the faline liquor, and then fet firft to drain,
and afterwards to dry in the fun. This Salt, in the
form of light flakes of fnow, is now foft to the
touch, cool in the mouth, flightly bitter, crackling
a little between the teeth, and leaving a fmall im-
preffion of acidity on the tongue. It will keep long
without giving or calcining, if managed accord-
Ing to the preceding directions; that is, if it be
exallly freed from its faline liquor.
¢ It differs from the Sedative Salt obtained by
fublimation in this refpet only, that notwith-
ftanding its feeming lightnefs it is a little heavier
than the other. M. Geoffroy fuppofes the caufe
of this weight to be, that, as feveral of the thin
plates adhere together in cryftallizing, they retain
between them fome {mall matter of humidity ; or,
if you will, that, as they form larger cryftals, they
prefent lefs furface to the air which elevates light
bodies : whereas, on the contrary, the other Se-
dative Salt, being driven up by the force of fire,
rifes into the head of the cucurbit in a more fubtile
form, having its particles much more expanded
and divided. '
¢« M. Geofiroy, having put his Sedative Salt made
by cryftallization to all the fame trials with that
made by fublimation, fatisfied himiclf that there
1s no other difference between the two. If the
Sedative Salt made by cryfallization happens to
calcine in the fun ; that is, if its lultre tarnithes,
and its furface grows mealy, tis a fign that it fill
contains either a little -Borax or fome Glauber’s
Salt: for thefe two Salts are apt to calcine in this
U 3 ¢ mane
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¢ manner, and pure Sedative Salt thould not be fub-
¢ Ject to this inconvenience, In order to purify i,
‘¢ and free it entirely from thofe Salts, it muft be
¢ diffolved once more in boiling water. As foon as
¢¢ the water cools, the Sedative Salt re-appears in
¢¢ light, thining, cryftalline plates, {wimming in the
¢ liquor. After ftanding four and twenty hours, the
“ liquor muft be decanted, and the falt wafhed with
““ frefh water; by which means it will be very pure
¢ and beautiful.”
Glauber’s Salt and Borax diffolve in water with
vaftly more eafe than the Sedative Salt, and confe-
uently do not cryftallize fo readily by much :
E: that thé fmall portion of thofe falts, which may
have been left on the furface of the Sedative Salt, be-
ing diffufed thrnu§h a large quantity of water, con-
tinues in a ftate of folution, while the Sedative Salt
cryltallizes ; which being alfo wafhed afterwards with
fair water, it is impofiible that the finalleft particle
of thofe other Salts fhould remain adhering to it;
and confequently this muft be deemed an excellent

way of purifying it,

SELC
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To f[eparate Gold, by dmalgamation with Mercury,
[rom the Earths and Stones with which it is found
mixed.

ULVERIZE the earths and ftones contain-
ing Gold.  Put the powder into a little wooden
tray ; dip this tray in water, gently fhaking it and its
contents. The water will grow muddy, by taking
up the earthy parts of the ore. Continue wafhingit
in this manner till the water ceafe to appear turbid.
Upon the ore thus wafhed pour ftrong vinegar, hav-
ing firft diffolved therein, by the help of heat, about
~ a tenth part of its weight of alum. The powder
muft be quite drenched and covered with this liquor,
and fo left to ftand for twice twenty four hours.
Decant the vinegar, and wath your powder with
warm water, till the laft that comes off hath no tafte:
then dry it, and put it into an iron mortar, with
four times its weight of Quick-filver : rriturate the
whole with a heavy wooden peftle, till all the pow-
der be of a blackith colour : then pour in alittle wa-
ter, and continue rubbing for fome time longer. -
More earthy and heterogeneous particles will be fe-
parated from the metalline parts by means of this
Uy water
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water, which will look dirty: it muft then be decan-
ted, and more fair water added. Repeat this feveral
times ; then dry what remains in the mortar with a
fponge, and by the help of a gentle heat ; you will
find it an Amalgam of the Mercury with the Gold.

Put this Amalgam into a chamoy bag : tie a knot
on its neck, and fqueeze it hard between your
fingers, over fome wide-mouthed veflel ; there will
iffue through the pores of the leather numberlefs lit-
tle jets of Mercury, forming a fort of thower, that
will collect into large globules in the veficl placed
underneath. When you can force out no more Mer-
cury by this means, open the bag, and in it you will
find the Amalgam freed from the fuperfluous Mer-
cury ; the Gold retaining only about as much there-
of as nearly equals itfelf in weight.

Put this Amalgam into a glafs retort : fet this re-
tort in the fand bath of areverberating furnace; co-
ver it quite over with fand; apply a glafs receiver
half full of water, fo that the nofe of the retort may
be under the water., The receiver need not be luted
to the retort. Give a gradual heat, and raife the
fire till drops of the fublimed Mercury appear in.
the neck of the retort, and fall into the water with
a hiffing noife. If you hear any noife in the retort, |
flacken your fire a little.  Laftly, when you obferve
that, though you raife the fire ftill'higher than be-
fore, nothing more will come over, take out your
retort, break it, and there you will find the Gold,
which mult be melted in a crucible with Borax.

OBSERVATIONS,

Gold is a perfect metal, which can by no means
be deprived of its Phlogifton, and on which few,
even of the moft powerful chymical folvents, have
any cflect: and therefore it almoft always hath its
metalline form when found in the earth ; from which
it may fometimes be feparated by fimple lotion.

The
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‘The Gold duft found in the fands of certain rivers
1s of this kind. When it refides in ftones. or tena-
cious earths, it may be extracted by the procefs here
delivered ; to wit, by Amalgamation or combi-
nation of Mercury with the Gold. Mercuryis inca-
pable of uniting with any earthy fubftances, not e-
ven with the metallic earths, when they are deprived
of their Phlogifton and confequently have not the
metalline form.

Hence it follows that when Mercury is triturated
with particles of Gold, of earth, and of ftone, min-
gled together, it unites with the Gold, and feparates
it from thofe heterogeneous matters. Yet, if there
be along with the Gold any other metal, in its me-
talline form, except Iron, the Mercury will amalga-
mate with that alfo. This often happens to Silver,
which being a perfect metal, as well as Gold, is for
that reafon fometimes dug up in its metalline form,
and even incorporated with Gold. When this is
the cafe, the mafs that remains in the retort, after
abftracting the Mercury of the Amalgama, is a com-
pound of Gold and Silver, which are to be feparated
from each other by the methods we fhall give for
that purpofe. The prefent procefs is therefore ap-
plicable to Silver as well as Gold.

Sometimes Gold is intimately combined with fuch
mineral matters as hinder the Mercury from acting
upon it. Inthat cafe the mixed mafs muft be roaft-
ed before you proceed to Amalgamation : for if the
matters be volatile, fuch, for inftance, as antimony
or arfenic, the fire will carry them off'; fo that after
roafting the Amalgamation will fucceed. But fome-
times thefe matters are fixed, and require fufion ; if
fo, recourfe muft be had to fome particular methods,
which we fhall deferibe when we come to treat of Sil-

ver, as thefe two perfect metals are to e treated in
the fame manner.

Ores
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Ores containing Gold muft be wafhed before an
Amalgam is attempted ; that the metalline parts, be-
ing freed from the numerous particles of earth with
which they are encompafled, may the more readily
incorporate with the Mercury. Befides, it is the pro-
perty of Mercury to take the form of a dark unme-
tallic powder, after being long rubbed with other
matters, {o that it cannot be eafily diftinguifhed from
the particles of earth. And hence, if you ftill con-
tinue to grind the matters together after the Amal-
gamation is completed, and wafh them again and
again, the water that comes off will always look tur-
bid, being impregnated with fome particles of the
Amalgam. This is eafily proved: for if you let
the turbid water fettle, and diftill the fediment, you
will obtain Quick-filver from it.

The ore is to be fteeped in vinegar charged with
alum, in order to cleanfe the furface of the Gold,
which is often covered with a thin coat of earth that
obftructs the Amalgamation.

Great care muft be taken that the Mercury em-
ployed in this operation be very pure. If it be adul-
terated with any metallic fubftance, it muft be freed
therefrom by the methods which we fhall propofe
in their proper place.

The way of feparating Mercury from Gold is
founded on the different properties of thefe two me-
tallic fubftances; the one being exceedingly fixed,
and the other very volatile. The union which Mer-
cury contracts with the merals is not intimate enough
to give the new compound which refults therefrom
all the properties of either of the two united fub-
ftances ; at leaft {o far as concerns their degrees of
fixity and volatility. Hence it comes that in our
Amalgam the Gold communicates but very little of
its fixity to the Mercury, and the Mercury commu-
nicates to the Gold but very little of its volatility,
Yer if the Mercury be diftilled off with a much

greater
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greater degree of heat than is neceflary to elevate it,
a pretty confiderable quantity of Gold will moft cer-
tainly be carried up along with it,

It is alfo of confequence, on another account,
that the fire be duly governed on this occafion. For
if too great a degree of heat be applied, and the
fire afterwards lowered, the water in the receiver,
which covers the nofe of the retort, will rife into its
body, break it to pieces, and fpoil the operation.

The caufe of this phenomenon depends on the
property which air poflefles of rarefying with heat
and condenfing with cold, joined to its weight. As
foon as the retort is acted on by a lefs degree of heat
than aéted on it the inftant before, the air contained
therein is condenied, and leaves a vacuum, which
the external air, by virtue of its weight, tends to
occupy ; but, the orifice of the retort being under
water, the external air can no way gain admittance,
but by pufhing in before it the water which inter-
cepts its paffage. This caution, as we obfegved above,
muft be applied to all diftillations where the veflels
are difpofed as they are in this.

Care mutt alfo be taken that the nofe of the retort
be not placed too deep under water : for as the neck
grows very warm during the operation, becaufe the
degree of heat required to raife Mercury is about
three times greater than that which raifes water, it
may eafily be broken by the contaét of the cold wa-
ter in the receiver.

This method of extralting Gold and Silver from
their ores, by Amalgamation with Mercury, is not
to be abfolutely depended on as a fure proof of the
quantity of thofe metals that may be contained in
the earth affayed by this means : for fome fmall parc
of the Amalgam is always loft in wathing it ; and
moreover, the Mercury, when fqueezed through
chamoy, always carries with it a fmall portion of
Gold. So that if you defire to know more ex-

actly
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actly, by this method, the quantity of Gold or Sil-
ver contained in any earth, the Amalgam muft not
be {queezed through chamoy, but diftilled altoge-
ther. Much the fureft method of making an accu-
rate affay is that by fufion and fcorification, which
we fhall defcribe under the head of Silver.

In fome countries, and efpecially in America,
the method of Amalgamation is ufed for extra@ting
Gold and Silver in large quantities from the ma-
trices which contain them in their metalline form.
Agricola and other metallurgifts have deferibed the
machines by means whereof fuch Amalgamations
are managed,

T sy
i

PROCESS 3.

To diffolve Gold in Aqua regis, and by that means to
Jeparate it from Silver. Aurum Fulminans. Au-
rum Fulminans reduced. '

AKE Gold that is perfeétly pure, or alloyed

with Silver only, Reduce it to lictle thin
plates, by hammering it on an anvil. If it be not
fufficiently tough, neal it till it be red in a moderate,
clear fire, quite free from fmoking coals, and then
let it cool gradually, which will reftore its ductility.
When the plates are thin enough, make them red
hot once more, and cut them into fmall bits with a
pair of fheers. Put thefe bits into a tall, narrow-
mouthed cucurbit, and pour on them twice their
weight of good Agua regis, made of one part Sal
Ammoniac, or Spirit of Salt, and four parts Spirit of
Nitre. Set the cucurbit in a fand-bath moderately
heated, ftopping its orifice flightly with a paper
coffin, to prévent any dirt from falling in, The
Aqua regis will prefently begin to fmoke. Round
the little bits of Gold will be formed an infinite
number of {mall bubbles, which will rife to the
furface




PracTicE of CHYMISTRY. 301

furface of the liquor. The Gold will totally dif-
folve, if it be pure, and the folution will be of a
beautiful yellow colour : if the Gold be alloyed
with a fmall quantity of Silver, the latter will re-
main at the bottom of the vefiel in the form of a
white powder. If the Gold be alloyed with much
Silver, when the Gold is diffolved the Silver will re-
tain the form of the little metalline plates put into
the vefiel.

When the diflolution is completed, gently pour
off the liquor into another low, wide-mouthed,
glafs cucurbit, taking care that none of the Silver,
which lies at the bottom in the form of a powder,
efcape with the liquor. On this powder of Silver
pour as much freth Aqua regis as will cover it en-
tirely 5 and repeat this till you are fure that nothing
more can be taken up by it. Laftly, having de-
canted the Agqua regis from the Silver, wath the Sil-
ver with a little Spirit of Salt weakened with water,
and add this Spirit of Salt to the Agua regis in which
your Gold is diffolved. Then to the body contain-
ing thefe liquors fit a head and a receiver, and diftill

with a gentle heat, till the matter contained in the
cucurbit become dry.

OBSERVATIONS.

It is certain that Agua regis is the true folvent of
Gold, and that it does not touch Silver : {o that if

the Gold diffolved in it were alloyed with Silver,
which is often the cafe, the two metals would by
this means be pretty accurately feparated from each
other. Butif you defire to obtain from this folution a
Gold abfolutely pure, you muft free it, before you
diffiolve it, from every other metallic {ubftance but
~ Silver ; becaufe Agua regis atts upon moft of the
other metals and the femi-merals. We fhall fhew
- under the head of Silver, as we promifed before,
~ how to purify a mafs of Gold and Silver from every

other
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other metallic alloy. Thither alfo we refer the com-
mon Parting Aflay performed by means of Ague
Sfortis = becaufe in that operation the Silver is diffolv-
ed, and not the Gold.

If the Gold put to diffolve in Agua regis be pure,
the difiolution is eafily and readily effeéted. But if,
on the contray, it be alloyed with Silver, the Aqua
regis finds more difficulty in diffolving it. Nay, if
‘the Silver exceed the Gold in quantity, the diffolu-
tion will not take place at all, for the reafons ad-
duced in our Theoretical Flements ; of which we
fhall fpeak more fully when we come to treat of
the Parting Affay.

In the procefs we dire¢ted the Gold to be diffolv-
ed in a tall body. This precaution is neceffary to
prevent the lofs of fome part thereof : for it is the
property of /gua regis to carry off along with it fome
of the Gold, efpecially if there be any Sal Ammoniac
in its compofition, if the veflel be heated while
the diffolution is going on, or if the Agua regis be
very ftrong. Yet it is proper to make ufe of 4gus
regis that is too ftrong rather than too weak : for
if it prove too ftrong, and be obferved not to a&t up-
on the metal for that reafon, it is eafy to weaken
it, by gradually adding fmall quantities of pure
water, till you perceive it begin to act with vigour.
This is a general rule regarding all metallic diffoly-
tiens in Acids.

When the folution of Gold is evaporated to dry-
nefs, if you defire to reduce into a mafs the Gold
duft left at the bottom of the cucurbit, you muft
put it into a crucible, and cover it with pulverized
borax, mixed with a little nitre and calcined wine.
Iees 3 then cover the crucible clofe, heat it with a
moderate fire,g which muft be afterwards increafed
1o as to melt ::?1:: contents. At the bottom of the
crucible you will find a lump of Gold, over which
the falts you added will be as it were vitrificd. Thefe
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falts are added chiefly to promote the fufion of the
metal. -

The Gold may, if you will, be feparated from
its folvent without evaporating the folution as a-
bove direted. You need only mix with the folu-
tion a fixed or volatile Alkali by little and lictle,
till you fee no more precipitate fall, and then let the
liquor ftand to fettle, at the bottom of which you
will find a fediment : filter the whole, and dry
what is left on the filter.

Both fixed and volatile Alkalis poffefling, as
hath been frequently repeated, a greater affinity
with Acids than metallic fubftances have, they pre-
cipitate the Gold, and feparate it from the Acids in
which it is diffolved : but it is of great confequence
to take nortice that, if you attempt to melt this preci-
pitated Gold in a crucible, it will fulminate as foon
as it feels the heat, with fuch a terrible explofion,
that, if the quantity be at all confiderable, it
may prove fatal to the operator : even rubbing it a
little hard will make it blow up. This preparation
is therefore called Aurum Fulminans.

Hitherto no fatisfattory explanation hath been
given of this phenomenon. Some Chymifts confi-
dering that, in the precipitation of the Gold, a Nitre
is regenerated by the union of the Alkali with the Ni-
trous Acid which enters into the compofition of the 4-
qua regis, imagine that fome of this regenerated Nitre,
combining with the precipitated Gold, takes fire and
detonates, either by means of fome fmall portion of
Phlogifton that may be contained in the Alkali, or
by means of that which conftitutes the Gold itfelf.
But, in the firft place, ’tis well known that Fixed
Alkalis do not contain Phlogifton enough to make-
Nitre detonate. Indeed, if a Volatile Alkali be
employed in the precipitation, a Nitrous Ammonia-
cal Salt will be formed, containing Phlogifton enovgh

o

2
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to be capable of detonating without the concourfe
of any additional Phlogifton : but this detonation
of the Nitrous Ammoniacal Salt is not to be com-
pared, as to the violence of its effects, with the ful-
mination of Gold. Befides, we do not find that
Gold precipitated by a Volatile Alkali explodes with

reater force than that precipitated by a Fixed Al-

ali. As for the Gold, ’tis certain that it fuffers no
decompofition at all by fulminating. When fulmi-
nated under a glafs bell, in fuch fmall quantities as
not to endanger the operator, the Gold is found {cat-
tered about under the bell in very fine particles, with-
out having undergone any alteration.

Others have fancied this fulmination of the Gold
to be nothing but the decrepitation of the Sea-falt that
is regenerated, in the precipitation of the metal, by the
Fixed Alkali uniting with the Acid of Sea-falt which
makes part of the Agua regis. But to this it may
be faid, that Gold precipitated by a Volatile Alkali
fulminates as violently as that precipitated by a Fixed
Alkali ; and yet no Sea-falt can be formed in the
Liquor by the addition of a Volatile Alkali, but only
a Sal Ammoniac which has not the property of de-
crepitating. Moreover, there is no comparifon, as
to the effefts, between the decrepitation of Sea falt
and the fulmination of Gold. |

Nor, laftly, can this fulmination be attributed,
as it is by fome, to the effort made by the Salts to
efcape from amidft the particles of Gold, in which
they are fuppofed by them to beimprifoned: for then
we might deprive this Gold entirely of its fulminat-
ing quality by only boiling it in water, and fo
walhing off all the faline particles, which probably
adhere to its furface only. It is plain there is great
room for very beautiful difcoverics on this fubject.
In Walerius’s Mineralogy we find fome obfervations
that may throw a little light on the point before us.

v« The
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“ The quantity, fays he, of fulminating Gold
*¢ precipitated exceeds that of the Gold diffolved :
¢ if the Agua regis be made with Sal Ammoniac the
¢ explofion will be ftronger; it will alfo be more
- ¢ violent if the folution be precipitated with a Vola-
¢¢ tile Alkali, than if a Fixed Alkali be ufed for that
¢ purpofe.”

One of the fpeedieft and eafieft methods to deprive
this Gold of its fulminating quality, is to grind ina
mortar twice as much flowers of Sulphur as you have
Gold to reduce, mixing your fulminating Gold
therewith by little and little as you grind them
together ; then to put the mixture into a crucible,
and heat it juft enough to melt the Sulphur. Pare
of the Sulphur will be diffipated in vapours, and the
reft will burn away. When it is quite confumed,
encreafe the fire fo as to make the crucible red-hot.
When you perceive no more fmell of Sulphur, pour
on the Gold a little Borax, previoufly melted in an-
other crucible with a Fixed Alkali, as calcined Wine-
lees, or Nitre fixed with Tartar; and then raife the
fire fufficiently to make the whole flow. After the
fufion is completed you will find a button of Gold at
the bottom of the crucible under the falts.

Fulminating Gold may alfo be reduced by pour-
ing on it a fufficient quantity of Fixed Alkali redu-
ced to a liquor, or of Oil of Vitriol, evaporating all
the moifture, and gradually throwing what remains,
mixed up with fome pinguious matter, into a cruci-
ble kept red-hot in a furnace. The reafon why thefe
fubftances deprive the Gold of its fulminating qua-
lity depends on the caufes that produce the fulmi-
nation.

Gold may alfobe feparated from Agua regis, and pre-
cipitated by the means of feveral metallic fubftances
that have a greater affinity, either with Agua regis, or
- withone of the two Acids that compofe it. Mercuryis
one of the fitteft for this purpofe. On dropping a folu-
X ticn
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tion of Mercury in the Nitrous Acid by little and lit-
tle into a folution of Gold, the mixture becomes
turbid, and a precipitate is formed. Continue drop-
ping in more of the folution of Mercury till no more
precipitate falls; then let the liquor ftand to fettle,
and at the bottom of it you will find a fediment,
which is the precipitated Gold: pour off the liquor
by inclination, and wafh the precipitate with fair
water. .

Mercury hath a greater affinity with the Marine
than with the Nitrous Acid. The affinity which
Mercury hath with the Marine Acid is alfo greater-
than that of Gold with the Marine Acid ; for un-
lefs this Acid be affociated either with the Nitrous
Acid, or at leaft with a certain proportion of Phlo-
gifton, it will not diffolve Gold. Hence it comes
that when a folution of Mercury in the Nitrous Acid
is dropped into a folution of Gold in Agua regis, the
Mercury unites with the Acid of Sea-falt, which is
an ingredient in the Agua regis : but the Marine Acid
cannot on this occafion join the Mercury, without |
deferting the Gold and the Nitrous Acid with which |
it was united ; and then the Gold, which cannot be
kept in folution by the Nitrous Acid alone, is forc-
ed to quit its folvent and precipitate. The liquor
therefore, that now floats over the Gold thus precipi-
tated, muft contain Mercury united with the Acid
of sea-falt; and in fact it yields a true Corrofive
Sublimate, which is known to be a combination of
Mercury with the Marine Acid.

Mercury diffolved in Spirit of Nitre is employed
to procure the precipitation we are {peaking of ; be-
caufe ‘metallic fubftances, when fo comminuted
by an Acid, are much fitter for fuch experiments
than when they are in a concrete form.

Gold precipitated in this manner by a metallic
fubftance doth not fulminate.

PR O-




PracTice ¢f CHYMISsTRY. 307

=r

g Sl
To d fJolve Gold by Liver of Sulpbur.

/A 1 X together equal parts of common Brim-
. ftone, and a very ftrong Fixed Alkali; for

inftance, Nitre fixed bycharcoal. Put themin acruci-
ble, and melt the mixture, ftirrin= itfrom timeto time
with a {mall rod. There is no occafion to make the
fire very brifk, becaufe the Sulphur facilitates the
fufion of the Fixed Alkali. Some fulphureous va-
pours will rife from the crucible : the two fubftances
will mix intimately together, and form a reddifh
compound. Then throw into the crucible fome
lictle pieces of Gold beat into thin plates, fo thar the
whole do not exceed in weight one third part of the
Liver of Sulphur: raife the fire a little.” As foon
as the Liver of Sulphur is perfeitly melted, it will
| begin to diffolve the Gold with ebullition ; and will
| even emit fome fathes of fire. In the fpace of a few
| minutes the Gold will be entirely diffolved, elpeci-
| ally if it was cuc and flatted into fmall thin Teaves.

OBSERVATIONS.

The procefs here delivered is taken from M.
Stahl.  The defign of that ingenious Chymift’s en-
quiries was to difcover how Mofes could burn the
golden calf, which the Ifraclites had fet up and wor-
fhipped while he was on the mount; how he could
fterwards reduce that calf to powder, throw it into
the water which the people ufed, and make all
who had apoftatized drink thereof, as related in
the Book of Exodus.

M. Stahl, having firft obferved that Gold is ab-
folutely inalterable and indeftruétible by the force ot
fire alone, be it ever fo violent, concludes, that
without a miracle Mofes could not poffibly perform

X 2 the
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the above mentioned operations on the golden calf
any way but by mixing with the Gold fome matter
qualified to alter and diffolve it. He then takes no-
tice that pure Sulphur does not act upon Gold at
all, and that many other fubftances, which are
thought capable of dividing and diffolving it, can-
not however do it fo completely as is neceffary to
render that metal fufceptible of the effefts related. He
then gives the method of diffolving it by Liver of
Sulphur defcribed in the procefs.

Liver of Sulphur diffolves likewife all the other
métals : but M. Stahl obferves that it attenuates
Gold more than any other metallic fubftance, and
unites with it much more intimately than with the
reft. This appears from what happens on attempting
to diflolve in water any of the mixts refulting from
the union of another metal with Liver of Sulphur :
for then the metal feparates, and appears in the form
of a powder or fine calx ; whereas, when Gold is
united with Liver of Sulphur, the whole compound
diffolves in water fo perfectly, that the Gold even
pafles with the Liver of Sulphur through the pores
of filtering paper. |

If an Acid be poured into a folution of this com-
bination of Gold with Liver of Sulphur, the Acid .
unites with the Alkali of the Hepar, and the Gold
falls to the bottom of the liquor along with the
Sulphur, which doth not quit it. The Sulphur thus
precipitated with the Gold s eafily carried off by a
flight torrefaction, after which the Gold remains ex-
ceedingly comminuted. The Sulphur of this com-
pound may alfo be deftroyed by torrefaction, with-
out the trouble of a previous folution and precipi-
tation, and then alfo the Gold remains fo attenuated
as to be mifcible with liquors, and floats on them,
or fwims in them, in fuch a manner that it may
calily be fwallowed with them in drinking. From
all this M. Stahl concludes there is great reafon to

believe
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believe it was by means of the Liver of Sulphur
that Mofes divided, and in 2 manner calcined, the
golden calf, fo that he could mingle it with water,
and make the Ifraclites drink it.

PROCESS IV.

To feparate Gold from al] other metallic Subffances by
means of Antimony.
AVING put the Gold you intend to purify
into a crucible, fetitin a melting furnace,
cover it, and make the Gold flow. When the me-
tal is in fufion caft uponit, by a little at a time, twice
its weight of pure crude Antimony in powder, and
after each projection cover the crucible again imme-
_ diately : this done keep the matter in fufion for a
few minutes. When you perceive that the metallic
mixture is perfetly melted, and that its furface be-
gins to {parkle, pour it out into a hollow iron
~ cone, previoufly heated, and fmeared on the in-
fide with tallow. Immediately ftrike with a ham-
mer the floor on which the cone ftands ; and when
allis cold, or at leaft fufficiently fixed, invert the cone
- and ftrike it : the whole metallic mafs will fall out,
and the under part thereof, which was at the point
of the cone, will be a Regulus more or lefs yellow
as the Gold was more or lefs pure. On ftriking
the metallic mafs the Regulus will freely part from
the fulphureous cruft at top.

Return this Regulus into the crucible, and melt
it. Lefs fire will do now than was required before.
Add the fame quantity of Antimony, and proceed
as at firlt. Repeat the fame operation a third time,
if your Gold be very impure.

Then put your Regulus into a good crucible,
- much larger than is neceffary to hold it. ~ Set your

crucible in a melting furnace, and heat the matter
X 2 but
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but juft enough to make it low, with a fmooth, bril-
liant furface. When you find it thus conditioned,

point towards it the nofe of a long-fnouted pair of

bellows, and therewith keep gengy and conftantly

blowing. There will arife from the crucible a confide-

rable fmoke, which will abate greatly when you ceafe

to blow, and increafe as foon as you begin again,

You muft raife the fire gradually as you approach

towards the end of the operation. If the furface

of the metal lofe its brilliant polith, and feem co-
vered with a hard cruft, ’tis a fign the fire is

too weak ; in which cafe it muft be increafed, till

the furface recover its fhining appearance. At laft,

when no more {moke rifes, and the furface of the

Gold looks neat and greenifh, caft on it, by litie

and lictle, fome pulverized Nitre, or a mixture of

Nitre and Borax. The matter will fwell up. Con-

tinue thus adding more Nitre gradually, till nocom-
motion is thereby produced in the crucible; and then

let the whole cool. If you find, when the Gold is

cold, that it is not tough enough, melt it over

again ; when it begins to melt caft in the fame .
Salts as before ; and repeat this till it be perfectly
dudtile.

OBSERFATIONS.

AxTtimony isacompound, confifting of a femi-
metallic part united with about a fourth part of
its weight of common Sulphur. It appears, in the
ninth column of the Table of Affinities, that all
the metals, Mercury and Gold excepted, have a
greater affinity than the reguline part of Antimony
with Sulphur. If therefore Gold, adulterated with
a mixture of Copper, Silver, or any other metal,
be melted with Antimony, thofe metals will unite
with the Sulphur of the Antimony, and feparate it
from the reguline part, which being thus fer free
will combine and be blended with the Gold. Thefe

two




PracTiIcE of CHYMISTRY. 31T

two metallic fubftances, forming a mafs far heavier
than the other metals mixed with the fulphur, fall
together to the bottom of the crucible in the form
of a Regulus, while the others float over them like
a fort of fcoria or flag : and thus the Gold is freed
from all alloy but the reguling part of the Anti-
mony.

As al] the other metals have a great affinity with
Sulphur, and Gold is the only one that is capable
of refifting its action, one would think Sulphur
alone might be fufficient to free it from the metals
combined with it, and that it would therefore be
better to employ pure Sulphur, in this operation,
than to make ufe of Antimony ; the reguline part
of which remaining united with the Gold re-
quires another long and laborious operation to get
rid of it.

Indeed, ftrictly fpeaking, Sulphur alone would
be fufficient to produce the defired feparation : but
it is proper so obferve that, as Sulphur alone is very
combuftible, moft of it would be confumed in the
operation before it could have an opportunity to
unite with the metallic fubftances ; whereas when it
is combined with the Regulus of Antimony, itis
thereby enabled to bear the attion of the fire much
longer without burning, and confequently is much
fitter for the purpofe in queftion. Befides, if we
were to make ufe of pure Sulphur, a great part of
the Gold, which is keptin perfect fufion, and its pre-
cipitation facilitated, by the Regulus of Antimony,
would remain confounded with the fulphureous {coria.

Neverthelefs, feeing the metals with which Goid
is alloyed cannot be feparated from it by Antimony,
. but that a quantity of Regulus proportioned to the
quantity of the metals fo feparated will unite with
the Gold, and that the more Regulus combines with
the Gold, the more tedious, chargeable, and labo-
rious will the operation prove, this confideration

X 4 ought
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ought to have fome influence in directing our pro-
cei%. Therefore, if the Gold be very impure, and
worfe than fixteen carats, we mufl not mix it
with crude Antimony alone, but add two drams of
pure Sulphur for every carat the Gold wants of
fixteen, and leflen the quantity of Antimony in
proportion to that of the real Gold.

It is neceffary to keep the crucible clofe covered,
after mixing the Antimony with the Gold, to pre-
vent any coals from falling into it : for, if that
fhould happen, the melted mafs would puft up con-
{iderably, and might perhaps run over.

The infide of the cone, into which you pour the
melted metallic mafs, ‘muft be greafed with tallow,
to prevent its fticking thereto, and that it may come
eafily out. Striking the floor, on which the cone
with the melted meral ftands, helps the precipita-
tion and defcent of the Regulus of Gold and Anti-
mony to the bottom of the cone.

Lefs fire is requifite to melt this compound Re-
gulus, in order to add frefh Antimony, than was
neceflary before the Gold was mixed with the regu-
line part of the Antimony ; becaufe this metallic
fubftance, being much more fufible than Gold, pro-
motes its meleing.  The Antimony is mixed with
the Gold by repeated projections, that the feparation
of the metals may be accomplifhed with the greater
eafe and accuracy.  Yet che operation might be fiic-
cefsfully performed; by putting in all the Antimony
atonce, and with one melting only.

The metalline mafs found at the bottom of the
cone after all thefe operations, is a mixture of Gold
with the reguline part of the A ntimony. Ail the reft
of the procefs confifls only in leparating this reguline
part from the Gold. As Gold is the moft fixed of
all metals, and as the Regulus of Antimony cannot
bear the violence of fire without flying off in va-
pours, nothing more is neceflary for this purpht}fﬂ
but
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but to expofe the compound, as direted in the pro-
cefs, to a heat ftrong enough, and long enough
continued, to diffipate all the Regulus of Antimo-
ny. This femi-metal exhales in the form of a very
thick white fmoke. It is proper to blow gently into
the crucible during the whole operation ; becaufe the
immediate contalt of the frefh air inceffantly thrown
in promotes and confiderably encreafes the evapora-
tion : and this is a general rule applicable to all eva-
porations. .

The fire muft be gradually raifed as the Regulus
of Antimony is diffipated, and the operation draws
toward an end ; becaufe the mixed mals of Regu-
lus of Antimony and Gold becomes fo much the
lefsfufible as the proportion of the Regulus is lefiened.
Though the Regulus of Antimony be feparated
from the Gold in this operation, becaufe the latter
is of fuch a fixed nature that it cannot be volatilized
by the degree of fire which diffipates the Regulus ;
yet, asthe Regulus is very volatile, it will undoubt-
edly carry up fome of the Gold along with it, ef-
pecially if you hurry on the evaporation too faft,
by applying too great a degree of fire, by blowing
too brifkly into the crucible, and ftill more if you
evaporate your mixture in a broad flat veflel inftead
of a crucible. - All thele things muft therefore be
avoided, if you would lofe no more Gold than you
needs muft.

However, unlefs the evaporation be carried to
the utmoft, by the means above pointed out, a fmall
portion of the Regulus of Antimony will always
remain combined with the Gold. which defends it
from the aétion of the fire. This fmall portion of Re-
gulus hinders the Gold from being perfectly pure and
ductile. In order therefore to confume and fcarify
it we caft Nitre into the crucible when we perceive it
fo emit no more white vapours,

We.
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We know that Nitre has the property of reda-
cing all metallic fabftances to a calx, Gold and Sil-
ver excepted ; becaufe it deflagrates with the phlo-
gifton to which their metalline form is owing : but
as this accenfion of the Nitre occafions a tumid effer-
vefcence, care muft be taken to throw it in but by
hittle and little ar atime ; for if too much be pro-
je€ted at once the melted matter will run over.

This operation might be confiderably abridged
by taking advantage of the property which Nitre
poflefies of thus confuming the phlogifton of metal-
lic fubftances ; as by means thereof we might deftroy
all the Regulus of Antimony incorporated with the
Gold, without having recourfe to a long and tedious
evaporation. But then we fhould at the fame time
lofe a much greater quantity of Gold, by reafon of
the tumule and ebullition which are infeparable from
the detonation of Nitre. On the whole therefore,
if Nitre be made ufe of to purify Gold, great care
muft be taken to apply but very little of it at a
time.

Allthe Silver that was mixed with the Gold, and
indeed a little of the Gold itfelf, remains confound-
ed with the fulphureous fcoria, which floats upon
the Golden Regulus aftef the addition of the Anti-
mony : we fhall thew in the Chapter on Silver how
thele two metals are to be feparated from the Sul-
phur,

CHAP. 3
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C-FlsA B 1l
Of S1LvER,

FPROLCESS L

To [eparate Silver from its Ore, by means of Scori-
fication with Iead,

EAT to powder in an iron mortar tlie ore from
which you mean to feparate the Silver, having
firlt roafted it well in order to free it from all the
Sulphur and Arfenic that it may contain. Weigh
it exactly : then weigh out by itfelf eight times as
much granulated Lead. Put one half of this Lead
into a teft, and {pread it equally thereon : upon this
Lead lay your ore, and cover it quite over with the
remaining half of the Lead.

Place the teft thus loaded under the further end
of the muffle in a cupelling furnace. Light your
fire, and increafe it by degrees. If you look through
one of the apertures in the door of the furnace you
will perceive the ore, covered with calcined Lead,
fwim upon the melted Lead. Prefently afterwards
- it will grow foft, melt, and be thrown towards the
fides of the veflel, the furface of the Lead appear-
ing in the midft thereof bright and thining like a
luminous difc : the Lead will then begin to boil,
and emit fumes. As foon as this happens the fire
muft be a little checked, fo that the ebullition of
the Lead may almolt entirely ceafe for about a quar-
ter of an hour. After this it mult be excited to the
degree it was at before, fo that the I.ead may begin
again to boil and fmoke. TIts thining furface will
gradually leffen, and be covered with feorie. Stir
the whole with an iron hook, and draw in towards

the
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the middle what you obferve towards the fides of the
veflel; to theend that, if any part of the ore fhould
ftill remain undiffolved by the Lead, it may be mix-
ed therewith.

When you perceive that the matter is in perfe&
fulion, that the greateft part of what fticks to the
iron hook, when you dip it in the melted matter,
feparates from it again, and drops back into the vef-
fel 5 and that the extremity of this inftrument when
grown cold, appears varnifbed over with: a thin,
fmooth, fhining cruft; you may look on thefe as marks
that the bufinefs is done, and the more uniform
and evenly the colour of the cruft is, the mose per-
fect may you judge the fcorification to be.
~Matters being brought to this pafs, take the teft
with a pair of tongs from under the muffle, and pour
its whole contents into an iron cone, firft heated
and greafed with tallow. This whole operation lafts
about three quarters of an hour. 'When all is cold,
the blow of a hammer will part the Regulus from
the fcoria; and as it is not pofiible, how perfect fo-
ever the {corification be, to avoid leaving a little
Lead containing Silver in the fcoria, it is proper to
pulverife this fcoria, and feparate therefrom whatever
extends under the hammer, in order to add jt to the
Regulus, -

OBSERVATIONS.

Silver, as well as Gold, is often found quite pure,
and under its metalline form, in the bowels of the
carth ; and in that cafe it may be feparated from
the flones or fand, in which it is lodged, by fimple
wathing, or by Amalgamation with Mercury, in
the fame manner as before directed for Gold.  But
it alfo happens frequently that Silver is combined in
the ore with other metallic fubltances and minerals,
which will not admit of this procefs, but force us to
employ other methods of feparating it from theng.

| Silver
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Sulphur and Arfenic are the fubftances to which
Silver and the other metals ufually owe their mineral
ftate. Thefe two matters are never very clofely
united with Silver ; but may be pretty eafily fepa-
rated from it by the altion of fire, and the addition
of Lead. If Arfenic be predominant in a Silver
ore, it will unite with the Lead by the help of a
pretty moderate heat, and quickly convert a confi-
derable quantity thereof into a penetrating fufible
glafs, which has the property of fcorifying with eale
all fubftances that are capable of {corification, -

When Sulphur predominates, the {corification pro-
ceeds more flowly, and doth not always fucceed;
becaufe that mineral combined with Lead leffens its
fufibility, and retards its vitrification. In this cafe
part of the Sulphur muft be diffipated by roafting -
the other part unites with the Lead ; and that, be.
ing rendered lighter by this union, floats on the reft
of the mixture, which chiefly contains the Silver.
At laft the joint attion of the air and of the fire,
diffipates the portion of Sulphur that had united with
the Lead : the Lead vitrifies and reduces to a {ce-
ria whatever is not either Silver or Gold : and thus
the Silver being difentangled from the heterogeneous
matters with which it was united, one part thereof
being diffipated and the other vitrified, combines
with the portion of Lead which is not vitrified, and
falls through the fcoria, which to favour its defcent
muit be in perfect fufion.

The whole procefs therefore confifts of three dif-
tint operations. The firtt is Roafting. which difii-
pates fome of thevolatile fubftances found united wich
the Silver: the fecond is Scorificaticn, or the Vitri-
fication of the fixed matters allo united with the Sil-
ver, fuch as fand, ftones, metals, &c. 'and the third
is Precipitation, or the feparation of the Silver from
the fcoria. The two firft are, as hath been fhewn,
preparatives for the laft, and indeed produce it.

As
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As every thing we faid concerning Gold, when
we treated of the procefs of Amalgamation, is to be
applied to Silver, which may be extra&ed by the
fame method when it is in its metalline form ; in the
fame manner all we now advance touching the me-
thod of extracting Silver by Scorification, when it is
depraved with a mixture of heterogeneous matters,
is equally applicable to Gold in the fame circum-
ftances : and indeed Silver almoft always contains
more or lefs Gold naturally. '

In the procefs we directed that the ore thould he
pulverized before it be expofed to the fire, with a
view to enlarge its furface, and by that means faci-
litate the action of the Lead upon it, as well as the
evaporation of its volatile parts.

We recommended the precaution of flackening the
fire a little at the beginning of the operation, only
to prevent the Lead from being too haftily convert-
ed into litharge, left it thould penetrate and corrode
the teft before it had wholly diffolved the ore: but
if we were perfectly certain of the veflel’s being fo
good as to be in no danger of penetration by the
l.ead, this precaution would be needlefs.

It is proper to add eight parts of Lead for one of
ore; though fo much isnotalways abfolutely neceffary,
efpecially when the ore is very fufible. The fuccefs
of this operation depends chiefly on the completenefs
of the Scorification; and therefore the addition of
more Lead than enough is attended with no incon-
venience : for, asit always promotes the fcorification,
it can never do any harm.

If the ore be mixed with fuch earthy and {tony
parts as cannot be feparated from it by wathing, it
15 the more difficult of fufion, even though the ftones
fhould be fuch as are moft difpofed to vitrify ; be-
caufe the moft fufible earths and fiones are always
lefs fo than moft metallic fubftances. In that cafe
it will be neceflary, for effecting the Scorification,

to
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to mix thoroughly with the pulverized ore an equal
quantity of Glafs of Lead, to add twelve times as
much granulated Lead, and then to proceed as di-
reCted for a fufible ore expofing the mixture to a
degree of fire ftrong enough, and long enough kept
up, to give the fcoria all the properties above re-
quired as {igns of a perfect feorification,

Silver ore is fometimes mixed with pyrites, and
the ore of Arfenic, or cobalt, which alfo make it
refractory.  As the pyrites contain a large quantity
of Sulphur, which is very volatile as well as Arlenic ;
in this cafe it is proper to begin with freeing the ore
from thefe two extraneous fubftances. - This is eafily
done by roafting : only be fure, when you firft expofe
the ore to the heat, to cover the vefiel in which you
roaft it, for fome minutes, with an inverted vefiel
of the fame width ; becaule fuch forts of ore are very
apt to fly when they firlt feel the heat.

After this uncover it, and leave it expofed to the
fire till no more fulphureous or arfenical matters rife.
‘Then mix it with the fame quantity of Glafs of Lead
as we ordered for ores rendered refraltory by the ad-
mixture of earths or ftones, and proceed in the fame
manner.

It is the more neceffary to roaft Silver ore infefted
with Sulphur and Arfenic, becaufe, as Sulphur ob-
{truts the fuiion of L.ead, it cannot but do hurt, and
protract the operation ; and Arfenic does mifchief,
on the other hand, by fcorifying a very g eat quantity
of Lead too haftily. _

When the Sulphur and Arfenic are diffipated by
roafting, the ore muft be treated like thac which is
rendered refratory by ftony and earthy martters ;
for as the pyrites contain much iron, there remains,
after the Sulphur is evaporated, a confiderable quan-
tity of marual earth, which is difficult to {corify.
The pyrites, as well as the cobalts, contain more -
over an unmetallic earth, which is hard to fufe.

4 The
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The general rule therefore is, when the ore ié
rendered refractory by any caufe whatever, to mix
it with Glafs of Lead, and to add a larger quantity
of granulated Lead. Yet fome ores are o refractory
that Lead alone will not do the bufinefs, and re-
courfe muft be had to fome other flux. That which
is fitteft for the prefent purpofe is the Black Fiux,
compofed of one part of Nitre and two parts of Tar-
tar deflagrated together. 'The Phlogifton contained
in this quantity of Tartar is more than fufficient to
alkalizate the Nitre. This Flux therefore is nothing
more than Nitre alkalizated by Tartar, mixed with
fome of the fame Tartar that hath not loft its Phlo-
gifton, and is only reduced to a fort of coal.

‘The White Flux is alfo very fit to promote fufion ;
but on this occafion the Black Flux is preferable,
becaufe the Phlogifton of the Black Flux prevents
the Lead from being too foon converted to litharge,
and fo gives it time to diffolve the metallic matters,
The White Flux, which is the refult of equal parts
of Tartar and Nitre alkalizated together, being no
more than an Alkali deftitute of Phlogifton, or con-
taining but very little, doth not poffefs this advan-
tage.

gIf Silver fhould be combined in the ore with
Iron in its metalline ftate, which however does not
commonly happen, then, in order to feparate them,
the Iron muft be deprived of its Phlogifton, and con-
verted to a crocus before the mixed mafs be melted
with Lead; which may be done by diffolving it in
the Vitriolic Acid, and then evaporating the Acid.

We are neceffitated to make ufe of this contri-
vance, becaufe Iron in its metalline form cannor be
diffolved either by Lead or by the Glafs of Lead ;
but when it is reduced to a calx, litharge unites with
it and {corifies it.

If you have not at hand the utenfils neceffary for
performing the operation we have been defcribing ii’rn

a teft,
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a teft, and under the muffle ; orif you have a mind
to work on'a greater quantity of ore ar a time, you
may make ufe of a crucible for the purpofe, and
perform the operation in a melting furnace,

In this cafe the ore muft be prepared, as above
directed, according to its nature, and mixed with a
proper quantity of Lead and Glafs of Lead; the
whole put into a good crucible, leaving two thirds
thereof empty, and covered with a mixrure of Sea-
falt and a lictle Borax, both very dry, to the thick-
nefs of a full half inch.

This being done, fet the crucible in the mid@t of
a melting furnace ; raife the coals quite to the lip of
the crucible ; light the fire ; cover the furnace with
its dome ; but do not urge the fire more than is ne-
ceflary to bring the mixture to perfe@ fufion : leave
it thus in fufion for a good quarter of an hour; fir
the whole with a bit of ftrong iron wire ; then let it
cool; break the crucible, and feparate the Regulus
from the fcoria.

The Salts added on this occafion are fluxes, and
their ufe is to procure a perfect fufion of the feoria.

If the melted matters be left expofed to the
fire, either in a teft, orin a crucible, longer than
is above prefcribed, the portion of Lead that hath
united and precipitated with the Silver will at laft
vitrify, and at the fame time fcorify.all the alloy with
which that metal may be mixed. But as there are no
veflels that can long endure the afion of litharge,
without being pierced like a fieve, fome of the Silver
may efcape through the holes or fiffures of the vef-
fel, and fo be loft. It is better therefore to com-
plete the purification of your Silver by the operation.
of the Cupel, the defcription of which follows,

X PR O-
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PROGESSTL
The refining of Silver by the Cupel.

AKX E a cupel capable of containing one third

more matter than you have to put into it: fet

it under the muffle of a furnace like that defcribed in

our Theoretical Elements, as peculiarly appropriat-

ed to this fort of operation. Fill the furnace with

charcoal ; light it; make the cupel red-hot, and

keep it fo till all its moifture be evaporared ; that is,

for about a good quarter of an hour, if the cupel be

made wholly of the afhes of burnt bones ; and for a

whole hour, if there be any wathed wood-ath in its
compofition.

Reduce the Regulus which remained after the pre-
ceding operation to little thin plates, flatting them
with a {mall hammer, and feparating them carefully
from all the adherent fcoria. Wrap thefe in a bit of
paper, and with a fmall pair of tongs put them gent-
ly into the cupel. 'When the paper is confumed the
Regulus will foon melt, and the fcoria, which will
be gradually produced by the Lead as it turns to li-
tharge, will be driven to the fides of the cupel, and
immediately ablorbed thereby. At the fame time
the cupel will affume a yellow, brown, or blackifh
colour, according to the quantity and nature of the
fcoria imbibed by it.

When you fee the matter in the cupel in a vio-
lent ebullition, and emitting much {moke, lower
the fire by the methods formerly prefcribed. Keep
up fuch a degree of heat only that the fmoke which
afcends from the matter may rot rife very high, and
that you may be able to diftinguifh the colour which
the cupel acquires from the fcoria,

Increafe the fire by degrees, as more and more
litharge is formed and abforbed. If the Regu-

lus
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lus examined by this affay contain no Silver,
you will fee it turn wholly into fcoria, and at
laft difappear. 'When it contains Silver, and the
quantity of Lead is much diminithed, you will per-
ceive little vivid irifes, or beautiful rain-bow colours,
fhooting fwiftly along its furface, and croffing each
other in many different directions. At laft, when
all the Lead is deftroyed, the thin dark fkin, that is
continually protruded by the Lead while it is turn-
ing into litharge, and which hitherto covered the
Silver, fuddenly difappears ; and, if at this moment
the fire happen not to be ftrong enough to keep the
Silver in fufion, the furface of that metal will at
once dart out a dazling {plendour : but, if the fire be
ftrong enough to keep the Silver in fufion, though
freed from all mixture of Lead, this change of co-
lour, which is called its fulguration, will not be fo
perceptible, and the Silver will appear like a bead
of fire.

Thefe phenomena fhew that the operation is fi-
nithed. But the cupel muft ftill be left 2 minute or
two under the muffle, and then drawn flowly out
with the iron hook towards the door of the furnace.
When the Silver is fo cooled as to be but moderately
red, you may take the cupel from under the mufie
with your lictle tongs, and in the middle of its cavity
you will find an exceeding white bead of Silver, the
lower part whereof will be unequal, and full of little
pits.

OBSERVATIONSG.

T'rE Regulus obtained by the former procefs con-
fifts altogether of the Silver contained in the ore,
alloyed with the other metals that happened to be
mixed therewith in its mineral ftate, and a good
deal of the Lead that was added to precipitate the
Silver. The operation of the cupel may be confi-
dered as the fequel of that procefs, being intended
only to reduce into a fcoria whatever is not Gold or

X 2 Silver,
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Silver. Lead being of all metals that which vitrifies
the moft eafily, which moft promotes the vitrifica-
tion of the reft, and the only one which, when vi-
trified, penetrates the cupel, and carries along with
it the other metals which it hath vitrified, is confe-
quently the fitteft for that purpofe. =~ We fhall fee
in its place that Bifmuth hath the fame properties
with Lead, and may be fubftituted for it in this ope-
ration.

Care muft be taken to choofe a cupel of a proper
capacity. Indeed it fhould rather be too big than
too little : becaufe the operation is no way prejudiced
by an excefs in its fize; whereas if it be too {mall it
will be over-dofed with Lead, and at laft the li-
tharge, which deftroys every thing, will corrode its
cavity, and eat holes through the very body of the
veflel. Add that the athes, of which the cupel is
made, being once glutted with litharge, abforb it af-
terwards but flowly, and that the quantity of this
vitrified litharge, becoming too great to be contained
in the fubftance of the veflel, exfudes through it,
and drops on the floor of the muffle, which it cor-
rodes and renders uhequal ; and moreover folders
to it the veffels fet thereon. It may be laid down
as a general rule for determining the fize of a cupel,
that it weigh at leaft half as much as the metallic
mafs to be refined in it.

It is alfo of the utmoft confequence that the cupel
be well dried before the metal be putinto it. In
order to make fure of this point it muft be kept
red-hot for a certain time, as is above direfed : for
though to the fight and to the touch they appear very
dry, they neverthelefs obftinately retain a fmall mat-
ter of moifture, fufficient to occafion the lofs of fome
of the metal ; which, when it comes to melt, will be
thereby fpirted up, in the form of little globules, to
the very roof of the muffle. The cupels, that ftand
moft in need of an intenfe heat to dry them, are thofe

chiefly
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chiefly in whofe compofition wood-athes are employ-
ed: for whatever care be taken to lixiviate thofe
afhes before they are ufed, they will ftill retain a lit-
tle alkaline falt ; and that, we know, is very greedy
of moifture, will not part entirely with it but by the
means of a violent calcination, and prefently re-im-
bibes it when expofed to the air.

A little Phlogifton alfo may ftill be left in the athes
of which the cupels are made ; and that is another
reafon for calcining them before they are ufed. By
this means the remaining Phlogifton is diffipated,
which might otherwife combine with the litharge
during the operation, reduceit, and occafion fuch a
ferment in the matter as to make fome of it run
over : to thefe inconveniencies, which any remain-
der of moifture or Phlogifton may produce, we muft
add the cracks and flaws which are very incident to
cupels not perfectly freed from both thofe matters.

Itis of no lefs importance to the fuccefs of this
operation, that a due degree of heat be kept up, In
the procefs we have defcribed the marks which fhew
the heat to be neither too ftrong nor too weak : when
it exceeds in either of thefe refpects may be known
by the following figns.

If the fume emitted by the Lead rife like a fpout
to the roof of the muffle; if the {furface of the melt-
ed metal be extremely convex, confidering the quan-
tity of the mafs; if the cupel appear of fuch a white
heat that the colour communicated thereto by the
imbibed fcoria cannot be diftinguifhed : all thefe fhew
that the heat is too great, and that it ought to be
diminithed. If on'the contrary the vapours only ho-
ver, as it were, over the furface of the metal; if the
melted mafs be very flat, confidering its quantity ;
if its ebullition appear but faint ; if the feorie, that
appear like little fiery drops of rain, have buta lan-
guid motion; if the {coria gather in heaps, and do
not penetrate the cupel; if the metal be covered with

1.3 it
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it as with a glaffy coat ; and laftly, if the cupel
look dull; thefe are proofs that the heat is too weak
and ought to be encreafed.

The defign of this operation being to convert the
I ead into litharge, and to give it fufficient time and
opportunity to fcorify and carry off with it whatever
is not Gold or Silver; the fire muft be kept up to
{uch a degree that the I.cad may eafily be turned in-
to litharge, and yet that litharge not be abforbed too.
haftily by the cupel, but that a fmall quantity there-
of may all along remain like a ring round the melt-
ed metal.

The fire is to be gradually increafed as the opera-
tion draws nearer to its end : for, asthe proportion
of the Lead to the Silver is continually leflening, the
metallic mafs gradually becomes lefs fufible ; while
the Silver defends the Lead mixed with it from the
action of the fire, and prevents its being eafily con-
verted into litharge.

When the operation is finithed, the cupel muft
{till be left under the muffle till it has imbibed all
the litharge, to the end that the bead of Silver may
be calily taken out : for, without this precaution, it
would ftick fo faft as not to be removed, but by
breaking off part of the cupel along with it. Care
muit alfo be taken tolet this bead of Silver cool gra-
dually, and be perfe@tly fixed before you draw it
from under the muffle : for if you expofe it at once
10 the cold air, before it be fixed, it wiil fwell,
fhoot into {prigs, and even dart out feveral little
grains to a confiderable diftance, which will be loft.

If the bead appear to have a yellowifh tinge, ’tis a
fign that it contains a great deal of Gold, which muft
be feparated from it by the methods to be hereafter
fhewn. |

It is proper to obferve that there is fcarce an
Lead that does not contain fome Silver; too little
perhaps to defray the charges neceffary to feparate it,

yet
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yet confiderable enough to lead us into an error, by
mixing with the Silver obtained from an ore, and
increafing its weight. And therefore, when the ope-
rations above defcribed are applied to the affaying of
an ore, in order to know how much Silver it yields,
it is previoufly neceffary to examine the Lead to be
ufed, and to afcertain the quantity of Silver it con-
tains, which muft be deducted from the total weight
of the bead of Silver obtained by purifying it in this

manner.
Silver may be feparated from its ore, and at the

fame time refined, by the fingle operation of the cu-
pel, without any previous fcorification with Liead.
In order to do this, you muft pound the ore; roaft
it, to diffipate all its volatile parts ; mix it with an
equal quantity of litharge, if it be refractory ; divide
it into five or fix parcels, wrapping each in a bit of
paper; weigh out eight parts of granulated Lead for
one of ore, if it be fufible, and from twelve to fix-
teen, if it be refradtory ; put one half of the Lead into
a very large cupel under the muffle ; add thereto one
of the little parcels of ore, when the Lead begins to
fmoke and boil ; immediately flacken the fire a lit-
tle ; continue the fame degree of heat till you perceive
that the litharge formed round the metal, and on its
furface, begins to look bright then raife the fire 3
add a frefh parcel of ore ; continue proceeding in the
fame manner till you have put in all the ore; then
~ add the remaining half of the granulated Lead, and

conduét the fucceeding part of the operation in the
- fame manner as that of cupelling.

In this operation it is neceffary that the fire be not
too ftrongly urged, and that it be diminifhed every
time you add a frefh parcel of ore ; that {o the Lead
~ and the litharge may have time to diffolve, {fcorify,
and carry off into the pores of the cupel, all the ad-
ventitious matters with which your Silver may be

mixed, Notwithftanding this precaution, when the
j Y 4 ore
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ore is refractory, there often gathers in the cupel a
great quantity of {coria, together alfo with fome of
the ore that could not be diffulved and fcorified.
It is with a view to remedy this inconvenience that
the fecond moiety of the Lead is added towards the
end, which completes the diffolution and fcorifica-
tion of the whole; fo that by means thereof no fco-
ria, or very little, is left in the cupel at the end of
the operation.

The operation of the cupel is chiefly ufed to pu-
rify Silver from the alloy of Copper ; becaufe this
metal, being more fixed and harder to calcine than
other metallic fubftances, is the only one that re-
mains united with Silver and Lead, after roafting and
fcorification with Lead. It requires no lefs than fix-
teen parts of Lead to deftroy it in the cupel, and fe-
parate it from Silver. It melts into one mafs with
the Lead ; and the glafs produced by thefe two me-
tals, deprived of their phlogifton, inclines to a
brown or ablack colour ; by which appearance chiefly
we know that our Silver was alloyed with Copper.

i .

PROCESSIN
To purify Silver by Nitre.
RANULATE the Silver you intend to pu-
rity, or reduce it to thin plates ; put it into
a fgﬂc}d crucible ; add thereto a fourth part in weight
o

very dry pulverized Nitre, mixed with half the
weight of the Nitre of calcined Wine-lees, and
about a fixth part of the fame weight of common
glafs in powder. Cover this crucible with another
crucible inverted ; which muft be of fuch a fize that
1ts mouth may enter a little way into that of the
lower one, and have its bottom pierced -with a hole
of about two lines in diameter. - Lute the LWO Cru=-
cidles together with clay and Windfor-loam, When

the
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the lute is dry, place the crucibles in a melting fur-
nace. Fill the furnace with charceal, taking care
however that they do not rife above the upper
crucible.

Kindle the fire, and make vour vefiels of a mid-
dling red heat.© When they are fo, take up with
the tongs a live coal, and hold it over the hole
~ of the upper crucible. If you immediately perceive
a vivid {plendour round the coal, and at the fame
time hear a gentle hiffing noife, itis a fign that the
fire is of a proper ftrength ; and it muft be kept up
at the fame degree till this phenomenon ceafe.

‘Then increafe the fire to the degree requifite to kee
pure Silver in fufion ; and immediately take your vef-
fels out of the furnace. You will find the Silver at
the bottom of the lower crucible, covered with a
mafs of alkaline fcoria of a greenifh colour. If
the metal be not rendered perfectly pure and ductile
by this operation, it muft be repeated a fecond time.

OBSERVATION S.

THae purification of Silver by Nitre, as well as
the procefs for refining it on the cupel, is founded
on the property which this metal poficfes of refiftin
the force of the ftrongeft fire, and the power of the
moft active folvents, without lofing its phlogifton.
The difference between thefe two operations confifls
wholly in the fubftances made ufe of to procure the
fcorification of the imperfect metals, or femi-metals,
that may be combined with the Silver. In the for-
mer this was obtained by L.ead, and here it is effeéted
by Nitre, This Salt, as we have fhewn, hath the pro-
perty of calcining and quickly deftroying all me-
tallic fubftances, by confuming their phlogifton, ex-
cept the perfect metals, Gold and Silver, which alone
are able to refift its force. This method may
therefore be employed to purify Gold as well as Sil-
ver, or indeed both the two mixed together.

In
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In this operation the Nitre is gradually alkali-
zated as its Acid is confumed with the phlogifton of
the metallic fubftances. The Alkaline Salt and
pounded glafs are added with a view to promote the
fufion of the metalline calxes as faft as they are
formed, and to fix and retain the Nitre, which, as
we fhall prefently fee, is apt to fly off in a certain
degrec of heat.

The precaution of covering the crucible with ano-
ther crucible inverted, which hath only a fmall hole
in its bottom, is defigned to prevent any of the Silver
from being loft in the operation : for when the Ni-
tre comes to be acted on by a certain degree of hear,
and efpecially when it deflagrates with any inflam-
mable matter, part of it flies off, and fo rapid-
ly too as to be capable of carrying off with it a
good deal of the Silver. The little hole left in the
covering crucible is neceffary for giving vent to the
vapours which rife during the deflagration ‘of the
Nitre, as they would otherwife open themfelves a pal-
fage by burfting the vefitls. After the operation
this vent-hole is found befer with many little parti-
cles of Silver, which would have been loft if the
crucible had not been covered.

If you fhould obferve, during the detonation of
the Nitre, that a great many vapours iffue through
the vent-hole with a confiderable hifling noife, even
without applying the coal, you muft take it for a
fign that the fire is too brifk, and accordingly check
it ; elfe a great deal of the Nitre will be diffipated,
and with it much Silver.

You muft obferve to take the Silver out of the
fire as foon as it is in fufion : forif you negle this,
the Nitre being entirely diffipated or alkalizated,
the calxes of the metals deftroyed by it may pofiibly
recover a little phlogifton, communicated either by
the vapours of the charcoal, or by little bits of coal

accidentally falling into the crucible ; by which
means
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means fome portion of thofe metals being reduced
will mix again with the Silver, prevent its having
the defired degree of purity and duéility, and ob-
lige you to begin the operation afrefh.

PROCESS IV.

To diffolve Silver in Aqua Fortis, and thereby [epa-

rate it from every other metalline Subflance. T he
Purification of Aqua Fortis. Silver precipitated

by Copper.

F E Silver you intend to diffolve being beaten
T into thin plates, put it into a glafs cucurbit;
pour on it twice its weight of good precipitated
Aqua Fortis 5 cover the cucurbit with a paper, and
et it on a fand-bath moderately heated. The Aqua
Furtis will begin to diffolve the vilver as foon as it
comes to be a little warm. Red vapours will rife 5
and from the upper furfaces of the Silver there will
foem to iflue ftreams of little bubbles, afcending to the
top of the liquor, between which and the Silver they
will form, as it were, a number of fine chains : this
is a fign that the diffolution proceeds duly, and that
the degree of heat is fuch as it ought to be. If the
liquor appear to boil and be agitated, a great many
red vapours rifing at the fame tme, it is a fign that
the heat is too great, and fhould be leflened till it
be reduced to the proper degree indicated above:
having obtained that, keep it equally up till no more
bubbles or red vapours appear.

'If your Silver be alloyed with Gold, the Gold
will be found, when the diffolution is finithed, at
che bottom of the veffel in the form of a powder.
The folution muft now be decanted while it 1s yet
warm : on the powder pour half as much freth Agua
Fortis as before, and make it boil ; again decant this

fecond Agua Fortis, and repeat the fame a third
3 time 3
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- time ; then with fair water wath the remaining pow-
der well : it will be of a brown colour inclining to
red. In the obfervations we fhall fhew how the Sil-
ver is to be feparated from the Agua Fortis.

QBSERFEATIONGS

AvrLL the procefits on Silver already delivered,
whether for extrating it from its ores, or for refin-
ing it, either by the Cupel or by Nitre, are applica-
ble to Gold alfo. And if Silver be alloyed with
Gold before it undergo thofe feveral operations,
it will ftill remain alloyed therewith after them, in
the fame manner, and in the fame quantity ; becaufe
both metals bear them equally.  All therefore, that
can be expected from thofe feveral aflays, is the fe-
paration of every thing that is neither Silver nor
Gold from thefe two metals. But in order to fe-

arate thefe two from ecach other, recourfe muit be
had cither to the procefs laid down under the head
of Gold, or to that here defcribed, which is the
moft commodious, the moft ufual, and known by
the names of Quartation and the Parting Affay.

Aqua Fortis is the true Solvent of Silver, and is
utterly incapable of diffolving the leaft atom of
Gold. If therefore a mafs confifting of Gold and
Silver be expofed to the attion of 4gua Fortis, that
Acid will diffolve the Silver contained in the com-

und, without touching the Gold, and the two
metals will be feparated from each other. This me-
thod of parting them is juft the reverfe of that
defcribed before under the head of Gold, which is
effected by the means of 4gza Regis.

To the fuccels of this {eparation by means of
Aqua Fortis {everal conditions are eflentially neceffary.
The firft is that the Gold and Silver be in due pro-
portion to each other; that is, there muft be at leaft
twice as much Silver as Gold in the meralline mafs,
otherwile the Zqua Foriis will not be able to diffolve

1t,
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it, for the reafon formerly given. If therefore

=T

the mafs contain too little Silver, it muft either be
melted down again, and a proper quantity of Silver

- added ; or elfe, if the Gold be in a fufficient pro-

e T e T il i i
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portion to the Silver, they may be parted by means
of Aqua Regis.

Secondly, it is neceflary that the dgua Fortis em-
ployed in this operation be abfolutely pure, and free
from any taint of the Vitriolic or Marine Acid : for,
if it be adulterated with the Vitriolic Aad, the Sil-
ver will precipitate as faft as it diffolves, and fo the
precipitated Silver will again mix with the Gold. If
the Aqua Fortis contain any of the Marine Acid,
the Silver will be precipitated in that cafe alfo ; and
this inconvenience will be attended with another,
namely, that the menftruum, being partly an Agna
Regis, will difiolve fome of the Gold. You muft
therefore be very fure that your Agua Fortis is pure
before you fet about the operation. In order to dif-
cover its quality, you muft try it by diffolving, in a
{mall portion thereof, as much Silver as it will take
up : if the Agua Fortis grow opaque and milky as
it diffolves the Silver, ’tis a fign it contains fome fo-
reign Acid, from which it muft be purified.

In order to effect this, let the portion of Agua
Fortis uled for the above trial ftand to fettle : the
white milky part will gradually fall to the bottom
of the veflel. When it is all fallen, gently decant
the clear liquor, and pour a few drops of this de-
canted folution of Silver into the Agua Fortis which
you want to purify. 1t will inftantly become milky.
Let the white particles precipitate as before, and
then add a few more drops of your folution of Silver.
If the Agqua Fortis fill become milky, let it preci-
pitate again, and repeat this till you find that a drop
of your Solution of Silver, let fall into this Agua
Fortis, does not make it in the leatt turbid, Then

filter
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filter it through brown paper, and you will have an
Aqua Fortis perfectly fit for the Parting Affay.

The white particles that appear and fettle to the
bottom, on diffolving Silver in an Agqua Fortis adul-
terated with a mixture of fome foreign Acid, are
no.other than that very Silver, which is no fooner

~diffolved by the Nitrous Acid than it deferts that
{folvent to unite with the Vitriolic or Marine Acid,
wherewith it has a greater affinity, and falls to the
bottom with them. And this happens as long as
there remains in the Agqua Fortis a fingle atom of
either of thofe two Acids.

When therefore your Agua Fortis hath diffolved
as much Silver as it is capable of taking up, and
when all the white particles formed during the dif-
folution are fettled to the bottom, you may be af-
fured that the portion which remains clear and lim-
pid is a folution of Silver in an exceeding pure Agua
Fortis. But if the folution of Silver thus depurat-
ed be mixed with an Agua Fortis adulterated with
the Vitriolic or Marine Acid, a like precipitation
will immediately enfue, for the reafons above given,

“till the very laft particle of the heterogeneous Acid
contained in the Agua Fortis be precipitated.

Agna Fortis purified by this method contains no
extraneous {ubftance whatever, except a fmall por-
tion of Silver ; fo that it is very fit for the parting
procefs. But if it be intended for other chymical
purpofes, it muft be rectified in a glafs retort with
a moderate heat, in order to feparate it from the
fmall portion of Silver it cﬂntains, which will re-
main at the bottom of the retort.

The third condition neceffary to the fuccefs of this
operation is that your Agua Fertis be neither too
aqueous, nor too highly concentrated. If too weak,
it will not act upon the Silver : and the confequence
will be the fame if it be too ftrong. Both thefe in-
conveniencies are eafily remedied : for in the form?‘r

cale
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cafe part of the fuperfluous phlegm may be drawn
off by diftillation ; or a {ufficient quantity of much
ftronger Aqua Fortis may be mixed with that which
is too weak : and in the latter cafe, very pure rain
water, or a weaker Aqua Fortis, may be mixed
with that which is too ftrong.

You may fatisfy yourfelf whether or no your Ayua
Fortis hath the requifite degree of ftrength, by dif-
folving therein a thin plate confifting of one part
Gold and two or three parts Silver ; which plate
muft be rolled up in form of a paper coffin. If,
when all the Silver contained in the plate is diffolved,
the Gold remains in the form of the coffin, it is a
fign that your Solvent has a due degree of ftrength.
If, on the contrary, the Gold be reduced to a powder,
itis a proof that your Aqua IFortisis too ftrong, and
ought to be weakened.

The Gold remaining after the diffolution of the
Silver muft be melted in a crucible with Nitre and
Borax, as hath already been faid under the procefs
for parting Gold and Silver by means of Agua Re-

gis. Asto the Silver which remains diflolved in the

Aqua Fortis, there are feveral ways to recover it.
The moft ufual is to precipitate it by the interpo-
fition of Copper, which hath a greater affinity than
Silver with the Nitrous Acid *. For this purpofe
the folution is weakened by adding twice or thrice
as much very pure rain water. The cucurbit con-
taining the folution is fet on a fand-bath gently
heated, and very clean plates of copper put into it.
The furfaces of thefe plates are foon covered with
little white fcales, which gradually fall to the bot-
tom of the veflel, as they come to be collected in
quantities. It is even proper to ftrike the cucurbit
gently now and then, in order to I}m]uﬁ the fcales of
Silver from the copper plates, and fo make room for

a new crop.
T'he

* See the Table of Affinities Column 1V.
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The Agqua Fortis parts with the Silver by degrees
only as it diflolves the Copper; and therefore the
liquor gracdually acquires a blueith green colour as
the precipitation advances. This precipitation of
the Silver is to be continued as long as any remains
difiolved in the Agua Fortis: you may be fure
that your liquor contains no more Silver, if the fur-
face of a frefh plate of copper laid therein remain
clean and free from afh-coloured or greyifh particles ;
or if one drop of a folution of Sea-falt let fall into it
produce no white or milky cloud.

The precipitation being finithed, the liquor is to
be gently poured off from the precipitated Silver,
which muft be rinfed in feveral waters, and even
made to boil therewith, in order to free it wholly
from the diffiolved Copper. The Silver thus well
wathed muft be thoroughly dried, mixed with a
fourth of its weight of a flux compounded of equal
parts of Nitre and calcined Borax, and then melted
ina crucible. On this occafion care muft be taken
to raife the fire gently and gradually, till the Silver
be brought to fufion,

With what accuracy foever the precipitated Silver
be wafhed, in order to free it from the folution of
Copper, yet the Silver will always be found alloyed
with a {fmall porticn of the Copper: but then this
Copper is eafily deftroyed by the Nitre, with which
the Silver is afterwards melted; fo that the latter
metal remains perfectly pure after the operation.

Though the Silver be not previoufly cupelled, but
be alloyed with other metallic fubftances at the time
itis thus diffolved, yet the diffolving, precipitating,
and fufing it with Nitre would be fufficient to feparate
it accurately from them all, and refine it to a de-
gree of purity equal to that obtained by the cupel.

The Copper that remains diffolved in the Aqua
Fortis, after the precipitation of the Silver, may in
like manner be precipitated by Iron, and, as it re-

tains .
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tains a fmall portion of Silver, ought not to be neg-
lected when thefe operations are performed on con-
fiderable quantities.

In the two next proceffzs we fhall thew two other
methods of feparating Silver from Agqua Fortis.

ST T
e

PRAOLCESS V.
To feparate Silver from the Nitrous Acid by Diftilla-

tion. Cryfals of Silver. The Infernal Stcne.

N T O alarge, low, glafs boedy put the folution

of Silver from which you intend to [eparare the
Silver by diftillation. To this body fit a tubulated
head provided with its ftopple. Set this alembic
in a fand-bath, {o that the body may be almoft
covered with fand : apply a receiver, and diftill
with a moderate heat, fo that the drops may fuc-
ceed each ether at the diftance of fome feconds. If
the receiver grow very hot, check the fire. When
red vapours begin to appear, pour into the alembic,
through the hole in its head, a freth quantity of
your {olution of Silver, firlt made very hot. Con-

~tinue diftilling in this manner, and repeating the

addition of frefh liquor, till all your folution be put
into the alembic. When you have no more frefh
folution to put in, and when, the phlegm being all
come over, red vapours begin again to appear, con-
vey into the alembic half a dram or a dram of
tallow, and diftiil to drynefs ; which being done, in-
creafe your fire fo as to make the vefit]l containing
the f{and-bath red-hot. In the alembic you will
find a calx of Silver, which muit be melted in a cru-

- cible with fome foap and calcined wine-lees,

Vou. I. yA OBS E R-
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OBSERVATIONS.

A low cucurbit is recommended for this ope-
ration, to the intent that the particles of the Nitrous
Acid, which are ponderous, may the more ealily
be carried up and pafs over into the receiver. For
the fame reafon the cucurbit is direted to be almoft
wholly covered with fand; left otherwife the acid
vapours fhould be condenfed about that part of the
cucurbit, which, being out of the fand, would be.
~much cooler than that which is encompafied there-
with, and from thence fall back again to the bottom ;
by which means the diftillation would certainly be

retarded, and the veflel would probably be broken.

Notwithftanding thefe precautions the vefiels are
liable to break in fuch diftillations ; efpecially when
they contain a great deal of liquor. With a view
therefore to prevent this accident, we ordered that
the whole quantity of the folution of Silver to be
diftilled thould not Le put at once into the alem-
bic. The little bit of tallow added towards the
end of the operation is intended to hinder the metal
from adhering clofely to the vefiel, as it would other-
wife do, when all the moifture is diffipated.

The Soap and Fixed Alkali mixed with the Silver
to flux it, after its feparation from the Agua Fortis
in this way, ferve to abforb fuch of the moft fixed

“particles of the Acid as may ftill remain united with
the metal. -

If the diftillation be ftopped when part of the
phlegm is drawn off, and the liquor be then fuffered
to cool, many cryftals will fhoot therein, which
are a Neutral Salt conftituted of the Nitrous Acid
and Silver. If the diftillation” be carried further,
and ftopped when near its conclufion, the liquer
being then fuffered to cool will wholly coagulate
into a blackifh mafs called the Infernal Stone. s

. he
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This way of feparating Silver from its folvent
is attended with the advantage of faving all the
Agua Fortis, which is excellent, and fit to be em-
ployed in other operations.

s o

PROCES S VL

To feparate Silver from the Nitrous deid by Precipi-
tation. Luna Cornea. Luna Cornea reduced.

¥ N T O your folution of Silver pour about a
fourth part in weight of Spirit of Salt, folution
of Sea-falt, or folution of Sal Ammoniac. The li-
quor will inftantly become turbid and milky. ~Add
twice or thrice its weight of fair water, and levit
ftand fome hours to fettle. It will depolite a white
powder. Decant the clear liquor, and on the pre-
cipitate pour frefh Aqua IFortis, or Spirit of Salt,
and warm the whole ona fand-bath with a gentle
heat for fome time. Pour off this {econd liquor,
and boil your precipitate in pure water, fhifting it fe-
veral times, till the precipitate and the water be both
quite infipid.  Filter the whole, and dry the preci-
pitate, which will be a Zuna Cornea, and muft be
reduced in the following manner. y ;
Smear the infide of a good crucible well with
foap. Put your Luna Cornea into its cover it'with
half its weight of Salt of Tartar, thoroughly dried
and pulveriled ; prefs the whole hard down; pour
thereon as much oil, or melted tallow, as the powder
is capable of imbibing ; {et the crucible thus charged,
and clofe covered, in a melting furnace, and, for the
firft quarter of an hour, kindle no more fire than is
neceffary to make the crucible moderately red ; after
that raife it fo as to melc the Silver and the Salt,
throwing into the crucible from time to time little
bits of tallow. When it ceafes to fmoke, let the
Lz whole
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whole cool; or pour it into a hollow iron cone,
warmed and tallowed.

OBSERVATIONSG.

Tue procefs here delivered furnithes us with the -
“means of - procuring Silver in a degree of purity
which is not to be obtained by any other method of
treating it whatever, = That which is refined on the
cupel always retains a fmall portion of copper, from
~which it cannot pollibly be feparated in that way : but
ifitbedifiolved in Agua For tis, and precipitated thence
sima Luna Cornea by the Marine Acid, the preei-
opitate will be an abfolutely pure Silver, unalloyed
- with that fmall portion of Copper which it retained
~on the cupel.  The reafon of this effect is, that the
Copper remains as perfectly diffolved in Spirit of
-Sale and in Ague Regia as in Agqua Fortis : {o that
- when the Silver and the Copper with which it is al-
_loyed are diflolved together in the Nitrous Acid, if
-the Acid of Sea-falt be mixed with the folution,
part of this'lagter Acid unites with the Silver, and
therewith forms a new compound, which not being
. foluble in the liquor, falls to the bottom. The
- other part of the Acid mixing with the Nitrous,
. forms an dqua Regis, in which the Copper remains
diflolved, without feparating from it.
.- Freth Acid is poured on the precipitated calx of
Silver, in order to complete the folution of the fmall
portion of Copper that may have efcaped the aétion.
of the firft folvent. It is indifferent whether the
Spirit of Salt or the Spirit of Nitre be employed
for this purpofe, becaufe they both difiolve Copper
alike, and becaufe Silver precipitated by Spirit of
‘Salt is not foluble in either.
«oAfter this it is neceffary to wath the precipitate
well with pure water, in order to free it entirely from
the particles of Agua Fortis adhering to the Sil-
ver; becaule they may pofiibly contain fomething of

Coppery
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Copper, which would mix with the Silver in melt-
ing, and taint its purity.

If this precipitate of Silver be expofed to the fire,
unmixed with any other fubftance, it melts as foon
as it begins to be red; and if the fire be increafed,
part thereof will be diflipated in vapours, and the
reft will make its way through the crucible in which
you melt it.  But being poured cut of the crucible
as foon as melted, it coagulates into a cake of a pur-
plith red colour, femi-tranfparent, ponderous, and
in fome degree pliable, efpecially if it be very thin.
It bears fome refemblance to horn, which hath oc-
cafioned it to be called Luna Cornea.

As Luna Cernee is not foluble in water, recourfe
muft be had to fufion, in order to reduce it by fe-
parating from the Silver thofe acids which give it
the abovementioned properties. Fixed Alkalis and
fatty matters are very fit to produce that fepara-
tion.

We dire€ted that the infide of the crucible, in
which the reduftion is to be made, fhould be care-
fully fmeared with foap, and that the Luna Cornea
thould be quite covered with a Fixed Alkali and fat,
to the end that when the heat is ftrong enough to
diffipate it in vapours, or to attenuate it fo as to
render it capable of penetrating the crucible, it may
be forced to pafs through matters qualified to abforb
its Acid, and reduce it.

Luna Cornea may alfo be reduced by being melited
with fuch metalline fubftances as have a greater af-
finity than Silver with the Acids wherewith it is im-
pregnated. Of this kind are Tin, Lead, Regulus
of Antimony : but the Luna Cornea rufhes foimpetu-
oufly into conjunétion with thofe metalline fubftan-
ces, that a vaft many vapours arife, and carry
off with them part of the Silver: if therefore you
chufe to effe¢t the reduttion by the interpofition

Z 3 of
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of fuch metalline fubftances, you muft employ a re-
tort inftead of a crucible. -

But this methed is attended with another incon-
venience s which is, that fome part of thole metal-
line fubftances may unite with the Silver, and adul-
terate it; for which reafon it is beft to keep to the
method firft propofed.

__IF—

J PR OCESS VH
To diffolve Silver, and [eparate it from Gold, by

Cementation.

I X thoroughly together fine brick-duft four

patts, Vitriol calcined to rednefs ome part,

and Sea-falt or Nitre one part. Moiften this pow-
der with a little water, 'With this cement cover the
bottom of a crucible half an inch thick ; on this firft
bed lay a thin plate of the mals of Gold and Silver
you intend to cement, and which you mult previ-
oufly take care to beat into fuch thin plates. Co-
ver this plate with a fecond layer of cement, of the
fame thicknefs as the former; on this fecond bed
lay another plate of your metal; cover it in like
manner with cement; and fo proceed till the cru-
cible be filled to within half an inch of its brim. Fill
up the remaining fpace with cement, and clofe the
crucible with a cover, luted with a pafte made of
Windfor-loam and water: fet your crucible thus
charged in a furnace, whofe fire-place is deep enough
to let it be entirely furrounded with coals, quite up
to its mouth. Light fome coals in the furnace, tak-
ing care not to make the fire very brifk at firft ; en-
creafe it by degrees, but only fo far as to make the
crucible moderately red ; keep up the fire in this de-
gree for eighteen or twenty hours: then let the fire
goout; open the crucible when itis cold, and fepa-
3 Jate.
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rate’ the cement from your plates of Gold. Boil
the Gold repeatedly in fair water, till the water
come off quite infipid.

OBSERVATIONS.

It cannot but feem ftrange that, after having fo
often declared the Acid of Sea-falt to be incapable
of diffolving Silver, we fhould direct either Nitre
or Sea-falt indifferently to be employed in compoling
a cement, which is to produce an Acid capable of
eating out all the Silver mixed with Gold. It is
ealy to conceive how the Nitrous Acid extricated
from its bafis by means of the Vitriolic Acid may
produce this effect : but if Sea-falt inftead of Nitre
be made an ingredient in the cement, its Acid,
though fet at liberty in the fame manner by the Vi-
triolic Acid, muft at firlt fight appear unable to
anfwer the end.

In order to remove this difficulty we muft here
obferve that there are two very effential differences
between the Marine Acid colleéted in a liquor, as it
is when diftilled in the ufual manner, and the fame
Acid feparated from its bafis in a crucible, as it is
in cementation.

The firft of thefe two differences is that, the Acid
being reduced into vapours when it acts on the Sil-
ver in cementation, its aftivity is thereby greatly en-
creafed : the fecond is, that in the crucible it fuf-
tains a vaftly greater degree of heat than it can
ever bear when it is in the form of a liquor. For,
after it is once diftilled and feparated from its balis,

" it cannot fuftain any extraordinary degree of heat

without being volatilized and entirely diffipated :
whereas while it continues united with its bafis it is
much more fixed, and cannot be feparated but by a
very intenfe heat. Confequently, if it meet with
any body to diffolve, at the very inftant of its fepa-
ration from its bafis, whileit is actuated by a much

L 4 fiercer
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fiercer heat than can ever be applied to it on an
other occafion, it muft operate vpon that body with fo
much the more efficacy : and thus it comes to pafs
that in cementation it has the power of diffolving
Silver, which it would be incapable of touching if
it were not {o circumftanced.

But herein Gold differs from Silver: for, wharever
force the Nitrous or the Marine Acid may exert,
when extricated from their bafes in the cementing
crucible, this metal obflinately refufes ro yield to-ei-
ther of thofe Acids feparately, and can never be
difiolved by them, unlefs both be united together,

Our cementation thercfore is actually a parting
procefs in the dry way. The Slver is diffulved,
and the Gold remains unaltered, Nay, as the acti-
on of the Acids is much ftronger when they are ap-
plied this way, than when they are ufed for difiolu-
tion in the moift way, the Nitrous Acid, which in
the common parting procefs will not diffolve Silver
- unlefs its weight be double that of the Gold, isable
in cementation to diffolve a very finall quantity of
Silver diffufed through a large quantity of Gold.

It fometimes happens thar after the operation the
Cement proves extremely hard, fo that it is ver
troublefome to ifeparate it entirely from the Gold.
In this cafe it muft be fofrened by moiltening it with
hot water, Th's hardnefs which the cement ac-
quires is occafioned by the fuficn of the Salts, which
35 the cffect of tco firong a heat. It was in order
to prevent this, and that a due degree of heat might
be applied without the danger of melting the falts,
that we directed the cement to be mixed with a con-
fiderable quantity of earthy matter ingapable of fy-
fion, fuch as brick-dutt. A greater inconvenience
ftili will enfue if the fire be made fo ftrong as to
melt the, Gold ; for then it will partly commix
again with the other metalline fubftances diffolved

by
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by the cement, and confequently will not be pu-
rified.

The crucible is covered, and its cover luted on,
to prevent the acid vapours from being too foon
diffipated, and to force them to circulate the
longer in the crucible. However, it is neceffary
that thofe vapours fhould find a vent at laft, other-
wife they would burft the veilel: and for this reafon
we directed the crucible to be luted only with Wind-
for-loam, which does not grow very hard by the
aftion of fire, and fois capable of yielding and giv-
ing paflage to the vapours, when a certain quan-
tity of them is collected in the crucible, and they be-
gin to ftruggle for an efcape on every fide.

When the operation is finifhed, the Silver diffolv-
ed by the Acid of the cement is partly diftributed
through the cement, and partly in the Gold itfelf,
which is impregnated therewith. For this reafon
the Gold muft be wafhed feveral times in boiling
water, till the water become abfolutely infipid :
for, if the Gold be melted without this precaution,
it will mix again with the Silver : the cement alfo
may be walhed in the fame manner to recover the
Eilver it contains. . |

Though this cementation be, properly fpeaking,
a purification of Gold, yet we have placed it among
the procefles on Silver, becaufe it is the Silver that
is diffolved on this oceafion, and becaufe thisis a
particular way of difiolving that metal. Moreover,
moft of the procefizs hitherto delivered, either on
Gold or Silver, are equally applicatle to both thefe
metals. |

If the Gold do not appear quite pure after the
cementation, the procefs muft be repeated. 3

There are feveral ways to know the finenefs of
Gold, the quantity of Silver with which it is alloy-
ed, and the proportion in which thefe two metals are
mixed in a mafs purified by the cupel. i

ne
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One of the fimpleft is the trial by the Touch-
ftone ; which indeed is hardly any more than judg-
ing by the eye only, from the colour of the com-
pound metal, what proportion of Gold and Silver
it contains,

The Touch-ftone is a fort of black marble, whofe
furface ought to be half polithed. If the metalline
mafs which you want to try be rubbed on this ftone,
it leaves thercon a thin coat of metal, the colour of
which may be eafily obferved. Such as are ac-
cuftomed to {ee and handle Gold and Silver can at
once judge very nearly from this fample in what
proportion the two metals are combined : but, for
greater accuracy, thofe who are in the way of hav-
ing frequent occafion for this trial are provided with
a fufficient number of {mall bars or needles, of
which one is pure Gold, another pure Silver, and
all the reft confift of thefe two merals mixed toge-
ther in different proportions, varied by carats, or
even by frations of carats, if greater exaétnefs be
required. -

The finenefs of each needle being marked on i,
that needle whole colour feems to come neareft the
colour of the metalline ftreak on the Touch-ftone is
rubbed on the ftone by the fide of that ftreak. This
needle likewife leaves a mark ; and if there appear
to be no difference between the two metalline ftreaks,
the metalline mafs is judged to be of the fame fine- .
nefs as the needle thus compared with it. If the
eye difcovers a fenfible difference, another needle is
fought for whofe colour may come nearer to that of
the metal to be tried. -But though a man be eveg
{fo well verfed in judging thus of the finenefs of Gold
by the eye only, he can never be perfeétly and ac-
curately fure of it by this means alone. If fuch
certainty be required, recourfe muft be had to the
parting aflay 3 and yet when you have gone through
it, there always remains a fmall quantity of the metal,

which
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which fhould have been diffolved, and yet efcaped
the attion of the folvent. For example, if you
make ufe of Aqua Regis, the Silver that remains af-
ter the operation ftill contains a lictle Gold ; and, if
you make ufe of Agua Fortis, the Gold that remains
after the operation {till contains a lictle Silver. ~ And
therefore if you refolve to cairy the feparation of
thefe two metals ftill further by folvents, it will be
neceffary, after you have gone through one parting
procefs, to perform a fecond the contrary way. For
example, it you begin with Aqua Fortis, then, af-
ter it has diffolved all the Silver in the metalline
mafs thar it is capable of taking up, diffolve the re-
maining Gold in Agua Regis 3 by which means you
will feparate the {mall portion of Silver left in it by
the Agua Fortis. The contrary is to be done if
you made ufe of Agua Regis firlt.

™ L

€ H AP 3.
Of CoPPER,

PROCESS L
T feparate Copper from its Ore.

EAT your Copper ore to a fine powder, hav-

ing firft freed it as accurately as poffible, by
wafhing and roafting, from all ftony, earthy, ful-
phureous, and arfenical parts. Mix your ore thus
pulverized with thrice its weight of the black flux;
put the mixture into a crucible ; cover it with com-
mon falt to the thicknefs of half an inch, and prels
the whole down with your finger. With all this
the crucible muft be but half full. Setit in a melt-
ing furnace ; kindle the fire by degrees, and raife it

infen.
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infenfibly till you hear the Sea-falt crackle. When
the decrepitation is over, make the crucible mode-
rately red-hot for half a quarter of an hour. Then
give a confiderable degree of heat, exciting the fire
with a pair of good perpetual bellows, fo that the
crucible may become very red-hot, and be perfestly
ignited. Keep the fire up to this degree for about
a quarter of an hour ; then take out the crucible,
and with a hammer firike a few blows on the floor
on which you fetit. Break it when cold. If the
operation hath been rightly and {uccefsfully perform-
ed, you will find at the bottom of the veffel a
hard Regulus, of a bright yellow colour, and femi-
malleable ; and over it a fcoria of a yellowifh brown
colour, hard and fhining, from which you may fe-
parate the Regulus with a hammer.

OBSERVATIONS,

Coprer in' the ore is often blended with feveral
other metallic fubftances, and with volatile mine-
rals, fuch as Suylphur and Arfenic. Copper ores
alfo frequently participate of the nature of the Py-
rites, containing a martial and an unmetallic earth,
both of which are entirely refractory, and hinder
the ore from melting. In this cafe you muft add
equal parts of a very fufile glafs, a little borax,
and four parts of the black flux, to facilitate the
fufion. The black flux is moreover neceffary to
furnifh the Copper with the Phlogifton it wants, or
reftore fo much thereof as it may lofe in melting.
For' the fame reafon, when any ore, but that of
- Gold or Silver, is to be fmelted, it is a general rule
to add fome black flux, or other matter abounding
with Phlogifton.

The Regulus produced by this operation is not
malleable, becaufe it is not pure Copper, but a mix-
ture of Copper with all the other mctallic fubftances

that
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that were in the ore ; except fuch as were feparated
from it by roafting, of which it contains but little.
According to the nature of the metallic matters
that remain combined with the Copper after this fu-
fion, the colour of the Regulus is either like that
of pure Copper, or a little more whitith : it is alfo
frequently blackifh, which has procured it the name
of Black Copper. In this ftate, and even in general,
it is ufual enough to call this Regulus by the name
of Black Copper, when alloyed wicth other metallic
‘fubftances that render it unmalleable, whatever its
colour be, :

Hence it appears that there may be feveral diffe-
rent forts of Black Copper. Iron, I.ead, Tin,
Bifmuth, and the reguline part of Antimony, are
almoft always combined with the ores of Copper,
in a multitude of different proportions ; and all thefe
_{ubftances, being reduced by the black flux in the
operation, mix and precipitate with the Copper. 1If
the ore contain any Gold or Silver,. as is pretty often
the cafe, thefe two metals alfo are confounded with
_the reft in the precipitation, and become part of the

Black Copper.

~Pyritole, fulphureous, and arfenical Copper ores
may be fufed, in order to get rid of the grofler he-
“terogencous parts, without previoufly roalting them :
~but in this cafe no alkaline flux muft be mixed with
the ore ; becaufe the Alkali in combination with the
_Sulphur would produce a Liger of Sulphur, and fo
diffolve the metalline part; by which means all
would be confounded together, and no Regulus, or
very little, be precipitated. On this occafion there-
fore nothing muft be added to promote the fufion,
but fome rtender fufile glafs, together with a fingll
quantity of borax.

This firlt fufion may alfo be performed amid/
the coals, by cafting the ore upon them in the fur
nace, without ufinga crucible ; and then an earthe;

velied
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veflel, thoroughly heated, or even made red-hot,
muft be placed under the gtrate of the fire place,
to receive the metal as it runs from the ore.

The Regulus obtained by this means is much
more impureand brittle than Black Copper, becaufe
it contains moreover a large quantity of Sulphur
and Arfenic 3 as thefe volatile fubftances have not
time to evaporate during the fhort fpace requifite to
melt the ore, and as they cannot be carried off’ by
the action of the fire after the ore is once melted,
whatever time be allowed for that purpofe. How-
ever fome part thereof is diffipated, and the Iron
which is in pyritofe ores, having a much greater
affinicy than Copper, and indeed than any other
metallic fubftance, with Sulphur and Arfenic, ab-
forbs another part thereof, and feparates it from the
Regulus. |

This Regulus, it is plain, ftill contains all the
fame parts that wete in the ore, but in different pro-

ortions ; there being more Copper, combined with
lefs Sulphur, Arfenic, and unmetallic earth, which
have been either diffipated or turned to flag. There-
fore if you would make it like Black Copper, you
muft pound it, roaft it over and over, to free it
from its Sulphur and Arfenic, and then melt it with
the black flux.

If this Regulus contain much Iron, it will be ad-
vifeable to melt it once or twice more, before all
the Sulphur and Arfenic are feparated from it by
roafting ; for as the Iron, by uniting with thefe vola-
tile fubftances, {eparates them from the Copper, with
which they have not fo great an affinity ; fo alfo
the Sulphur and Arfenic, by uniting with the Iron,
help in their turn to feparate it from the Copper.

el
gﬁﬁ
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0 Sl 0 R DA HC O §
To purify Black Copper, and render it malleable.

REAK into fmall bits the Black Copper you
B intend to purify ; mix therewith a third part
in weight of granulated Lead, and put the whole
into a cupel fet under the muffle in a cupelling fur-
nace, and previoufly heated quite red. As foon as
the metals are in the cupel raife the fire confiderably,
making ufe, if it be needful, of a pair of perpetual
bellows, to melt the Copper fpeedily. When it is
thoroughly melted lower the fire a little, and con-
tinue it jult high enough to keep the metalline mafs
in perfect fufion. The melted matter will then boil,

and throw up fome frorie, which will be abforbed
by the cupel.

When moft of the Lead is confumed, raife the
fire again till the face of the Copper become bright
and thining, thereby fthewing thar all its alloy is
{feparated. As foon as your Copper comes to this
ftate, cover it with charcoal-duft conveyed into
the cupel with an iron ladle: then take the cupel
out of the furnace and let it cool.

OBSERV AT TONS.

Or all the metals, next to Gold and Silver, Cop-
per bears fufion the longeft without lofing its phlo-
gifton ; and on this property is founded the procefs
here delivered for purifying it.

It is neceffary the Copper fhould melt as foon as
it is in the cupel, becaufe its nature is to calcine
much more eafily and much fooner, when it is only
red-hot, than when it is in fufion. For this reafon
the fire 1s to be confiderably raifed, immediately on
pusting the Copper under the muffle, that it may melt

as
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as foon as pofiible.  Yet too violent a degree of fire
mutt not be applied toit 3 for when it is expofed to
fuch a degree of heat only as is but jult neceflary
to keep it in fufion, it is then in the moit favourable
condition for lofing as little as may be of its phlo-
gifton ; and if the heat be ftronger, a greater quan- |
tity thereof will be calcined. As foon therefore as
it flows it is proper to weaken the fire, and reduce
it to the degree juft requifite to keep up the fufion.

The Lead added on this occafion is intended to
facilitate and expedite the fcorification of the metal-
lic fubfrances combined with the Copper. So that
the event is here nearly the fame as when Goid or
Silver is refined on the cupel. The only difference
between this refining of Copper, and that of the
perfed metals, is that the latter, as hath been {hewn,
abfolutely refift the force of fire and the attion of
Lead, without fuffering the leaft alteration ; where-
as a good deal of Copper is calcined and deftroyed,
when it is purified in this manner on the cupel.  In-
deed it would be wholly deftroyed, if a greater
quantity of Lead were added, or if it were left too
long in the furnace. It is with a view to fave as
much of it as pofiible that we order it to be covered
with charcoal-duft as foon as the fcorification is fi-
nifhed.

The Lead ferves moreover to free the Copper ex -
peditioufly from the Iron with which it may be al-
loyed. Iron and Lead are incapable of contrating
any union together : {o that as faft as the Lead unites
with the Copper, it {eparates the Iron, and excludes
i out of the mixture, For the fame reafon if Iron
were combined in a large proportion with Copper,
it would prevent the Lead from entering into the
compofition. Now, as it is neceflary to give the
more heat, and to keep the Copper to be ineorpo-
rated with Lead the longer in fufion, as that Cop-
per is alloyed with a greater proportion of Iron,

| fome
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fome black flux muft be added on this occafion, to
prevent the Copper and the Lead from being cal-
cined before their affociation can be effeéted.

Copper purified in the manner here direted is
beauriful and malleable. It is now alloyed with no
other metalline fubftance but Gold or Silver, if
there were any in the mixed mafs. If you defire to
extract this Gold or Silver, recourfe muft be had
to the operation of the cupel. The procefs here
given for purifying Copper is not ufed in large works,
becaufe it would be much too chargeable.  In order
to purify their Black Copper, and render it mallea-
ble, the fmelters content themfelves with roafting it,
and melting it repeatedly, that the metallic fub-
ftances which are not fo fixed as copper may be
dil’{{ipated by fublimation, and the reft {corified by
fulion.

BRI IS S
To deprive Copper of its Phlogifton by calcination.

PUT your Copper in filings into a teft, and
fet it under the muffle of a cupelling furnace 3
light the fire, and keep up fuch a degree of heat as
may make the whole quite red, but not enough tomelt
theCopper. The furface of the Copper will gradually
Jofe its metalline fplendour; and put on the appear-
ance of a reddifh earth. From time to time ftir the
filings with a little rod of copper or iron, and leave
your metal expofed to the fame degree of fire till it
be entirely calcined.

OBSERVATIONS.

In our obfervations on the preceding procefs we
took notice that Copper, in fufion, calcines more flow-
ly, and lefs eafily, than when it is expoled to 2 degree
of fire barely {ufficient to keep it red-hot, without

Vor. L Aa meling
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melting it ; and therefore, the defign here being to
calcine it, we have directed that degree of heat only
to be applied.

The cupelling furnace is the fitteft for this opera-
tion, becaufe the muffle is capable of receiving fuch
a flat veflel as ought to be ufed on this occafion,
and communicating to it a great deal of heat ; while,
at the fame time, it prevents the falling in of any
coals, which, by furnifhing the Copper with freth
phlogifton, would greatly prejudice and protrat
the operation,

As Copper calcines with great difficulty, this ope-
ration is extremely tedious : nay, though Copper
hath ftood thus expofed to the fire for feveral days
and nights, and feems perfeétly calcined, yet it fre-
quently happens that when you try afterwards. to
melt it, fome of it refumes the form of Copper :
a proof that all the Copper had not loft its phlo-
gilton. Copper is much more expeditioufly de-
prived of its phlogifton by calcining it in a crucible
with Nitre.

The calx of Copper perfe@tly calcined is with
great difficulty brought to fufion: yet, in the focus
of a large burning glafs, it melts and turns to a red-
difh and almoft opaque glafs. il

By the procefs here delivered you may like-
wile calcine all other metalline fubftances which
do not melt till they be thoroughly red-hot. As to
thofe which melt before they grow red, they are ea-
fily enough calcined, even while they are in fufion.

. PRO-
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P ROCESSIV,

To refufcitate the Calx of Coppers and reduce it to
Copper, by reftoring its Phlogifton.

I X the Calx of Copper with thrice as miuch

of the black flux ; put the mixture into a

good crucible, {o as to fill two thirds thereof, and
over it put a layer of Sea-falt a finger thick. Cover
the crucible, and fet it in a melting furnace ; heat
it gradually, and keep it moderately red till the
decrepitation of the Sea-falt be over. Then raife
the fire confiderably by means of a good pair of per-
tual bellows; fatisfy your felf thac the matter is in
perfect fulion, by dipping into the crucible an iron
wire ; continue the fire in this degree for half a quar-
ter of an hour. When the crucible is cold, you will
find at its bottom a button of very fine Copper,
which will eafily feparate from the faline fcoria at top.

OBSERVATIONS.

| WaaT hath been faid before on the fmelting of

Copper ores may be applied to this procefs, as being;
the very fame. The obfervations there added

{hould therefore be confulted on this occalion.

PROCESS V.
To diffolve Copper in the Mincral Arids,

N a fand-bath, in a very gentle heat, fet a
matrafs containing fome Copper filings ; pour

on them twice their weight of Oil of Vitriol. That
Acid will prefently atrack the Copper. Vapours
will rife, and iffue out of the neck of the matrafs,
A valt number of bubbles will afcend from rhe fur-
Aa2 face
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face of the metal to the top of the liquor, and the
liquor will acquire a beautiful blue colour. When
the Copper is diffolved, put in a little and a little
more, till you perceive the Acid no lenger aéts upon
it. Themn decant the liquor, and let it ftand quiet
in a cool place. 1In a fhort time great numbers of
beautiful blue cryftals will thoot in it. Thefe cryf-

tals are called ¥7triol of Copper, or Blae Vitriol. They
diffolve eafily in Water.

OBSERVATIONS. ;
Tue Vitriolic Acid perfeltly diffolves Copper,
which is alfo foluble im all the Acids, and even in
many other menftruums,
This Acid may be feparated from the Copper
which it hath diffiolved by diftilation only : but the
operation requires a fire of the utmoft violence.

The Copper remaining after it muft be fufed
with the black flux, to make it appear in its natu-

ral form ; not only becaufe it flill retains a por-
tion of the Acid, but alfo becaufe it hath loft part
of its phlogifton by being diffolved therein. The
black flux is very well adapted both te abfosb the
-Acid that remains united with the Copper, and to
reftore the phlogifton which the metal hath loft. -
The moft ufual method of feparating Copper
from the Vitriolic Acid is by prefenting to that
Acid a metal with which it hath a greater affinity
than with Copper. Iron being fo qualified is con-
fequently very fit to bring about this feparation.
W hen therefore plates of lron well cleaned are laid
in a folution of Blue Vitriol, the Acid foon begins
to aft upon them, and by degrees, as it diflolves
them, depofites on their furfaces a quantity of Cop-
per in proporiion to the quantity of Tron it takes
up. The Copper thus precipitated hath the appea-
rance of {mall leaves or fcales, exceeding thin, and |
of a beautiful copper-colous. Care muft be taken

to

g
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to fhake the Iron-plates now and then, to make the
foales of Copper fall off, which will otherwife cover
them entirely, hinder the vitriolic Acid from at-
tacking the Iron, and fo put a flop to the precipi-
tation of the remaining Copper.

When thefe fcales of Copper ceafe to fettle on the
clean Iron plates, you may be fure all the Copper
that was in the liquor is precipitated, and that this
liquor, which was a folution of Copper before the "
precipitation, is a folution of lron after it. So that
here two operations are performed at one and the
fame time ; to wit, the precipization of the Copper,
and the diffolution of the Iron.

The Copper thus precipitated requires only to be
feparated from the liquor by filtration, and melted
with a lictle black flux, to become very fine mal-
leable Copper.

The Copper may alfo be precipitated out of a
folution of Blue Vitriol by the interpofition of a Fixed
Alkali. This precipitate is of a greenifh blue co-
lour, and requires a much greater quantity of the
black flux to reduce it.

Copper diffolves in the Nitrous Acid, in the Ma-
rine }Ecid, and in Aqua Regis ; from all of which it
‘may be feparated by the fame methods as are here
ordered with regard to the Vitriolic Acid.

Aaj CHAP.
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To feparate Iron from its Ore,

OUND into a coarfe powder the martial

flones or earths out of which you defign to ex-
tract the lron: roaft this powder in a teft under the
muffle for fome minutes, and let your fire be brifk.
Then let it cool, beat it very fine, and roaft it a
fecond time, keeping it under che muffle till it emit
no more {mell. !

‘Then mix with this powder a flux compofed
of three parts of Nitre fixed with Tartar, one part
of fufile glafs, and half a part of Borax and char-
coal-duft. - The dofe of this reducing flux muft be
thrice the weight of the ore. Saatd

Put this mixture into a good crucible; cover it
with about half a finger thick of Sea-falt ; over the
cructble put its cover, and lute it on wich Windfor-
loam made into a pafte with water, Having thus
prepared your crucible, fet it in a melting furnace,
which you mutt fiil up with charcoal. Light the
fire, and let it kindle by gentle degrees, till the
crucible become red-hot. When the decrepitation
of the fea falt is over, raife your fire to the higheft
by the blaft of a pair of perpetual bellows, or rather
feveral. Keep up this intenfe degree of heat for
threc quarters of an hour, or a whole hour, ta-
king care that during all this time the furnace be

kept
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kept conftantly filling up: with frefh coals as the for-
mer confume. Then takeyourcrucible out of the fur-
nace ; ftrike the pavement on which you fet it feve-
ral times with a hammer, and let it ftand to cool :
break it, and you will find therein a2 Regulus of [ron
covered with {lag.

OBSERVATIONS.

Iron ore, like all others, requires roafting, to fe-
parate from it, as much as pofiible, the volatile mi-
nerals, Sulphur and Arfenic, which being mixed
with the Iron would render it unmalleable. Indeed
it is fo much the more neceffary to roaft thefe
ores, as Iron is, of all metallic fubftances, that which
has the greateft affinity with thofe volatile minerals ;
on which account no metallic fubftance whatever
is capable of feparating it from them by fufion and
precipitation, - “Fliw

Fixed Alkalis, it is true, have a greater affinity
than Iron with Sulphur; but then the compofition
which a Fixed Alkali forms with Sulphur is capable
of diffolving all metals. Confequently, if you do
" not diffipate the Sulphur by roafting, but attempt
to feparate it from the Iron by melting the ore with
a Fixed Alkali, the Liver of Sulphur formed in the
operation will diffolve the martial part; fo that af-
ter the fufion you will find little or no Regulus.

All Ironores in general are refractory, and lefs fu-
fible than any other; for which reafon a much
greater proportion of Aux, and a much more violent
degree of fire, is required to {melt them. One prin-
cipal caufe why thefe ores are fo refrattory is the
property which Iron itfelf has of being extremely
difficult to fufe, and of refifting the action of the
fire fo much the more as it is purer, and further
removed from its mineral ftate. Among all the
metallic {fubftances it is the only one that is
lefs fufible when combined with that portion of

' A ag phlo-
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phlogifton which gives it the metalline form, than |

when it is deprived thereof, and in the form of a
calx.

In fmelting houfes Iron ore is fufed amidft char-
coal, the phlogifton of which combines with the
martial earth, and gives it the metalline form.
The Iron thus melted runs down to the bottom of
the furnace, from whence it is let out into lar
moulds, in which it takes the fhape of oblong blocks,
called Pigsof Iron.  This Iron is ftill very impure,
and quite unmalleable. Its want of ductility
after the firft melting arifes partly from hence,
that, notwithftanding the previous roafting which
the ore underwent, there ftill remains, after this firft
fufion, a confiderable quantity of Sulphur or Arfenic
combined with the meral. '

A certain quantity of quick-lime, or of ftones that
will ‘burn to lime, is frequently mixed with Iron
ore on putting it into the {melting furnace. The
lime being an abforbent earth, very apt to unite
with Sulphur and Arfenic, is of ufe to feparate thofe
minerals from the Iron. _

It is alfo of ufe to mix fome fuch matters with
the ore, when the ftones or earths which naturally
accompany it are very fufible; for, as the Iron is
of difficult fufion, it may happen that the earthy
matters mixed with the Iron fhall melt as eafily as
the metal, or perhaps more eafily. In fuch a cafe
there is no feparation of the earthy from the metal-
line part, both of which melt and precipitate toge-
ther promifcuoufly : now quick-lime, being extreme-
ly refradtory, ferves on this occafion to check the
melting of thofe matters which are too fufible.

Yet cuick-lime, notwithftanding its refrn_.c":nry
quality, may fometimes be of ufe as a fux for Iron:
this is the cafe when the ore happens to be combined
with fubftances which, being united with lime, ren-
der it fufitls: fuch are all arfenical mattess, and even

fome
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fome earthy matters, which being combined with
quick-lime make a fufible compound.

When the ore of an Iron mine is found difficult
to reduce, it is ufually neglected even though it be
rich; becaufe Tron being very common, people chufe
to work thofe mines only whofe ores are {melted
with the moft eafe, and require the leaft confump-
tion of wood.

Yet refraftory ores are not to be altogether re-
jected, when another Iron ore of a different quality
15 found near them. For it often happens that two
feveral Iron ores, which being worked feparatel
are very difficult to manage, and yield at laft but
bad Iron, become very tratable, and yield excellent
Iron, when Imelted together : and accordingly fuch
mixtures are often made at Iron-works.

The Iron obtained from ores by the firft fu-
fion may be divided into two forts, The one,
when cold, refifts the hammer, doth not eafil
break, and is in fome meafure extenfible on the
anvil 3 but if ftruck with a hammer when red-
hot flies into many pieces : this fort of Iron hath al-
ways a mixture of Sulphurinit. The other fort,
on the contrary, is brittle when cold, but fomewhat
ductile when red-hot. This iron is not fulphurared,
is naturally of a good quality, and its brittlenefs
arifes from its metalline parts not being fufficiently
compacted together.

Iron abounds fo much, and is fo univerfally dif-
fufed through the earth, that it is difficult to find

-a body in which there is none at all : and this hath
led feveral Chymifts, even men of great fame,
into the error of thinking that they had tranfmuted
into Tron feveral forts of earths in which they fuf-
pected no Iron, by combining them with an inflam-
mable matter; whereas, in fact, all they did was to
give the metalline form toa true martial earcth which
happened to be mixed with other earths.

¥R O
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PROCESS IL
To render Pig-iron and brittle Iron malleable.

N T O an earthen vefiel widening upwards put
-4 fome charcoal-duft, and thereon lay the Pig-
iron which you propofe to render duétile; cover it
all over with a quantity of charcoal ; excite the fire
violently with a pair, or more, of perpetual bellows
till the Iron melt. If it do not readily flow and
forma great deal of flag on its furface, add fome flux,
fuch as a very fufible fand.

When the matter is in fufion keep ftirring it from
time to time, that all the parts thereof may be equal-
ly acted on by the air and the fire. 'On the furface
of the melted Iron fzorie will be formed, which muft
be taken off as they appear. At the fame time you
will fee a great many fparkles darted up from the fur-
face of the metal, which will form a fort of fiery
fhower. By degrees, as the Irongrows purer, the num-
ber of thefe fparkles diminithes, though they never
vanith entirely. When but few f{parkles appear,
remove the coals which cover the Iron, and let the
flag run out of the veflel; whereupon the metal
will grow folid in a moment. Take it out while it
1s ftill red-hot, and give it a few ftrokes with a ham-
mer, to try if it be ductile. If it be not yet malle-
able, repeat the operation a fecond time, in the fame
manner as before. Iaftly, when it is thus fuffici-
ently purified by the fire, work it for a long time
on the anvil, extending it different ways, and mak-
g it red-hot as often as there is occafion. Iron
thus brought to the neceffary degree of duéility, fo
as to yield to the hammer, and fuffer itfelf to be
extended every way, either hot or cold, without
breaking to bits, or even cracking in the leaft, is
very geod and very pure.  If it cannot be brought

ta
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to this degree by the method here prefcribed, it
is 4 proof that the ore from which this Iron was
extracted ought to be mixed with other ores; but it
frequently requires a great number of trials to ob-
tain an exa®t knowledge of the quality and pro-
portion of thofe other ores with which it is to be

mixed.

OBSERVF AT FONS,

Tuz brittlenefs and fhortnefs of Pig-iron arifes
from the heterogeneous parts which it contains, and
which could not be {eparated from it by the firft fu-
fion. Thefe extraneous matters ar¢ ufually Sulphur,
Arfenic, an unmetallic earth, and alfo a ferruginous
earth ; but fuch as could not be combined with the
phlogifton as it ought to be, in order to have the
properties of a metal, and muft therefore be confi-
dered as heterogeneous with refpect to the other
well conditioned martial particles. :

The Pig-iron, by undergoing repeated fufions, is
freed from thefe heterogeneous matters ; thofe which
are volatile, fuch as Sulphur and Arfenic, being dif-
fipated, and the unmetallic matters being {corified.
As to the ferruginous earth which did not at firftac-
quire the metalline form, it becomes true Iron at laft ;
becaufe, among the coals with which it is encom-
pafled, it meets with a fufficient quantity of phlo-
gifton to reduce it to metal. Charcoal is alfo ne-
ceflary on this occafion, that it may continually fur-
nifh phlogifton to the Iron, which would otherways
be converted into a calx.

Hammering the red-hot Iron, after each fu-
fion, ferves to force out from amongft the martial
parts fuch earthy matters as may happen to remain
there, and fo to bring into clofer contact the me-
talline parts which were feparated before by the in-
terpofition of thofe heterogeneous matters.

P R O-
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PAROC BS & :0IL
To convert Iron into Steel,

A K E {mall bars of the beft Iron ; thatis,

of fuch as is malleable both hot and cold ;
fer them on their ends in a cylindrical earthen vef-
fel, whofe depth is equal to the length of the bars,
and in fuch a manner that they may be an inch di-
{tant from each other, and from the fides of the cru-
cible. Fill the veffel witha cement compounded of
two parts of charcoal, one part of bones burnt in
a clofe veffel till they become very black, and one
half part of the afhes of green wood; having firfk
pulverized and thoroughly mixed the whole together.
Take care tolift up the Iron bars a little, to the end
that the cement may cover the bottom of the veffel,
and fo that there be about the depth of half an inch
thereof under every bar: cover the crucible and
lute on the cover.

Set the crucible thus prepared in a furnace, fo
contrived that the crucible may be furrounded with
coals from top to bottom : for eight or ten hours
keep up fuch a degree of fire that the veficl may be
moderately red ; after this take it out of the fur-
nace ; plunge your little Iron bars into cold water,
and you will find them converted into Steel.

OBSERVATION S.

Tue principal difference between Iron and Steel
confifts in this, that the latter is combined with a
greater quantity of phlogifton than the former. |

It appears by this experiment that, to make
Iron unite with an inflammable matter, it is not ne-

ceffary
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ceffary it fhould be in fufion; it is fufficient that

it be fo red-hot as to be opened and foftened by
the fire.

Every kind of charcoal is fit to be an ingredi-
ent in the compofition of the cement employed to
make Steel, provided it contain no vitriolic Acid.
However, it hath been obferved that animal coals
produce a fpeedier effect than others: for which rea-
fon it is proper to mix fomething of that kind with
charcoal-duft, as above directed.

The following figns fhew that the operation
hath fucceeded, and that the Iron is changed into
good Steel.

This metal being quenched in cold water as pro-
pofed above, acquires fuch an extraordinary degree
of hardnefs, that it will by no means yield to an
impreflion of the file or hammer, and will fooner break
in pieces than ftretch upon the anvil. And here
it 15 proper to obferve, that the hardnefs of Steel
varies with the manner in which it is quenched. The
general rule is, that the hotter the Steel is when,
quenched, and the colder the water is in which you
quench it, the harder it becomes. It may be de-
prived of the temper thus acquired, by making it
red-hot, and letting it cool flowly ; for it is thereby
foftened, rendered malleable, and the file will bire
upon it.  For this reafon the artifans who work in
Steel begin with untempering it, that they may with
more eafe fhape it into the tool they intend to make.
They afterwards new-temper the tool when finifhed,
and by this fecond temper the Steel recovers the
fame degree of hardnefs it had acquired by the firfk
temper.

The colour of Steel is not fo white as that of Iron,
but darker, and the grains, facets, or fibres, which

appear on breaking it, are finer than thofe obferved
ia lron,

i
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If the bars of Iron thus cemented in order to
convert them into Steel be too thick, or not kept
long enough in cementation, they will not be turned
into Steel throughout their whole thicknefs : their
furfaces only will be Steel to a certain depth, and
the center will be mere Iron; becaufe the Phlo-
gifton will not have thoroughly penetrated them.
On breaking a bar of this fort, the difference in co-
lour and grain between the Steel and the Iron is
very vifible.

It is eafy to deprive Steel of the fuperabundant
quantity of Phlogifton which conftitutes it Steel, and
thereby reduce it to Iron. For this purpofe it need
only be kept red-hot fome time, obferving that no
matter approach it all the while that is capable of
refunding to it the Fhlogifton which the fire carries
off. The fame end is ftill fooner obtained by ce-
menting it with meagre hungry matters, capable of
abforbing the Phlogifton ; fuch as bones calcined to
whitenefs, and cretaceous earths.

Steel may alfo be made by fufion; or Pig-iron
may be converted into Steel. For this purpofe the
fame method muft be employed as was above directed
for reducing Pig-iron into malleable Iron ; with this
difference, that, as Steel requires more Phlogifton
than is neceflary to Iren, all the means muft be made
ufe of that are capable of introducing into the Iron a
great deal of Phlogifton ; {uch as melting but a {malk
quantity of Iron at a time, and keeping it conftantly
encompafled with abundance of charcoal ; re-iterat=
ing the fufions ; taking care that the blaft of the
bellows direéted along the furface of the metal do
not remove the coals that coverit, &c. And here
it muft be obferved, that there are fome forts of
Pig-iron which it is very difficult to convert into
Steel by this method, and that there are others
which fucceed very readily, and with fcarce any trou-
ble at all. The ores which yield the Jalt mentioned

fort
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fort of Pig-iron are called Stee/ Ores. Steel made
by this means muft be tempered in the fame manner
as that made by cementation *.

POCOCE'S 51V,
The Calcination of Iron.  Sundry Saffrons of Mars.

A K E filings of Iron, what quantity you

pleafe; put them into a broad unglazed earthen
veffel, fet under the mufile of a cupelling furnace: -
make it red-hot; ftir the filings frequently ; and
keep up the fame degree of fire till the Iron be whol-
ly turned into a red powder.

OBSERVATI10ONSG.

Iron eafily lofes its phlogifton by the altion of
fire. 'The calx that remains after its calcination is
exceeding red ; which makes this be thought the na-
tural colour of the earth of that metal. It hath
accordingly been obferved that all the earths and
ftones, which either are naturally red, or acquire
that colour by calcination, are ferruginous. ;

The yellowith red colour which every calx of”
Iron hath, in whatever manner it be prepared, hath
procured the name of Crocus or Saffron to every
preparation of this kind., 'That made in the man-
ner above directed is called in Medicine Crocus Mar-
tis aftringens.

The ruft produced on the furface of Iron is a
fort of calx of Iron made by the way of diffolution.

* Mr. Réaumur hath obliced the publick with a treatife on
the means of converting Iron into Steel, in which he hath ex-
haufted the fubjett. Such as defire the ampleft and moft ufeful
inftru€tions, on that part of metallurgy, would do well to confult

his Werk.
The
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The moifture of the air adts upon the metal, diffolves
it, and robs it of fome of its phlogifton. This ruft
is called in Medicine Crocus Martis Aperiens; be-
caufe it is thought that the faline parts, by means
whereof the humidity diffolves the Iron, remain
united with the metal after its diffolution, and give
it an aperitive virtue. The Apothecaries prepare this
fort of Saffron of Mars by expofing Iron filings to
the dew till they be turned entirely to ruft 5 which is
then called Saffron of Mars by dew.

Another Saffron of Mars is alfo prepared in a
much fhorter manner, by mixing filings of Iron
with pulverized Sulphur and moiftening the mixture,
which after fome time ferments and grows hot. It
is then fet on the fire; the Sulphur burns away,
and the mafs is kept ftirring till it become a red
matter, This Saffron is nothing but Iron diffolved
by the Acid of Sulphur, which is known to be of
the fame nature with that of Vitriol; and confequent-
ly this Saftron of Mars is no way different from Vi-
triol calcined to rednefs.

PrRa@ Qo581
Iron diffolved by the mineral Acids.

U T any mineral Acid whatever into a ma-

trafs with fome water ; fet the matrals on a
fand-bath gently heated 5 drop into the veflel fome
filings of Iron: the phenomena which ufually ac-
company metalline diffolutions will immediately ap-
pear. Add more filings, till you obfefve the Acid
hath loft all fenfible action upon them : then remove
your matrafs from the fand-bath ; you will find in it
2 folution of Iron.

OBSER-
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OBSERVATIONS, ¢

Irow is very eafily diffolved by all the Acids. If
you make ufe of the Vitriolic Acid, care muft be
taken to weaken it with water in cafe it be concen-
trated; becaufe the diffolution will fucceed the beét-
ter. The vapours that rife on this occafion are in-
flammable ; and if a lighted paper be held to the .
mouth of the matrafs, efpecially after keeping it
ftopt for fome time and fhaking the whole gently,
the fulphureous vapours take fire with fuch rapidity
as to produce a confiderable explofion; which is
fometimes ftrong enough to burft the veflel into a
thoufand pieces. This folution hath a green colour,
and is in faét a fluid Green Vitriol, which wants no-
thing but reft to make it thoot into cryftals,

If you make ufe of the Nitrous Acid, you muft
ceafe adding more filings when the liquor, after
ftanding ftill fome moments, becomes turbid ; for,
when this Acid is impregnated with Iron to a cer-
tain- degree, it lets fall fome of that which it had
diffolved, and becomes capable of taking up frefh
filings. Thus by conftantly adding new fupplies of
Iron, this Acid may be made to diffolve a much
greater quantity thereof than is neceffary to faturate
it entirely.  This folution is of a ruffet colour, and
doth not cryftallize. |

If the weather be not extremely cold, and the
Acids have a proper degree of ftrength, the fand-
bath 'is unneceffary, as the diffolution will fucceed
very well without it. ' '

Iron diffolved by Acids may be feparated there-
from, like all other metallic fubftances in the fame
circumftances, either by the action of fire, which car-
ries off the Acid and leaves the Martial earth, or
by the interpofition of fubftances which have a greater
affinity than metallic fubftances have with Acids;
that is, by Abforbent Earths and Alkaline Salts. By

Bb what-
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whatever means you feparate Iron from an Acid fol-
vent, it conftantly appears, after the feparation, in
the form of a yellowith red powder; becaufe it is
then deprived of moft of the phlogifton to which it
owed its meralline form : whence it is reafonable to
think that this is the proper colour of Martial earth.
All thefe precipitates of Iron are true Saffrons of
Mars, which, as well as thofe prepared by calcina-
tion, are fo much the further removed from the
nature of a metal, the more they are deprived of
their phlogifton, Thence it comes that they are
more or lefs foluble by Acids, and more or lefs at-
tracted by the magpet : as no ferruginous earth, per-
fectly deprived of all inflammable marter, is at all
attracted by the magnet, or foluble by Acids.

C H A TNy
Of T 1.

B.R O L &' o 1,
To extract Tin from its Ore.

R E A K your Tin ore into a coarle powder,
B and by wathing carefully feparate from it all
the heterogeneous matters and ores of a different
kind that may be mixed therewith. Then dry it,
and roaft it in a ftrong degree of fire, till no more
Arfenical vapour rife from it. When the ore is
roalted, reduce it to a fine powder, and mix it tho-
roughly with twice its weight of the black flux well
dried, a fourth part of its weightof clean iron filings,
together with as much borax and pirch: put the
mixture into a crucible ; over all put Sea-falt to the

thick-
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thicknefs of four fingers, and cover the crucible
clofe.

Set the crucible thus prepared in a melting fur-
nace: apply at firft a moderate and flow degree of
fire, till the flame of the pitch, which will efcape
through the joint of the cover, difappear entirely.
Then fuddenly raife your fire, and urge it with ra-
pidity to the degree neceffary for melting the whole
mixture, As foon as the whole is in fufion take the
crucible out of the furnace, and feparate the Regulus
from the fcoria.

OBSERVATIONS.

AL Tin ores contain a confiderable quantity of
Arfenic, and no Sulphur at all, or at moft very little.
Hence it comes that, though Tin be the lighteft of
all metals, its ore is neverthelefs much heavier than
any other; Arfenic being much heavier than Sulphur,
- of which the ores of every other kind always contain
a pretty large proportion.  This ore is moreover very
hard, and is not brought to a fine powder with fo
much eafe as the reft.

' "Thefe properties of Tin ore furnith us with the

means of feparating it eafily by lotion, not only
fromearthy and ftony parts, but even from the other
ores which may be mixed with it. And this is of
the greater advantage on two accounts, viz. becaufe
Tin cannot endure, without the deftrution of a great
part thereof, the degree of fire neceflary to fco-
rify the refractory marters which accompany its ore ;
and again becaufe this metal unites {o eafily with Iron
and Copper, the ores of which are pretty commonly
blended with Tin ore, that after the redufion it
would be found adulterated with a mixture of thefe
two metals, if they were not feparated from it be-
fore the fufion.

But fometimes the Iron ore confounded with that
of Tin is very heavy, and is not eafily pulverized ;

b2 whence
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whence it comés ‘to pafs that it cannot be feparated
therefrom by wathing only. In that cafe the mag-
net muft be employed to feparate it; after the ore
Hatl‘been roaftedits “1shom 52 {Iqqh

Roafting is' moreover neceflary for Tin ore, in
order to'diffipate the Arfenic which volatilizes, cal-
cines, of deftroys’ one part ‘of the Tin, and reduces
the reft toa fhort, brittle fubftance, like a Semi-metal.
The ore is known to be fufficiently roafted when no
more fumes rife from it: -when it has loft the {mell
of garlick ; and when it does not whiten a clean plate
of Iron held over it.

Tin being one of thofe-metals which are moft ea-
fily calcined, itris neceffary in: reducing its. ore to
employ fuch matters as may furnifh ic with phlogif-
ton.  In order to defend it from  the contaét of the
air, which always accelerates the calcination of me-
tallic fubftances, the mixture is to be covered with
Sea-falt 3 and the addition of pitch helpsitol increafe

the quantityof phlogifton. .«

-

ol R OGE SRS
_ The Calcination of Tin. ah |
Y N T O an‘unvarnithed earthen difh put the quan-
tity of Tinryou intend to calcine 3 melt it, and
keep {tirring it from time to time. ' Its furface will
be covered with a greyith white powder : continue
the calcination till all your Tin be converted into fuch
‘a powder, 'which is the Caly of Tin. | ;

%

ol subsiOsl S AR U A Tdd @ NiSiw
55 TroucH the calcination. of 'metalline fubftances
-4s promoted by expofing them, in powder, orin file-
ings, to the altion of fire, and by ordering it {o that
:they ‘may-hot melt, “becaufe they prefent'a much
: ﬁ'ﬂ&lllﬂ:-fqrfaéﬂ‘- when ‘melted ‘than when unmelted 5
PININW yer
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yet we have not directed this precantion to be ufed
in calcining Tin.  The reafon is, this metal is fo
fufible that it cannot endure the degree of fire requi-
fite to defltroy its phlogifton without melting ; and
of courfe, though Tin calcines eafily, the operation
would neverthelefs be tedious, becaufe the melted
metal would prefent but a fmall furface'to be acted
on by the fire and the air! - This inconvediénce may
be partly remedied, and the operation greatly expe-
dited, by dividing the quantity of T'in to be calcined
into feveral fmall parcels, and expofing 'them to the
fire in feparate veflels, fo that they 'may not re-unite
when melted, and form one fingle mafs.

Leaf Tin caft on Nitre in aé%uaifdﬁr}ﬁ'baﬁfes it
to deflagrate and fulminate; and from this mixture
there rifes a white vapour, which is converted into
flowers when' it meets with any obftacle’ to impede
its flying off entirely. . g P

Mr Geoffroy, who went through a courfe of ex-
periments on Tin, an’ account whereof may' be feen
in the Memoirs of the ‘Academy of Sciences, foand
that from the colour of the calx of that metal a judg-
ment may be formed of its degree of purity, and
nearly of the quantity and quality of the ‘metallic
fubftances with which it is alloyed. " The experi-
ments tried on this fubject by that emiinent Chymift
are very curious. : : 7

He performed the calcination in a crucible, which
he heated to a cherry-red, and kept up the fame de-
gree of fire from the beginning to the end of the o-

ration. The calx which formed upon his metal,
in that degree of heat, appeared like fmallwhite fcales,
a little reddith on the under fide. He puthed it to
one fide as it formed, to the end that it might not
cover the furface of the metal, which, Iike all o-
thers, requires the contact of the air to turn it into
a calx. :

Bbsy “ While
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[ 44

¢ While he was making thefe calcinations, he had

an opportunity of obferving a curious fa&, of

¢ which no body before him had ever taken notice ;
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probably becaufe no body had ever calcined Tin
by the fame method. The fa& is, that during
the calcination of the Tin, whether you break the
pellicle which forms on the furface of the metal
while in red-hot fufion, or whether you let it re-
main without touching it, you perceive in feveral
places a fmall fwell of a certain matter which burfts
and makes its way through the pellicle. This
matter puffs up, grows red, at the fame inftant
takes fire, and darts out.a fmall whitifh flame,
as vivid and as brilliant as that of Zinc when
urged by a fire ftrong enough to fublime it into
flowers. The vividnefs of this flame may be fur-
ther compared to that of feveral fmall grains of
phofphorus of urine fired and gently dropped on
boiling water. From this bright flame a white
vapour exhales; after which the fwelled mafs
partly crumbles down, and turns to a light white
powder, fometimes fpotted with red, according
to the force of the fire. After this momentary
ignition, there arife ftronger, more numerous, or
more frequent heavings of matter, out of which
iffues a good deal of white fume, that may be in-
tercepted by a cover of tin-plate or copper fitted
to the crucible, and appears to be the flowers of
Tin, which in fome meafure corrode thefe metals.
Hence Mr. Geoffroy conjectures, with a great deal
of probability, that their fublimation is promoted
by a portion of Arfenic. When the cruft formed
by this calx comes to be too thick, or in too great
a quantity, to be puthed on one fide fo as to leave
part of the metal uncovered, Mr. Geoffroy puts
out the fire, becaufe no more calx would be form-
ed ; the communication of the external air with
the Tinin fufign being abfolutely neceffary there-
111 t.nl
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to, as hath been already faid. In this operation
it is to be obferved that, if the fire be too flow,
neither the inflammation of the fulphureous parti-
cles, nor the white fumes that rife, will be fo dif-
tinétly percecived, as when the fire is of the de-
gree requifite to keep the crucible juft of a cher-
ry-red heat.
«« Mr. Geoffroy having taken off this firft calx
began the calcination anew. In this fecond heat
the buddings or heavings were more confiderable,
and fhot up in the form of cauli-flowers; but were
ftill compofed of little fcales. The thoroughly cal-
cined portion of this vegetation was likewife white
and red ; and the inferiour furfaces of fome little
bits thereof were wholly red. When thefe calci-
nations are continued, fulphureous vapours rife
feemingly of another kind than thofe which ap-
ared in the beginning ; for all the calx made
by the firft heat was perfeétly white; whereas in
the fecond it begins to be {potted here and there
with a tinge of black. Mr. Geoffroy was obliged
to go through a courfe of twelve feveral calcina-
tions before he could convert two ounces of Tin
into a calx. He had the opportunity, during
thefe feveral calcinations, to obferve that after
the fourth, and fometimes after the third the
red fpots of the calx decreafe, and the black
increafe ; that the germinations ceafe; that the
cruft of the calx remains flat; that in the twelfth
fire the Tin yields no more of this fcaly crufts
that towards the end the undulations of the fufed
metal appear no longer ; and that the fmall re-
mainder of calx is mixed with feveral very minute
rains of metal, which feem much harder than
%‘in. Mr. Geoffroy could not colleét a fufficient
quantity thereof to cupel them, and fatisfy him-
{elf whether or no they were Silver.”
Bbg Though
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Though Tin, and all the imperfect metals in ge-
neral, feem converted to a calx, and lofe the me-
talline form, by one fingle calcination, and that a
flight one ; yet they are not wholly deprived of their
phlogifton : for if the calx of Tin, for inftance, pre-
pared according to the procefs above delivered, be
caft upon Nitre in fufion, it will make -that fale
deflagrate very perceptibly ; a convincing proof that
it ftill contains much inflammable matter.  If there-
fore a calx be required abfolutely free from phlogif-
ton, this firft calx muft be re-calcined by a more
violent fire, and the calcination continued till all
the phlogiflon be diffipated. - |
¢ Mr. Geoffroy, being defirous of having his calx
“ of Tin very pure and perfectly calcined, expofed
“_once more to the attion of fire the twelve portions
of calx obtained by his former calcinations. Bur,

as itwould have been too tedious to re-calcine them
¢¢ all feparately, he made four parcels of the whole,
¢¢ each confifting of three taken according to the or-
der in which they were firft calcined ; and gave to
each a fire fufficiently ftrong, and long enough con-
*“ tinued, to calcine them as thoroughly as was pof-
¢ flible. After thisfecond calcination he found them
** all of a moft beautiful white, except the firft par-
¢ cel: as that confifted of the portions obtained by
“¢ the three fir{t heats, in all of which there were fcales
¢ tinged with red, it ftill retained a ftain of carnation,
*< though hardly perceptible, Agreeably to the ge-
¢ neral rule, the two ounces of Tin gained in weight
*¢ by being thus calcined; and the increafe was two
¢ drams and fifty feven grains.

“ Mr. Geoffroy obferves that no Tin, but what
¢ is abfolutely pure, will yield a perfe@ly white
¢¢ calx. He calcined in this maunner feveral other
‘¢ parcels of Tin that were impure and varioufly al-
¢ loyed ; each of which produced a calx differently
% coloured, according to the nature and quantity of
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< its alloy : whence he juftly concludes that calci-
“- % pation is a very good method of trying the fine-
¢ nefs of Tin, or its degree of purity.” The parti-
culars of Mr. Geoffroy’s experiments on this fubje&,
which are very curious, may be feen in the Memoirs
of the Academy for 1738. £
It is proper to take notice that a man fhould be
very cautious how he expofes himfelf to the vapours
of Tin, becaufe they are dangerous; this metal be-
ing very juitly fufpected by Chymifts of containing
fomething Arfenical. |

e e A e A e e e e

PROCESS IIL

The diffolution of Tin by Acids. The Smoking liguor
¢f Libavius. '

U T into a glafs veflel what quantity you pleafe

of fine Tin cut into little bits. Pour on it thrice
as much Aqua Regis, compounded of two fl:-arts-. Aqua
Fortis weaiened with an equal quantity of very pure
water, and one parc Spirit of Salt. An ebullition
will arife, and the Tin will be very rapidly difiolved ;
efpecially if the quantities of meral and of Agua Re-
gis be confiderable.

OBSERVATIONS.

T1x is foluble by all the Acids; but 4gua Regis dif-
folves it beft of any. Yer in this diffolution it comes
to pals that part of the diffolved Tin precipitates of
its own accord to the bottom of the vefiel, in the form
of a white powder. This folution of Tin is very
fit for preparing the purple-coloured precipitate of
Gold, For this purpofe the folution of 1in muft
be let fall, drop by drop, into a folution of Gold.
Spirit of Nitre difiolves Tin nearly as dguz Regis
‘does ; but it occafions a greater quantity of calx.

If
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If two or three parts of Oil of Vitriol be poured
on one part of Tin, and if the veffel in which the
mixture is made be expofed to fuch a degree of heat
as to evaporate all the moifture, there will remain
a tenacious matter fticking to the fides of the veffel.
If water be poured on this matter, and it be then
expofed a fecond time to the fire, it will diffolve
entirely, excepting a fmall portion of a glutinous
fubftance, which alfo may be difiolved in freth Oil
of Vitriol. -

The Acid of Sea-falt may be combined with Tin
by the following procefs. Mix perfectly, by tritu-
ration in a marble mortar, an amalgam of two
ounces of fine Tin, and two ounces and a half of
Quick-filver, with as much Corrofive Sublimate.
As foon as the mixture is completed, put it into a
glafs retort, and diftill with the fame precautions
as we direted to be ufed in preparing concentrat-
ed and fmoking Acids. There will firlt come over
into the receiver fome drops of a limpid liquor,
which will be foon followed by an elaftic {pirit that
will iffue out with impetuofity. At laft fome flow-
ers, and a faline tenacious matter, will rife into the
neck of the retort. Then ftop your diftillation, and
pour into a glafs bottle the liquor you will find in the
receiver. This liquor continually exhales a confi-
derable quantity of denfe, white fumes, as long as it
1s allowed to have a free communication with the air.

The product of this diftillation is a combination of
the Acid of Sea-falt with Tin. As the affinity of
Tin with this Acid is greater than that of Mercury,
the Acid contained in the Corrofive Sublimate quits
the Mercury, wherewith it was united, to join the
‘Tin; which it volatilizes {o as to make it rife with it-
felf in a liquid form. We make ufe of the amal-
gam of Tin with Quick-filver, becaufe we are there-
by enabled to mix the Corrofive Sublimate perfectly

there-
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therewith, as the fuccefs of the operation requires it
fhould be.

In this experiment the Tin is volatilized, and the
Acid of Sea-falt, which is exceedingly concentrated,
flies off inceffantly in the form of white vapours.
This compound is known in Chymiftry by the name
of the Smoking Liquor of Libavius; a name derived
from its quality, and from its Inventor. Tin dif-
folved by Acids is eafily feparated from them by Al-
kalis, It always precipitates in the form of a white
calx.

—— L=

CH AP VL
Of LEanD.

PROCESS: L
To extrall Lead from its Ore.

AVIN G roafted your Lead ore reduce it to a

fine powder; mix it with twice its weight of the
black flux, and one fourth of its weight of clean iron
filings and borax ; put the whole into a crucible ca-
pable of containing at leaft thrice as much ; over all
put Sea-falt four fingers thick ; cover the crucible;
lute the junéture ; dry the whole with a gentle heat,
and fet it in a melting furnace.

Make the crucible moderately red : you will hear
the Sea-falt decrepitate, and after the decrepitation a
fmall hiffing in the crucible. Keep up the fame de-
gree of fire till that be over.

Then throw in as many coals as are neceffary to
complete the operation entirely, and raife the fire
fuddenly, fo as to bring the whole mixture into per-
fect fufion, Keep up this degree of fire for a quar-

ter
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ter of an hour, which is time fufficient for the pre-
cipitation of the Regulus.

When the operation is finithed, which may be
known by the quietnefs of the matter in the cruci-
ble, and by a bright vivid flame that will rife from
it, take the crucible out of the furnace, and feparate
the Regulus from the fcoria, '

" OBSERVATIONS.

ArL Lead ore contains a good deal of Sulphur,
which muft be firft feparated from it by roafting :
and as this kind of ore is apt to fly when firlt expo(-
ed to the fire, it is proper to keep it covered till it be
thoroughly heated. Another precaution to be ufed,
in roafting this ore, is not to give it too great a heat,
but to keep the vefiel which contains it jult mode-
rately red; becaufe it eafily turns clammy, which
occafions it to ftick to the vefiel. |

The Iron that is added, and mixed with the flux,
abforbs the Sulphur - which may happen to remain,
even after roafling : it helps alfo to {eparate from the
Lead fome portions of femi-metal, efpecially of An-
timony, which are frequently mixed with this ore..

" There is no fear left the iron mix with the Lead
in fufion, and adulterate it: for thefe two metals are
incapable of contralling any union together, when
each has its metalline form.

Nor is there any reafon to apprehend left the Iron
fhould, by its refractory quality, obftruét the fufion
of the mixture ; for though this metal be not fufible

when alone, yet, by the union it contratts with the .

matters it is defigned to abforb, it becomes fo to
fuch a degree as 1n fome meafure to perform, on this
occafion, the office of a flux. 4 iaeng
The government of the fire is a point of great
confequence in this operation. It is necefiary to ap-
ply but 2 mocerate degree of heat at firft: for, when
the metallic carth of the Lead;, combining with the
phiogifton,

B
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phlogifton, acquires the metalline form, it {wells up,
in fuch an extraordinary manner, that there 1s great
danger left the matter thould overflow and run all out
of the containing veflel. With a view therefore to a-
void this inconvenience, we direct a very large cru-
cible to be ufed.  This heaving of the Lead at the
inftant of its reduétion is attended with a noife like
the whiftling of wind.

Notwithftanding all the precautions that can be
ufed ro.prevent the reduction from taking place too
haftily, and fo occafioning the effufion of the mat-
ter, it often happens that, on raifing the fire in
order to bring the mixture into fufion, the hiffing
fuddenly begins again, and is very loud. In that
cafe all the apertures of the furnace muft immedi-
ately be fhut clofe, in order to choak and fuffocate
the fire: for, if this be negleéted, the matter in
the crucible will fwell up, make its way through
the luting of the junéture, nay, pufh up the
cover, and run over. This accident is to be appre-
hended during the firft five or fix minutes after you
raife the fire in order to melt the mixture. This ef-
fufion of the matter is accompanied with a dull
flame, a thick, grey and yellow fmoke, and a noife
like that of fome boiling liquor. When you obferve
thefe feveral phenomena you may be fure the mat-
ter is run out of the crucible, either in the man-
ner above defcribed, or by making its way through
fome cracks in the veflel, and confequently that the
operation is fpoiled. '

" Moreover, this event infallibly follows when-
ever a bit of coal happens to fall into the crucible ;
and this is one reafon why it is neceffary to cover it.

~~ You may be certain that the operation hath fuc-
ceeded if the fcoria is fmooth when cold, and hath
not in part efcaped through the lute; if the Lead be

- ot difperfed in globules through the whole mafs of

- the matter contained in the crucible, butis, on the

contrary,
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contrary, colleted at the bottom in the form of 2
folid Regulus, not very thining, but of a blueith caft,
and ductile. Moreover the fcoria ought, in the
prefent cafe, to be hard and black, and fhould not
appear full of holes like a fieve, except only in that
part which was contiguous to the Salt.

Here it is proper to obferve that the Sea-falt doth
not mix with the fcoria, but floats upon it. Af-
ter the operation it is black ; which colour it gets,
no doubt, from the charred parts of the flux. The
abfence of thefe figns thews the operation to have
mifcarried. "When the ore to be fmelted is pyritofe
and refraltory, it may be roafted at firft with a
much ftronger degree of fire than is ufed for ores
that are fufible; becaufe the martial earth, and the
- unmetallic earth, which are always mixed in pyri-
tofe matters, hinder it from growing readily foft in
the fire.

Befides, fuch an ore requires a greater quantity of
the black flux and of borax to be mixed with it, and
a higher degree of fire to fufe it.

It is generally needlefs to mix iron filings with
this fort of ore; becaufe the martial earth, with
which pyritofe matters are always accompanied, is
reduced during the operation by the help of the black
flux, which for that purpofe is mixed with it in a
large proportion, and furnifhes a quantity of iron
fufficient to abforb the heterogeneous minerals mix-
ed with the Lead.

Yet, if it fhould be obferved that the pyrites
which accompany the Lead ore are arfenical, then,
as fuch pyrites contain but a fmall quantity of fer-
ruginous earth, iron filings muft be added ; which
are, on this occafion, fo much the more neceffary
for abforbing the Arfenic, as this mineral remains in
part confounded with the ore, is reduced to a Regu-
lus during the operation, unites with the Lead, and

deftroys
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deftroys a great deal of it by procuring its vitrifica-
tion.

The Lead obtained from fuch pyritofe ores is
commonly not very pure : it is blackith and fcarce
ductile ; qualities communicated to it by a fiall
mixture of Copper in the pyrites, which always con=
tain more or lefs thereof. We fhall afterwards thew
the method of feparating Lead from Copper.

Lead ore may alfo be reduced by melting it amidft
coals. For that purpofe firft kindle a fire in the
furnace in which you intend to melt your ore; then
put alayer of your ore immediately upon the lighted
coals, and cover it with another layer of coals.

Though the melting furnace ufed for this opera-
tion be capable of giving a confiderable heat, yer it
is neceflary further to encreafe the force of the fire
by the means of a good pair of perpetual bellows,
which will produce an effect like that of a forge. The
ore melts, the earth of the Lead unites with the phlo-
gifton of the coals, and fo is reduced to metal, which
runs through the coals, and falls into an earthen vef-
fel placed at the bottom of the furnace to receive it.
Care muft be taken to keep this veffel well filled
with charcoal-duft, to the end that the L.ead may be
in no danger of calcination while it continues there 3
the charcoal-duft conftantly furnithing it with phle-
gifton to preferve its metalline form.

The earthy and ftony matters that accompany the
ore are {corified by this fufion, juft as they are by the
other which is performed in a clofe veflel. With re-
gard to the Sur[fhur and Arfenic, they are fuppofed
to have been firft accurately feparated from the ore

by roafting. This is the method commonly employ-
:g for fmelting Lead ore at the works.

PR O-
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U P e K SEYE
To feparate Lead from Copper.
I'T H luting earth and charcoal-duft make a
flat vefiel, widening upwards, and large
tnough to contain your metalline mafs. = Set it fhel-
ving downwards from the back towards the fore-part;
and in the fore-part, at the bottom, make a little
gutter communicating with another vefiel of the fame
nature, placed near the former and a little lower.
Let the mouth of the gutter within fide the upper
veflel be narrowed, by means of a fmall iron plate
fixed acrofs it, while the loam is yet foft; fo as to
leave a very {mall aperture in the lower part of this
canal fufficient to difcharge the Lead as it melts.
Dry the whole by placing lighted coals round it.

When this apparatus is dry, put your mixed mafs
of Copper and Lead into the upper vefiel: both in
that, and in the other veflel, light a very gentle fire
of wood or charcoal, fo as not to exceed the degree
of heat neceffary to melt Lead. In fuch a degree of
heat the L.ead contained in the mixed mafs will mel,
and you will fee it run out of the upper veflel into the
lower s at the bottom of which it will Gnite into a
Regulus. When in this degtee of heat no more
Lead flows, increafe the fire a little, fo as to make
‘the vefiel mudr:rataly red.

When no more will run, collet the Lead con-
tained in the lower veflel. Melt it over again inan
iron Jadle, with a degree of fire fufficient to make
the ladle red ; throw into it a little tallow or pitch,
and while it burns keep flirring the metal, in order
to reduce any part of it that may be calr:med ‘Re-
move the pellicle or thin cruft which will form on the
{urface ; fquﬁeze out all the Lead it contains, and
then ]';:ut it to the mafs of Copper left in the up;f‘ér

ve

S -




PracTice of Cuymrstry., 385

veflel. Check the fire, and in the fame manner
take off a fecond fkin that will form on the furface
of the Lead. Laftly, when the metal is ready to
fix, take off the fkin that will then appear on it.
The Lead remaining after this will be very pure,
and free from all alloy of Copper.

With regard to the Copper itfelf, you will find it
in the upper vefiel covered with a thin coat of Lead:
and if the Lead mixed with it was in the proportion
of a fourth or a fifth part only, and the fire appli-
ed was gentle and flow, it will retain nearly the fame

form after the operation that the mixed mafs had
before,

OBSERVATIONS.

Leap frequently remains mixed with Copper
after the reduction of its ore, efpecially if the ore was
pyritofe. Though Copper be a much more beautiful
and more ductile metal than Lead, yet the latter bv
being alloyed with the former is rendered eager and
brittle. This bad quality is cafily difcovered by the
eye on breaking it: for the furface of the broken
part appears all granulated ; whereas when it is pure
it is more evenly, and refembles a congeries of folid
angles. If the Lead be alloyed with a confiderable
quantity of Copper, its colour hath a yellowifh caft.

Confidering the bad qualities which Copper com-
municates to Lead, it is neceffary to feparate thefe
two metals from each other. The method above
laid down is the fimpleft and the beft. It is found-
ed on two properties belonging to Lead : the firft is
that of being much more fufible than Copper ; fo
that it will melt and run in a degree of heat that is
not capable of making the Copper even red-hot,
which yec is very far from being able to melt it :
the fecond is, that Lead, though it hath an affnit
with Copper, and unites very perfeétly therewith,
yet is not able to diffolve it without a greater heat

VoL. L. Cc than
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than the degree barely neceffary to fufe Lead. Hence
it comes that Lead may be melted in a Copper vef-
fel, provided no greater degree of heat be applied
than that purpofe requires., But when the Lead be-
" comes {o hot as to be red, fume, and boil, it in-
ftantly begins to diffolve the Copper. For this rea-
fon, 1t 1s effential to the fuccefs of our operation that
a moderate degree ot heat only be applied, and no
greater than is requifite to keep the Lead in fulion.

Charcoal-duft is made an ingredient in the com-
pofition of the veflels ufed on this occafion, in order
to prevent the calcination of the L.ead. '

The iron plate, with which the entrance of the
gutter within the upper veflel is narrowed, ferves to
prevent the larger pieces of Copper, which the Lead
may carry along with it, from paffing through: it
ftops them, and allows the Lead to run off alone., -

Eut as thefe parcels of Copper may entirely choak
the paflage, care muft be taken, when any happen
to be flopt, toremove them trom the entrance of the
gutter, and pufh them back into the middle of the
veflel. It is alio neceffary to obferve whether or no
the 1.ead fixes any where in the pafiage ; and, if it
does, the heat of that part muft be encreafed, in or~
der to melt it and make it run off,

Notwithftanding all the precautions that can be
taken to hinder the melted Lead from carrying off
any Copper with it, it is impoflible to prevent
this inconveni¢nce entirely : and therefore the Lead
is melted over again, in order to feparate the fiall
portion of Copper with which it is ftill adulterated.

As Copper is much lighter than Lead, if thefe
two metals happen to be fo blended together that
the Copper, without being in fufion and diffelved by
the Lead, is only interpofed between the parts of the
melted Lead, fo as to fwim therein, it is then pre-
cifely in the cale of a {olid body plunged into a
iluid heavier than itlelf, and muft rife to the furface

like

= t’."ﬂ' L'ﬂ
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like wood thrown into water. [t is proper to burn
fome inflimmable matter on this melted L.ead, in
order to reduce fich parts thereof as are conitantly
calcining on its furface while it is in fufion; for
without this precaution they would be taken off to-
gether with the Copper.

The Copper remaining after this feparation is, as
we took notice before, ftill mixed with a little Lead.
If you defire to feparate it entirely therefrom, you
muft put it into a cupel, and expofe it under the
muffle to fuch a degree of fire as may convert all the
Lead into litharge. This cannot be fo done but that
fome of the Copper alfo will be fcorified by the heat
of the fire, and by the altion of the Lead : but as
there is a very great difference between the facility
and readinefs with which thefe two metals cal-
cine, the portion of Copper that is calcined, while
the whole Lead is turning into litharge, is fcarce
worth confidering,. |

The Lead, though carefully feparated from the
Copper by the procefs here delivered, is not yet ab-
folutely pure : fometimes it is alloyed with Gold,
and almoft always contains fome Silver. If you
would free the Lead as much as poflible from any
mixture of thefe two metals, you muft convert it in-
to glafs, {eparate the remaining bead, and afterwards
reduce this glafs of Lead. But, as thefe two perfect
metals are of no prejudice to the Lead, it is not ufual
to feparate them from ir, unlefs they be in a fuffici-
ent proportion to defray the charge, and produce
{fome profit befides.

* When we examine by the cupel the juft propor-
tion of Gold and Silver that an ore or a mixed me-
talline mafs will yield, we make a previous aflay of
the Lead to be-employed in the operation, and after-
wards, in our eftimate, deduét a proper allowance for
the quantity of fine metzl duc to the Lead made

ule of.
| S PRQO-
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PROCESS HI.
The Calcination of Lead.

AK E what quantity of Lead you pleafe ;
melt it in one or more unglazed earthen pans :
a dark grey powder will be found on its funface,
Keep ftirring the metal inceffantly till it be wholly

converted into fuch a powder, which is the Calx of
Lead.

DBSERVATIONY

As lead is a very fufible metal, and in that re-
fpect greatly refembles Tin, moft of the obfervations
we made on the calcination of Tin may be applied
here. |

In the calcination of all metals, and particularly
i this of Lead, there appears a fingular phenome- .
non which is not eafily accounted for. It is this :
though thefe matters lofe a great deal of their fub-
ftance, either by the diflipation of their phlogifton,
or becaufc lome of the metal, perhaps, exhales in va-
pours, yet when the calcination is over their calxes
are found to be encreafed in weight, and this increafe
15 very confiderable.  An hundred pounds of Lead,
for example, converted into Minium, which is no-
thing but a calx of Lead brought to a red colour
by continuing the calcination, are found to gain ten
pourds weight ; fo that for an hundred pounds of
Lead we have one hundred and ten pounds of Mi-
nium : a prodigious and almoft incredible augmen-
tation, if it be confidered that, far from adding any
thing to the Lead, we have on the contrary diffipat-
ed part of it.

'['o acceunt for this phenomenon Natural Philofo-
phers and Chymifts have invented feveral ingenious
hypotheles, but none of them entirely fatisfattory.

As




PracricE ¢f CHYMIsTRY. 389

- As we have no eftablifhed theory to proceed upon,
we fhall not undertake to explain this extraordinary
fact.

- =TT

PROCE S8 1V
To prepare Glafs of Lead.

AKE two parts of Litharge, and one part of

pure cryftalline Sand ; mingle them together

as exactly as poffible, adding a little Nitre and Sea-

falt : put this mixture into a crucible of the moft

folid and moft compaét earth. Shut the crucible with
a cover that may perfectly clofe it.

Set the crucible thus prepared in a melting fur-
nace ; fill the furnace with coals ; light the fire
gradually, fo that the whole may be flowly heated :
then raife the fire fo as to make the crucible very
red, and bring the matter it contains into fufion ;
keep it thus melted for a quarter of an hour.

Then take the crucible out of the furnace, and
break it : in the bottom thereof you will moft
commonly find a {fmall button of IL.ead, and over it
a tranfparent- Glafs, of a yellow colour nearly re-
fembling that of amber, Separate this Glafs from
the little button of metal, and from the faline mat-
ters which you will find above it.

QBSERVATIONS.

Pure Lead, being expofed to a ftrong fire with-
out any additament, turns to Litharge ; which 1s a
{caly fort of fubftance, more or lefs yellowifh, fhin-
ing, and foft to the touch. This s the firflt advance
to the Vitrification of Lead. The large refineries of
Gold and Silver by the means of Lead furnith a
great quantity of this material. It is fometimes
whitith, and is then called Litharge of Silver ; fome-

Cc g times
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times yellow, and then bears the name of Litharge
of Gold. The difference of its colour depends on
the degree of fire it hath undergone, and on the
metalline fubftances vitrified with it.

Litharge alone is very fufible, and being expofed
to the fire is eafily converted into Glafs : but this
Glafs ot Lead, made without additament, is fo
active, fo penetrating, and fo apt to fwell, that it
can {carcely be made ufe of when pure. We are
obliged in fome fort to clog it, by uniting it with
{fome vitrifiable matter that i1s not fo {ubtile, fuch
as Sand ; and it is for this reafon, not to render
the mixture more fufible, that we have direfted the
addition of one third part of Sand to two thirds of
Litharge, *

The Nitre and Sea-falt, prefcribed as ingredients
in the mixture, are defigned to procure an equal fu-
fion of the whole. For, as the Sand is lighter and
lefs fulible than the Litharge, it will partly rife to-
wards the upper part of the crucible when that
matter firlt begins to flow ; in confequence whereof
the contents of the upper part will be much more
difficult to melt, and form a Glafs much more com-
paét than that below : but the Nitre and Sea-falt
poflefling the upper part of the crucible, becaufe
they are {till lighter than the Sand, and being in
their own nature very efficacious fluxes, on account
of their great fufibility, they quickly bring about
the fufion of thofe particles of Sand, which, having
efcaped the action of the Litharge, may have rifen
unvitrified to its furface.

The moft difficule thing to procure, and yet the

moft neceffary to the fuccefs of this operation, is a
~crucible of earth fo firm and compa¢t as not to be
penetrated by the Glafs of Lead, which corrodes
and makes its way through every thing.

The precaution of chufing a crucible that fhall
contain a good deal more than the matter to be vi-

trified

e
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trified is a necefiary one, becaufe L.itharge and Glafs

of Lead are very apt to fwell.
The rule to keep the crucible clofe fhut is alfo

indifpenfably necefary, to prevent any bit of char-
coal, or other inflammable marter, from falling inta
it : for when this happens it occafions a reduction of
the Lead, which is always attended with a fort of
effervefcence, and fuch a confiderable heaving, that
commonly moft of the mixture runs over the cruci-
ble. For the fame reafon it is very proper, before
you expofe the mixture to the fire, to examine whe-
ther or no it contains any matter capable of furnifh-
ing a phlogifton during the operation ; and if it
does, to remove that matter with great care,

The little button of Lead, found at the bottom
of the crucible after the operation, comes from a
fmall portion of Lead that is commonly left in Li-
tharge, unlefs you prepare it carefully yourfelf, and
do not take it from the fire till you, are {ure of hav-
ing deftroyed all the Lead. Befides, this fmall por-
tion of Lead can be of no prejudice to the operation,
becaufe it cannot communicate its phlogifton to the
reft of the mateer. -

~ The revivifying of Litharge, of the Calx, and of
the Glafs of Lead, may be obtained by the fame pro-
cefles as the reduction of its ore.

S Toln

PR OEES SV
Lead diffolved by the Nitrous Acid.
P U T into a matrafs fome Agua Fortis precipi-

~ tated like that ufed to diffolve Silver ; weaken
it by mixing therewith an equal quantity of common
water ; fet the matrafs in a hot {fand-bath ; £hrow in-
to it, little by little, fmall bits of Lead, till you fee
that no more will diffolve. Agua Fortis thus lower-

ed will diffolve about a fourth of its weight of Lead.
B o There
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There is gradually formed upon the Lead, a5 ;¢
diffolves, firft a grey powder, and afterwards a
white cruft, which at laft hinder the folvent from
atting on the remaining part of the metal ; and
therefore the liquor fhould be made to boil, and
the vefie] fhould be thaken to remove thofe impedi-

ments, by which means all the Lead will be dif-
folved.

OBSERVATIONS.

Lrap very much refembles Silver, with refpect
to the phenomena which attend its diffolution in
Acids. For example, the Nitrous Acid muft be
very pure and uncontaminated with the Vitriolic or
Marine Acid, to qualify it for keeping the Lead in
folution : for, if it be mixed with either the one or
the other of thefe Acids, the Lead will precipitate
in the form of a white powder as faft as it diffolves ;
which is juft the cafe with Silver.

If the Vitriolic Acid be mixed with the Nitrous,
the precipitate will be a combination of the Vitriolic
Acid with Lead ; that is, a Neutral Metallic Salt,
or Vitriol of Lead. If the Acid of Sea-falt be
mixed therewith, the precipitate will be 2 Plumbum
corngum 5 that is, a Mertallic Salt refembling the
Luna cornea.

When all the Lead is difiolved as above defcribed,

the liquor appears milky. If it be kept warm over
the fire till little cryftals be

gin to appear on its fur-
face, and afterwards left to

ftand quiet, in a certain
time there will be found at the bottom 2 greyifh

powder, which being tried on Gold is Mercurial
cnough tg whiten it,  Little globules of Quick-fil-
ver are even difcernible in jt.

We owe this obfervation, together with this man-
ner of proving the exiftence ot Mercury in Lead,
and of procuring it from thence, to M. Groffe, who
hath gwven an account of his procefs in the Memoirs

ol
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of the Academy of Sciences, from whence we have
copied the defcription of the operation in hand.

The folution being quickly poured off by incli-
nation from the grey mercurial precipitate is flill
milky, and depofites another white fediment. When
this fecond precipitate falls the liquor becomes clear
and limpid, and is then of a fine yellow colour, like
a folution of Gold, On this gold-coloured folu-
tion, and on the two precipitates above-mentioned,
M. Grofle made feveral obfervations, the chief of
which we fhall here infert.

The yellow liquor affets the tongue at firft with
a tafte of {weetnefs ; but afterwards vellicates it very

{martly, and leaves on it a ftrong fenfation of acri-
mony, which continues for a long time.

Alkalis precipitate the Lead fulpended in this li-
quor, juft as they do all other metals diffolved by
Acids ; and this precipitate of Lead is white.

Sea-falt, or Spirit of Salt, feparates the ILead
from its folvent, and precipitates it, as we obferved
before, into a Plumbum corneum : but this precipi-

tate differs from the Luna cornea, as being very fo-
luble in water ; whereas the Tunz cormea will not
difiolve in it at all ; or at leaft diffolves therein with
great difficulty and in a very fmall quantity. This
Plumbum corneun diffolved in water is again precipi-
tated by the Vitriolic Acid. M. Grofie obferves
that this forms an exception to the eighth column of
Mr. Geoffroy’s Table of Affinities ; in which the
Acid of Sea-falt is marked as having a greater affi-
nity than any other Acid with Metallic fubftances.

Our folution of Lead is alfo precipitated in a
white powder by feveral Neutral Salts ; fuch as Vi-
triolated Tartar, Alum, and common Vitriol. It is
by the means of double affinitics that thefe Neutral
Salts effect this precipitation. :

Even pure water alone is capable of precipitating
the Lead of our folution, by weakening the Acid,

and
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and-thereby difabling it from keeping the metal fuf-
pended.

Laftly, as all the folutions of metals in Acids are
nothing but Neutral Metallic Salts in a fuvid
form, foif the folution of Lead be evaporated over
the fire, it will fhoot into very beautiful cryftals,
about the bignefs of hemp-feed, fhaped like regular
pyramids having fquare bafes. Thefe cryftals are
yellowifh, and have a fweet faccharine tafte : but
what is moft fingular in them is, that, as they confift
of the Nitrous Acid combined with Lead, which
manifeftly contains a great deal of phlogifton, they
conflitute a Nitrous Metallic Salt, which has the
property of deflagrating in a crucible, without the
addition of any other nflammable matter. ‘This
Salt is extremely hard to diffolve in water.

The grey mercurial precipitate which whitens

Gold, and in which little globules of running Mer-
cury are perceivable, is far from being pure Mer-
cury. ‘This metallic fubftance makes but a fmall
part thereof : for it is an affemblage 1. of little
cryftals of the fame nature with thofe afforded by
the evaporated folution § 2. of a portion of the
white matter, or powder, which renders the folution
milky ; 3. of a grey powder which M. Groffe con-
fiders as the only mercurial part ; 4. and laftly, of
little particles of Lead that have efcaped the action
of the folvent; efpecially if a little more Lead than
the Acid is capable of diffolving were added with a
view to faturate it entirely, as in the prefent procefs.
By means of motion and heat the fmall parcels
of Mercury may be amalgamated with the Liead.
That Mercury fhould be found intire and in glo-
bules in the Spirit of Nitre, which very eafily dif-
folves that metallic fubftance, will not be furprizing
to thofe who reflect that, in the prefent cafe, the
Acid is faturated with Lead, with which it has a

greater affinity than with Mercury ; as appears by
M.
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M. Geoffroy’s Table of Affinities, where, in the
column that hath the Nitrous Acid at top, Lead 13
]éiacad above Mercury. Agreeably to this, if Lead

prefented to a folution of Mercury in Spirit of
Nitre, the Lead will be diffolved, and as the diffo-
lution thefeof advances the Mercury will precipitate.

Hence it appears that, in order to find any Mer-
cury in the {pontaneous precipitate of Lead difiolved
by the Nitrous Acid, it is neceffary that the Acid
be entirely faturated with Lead ; or elfe that portion
of the Acid which remains unfaturated will difiolve
the Mercury.

With regard to the white powder that renders the
folution milky, and afterwards precipitates, it is no-
thing but a portion of the Lead, which, not being
intimately united with the Acid, falls in part of its
own accord. It is a fort of calx of Lead, which
being expofed to the fire becomes partly glafs, and
partly Lead, becaufe it ftill retains {ome 'ﬂ? its phlo-
gifton.

B = R
-

2 By A Bos VL
Of MERCUR Y.

— I s -

PROUCESS 1

Ty extrad Mercury from its Ore, or 1o revivify @
from Cinavar.

ULVERIZE the Cinabar from which you

would extra& the Mercury ; with this powder

mix an equal part of clean iron filings ; put the mix-

ture into a retort of glafs or iron, leaving at leaft

one third part thereof empty. Set the retort thus
prepared o
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prepared in a fand-bath, fo that its body may be
quite buried in the fand, and its neck decline confi-
derably downwards: fit on a receiver half filled with
water, and let the nofe of the retort enter about
half an inch into the water. '

Heat the veflels fo as to make the retort mode-
rately red. The Mercury will rife in vapours,
which will condente into little drops, and fall into
the water in the recciver.  When you fee that no-
thing more comes over with this degree of heat, in-
creafe it, in order to raife what Mercury may ftill
be left. When all the Mercury is thus brought
over, take off the receiver, pour out the water con-
tained in it, and collect the Mercury.

OBSERVATIONS.

MEercury is never mineralized in the bowels of
the earth by any thing but Sulphur ; with which it
forms a compound of a brownith red colour, known
by the name of Cinabar.

Sometimes it is only mixed with earthy and ftony
‘matters that contain no Sulphur; but as this me-
tallic fubftance is never deftitute of its phlogifton,
it then has its metalline form and properties.  When
it is found in this condition, nothing is more ealy
than to feparate it from thofe heterogeneous matters.
For that purpofe no more is requifite than to diftill
the whole with a fire ftrong enough to raife the
Mercury 1n vapours. This minera] is volatile ; the
earthy and {tony matters are fixed ; and a certain
degree of heat will effect a complete feparation of
what is volatile from what is fixed.

This is not the cafe when Mercury is combined
with Sulphur : for this latter mineral is volatile as
well as Mercury ; and the compound refulting from
the union of them both is alfo volatile: fo that
if Cinabar were expofed to the fire in clofe veffels,

as
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as it muft be to fave the Mercury, it would be fu-
blimed in fubflance, without being decompofed at
all.
In order therefore to {eparate thefe two fubftances
from each other, we muft have recourfe to the in-
terpofition of fome third, which hath a greater af-
finity with one of them than the other hath, and no
affinity with that other.

Iron hath all the conditions requifite for this pur-
pofe ; feeing it hath, as may be feen in the Table,
a much greater affinity with Sulphur than Mercury
hath, and is incapable of contracting any union with
Mercury.

Iron, however, is not the only fubftance that ma
be employed on this occafion : Fixed Alkalis, Ab-
forbent earths, Copper, Lead, Silver, Regulus of
Antimo.y, have all, as well as Iron, a greater affi-
nity than Mercury with Sulphur. Nay, feveral of
thefe fubftances, namely, the faline and earthy Al-
kalis, as well as Regulus of Antimony, cannot con-
tract any union with Mercury : the reft, to wit, Cop-
per, Lead, and Silver, are indeed capable of amal-
gamating with Mercury; but then the union which
thefe merals contract with the Sulphur prevents it ;
and even tho’ they fhould unite with this metallic fub-
ftance, the degree of heat to which the whole mix-
ture is expofed would foon carry up the Mercury,
and feparate it-'with eafe from thofe fixed fubftances.

In this diftillation the fame cautions muft be ob-
ferved as in all others: that is, the veflels muft be
flowly heated, efpecially if a glafs retort be ufed;
the fire muft be raifed by degrees, and a much
fironger one applied at laft than at firit. This o-
peration particularly requires a very ftrong degree of
fire, when there is but a finall quantity of Mercury
lefe.

Afrer the operation there remains in the retort a
compound of Iron and Sulphur, which may eafily

be
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be converted into a crocus, by calcining it and
burning away the Sulphur,
If a Fixed Alkali be employed, a Liver of Sul-
phur will be found in the retort after the diftillation.
If the Cinabar from which you extraét the Mer-
cury be good, you will generally obtain feven eighths
.of its weight in Quick-filver.

In the prefent operation it is not neceflary to lute

on the receiver, becaufe the water, in which the nofe
of the retort is plunged, is fufficient to fix the
Mercurial vapours. In cafe the Cinabar, from
which you intend to feparate the Mercury, be mix-
ed with a great quantity of heterogeneous, but fix~
ed, matters, fuch as earths, ftones, &c. it may be
feparated from them by fubliming it with a proper
degree of heat, becaufe it is volatile.

‘The vapours of Mercary are prejudicial, and may
excite a falivation, tremors, and palfies 3 they fhould
therefore be always aveided by fuch as work on this
mineral.

The oldeft and richeft mine of Mercury is that of
Almaden in Spain. It is a fingular property of that
mine that, though the Mercury found 1in it is com-
bined with Sulphur, and in the form of Cinabar,
yet no additament is required to procure the fepara-
tion of thefe two ; the earthy and ftony matter, with
which the particles of the ore are incorporated, be-
ing itfelf an excellent abforbent of Sulphur.

In the Quick-filver works carried on at this mine
they make no ufe of retorts. They place lumps of
the ore on aa iron grate, which ftands immediately
over the furnace. The turnaces which ferve for this
operation are clofed at the top by a fort of dome,
behind which ftands the fhaft of a chimney that comi-
municates with the fire place, and gives vent to the
fmoke. Thefe furnaces have in their fore-fide fix-
teen apertures, to each of which is luted an aludel
in a horizontal pofition, communicating with a

' long
I
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long row of other aludels placed likewife in an hori-
zontal dire¢tion ; which aludels {o conneéted toge -
ther form one long pipe or canal, the further end
whereof opens into a chamber deftined to receive and
condenfe all the mercurial vapours. Thefe rows of
aludels are fupported from end to end by a terrafs,
which runs from the body of the building, wherein
the furnaces are ereted, to that where the chambers
are built that perform the office of receivers.

This is a very ingenious contrivance and faves
much labour, expence, and trouble, that would
be unavoidable if retorts were employed.

That part of the furnace which contains the lumps
of ore, grves for the body of the retort; the row of
aludels for its neck ; and the little chambers in which
thefe canals terminate are aftual receivers. The
terrafs of communication, which reaches from the
one building to the other, is formed of two inclined
planes, the lower edges of which, meeting in the
middle of the terrafs, rife from thence infenfibly ;
the one quite to the building where the furnaces are,
and the other to that which forms the recipient cham-
bers. By this means, when any Mercury efcapes
through the joints of the aludels, it naturally runs
down along thefe inclined planes, and fo is collected
in the middle of the terrafs, where the inferiour fides
of the planes meeting together form a fort of ca-
nal, out of which it s eafily taken up.

The celebrated M. de Juffieu having viewed the
whole himfelf, in a journey he made to this mine,
furnifhed us with this defcription of the work.

PR Q-
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To give Mercury, by the aftion of Five, the appear-
ance of a Metalline Calx.

UT Mercury into feveral little glafs matraffes
with long and narrow necks. Stop the ma-
traffes with a little paper, to prevent any dirt from
falling into them. ~Set them all in one fand-bath,
fo that they may be furrounded with fand as high as
two thirds of their length. Apply the ftrongeft de-
gree of heat that Mercury can bear without fublime-
ing : continue this heat without interruption, till all
the Mercury be turned to a red powder, ‘The ope-
ration lafts about three months.

OBSERVATIONSG.

Mercury treated according to the procefs here
delivered hath all the appearance of a metalline calx,
but it hath no more : for, if it be expofed to a pret-
ty ftrong degree of fire, it fublimes, and is wholly
reduced to running Mercury, without the addition
of any other inflammable matter ; which proves that
during this long calcination it loft none of its phlo-
gifton. -
The volatile nature of Mercury, which permits it
not to bear a heat of any ftrength without fublim-
ing, prevents our examining all the effets that fire
is capable of producing onit. Yet there is reafon
to believe that, as this metallic fubftance refembles
the perfect metals in its weight, its fplendour, and
2 brilliancy which refifts all the impreffions of the
air without alteration, it would like them be un-
changeable by the greateft force of fire, if it were
fixed enough to bear it.

In order to give Mercury the form of a metalline
calx, it mull accefiarily be expofed for about three

months
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months together, to the utmoft heat it can bear
without fubliming, as is above directed. Boerhaave
kept it digefting in a lefs heat for fifteen years fuc-
ceflively, both in open and in clofe veflels, without
obferving it to fuffer the leaft change; except that
there was formed upon its furface a fmall quan-
tity of a black powder, which was reduced to run-
ning Mercury by trituration alone.

Mercury thus converted to a red powder is known
in chymiftry and medicine by the name of Mercury
precipitated per f¢: a title proper enough, as it is
attually reduced to the form of a precipitate, and
that without any additament ; but very improper on
the other hand, confidering that in reality this Mer-
cury is not a precipitate, as not having been feparat-
ed from any menftruum in which it was diffolved.

P ROCESS HL

To diffolve Mercury in the Vitriolic Acid.  Turbith
| mineral,

U'T Mercury into a glafs retort, and pour on

it thrice its weight of good Oil of Vitriol. Set

the rerort in a fand-bath; fit on a recipient 5 warm

the bath by degrees till the liquor juft fimmer.

With this heat the Mercury will begin to dif-

folve. Continue the fire in this degree till all the

Mercury be diffolved.

OBSERTATITONS,

Tue Vitriolic Acid diflolves Mercury pretty well:
but for this purpofe the Acid muft be very hot, or
even boil ; and then too it is a very long time before
the diffolution is completed. We have direted the
operation to be performied in a retort ; becaufe this
folution is ufually employed to make another prepa-
ration called Turéith mineral, which requires that as
much as poffiblg of the Acid folvent beé abftracted by

You. L Dd diftil-
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diftillation. Having therefore diffolved your Mer-
cury in the Vitriolic Acid, if you will now prepare
the Turbith, you muft, by continuing to heat the
retort, drive over all the liquor into the receiver, and
diftill till nothing remains but a white powdery mat-
ter : then break the retort pulverize its contents
in a glafs mortar, and thereon pour common water,
which will immediately turn the white matter of a
lemon-colour ; wath this yellow matter in five or
fix warm waters, and it will be what is called in
medicine Turbith mineral ; that is, a combination
of the Vitriolic Acid with Mercury, five or fix
grains whereof is a violent purgative, and alfo an
emetick ; qualities which it pofiefles in common with
the vegetable Turbith, whofe name it hath therefore
taken. |

There rifes out of the retort, both while the Mer-
cury is diffolving, and while the folvent is abftraé-
ing, a weak Spirit of Vitriol ; becaufe a great part
of the Acid remains united with the Quick-filver,
which at lalt appears in the form of a white powder :
{o that, if you do not incline to fave the Acid which
rifes on this occafion, you may, inftead of drawing
off the liquor in a retort, evaporate it in a glafs ba-
fon {ct on a fand-bath, which will be much fooner
done.

It is very remarkable that, on this occafion, the
Mercury may be expofed, without any danger of
fubliming, to a much greater heat than it is capable
of bearing when not combined with the Vitriolic
Acid 3 which fhews that this Acid hath the property
of fixing Mercury to a certain degree.

The white matter, that remains after the evapora-
sion of the fluid, is one of the moft violent COLTO-
fives, and would prove an actual poifon if taken in-
ternally. By wathing it feyeral times in warm water
it is freed from a great deal of its Acid, and fo con-
fiderably fweetened. The proof is this; if the
water wied in wathing the Turbith be evaporat-

ed,
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ed, there remains after the evaporation a matter in
form of a Salt, that being fet in a cellar runs into
a liquor called Od/ of Mercury, which is a powerful
corrofiye,-  Several authors further dire Spirit of
Wine to be burnt on the Turbith, to {weeten it ftill
more;

If inftead of wathing the white matter that res
mains after the moifture is drawn off, freth Oil of
Vitriol be poured on it, and then abliradted as be-
fore ; this treatment being repeated two or three
times, there will at lalt remain in the retort a mat-
ter having the appearance of an Qil, which refifts
the action of the fire, and cannot be deficcated :
qualities which are owing to the great quantity of
Acid particles thus united with the Mercury. This
Uil of Mercury is one of the moft violent corrofives.
‘The Mercury may be feparated therefrom, by preci-
pitating it with an Alkali, or a metallic fubftance
that hath more affinity than Mercury with the Vi-
triolic Acid :  Iron, for inftance, may be employ-
ed in this precipitation. Mercury thus feparated
from the Vitriolic Acid need only be diftilled to re-
cover the form of Quick-filver,

PROCESS IV.
To combine Mereury with Sulphur. /B thiops Mineral.

IX a dram of Sulphur with three drams of
Quick-filver, by witurating the whole in 2
glals mortar with a glafs peftle. By degrees, as you
triturate, the Mercury will difappear, and the matter
will acquire a black colour. = Continue the triture
till you cannot perceive the leaft particle of running
Mercury. The black matter you will then have in
the mortar is known in medicine by the name of
Aithiops mineral. - An Hithiops may alfo be made
by fire in the following manner,
Brad=g In
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In a fhallow unglazed earthen pan melt one part
of flowers of Sulphur : add three parts of running
Mercury, making it fall into the pan in the form of
fmall rain, by {queezing it through chamoy leather.
Keep ftirring the mixture with the fhank of a to-
bacco-pipe all the while the Mercury is falling :
you will fee the matter grow thick and ac?uirc a
black colour. When the whole is thoroughly mix-
ed, fet fire to it with a match, and let as much of
the Sulphur burn away as will flame,

OBSERVATIONSG.

Mercury and Sulphur unite together with great I.

eafe ; cold triture alone is fufficient to join them.
By this means the Mercury is reduced into exceed-
ing fmall atoms, and combines fo perfectly with the
Sulphur that the leaft veftige thereof is not to be
feen.
Sulphur is not the only matter which being rub-
bed with Mercury will deftroy its form and Auidity :
all fat fubftances that have any degree of confiftence,
fuch as the fat of animals, balfams, and refins, are
capable of producing the fame effect. This metal-
lic fubftance, being triturated for fome time in a
mortar with thefe matters, becomes at laft invifible,
and communicates to them a black colour. When
thus divided by the interpofition of heterogeneous
particles it is faid to be Killed. But Mercury doth
not contract fuch an intimate union with thefe other
matters as it doth with Sulphur.

The /Ethiops prepared by fufion is a more per-
fect and accurate combination of Mercury and Sul-
phur than the other: for, the quantity of Sulphur
direfted to be ufed in making it being much greater
than is abfolutely neceflary to fix the Mercury, the

-redundant Sulphur is deftroyed by burning, and
none left- but what 'is moft intimately united with -
the Mercury, and hindered by the union it hath

con-
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contracted with that metallic fubftance from bein
fo eafily confumed. The Zthiops therefore, which
is prepared by fufion and burning the Sulphur, con-
tains 2 much greater proportion of Mercury than
that which is made by imple triture ; {o that in Me-
dicine it ought to be prefcribed in different cafes, and
in {maller dofcs.

If no more Sulphur than is juft neceffary to kill
the Mercury be added to it at firft, it will be dif-
ficult to obtain a perfet mixture ; becaufe that
quantity is very fmall : it is better therefore to em-
ploy at once the quantity above directed.

PROCESS: V.

To [ublime the combination of Mercary and Sulphur
into Cinabar.

RIND to powder Athiops mineral prepared

by fire. Put it into a cucurbit; fit thereto a
head ; placeit inafand-bath, and begin with apply-
ing fuch a degree of heat as is requifite to {ublime
Sulphur. A black matter, will rife, and adhere to
the fides of the veflel. When nothing more will
rife with this degree of heat, raife the fire fo as to
make the fand and the bottom of the cucurbit red ;
and then the remaining matter will fublime in the
form of a brownith red mafs, which is true Cinabar.

OB EREAZTITQINS.

ZEtuiops mineral requires nothing but fublima-
tion to become true Cinabar, like that found in
Quick-filver mines : but our ZEthiops contains {till
more Sulphur than ought to be in the compofition
of Cinabar ; for which reafon we have directed the
degree of fire applied at firft to be no greater than
that which is capable of fubliming Sulphur. As
Cinabar, though confifting of Mercury and Sul-

Dd 3 phur,
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phur, is yet much lefs volatile than either of thefe
{ubftances alone ; which probably arifes from the
Vitriolic Acid contained in the Sulphur; there-
fore, if there be any redundant Sulphur in the
ZEthiops, which hath not contradted an intimate uni- =
on with the Mercury, it will fublime by itfelf in this
firft degree of heat. Some mercurial particles alfo
will rife with it, and give it a black colour.

Cinabar contains no more Sulphur than about a
fixth or feventh part of its weight : fo that, inftead
of employing the common Zithiops to make it, it
would be ketter to prepare one on purpofe that thould
contain much lefs dulphur ; becaufe too much Sul.
phur prevents the fuccefs of the operation by blacken-
mg the Sublimate. Indeed in what ever manner
you go about it, the Cinabar always appears black
at firft : but when it is well prepared, and contains
no more than its due proportien of Sulphur, the
blacknefs is only external. = This black coatr there-
fore may be taken off 5 and then the internal parg
will appear of a fine red, and, if fublimed a fecond
time¢, will be very beautiful.

As artificial Cinabar hath the fame properties with
the native, it may be decompofed by the fame
means: fo that, if you want to extra& the Merc
out of it, recourfe muft be had to the procels above
delivered for working on Cinabar ores,

— [ = s LT
-
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To diffolve Mercury in the Nitrous Acid. Sundry
Mercurial Precipitates, '

UT into a matrafs the quantity of Mert:ﬁ-ry
you intend to diffolve : pour on it an equal
quantity of good Spirit of Nitre, and fet the matrafs
in a fand-tath moderately heated. The Mercury
will difiolve with the phenomena that ufually atrend
the
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the diffolutions of metals in this Acid. 'When the
diffolution is completed let the liquor cool. You
will know that the Acid is perfectly {aturated, if there
remain at the bottom of the veffel, notwithftanding
the heat, a little globule of Mercury that will not
diffolve.

OBSERVATIONS.

Mercury diffolves in the Nitrous Acid with
much more facility, and in much greater quantity,
than in the Vitriolic 3 fo that it is not neceflary, on
this occaiion, to make the liquor boil. This folu-
tion when cold yields cryftals, which are a Nitrous
Mercurial Salt. If you defire to have a clear lim-
pid folution of Mercury, you muit employ an Agua
Furtis that is not tainted with the Vitriolic or Marine
Acid : for, the affinity of thefe two Acids with
Mercury being greater than that of the Nitrous
Acid, they precipitate it in the form of a white
powder, when they are mixed with the folvent.

Mercury thus precipitated in a white powder, out
of a folution thereof in the Spirit of Nitre, is ufed
in Medicine. To obtain this precipitate, which is
known by the name of the White Precipitate, Sea-
falt difiblved in water together with a little Sal Am-
moniac is ufed ; and the precipitate is wafhed {everal
times in pure water, without whi¢h precaution it
would be corrofive, on account of the great quan-
tity of the Marine Acid which it would contain.

The preparation known by the name of Red Pre-
cipitate 1 al{o obtained from our folution of Mer-
cury in Spirit of Nitre. It is made by abftracting
all the moifture of the folution, either by diftillation
in a retort, or by evaporation in a glafs bafon fet on
a fand-bath. When it begins to grow dry it appears
like a white ponderous mafs.  Then the fire is made
ftrong enough to drive off almoft all the Nitrous
‘Acid, which, being now concentrated, rifes in the

| Dd 4 form
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form of red vapours. If thefe vapours be catched
in a receiver, they condenfe into a liquor, which is
a very ftrong and vaftly fmoking Spirit of Nitre.

By degrees, as the Nitrous Acid is forced up by
the fire, the mercurial mafs lofes its white colour,
and becomes firft yellow, and at laft very red.
When it is become entirely of this laft colour the
operation js finithed. The red mafs remaining is a
Mercury that contains but very little Acid, in com-

ifon of what it did while it was white : and in-
deed the firft white mafs is fuch a violent corrofive,
that it cannot be ufed in Medicine ; whereas, when it
is become red, it makes an excellent efcharotic, which
thofe who know how to ufe it properly apply with
very great fuccefs, particularly to venereal ulcers.

‘I'his preparation is very improperly called a Pre-
cititate : for the Mercury is not feparated from the
Spirit of Nitre by the interpofition of any other
fubflance, but only by evaporating the Acid. It
is alfo called Arcanum Corallinum.

It mult be obferved that Mercury, by its union
with the Nitrous Acid, acquires a certain degree of
hixity : for the red precipitate js capable of fuftain-
ing, without being volatilized, a ftronger degree
of heat than pure Mercury can ; which, as we ob-

ferved before, is the property of Turbith mineral
alfo.

PROCESS VII

To combine Mercury with the Acid of Sea-falt. Corrofive
| Sublimate.

VAPORATE a folution of Mercury in the
Nitrous Acid till there remain only a white
powder, as mentioned n our obfervations on the
preceding procefs. 'With this powder mix as much
Green Vitriol calcined to whitenefs, and decrepita-
ted Sea-falt, as there was Mercury in the folution.
Tritu-
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Triturate the whole carefully in a glafs mortar. Put
this mixture into a matrafs, fo that two thirds there-
of may remain empty, having firft cut off’ the neck
to half its length ; or inftead thereof you may ufe
an apothecary’s phial. Set your veffel in a fand-
bath, and put fand round it as high as the contents
reach. Apply a moderate fire at firft, and raife it by
flow degrees. Vapours will begin to afcend. Con-
tinue the fire in the fame degree till they ceafe. Then
ftop the mouth of the veflel with paper, and increafe
the fire till the bottom of the fand-bath be red-hot.
With this degree of heat a Sublimate will rife, and
adhere to the infide and upper part of the veflel,
in the form of white, femi-tran{parent cryftals,
Keep up the fire to the fame degree till nothing more
fublimes. ‘Then let the veffel cool ; break ic, and
take out what is fublimed, which is Cerrefive Subli-
mate.
0.B8.ERVAT. LON S,

In this operation the mineral Acids act, and are
acted upon, in a remarkable manner. Every one of
the three is at firft neutralized, or united with a dif-
ferent bafis ; the Vitriolic being combined with Tron;
the Nitrous with Mercury, forming therewith a Ni-
trous Mercurial Salt 5 and the Marine with its natural
Alkaline bafis. The Vitriolic and Nitrous Acids,
which are united with metalline fubftances, being both
ftronger than the Acid of Sea-falt, itrive to expel it
from its baflis, in order to combine with it themfelves;
but the Vitriolic Acid, being the ftrongeft of the two,
would take fole poflefiion of this bafis exclufive of
the Nitrous, which would continue united with the
Mercury if the Marine Acid had not a greater affi-
nity than the Nitrous with this metallic - fubftance.
This Acid therefore being expelled from its bafis by
the Vitriolic Acid, and fo fet at liberty, muft unite
with the Mercury, and feparate the Nitrous Acid
from it ; which now hath no reffource but to unite

with the Iron deferted by the Vitriolic Acid. But as
all
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all thefe changes are brought about by the means of

a confiderable heat, and as the Nitrous Acid hath -

not a very firm cohefion with the Iron, it is driven
off by the force of the fire; and this it is which we
fee rife in vapours during the operation. Tt alfo car-
ries off with it fome parts of the other two Acids, but
ina very fmall quantity. After the operation there-
fore there remains 1. A combination of the Vitriolia
Acid with the bafis of Sea-falt; that is 2 Glauber’s
Salt: 2. A red martial earth, being that which
was the bafis of the Vitriol : thefe two fubftances are
blended together, and remain at the bottom of the
veflel becaufe of their fixity : 3. A combination of
the Marine Acid with Mercury ; both of which be-
g volatile, they afcend together into the upper part
of the veflel, and there form a Corrofive Sublimate.

If we reflet on this procefs with attention, and
recollett diftinétly the affinities of the different fub-
ftances employed in it, we fhall perceive that it is
not neceflary to make ufe of all thofe matters, and
that the operation would fucceed though feveral of
them were left out.

Firft, the Nitrous Acid may be omitted ; fince,
as hath been fhewn, it is not an ingredient in the
Sublimate, but is diffipated in vapours during the o-
peration.  From an accurate mixture therefore of
Vitriol, Sea-falt, and Mercury, a Corrofive Subli-
mate muft be obtained : for'as the Acid of the Vi-
triol will difengage the Acid of Sea-falt, the latter

will be at liberty to combine with the Mercury, and

fo form the compound we are in queft of.
Secondly, if we make ufe of Mercury diffolved
by the Nitrous Acid, we may omit the Vitriol ; be-
caufe the Nitrous Acid having a greater affinity than
the Marine Acid itfelf with the bafis of Sea-falt, and
the Acid of Sea falr having a greater affinity than the
Nitrous Acid with Mercury, thefe two Acids will
naturally make an exchange of the bafes with which
they are united: the Nitrous will lay hold on the
bafis

s ot i w0
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bafis of Sea-falt, and form a quadrangular Nitre,
while the Marine Acid will join the Mercury, and -
with it form a Corrofive Sublimate.

Thirdly, inftead of Sea-falt its Acid only may be
employed; which being mixed with the folution of
Mercury in the Spirit of Nitre, will, by virtue of its .
greater affinity with that metallic fubftance, feparate
it from the Nitrous Acid, unite with it, and form a
white mercurial precipitate, which need only be fub-
limed to become the combination required.

Fourthly, inftead of Mercury difiolved in the Ni-
trous Acid, Mercury diffolved by the Vitriolic Acid,
or Turbith, may be ufed; only mixing Sea-falt
therewith : for thefe two faline fubftances will mu-
tually decompound each other, by virtue of the affi-
nities of their Acids, and for the fame reafons that
Sea-falt and the Mercurial Nitrous Salt decompound
each other. The Vitriolic Acid quits the Mercury
with which it is combined, to unite with the bafis
of the Sea-falt; and the Acid of this Salt being ex-
pelled by the Vitriolic, combines with the Mercury,
and confequently forms our Corrofive Sublimate. In
this cafe a Glauber’s Salt remains after the fublima-
tion.

"Thefe feveral methods of preparing Corrofive Su-
blimate are never ufed, becaufe each of them is at-
tended with fome inconvenience ; {uch as requiring
roo long triture, yiclding a Sublimate lefs corro-
five than it fhould be, or a fmaller quantity of it.
We muft, however, except the laft ; which was in-
vented by the late Mr. Boulduc, of the Academy of
Sciences, who found none of thefe inconveniencies
attending it *.

Corrofive Sublimate may alfo be made only by
mixing Mercury with Sea-falt, without any addita-
ment. This may appear furprizing when we confi-
der that, as Acids have a greater affinity with Alka-~
lis than with metallic fubftances, the Acid of Sea .

# See the Memoirs of the Academy for 17 30.

I falc
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falt ought not to quit its bafis, which is Alkaline,
to unite with Mercury. '

In order to explain this phenomenon it muft be
remembered that Sea falt, when expofed to the fire
without additament, fuffers a little of its Acid to ef-
cape. Now this portion of the Marine Acid unites
with the Mercury, and forms a Corrofive Sublimate.
Moreover, as there is a pretty ftrong affinity between
the Marine Acid and Mercury, this may help to de-
tach from the Sea-falt a greater quantity of Acid
than it would otherwife part with. Neverthelefs the
quantity of Sublimate obrained by this means is not
confiderable, nor is it very corrofive.

On this occafion we muft alfo mention another
combination of the Marine Acid with Mercury;
whichis made by mixing that merallic fubftance per-
fectly with Sal Ammoniac, by the means of tri-
ture. Mercury, like all other metals except Gold,
poflefies the property of decompounding Sal Ammo-
niac, feparating the volatile Alkali which ferves it
for a bafis, and combining, by the help of a very
gentle heat, with its Acid, which is well known to
be the fame with that of Sea-falt. This decompo-
fition of Sal Ammoniac, by the metalline fubftances,
is a full exception to the firft column of Mr. Geof-
troy's Table of Affinities, and is the bafis of feveral
new medicines invented by the late Comte de la Ga-
raye *. ‘

Corrofive Sublimate is the moft violent and the
moft active of all corrofive poifons. It is never ufed
in medicine, but in external applications. It is a
powerful eflcharotic ; it deftroys proud feth, and
cleans old ulcers @ but it muft be ufed by thofe only
who know how to apply it properly, and requires an
able hand tomanage it. Itis not commonly applied
by itfelf, but mixed in the proportion of half a dram

* See the Memoir given in by me on this fubje® to the Aca-
demy of Sciences in the Newm ires de I' dcadem:s 1754

to
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to a pound of lime-water. This mixture is yellowifh,
and bears the name of Agua Phagedenica.

Water difiolves Corrofive Sublimate, but in a
fmall quantity. If a Fixed Alkali be mixed with
this folution, the Mercury precipitates in the form
of a red powder. If the precipitate be procured by
a Volatile Alkali, it is white; if by Lime-water, it
is yellow. This Mercurial Salt diffolves pretty ca-
fily in boiling Spirit of Wine.

0 0 O L N T
Swveet Sublimate.

T\ AKE four parts of Corrofive Sublimate; pul-

8 verize it ina glafs or marble mortar; add b
little and lictle three parts of Mercury revivified from
Cinabar; triturate the whole carefully, till the Mer-
cury be perfectly killed, fo that no globule thereof
can be perceived. The matter will then be grey.
Put this powder into an apothecary’s phial, or into
a matrafs, whofe neck is not above four or five inches
long, leaving tyo thirds thereof empty. Set the
veflel in a fand bath, and put fand round it to one
third of its heighth. Apply 2 moderate fire at firft;
and afterwards raife it gradually till you perceive that
the mixture fublimes. Keep it up to this degree till
nothing more will rife, and then break the veffel.
Reject, as ufelefs, a fmall quantity of earth which you
will find at the bottom; feparate alfo what adheres
to the neck of the veflfel, and carefully collett the
matter in the middle, which will be white, Pulve-
rize it ; fublime it-a fecond time, in the fame man-
ner as before; and in the fame manner feparate the
earthy matter left at the botrom of the veflel, and
what you find fublimed into the neck. Pulverize,
and fublime a third time, the white matter vou laft
found in the middle, The white matter of thisthid

Gl -
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fublimation is the Swegt Sublimate, called alfo Aquila
Alba.
OBSERVATIONS.

Tue Acid of Sea-falt in the Corrofive Sublimate
is very far from being perfectly faturated with Mer-
cury ; and thence comes the corrofive quality of this
faline compound. ~ But though Mercury, as appears
by this combination, is capable of imbibing a much
greater quantity of Acid than is neceffary to diffolve
1t; nay, though it naturally takes up this fuper-
abundant quantity of Acid, yet it doth not follow
from thence that this redundant Acid may not com-
bine with Mercury to the point of perfect faturation,
{o as to lofe its corrofive acidity.

This is the cafe in the operation here defcribed.
A freth quantity of running Mercury is mixed with
Corrofive Sublimate ;. and the freth Mercury, com-
bining with the fuper-abounding Acid, deprives the
Sublimate of its acrimony, and forins a compound
which comes much nearer the nature of a Neutral
Metallic Salr.

Triruration alone is not fufficient to produce an
union between the newly added Mercury and the
Acid of the Corrofive Sublimate : becaufe, generally
fpeaking, the Acid of Sea-falt cannot diffolve Mer-
cury without the help of a certain degree of heat,
and unlefs it be reduced into vapours.

Thus, though the newly added Mercury becomes
invifible by trituration, and feems aGually combined
with the Corrofive Sublimate, yet the union is not
intimate. ‘There is only an interpofition of parts,
but no true diffolution of the newly added Mercury
by the f{uper-abundant Acid of the Corrofive Subli-
mate. For this reafon the mixture muft be fy-
blimed ; and by this fublimation only is the true union
effeCted. Nor is one fingle fublimation fufficient :
o Iefs than three are neceflary to deprive the Subli-
mate of the corrofive quality which renders it poifon-
ous. After the third fublimation, the Sublimate

being
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being put upon the tongue gives no confiderable fen-
fation of acrimony ; nor doth it retain any more of
" its former activity than is requifite to make it a gen--
tle purgative, when adminiftéred from fix to thirty
grains for a dofe.

If a lefs quantity of Mercury than that above di-
rected be mixed with the Corrofive Sublimate, the
fuper-abundant Acid will not be fufficiently faturated;
and the lefs Mercury is added, the more of its cor-
rofive virtue will the Sublimate retain.

If, on the contrary, a greater quantity of Mer-
cury be added, there will be more than the Acid can
poffibly diffolve, and the fuperfluous quantity will
remain in its natural form of Quick-flver. Itis
better therefore to err in the excefs than in the de-
fect of the proportion of Mercury to be added ; be-
caufe the Corrofive Sublimate will take up no more
than is neceflary to dulcify it

~ Part of the Acid of the Corrofive Sublimate is alfo
diffipated in vapours during the operation ; and itis
- neceflary to allow room for thefe vapours to circu-
late, and a vent to give them paifage, or elfe they
will burft the veflels. Thefe are our reafons for
leaving an empty fpace in the fubliming vefiels, and -
for having their necks no more than five or fix inches
long.

The matter whh:‘h fublimes into the neck of the
veflel is always very acrid ; for which reafon it muft
be feparated from the Sweet Sublimate. There re-
mains allo at the bottom of the matrals an earthy,
reddifh matter; which probably comes from the Vi-
triol employed in making the Corrofive Sublimate.

This matter muft likewife be rejected as ufelefs after
every fublimation.

PRO
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FRIOEUR &5 %k
The Panacea of Mercury.

ULVERISE fome Sweet Sublimate, and

fublime it in the fame manner as you did
thrice before. Repeat this nine times. After thefe
fublimations it will make no impreflion on the
tongue. Then pour on it aromatic Spirit of Wine,
and fet the whole in digeftion for eight days. After
that decant the Spirit of Wine, and dry what re-
mains, which is the Panacea of Mercury.

OBSERV ATIONS.

Tue great number of fublimations, which the
Sweet Sublimate is made to undergo, {weeten it ftill
more, and to fuch a degree that it leaves no fenfa-
tion on the tongue, nor hath any purgative virtue.

The Spirit of Wine, in which it is digelted after
all the {ublimations, is defigned to blunt ftill more
the fharpnefs of any acid particles that may not have
been {ufficiently dulcified by the preceding fubli-
mations, | :

As Mercury is the fpecific remedy of venereal
diforders, fundry preparations thereof have been at-
tempted with a view to produce different efffeéts.
Sweet Sublimate is purgative ; and for that reafon is
not quite proper for procuring a falivation, becaufe
it carries off the humours by ftool. “The Panacea

of Mercury, which, on the contrary, is not purga-

tive, may raile a falivation when taken inwardly.

End of the Firft Vilume,
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PL AR FIRST.

FIG. I. A Cﬁppﬂ' Alembics

A. The Cucurbite or Body.

B. The Neck.

C. The Head.

D. The Beak, Nofe; or Spout
The Refrigeratory, or Cooler.
Its Cock.

. The Receiver.

FIG. II. A Glafs Alembic;

The Cucurbite.

The Head. 3 .
The Gutter within the Head,
The Beak.

FI1G. NI A lng=necked Glafs Alembic.

The Body of the Matrafs,
The Neck.
The Head.
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PLATE SE€0ND

FIG. L. A4 Glafs Adlembic of one piece.

A. The Cucurbite.

‘B. The Head.

€. The Aperture in the Heal,
D. Its Stopple.

E. The Mouth of the Cucurbite,
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F. G. H. Curvature of the infide of the upper part of
the Fire-place.
I. The Shaft or Chimney.

PLATE ¥FOURTH,

A Cupelling Furnace,

A. The Afh-hole.

B. B. Its fliding Doors.

C. The Fire-place.

D. D. Its fliding Doors.

E. F. Small apertures in the Sliders.

G. G. Holes for Bars to bear the Muffles. :

H. H. H. Iron. braces in the forepart of the Furnace,
which form grooves for the Doors of the Fire-place
-and Afh-hole to flide in.

I. The upper pyramidal part of the Furnace.

K. An aperture therein for managing the Coals.

L. The Opening at top.

M. The Pyramidal Cover.

N. The Chimney or end of the Shaft, on which the
conical Funnel may be fitted.

O. 0. O. O. Handles for moving the fliding Doors.

P. P. Ears of the Pyramidal Cover. - |

N. B. The Furnaces, as reprefented in.the two laft
Plates, are not in due proportion to each other. The
Cupelling Furnace is much larger than it fhould be, with
refpe&t to the Melting Furnace. Thefe dimenfions are
here given it, only that all its parts might be more dif-

tinftly exprefled than could have been done if we had
made it lefs,
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