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‘OF BITUMENS AND CHARCOAL.

HE an.alyfes of pitcoal and of.
dxﬁ'ercnt woods, mentioned in
the lalt FfTay, may ferve as .inftances
of the produéts-obtainable by diftil-
‘lation from bituminous and vege--
table fubftances in genc.al. They.
all of them-yicld water impregriared
with an acid, and often alfo with a
volatile alkatine filt, air, oils of dif-
ferent colours, weights, and confift- .
ences, and a black coaly réfiduvum.
The bitumens generally taken notice
VOL. IIT, - A of
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of by writers, on Natural Hiftory
are; with refpect to their confiftence,
<ither as fluid as oil, or as thick and
tenacious as tar, or quite folid. The
fAuid bitumens are ¢two, Naptha, and
Petroleum, or rock-oil. Thefe are oils
which differ from each other 1n co-
lour and confiftence, and fome other
properties ; the naptha is/pa]c, light,
and very inflammable ; the petroleum
is yellow, brown, or blackifh, hea-
vier and léfs inflammable than nap-
tha: its difference from naptha is
attributed to its centaining a greater
quantity of acid in its compofition.
Joth-thefe oils are found in many
pares of the globe, eitlier floating on
fpring, water, or dripping from the
icrevices of rocks.  Mincral pitch is
& bitumen which differs from petro-
leum in being thicker, heavier,
2 ard
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and more glutinous ; it was formerly*
found in the environs of Babylon,and
conftituted, according to Vitruvius, .
when mixed with lime, the cement
which was ufed in building the walls
of that city. At prefent itis met
with in feveral parts of Europe, and
in America, where it drips from
rocks, and is called by us Barbadoes
tar: it has a very offenfive {mell,
and great tenacity, and is called
by the inhabitants of Auvergne, in
France, where it exudes from the
carth, and fticks to the feer, devils
durg. The Apbaltum, or Jews pitch,
is a bitumen much refembling mine-
ral pitch; it is thrown up in a liquid
form from the bottom of the lake
where Sodom and Gomorrah fteod,
otherwife called the Deaa Seg, or the
lake Aphaltes, from a Greek word

A2 denoting
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denoting a bitumen. This lakein the
time of Efdras yielded Bitumen—re-
member what 1did to Sodom end Gomor-
rab, whofe land lieth in clods of pitch*.
The bitumen floating upon the fur-
face of the falt water, is condenfed by
the heat of the fun into a folid form,
and is gathered by the Arabs on the
thore where it is throwne It is faid
to be the fame fubftance which the
Egyptians ufed-in embalming their
mummies, and it was called by them
mumia mineralis.4 This bitumen has
been found in many places of Aﬁa;
and Europe, as well as on the fhores
of the Dead Sea; all that we meet
with in the fhops, is either an arti-
ficial compofition, or an European
afphaltum, the Eaftern ones being
feldom brought into Europe,’ but

ufed

» Efd. B, 2.¢. 2.~
4 Haffelquit’s Voy. p. 385
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ufed by the natives either as pitch
for their fhips, or as an ingredient,
in varnifhing, or dying wool.

There is a very curious experi-
ment which illuftrates the relation
which thefe four bitumens bear to
each other. The moft tranfparent
oil of turpentine, refembling. nap-
tha, may be changed into an oil re-
fembling petroleum, by mixing it
with a fmall portion of the acid of
vitriol 5 with a larger proportion of
the acid, the mixture becomes black
and tenacious, like Barbadoes tar;
and the ‘proportions of the ingre<
dients may be fo adjufted, ‘that the

JAmixcure will acquire a folid.confift-
ence, like afphaltum. This experi-
ment teaches us to conclide. that
naptha, petroleum, Barbadoes
and afphaltum, differ chiefly f

A3
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each other, with refpet to the quan-
ity of acid which enters into their
compofitioh; and the fubftances pro-
cured by diftilling, pitcoal, or refi-
nous vegetables, may furnifh no im-
probable conjecture concerning the
arigin of thefe bitumens.

Let us fuppofe then a fubterra-
neous fire to be fituated in or near
a ftratum of pitcoal, of turf, of
foflil wood, or of any other fuch
bituminous matter ; it is manifeft
that the inflammable air, and the dif-
ferent kinds of oils, which were col-.
lected by diftilling fmall portions of
thefe fubftances, would be elevated

by the heat into the crevices of the
fuperincumbent ftrata ; the light and
pale oil would be a fort of naptha,
,or petroleum, the black and tena-
cious oil would be a Barbadoes tar,

' and
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and this might be fo dried by the .
héat as to become an afphaltum.
The oils not being mifcible with .
water, would be found floating upon..
its furface, as it iffued out of the
bowels of the earth, and being very
inflammable, might conftitute burn- -
ing wells, fuch as have been met °
with near Wigan, at Brofely, and in -
many other places : or where the oil
did not mreet with water, or wastoo |
heavy to float on it, we may conceive .
that it would impregnate the porous
ftrata of feveral kinds of ftones and
earth. It hasbeen obferved inanother -
place,* that they formerly obtained a
fort of tar, from a ftone.at Brofely ;
and the ftratum, which is called
fhale in Derbyfhire, is fo ftrongly im-
pregnated with oil, that it will burn

A4 3 of

* VGLIL p. 347.
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“of itfelf, when fet on fire: the work-
men in digging through the black
ftone, which is incumbent on the
fhale, fometimes meet with cavities
containing a thick black oil, which
has oozed out of the furrounding
fione. One of -the greateft fuughs, or
fubterraneous paffages, which has,
perhaps, ever been formed in Great
Britain, is that which is called Hell-
car fough, in Derbyfhire ; this fough
is driven through a ftratum of fhale,
and the workmen are much troubled
with inflammable air, which general-
ly breaks into the fough, through the
fame crannies which give paffage to
little ftreams of water: they fecure
themfelves from the air, by keeping
great fans conftantly in motion; for
the inflammable air, being lighter

than common air, floats near the roof-
: of
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of the fough, and being drawn down:
from thence, and mixed with the
common air by .the motion of the
fans,. it is circulated in_ the fough
without danger. 1 am fenfible that
inflammable air miay be produced by
various other ways, as well as by the
application of heat, to bituminous
ftrata ; but as bitumens do yield in-
flammable air by diftillation, it is
probable enough, that fuch as is met
with in bituminous ftrata, may fome-
times, at leaft, be referred to the
attion of a fire, fituated, perhaps, at
too great a diftance from the furface
of the earth, to produce any other’
fenfible effett, ;

In the Duchy of Modena in Italy,
there is a remarkable rock,  which
confirms very much the ngtion of
oils and pitchy fubftances b%ng fe-

parated
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parited from bitumens by a kind of
fitbterraneous diftillation. 'The in-
habitarts of the diftric, by piercing
the fides of this rock, at different
diftanc¢es ‘from its fummit, obtain
‘oils of different natures, thickening
and growing heavier and deeper
coloured, as the canals through
which they flow approich to the fur-
face of the earth ; at-the diftance of
a few feet below the furface, they
find a very thick oil, which in dig-
ging deeper becomes foft as butter,
and at ftill a greater depth, it is

found to be as folid as pitch.
Befides pitcoal and afpbaltum, there
are three other {olid bitumens which
‘defervé to be mentioned— Jer—
Aisber—~dAdmbeérgris.  Jet fo much
refembles cannel-coal in its colour,
iA its hardhels, in its receiving a
- polifh,
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polith, in its not foiling the ﬁngers
when rubbed upon it, and in
properties, that many authors con-
found the two fubftances together;
and indeed they agree in fo many
qualities that it is fomewhat difficule
to fay in what they difagree. Jet,
however, when warmed by friétion,
has the property of attralting bits
of ftraw, feathers, and other light
bodies; buf I never obferved this
property in any of the cannel-coals
which I have tried. This property,
if it may be generally relied on, 2s
appertaining to jet, and not to caa-
nel-coal, is a very eafy charaﬂ&ri&ic,
by which thefe fubftances may be
diftinguifhed from each other. Jet
is faid to be found only in frdall de-
tached pieces, and that it is é:crcby‘
dll’cmgm{hablc from cannel coal,
; Which
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which is-found in large beds. Some"
ik that the woody fibrous tiffue -,
of jet,-may ferve to diftinguith it
from cannel-coal, but whoever ex-
amines large qu.antitics of this kind
of coal, will fee many pieces which
much' refemble wood in texture.
The weight of a cubic foot of can-
nel-coal is 1273 ounces; a cubic feot
of jet is faid by one author to weigh

1238,% by another-1188 ounces -+
The natural hiftery of Amber is
very obfcure, This bitumen was
for a long time thought to be re-
ftri¢ed to the coafts of Prg?ﬁa, cR
the Baltic Sea.. It was fuppofed to
owe its origin to the exudations of
certain trees on the coaft of Sweden,
which falling into the fea, were there
hardened by the centinual ation of
. the

* Martin, + Lewis, Newm, Chem.
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-the falts, and-thence carried by paﬁ-
ticular winds to the open coafts of
Pruffia. This o?imon was fupportcd.
by, and formed to account for, the
.ants, fiies, fpiders, feaves of trees,
and other terreftrial matters, which
are almoft always found inclofed in
pieces of amber,and which no doubt
muft be admitied, as proving its.be-
ing originally in a fluid ftace. In
Pruffia they not only gather amber
on the fea coaft, but they frequently
‘find it at the depth of eight or ten
feet beneath the furface of the earth,
but at noAgreat diftance from the fea. -
The fuperincumbent ftrata arefand,
clay, foflil-wood, pyrites, fand 3gain,
in which the amber:is found, {ch-
times in detached pieces, fom%imes
in littleheaps.  This diftributionof
the ftrata, where amber s four%(: to-
ether
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.gétiier with their proximity to- the

fea, has made it with fome degree of
probability be imagined, that this
mineral owed its fituation to the
inundation and receffion of the fea,
and that it was derived partly from
an.oil arifingfrom the decompofition
of wegetables by fubterraneous fires,
‘and partly %m a mineral acid.
Amber is frequently found in Italy,
swhere they have no foﬁil wood, but
gﬁ‘aat plenty of petroleum
A% The natural hiftory of Ambergris is
@puhccrtam asthatof aniber,unlefswe
‘admit the defeription which jas been
lately given of its origin, as the true
one. We are told that ambergris is
a part of the Cachalot or Spermaceti-
wwbak. < It is found in this animal,
inthe place where the feminal veflels

‘are ufually fitvated in other animals.
: Ic
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It is found in a bag of three .or fqur.
feet long, inround lumps, from one.
to twenty poungds weight, floating in .
a fluid rather thinner than pil, and of
a yellowith colour. There are never
feen more than four at a time in one,
of thefe bags ; and that which weigh-
ed, twenty pounds, and which was,
the largeft ever feen, was found
fingle. Thefe’balls of ambergris are
not found in all fithes of this kind,

but chiefly in"the oldeft and ftrong-

eft.*” This account feems probable
enough, for ambergris is a fine per-
fume, and we know that other per-,

fumes, fich as civer, mufk, and cal;

tor, are fituated in the inguinal re-

gions of the civer cat, the mu@c ani-

mal and the beaver. S

All vegetable, and __bitunﬁmoy‘s,
’ and

h 2200

‘*P?»‘.m‘ t

® Goldfmxth': Nat, Hitt, Vol, VL .

v
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and ‘indeed all animal fubftances,
leave, after their volatile principles
have been feparated by diftillation,
_ablack coal. Thefe coals differ fome-
what from each'bther, with refpeét
to their pronenefs to catch fire, and
their ability to fupport it, but I will
content myfelf with examining the
nature of the refidue, from the dil-
tillation of wood.

This refidue does nog differ from
what is generallygalled charcoal; the
flighteft attention to tlie manner of
obtaining this refidue, and of making
charcoal, will convince us, that no
difference. ought to be expected.
‘When the wood is diftilled, its com-
munication with the external air is

' obftruted, its volatile parts are ele-
vated from it, by the heat-to which

« it i expofed, and the tefidue is that
o : part
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patt of the woed which remains after
all the volatile parts are driven off.
In making charcoal they conftruct
a pile of wood upon the furface of
the ground, they, cover the pile
with a coating of turf, -or other {ub~
ftances, and make the.coating fo
.corapad, that it will not admit of
air, except through fome little round
.holes, which*are purpofely made in
it, and which can be ftopped at plea-
fure. Whert the pile, thus conftruét-
ed, is fet on fire, Part of the oil of
the wood is confimed during the
burning of the pile, the other part,
rogether with the air and water con-
tained in the wood, is evaporated,
and there remains, when the } opera-
tion is finifhed, the earthy. part of
the wood, called in that ﬁa(t char-
coal. Thus the making of %harcoal
VOL. 1. B y is
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- 1s a'kind of diftillarion, for the coat«
ing which furrounds the pile of
wood, may be compared to a retort.
Henckel informs us, that 150lbs.
of oak, will produce 62lbs. of char-
coal*; but he does not inform us
whether the oak was dry or green,
whether it had its bark on or was
peeled, whether it was all heart of
oak, or partly heart, axd partly fap,
whether the operation of making the
‘charcoal was difcontinued as foon as
the wood ceafed to fmoke, or pro-
tracted fome timelonger; and yet a
differcnce in any one of thefe circum-
-ftances, will fenfibly influence the
weight of the charcoal, procurable

from a definite weight of wood.
The woods which I converted into
charcoal were dry, and had been fel-
1 " led

* For, Satur, ¢, iV, Ps 5350
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led many years ; their relative weights

were taken with great exatnefs.
Weight of a cubic foot of

Water — 1000 avoir, ounees.

Box -~ 950 ——
‘Oak — Bgz —n
Afh —_— 832 —r
Mahogany — 816 —
Walnut — 790 ——
Deal -— 61 § —

Authors differ very much as to the
weights which they have affigned to
definite bulks of the fame kind of
wood. Thus, one eftimates the
weight of a cubit foot of dry box at
1030*; another at 1201 ouncest:
one puts the weight of a cubic foot
of dry oak at 924 ; another at 800
ouncesf. To the more obvious
B2 Tources
* Cotes Hydrof. p 93. ¢ F;rgvfon's
Tab. p. 237. ; Cotes. } Emerfod’s Mech.
P 132 ¥
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fources of this diverfity, in the
weights of equal bulks of the fame
kind of wood,—fuch as the ‘wood
being green or dry, being cut from
the bol}r or branch of a tree,—one
may be added, which has not, I be-
lieve, been fufficiently attended to
—I mean the great lofs of weight
which in certain circumftances, the
fame piece of wood foftains, by a
fimple expofure to the aimofphere,
in the courfe of a few days.

From the middle of a branch of
an oak tree, which had been felled in
Aptil, and expofed without its bark,
to the hot fummer of 1779, T cut
‘Sept. 4,around piece,about fix inches
in diameter, and three in thicknefs-
Sept. 15, I cut from the heart of
this piece of «0ak a fmall flip, 3
inches in length, } of an inch in

4 : thick-
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thicknefs, and 79 grains in weight ;.
at the fame time,.I cut a fimilar flip
from the fap of the fame piece, the
weight of which alfo was 79 grains:
thefe two pieces were put into the
drawer of my. ftudy table, and being
weighed again, Sept. 25, the heart
of oak had loft 8 grains, or near %
of its weight; the fap had loft 12
grains, or above + of its weight.
Now if the weights of feveral equal
bulks of thefe woods had been taken
on the 15th, and on the 25th of Sep-
tember, it is obvious (notwithftand-
'ing the contra&tion they might have
fuffered) that there would hawe been
fome difference in them, though the
woods themfelves appeared equally
«dry on both days..

This fpeedy. diminution oﬁzwc:ghc
-which wood undergoes by expofure
B 3 ' to
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to the air, being a matter of fome
importance in an ceconomical view,
I will mention another experiment
which I made on the fubje®. A
piece of Afh cut*March 17, 1780,
from the middle of a large tree,
which had been felled fix weeks be-
fore, was accurately weighed; its
weight was 317 grains, its length 3
inches, and its breadth 2. It was
weighed again March 24, it had loft
in the courfe of 7 days 62 grains, or
near % of its weight. I weighed this
fame piece of wood on the 25th of
Auguft in the fame year, but it had
not loft any thing of its weight, from
the 24th of March to the 25th of
Augeft. The two pieces of oak,
mentioned in the laft experiment,
were weighed alfo, on the 24th of
Auguft, 1780; they had neither of

them
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them loft, in the courfe of efeven:
months, quite 1 grain; hence it ap-
pears, that the matter which is dif-,
perfed from wood after it is cut, is
foon evaporated: ,this matter proba-
bly confifts chiefiy of water. The
carriage of wood, cfpecially by land,
is very expenfive : if an oak or an
ath tree was cut into boards, or
jcantlings, upon the fpot where it is
felled, there would be a faving of
the carriage of one ton in fix or feven
from the evaporation of the fub-
ftance of the wood; to fay nothing
of chips and other refufe parts.

It is well known that all wood
becomes heavier than water, by hav-
ing the air extraéted from the pores,
either by an air-pump, or by boiling
it in water. The woods jof which
I have given the rc]ativc§ weights,

B 4 ) were
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* were alb of them rendered heavier
than water, by a long continuance
in cold water; for the heat of the
water in which they were put, never
exceeded 60 degrees. They funk in
the water after they had been foaked
in it for different lengths of time,
but it required above 100 days foak-
ing before the deal would fink. After
they had all lain in water for 110
days, I took them aut, and let them
dry by the gradual heat"of the at-
mofphere for above a month; I then
weighed them, and found that box,
oak, and afh, had each of them loft
¢ of the weight they had before
they were put into the water; but.
that mahogany, walnut, and deal,"
had loft only ;% of their weight.
This lofs of weight is occafioned,
_partly by the efcape of fome portion
: of
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of ait, and partly by a diffolutiod of
fome of the other principles of the
woods ; for the water, in which they
were placed, had evidently acted
upon them, its colour and confift-
ence being both changed. Moft
woods contain both a gummy and a:
refinous. part; and gums being folus
ble, and refins not foluble in water,
we can have ‘no difficulty in appre-
hending the reafon, why fome forts
of wood lofe a greater proportion of
their weight, by being immerfed in
water, and afterwards dried, than
others. Since the fame piece of
wood has very different weights,
when dry and when foaked with wa-
ter; the covering carts, ploughs,
and other hufbandry gear,; ufually
made of ath, with a.coarfe kind of
pzint which will keep.out the rain,

1$
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15 2 pralice full as ferviceable in
leffening the weight of the imple-
ment which is to be moved by the
ftrength of 2 man or a horfe, as in
preferving the wood of which itis
made from decay.

I took fquare pieces of the woods
before mentioned, each piece being
3 inches in length, and weighing
exaltly g6 grains, and expofed them,
when covered with fund, in a cru-
cible, to the a&ion of the fame fire,
which was firong enough to keep
the crucible red hot, fogghree hours;
they were at the end of that time,
all of them converted into perfet
charcoals; the weights of the refpec-
tive charcoals were taken, whilft
they were ftill warm, from the ope-
ration, and are exprefled in the fol-
dowing table:

Walnut
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Walnut g6 grs. gave 25 grs. of charcoal,

Oak — g6 — — 22 =
Box — g6 == — 20 ——
Mahogany g6 == =~ 20 r—w=
Afh — 96 —_— 17 =

Deal — g6 — —=° 1%
There is a good reafon for remark-
ing, that the charcoals were weighed
whil(t they were warn, for in weigh-
ing them a few days afterwards, I
found that they had all increafed in
weight in, ¢onfequence of fomething
which they had arttratted from the
atmofphere their weights then were
—walnut *r——oak 24—box 23—
mahogany 24—afth 18—deal 16—
grains.

The quaatities of refidue remain-
ing from the diftillation of 95 ounces
of oak, box, and mahogany, were
refpetively 30, 263, arf;d 27+

ounces, ¢
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< eunces;.which numbers are feverally
larger than thofe, exprefling the
quantities of charcoal obtainable
from 96 parts of thofe woods; this
difference may proceed from the
waods, employed in the two pro-
ceffes, being of different qualities,
" or, more probably, from the heat in
which the charcoal was made, being,
greater than that employed in the
diftillation ; for the ftronger the fire,
the lefs is the quantity of charcoal,
which a definite weight of wood will
yield.

In making charcoal the workmen
obferve, that the pile of wood is
fenfibly diminithed in fize by the
operation ; this proceeds from the
fhrinking: of the wood. All the
kinds of wood which I charred were
’diggi}ii,(hcd in all their flimenﬁons,

the.
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the mahogany, oak, and walnut,
were the leaft diminifhed; and the
‘box was the moft diminithed; I
thought it had loft an eighth part of
its length. This dipninution not only
depends upon the nature of the
wood, but it is influenced by the
‘ftrength and continuance of the heat,
that being moft diminithed, which
has fuftained’the greateft heat.

Though charcoal, from every fort
-of wood, is incapable of being de-
compofed, ‘by the ftrongef fires in
clofe veflelg yet it is 2 compound-
ed body, and may be decompofed
-by being burned in the open air.

‘Van Hélmont fays, that 62 pounds
‘of oak -charcoal will, by burning,
yield only 1 Ib. of white afhés. The
.other,61 pounds which are difperfed
into the air, he confiders as afvapour

of
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of an elafticnature, which can neither
be colle&ed in veflels, nor reduced
into a vifible form. This vapour he
called by a new name, gas*.

Stahl is of opinion, that 101bs. of
charcoal made from porous woods,
fuch as fir and fallow, will not when
burned with a very flow fire, yield
above 11lb. of afhest; this quan-
tity however, it muft be remarked,
isabove fix times the quantity affign-
ed by Van Helmont te oak which
probably contains more athes in a2
definitive weight of charcoal, than
either fir or fallow,

Geoffroy,
* Hunc Tpiritum, incognitum haenus,
ROVO nomine gas, voco, quinec vafis coginec
in corpus vifibile reduci poteft. Van Hel. Op.
omn. p. 193. Some derive gas from the Dutch
ghoaﬁ-fpi::it; o.tlr.xers from the German gafcht,
a frothy cbullition.
4 Stalkli Exper. Numero CCC. p. 17.
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- 'Geoffroy, from foinewhat lefs than
34 ounces of the charcoal, remaining
after the diftillation of the heart of
guaiacum, got near three ounces of
white athes, by calcining the coal in
an open fire for 12 hours. From
near 233 ounces of the coal, remain-
ing from the diftillation of the fap
of guaiacum, he got near 1} ounce
of athes. Amd 29; ounces of the
coal, from the bark of guaiacum,
gave him 13; ounces of white
athes*.

Laftly, Mr. Sage affures us that
100 pounds of charcoal will not,
when burned, furnifh quite 2 ounces
of afhest. )

Thefe accounts, it muft bc ace

know-

* Geoff. Mat. Med. or treatife on‘forciga

-vegeta. by Thicknefs, p. 112. \
+ Exper, fur, I’ Alk, Vol, fluor, p. 37.
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‘knbwledged, differ very much, as
to-the quantity of afhes obtainable
‘from a definite-weight of charcoal ;
and the difference, I-think, is much
greater than what can wholly be at-
tributed.to the different textures of
the feveral woods; a part of this
diverfity may, probably, arife from a
difference in'the manner of burning
the charcoal. When charcoal is
burned in fmall quantities, and in a
flow fire,-lefs of-its fubfRanee will -be
difperfed into the air, than when the
quantity is larger, and the ftream of
air which fupports:the fire, is more
rapid. This feems not improbable ;
but if the weight of the athes re-
maining from the burning of a defi-
nite weight of charcoal, be at all in-
‘fluenced 'by the degree of fire, it
feems reafonable to fuppofe, that

* what



( 33) .
what is driven off by the violence of
the fire, is of the fame earthy nature
as that which remains when ‘the firé
is more moderate ; at leaft it may be
argued, that when charcoal is burned
with a flow fire, fome of its prin-
ciples, its oily principle for inftance,
though it, probably, alfo contains a
faline one, are more completely de-
compofed, than when it is confumed
with a violent fire, and that the de--
compofition of thefe principles gives

.an additional quantity of earth er
falt to the athes.

If there be anytruth T this notion,
we muft not fay, that the 61 pounds
of matter which, according to'Vaa
Helmont, are difperfed into the air
from 62 pounds of charcoal,j are

~ wholly "of sn elaftic nature; fines
they may eonﬂ& principally of an
" vor. i, C atténu.
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attenuated earth, which being driven
off by the current of air, requifite
for the maintenance of the fire, re-
mains for atime fufpended in the at-
mefpherical air, without being in its
own nature elaftic. I would not be
-underftood to fay, that the whole of
“what is diffipated, during the burn-
ing of the charcoal, is.an attenuated
garth, fince it is certain, that the
--earth of the afhes is notinflammable,
-and that charcoal contains fomething
“which is inflammable: it is allowed
.alfo, that fimple earth is inodorous :
and it is well* known that charcoal,
-during its inflammation, difperfes
fomething into the air, which has a
ftrong finell ; this /omething by which
charcoal is rendered inflammable,
and by which the air is infeCted with
a'particular fmell, during the burn-
: ‘ ing
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ing of the charcoal, is called by mofkt
chemifts the phlogifton®, -~ This
ce ) ph}ogiﬂoﬁ,

* Phlogifton isa conﬁxuent part of me-
tallic fubftances, and it feems, when fepa-
rated from them, to be of an glaftic nature.
1 diftilled zinc with ffrosg acid of vitriel,, and
obtained a portion of fulphur, pxodu,ued as
it fhould feem, by the acid’s umtmg m'qif
with the phlogifton of the zine. No ‘infdm-
mable vapour was produced, till the falphar
began to be {gblimed; then, indeed, there
efcaped a vapour, compofed, Fthink, of the
attenuated parts of fulphur, which upon the
approach of a candle took 'fire. Another
portion of zin¢ was diftilled with weas# acid
-of vitriol ; before the zinc felt the heat ofthe
fire, the inflammable air, feparable from zinc
by a weak acid of viuiol, paffed into the
receiver, and bemcr fet on fire, bunﬂ it w1th
a great exploﬁon another receiver \vas ap-
plied, and-the diftillation centinued fo dry-
nefs, but not a pariicle of fulphur wis pro-
duced, the phlogifton neceflary- for ta for-
mation having, probably, heen ﬁeparated
from the zinc, by the violent a&xon\pf the
z :
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phlogifton, whether it be an elaftic
inflammable fluid, or an unelaftic
earth of a particularkind, conftitutes,
probably, but a very fmall portion
of the weight of what is difperfed
into the air, from burning charcoal :
we all know what a ftrong fmell
may be diffufed through a large
room, from the ignited fhuff of a
candle, or from a very fmall .piece
of charcoal, which his 'not been
thoroughly -burned; -the wvapours
iffuing from thefe fubftances are of
-an oily {aline.nature, and are vifible :
the vapour.of charcoal, though it is
too fubtle.to be feen, may be of a
.nature fomewhat fimilar, and capa-

ble

acid, and confumed at once by the inflam-
mation. May it net, from the comparifon
of thefe eaperiments, be conjeCtured, that the
phlogiftan of metals is an claftic inflamma-
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bie of a very extenfive diffufion
through the air. An infant has been
known fuddenly to expire, from the
fmoke of a candle blowg out under
its nofe, and the ¥apour of charcoal
is moft dangerous, when the charcoal-
has not been thoroughly burnt.

It has been found by experiment,.
that the cogimon atmofpherical air
1s much altered in its properties, by
being made to pafs through red hot
charcoal, into the vacuum of an air-
pump; it then extinguifhes the Aame
of a candle, and animals die in it*.
A fimilar change takes place, when
charcoal is confumed in an apart-
ment, which has not a fufficient fup-
ply of freth air; the mﬁances of per-
fons who have unhappily ]o{’c their
Kves in fuch air, are very cor%mon in,

c 3 g il
* Haukibee’s Exper:p. 2874
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all countries, where much ufe is
made of charcoal; but efpecially in
Ruffia, where their apartments are
heated by evens, containing red hot
charcoal*. The change which the
atmofpherical air undergoes, from
the burning of charceal, may pro-
ceed either from the air, having loft
fome of its conftitruent parts in com-
ing in conta& with the burning char-
coal, or from its having gained
fomething from thecharcoal, or from
its having done both at the fame
time; jult as water, which paffes
throvgh a lump of falt or fugar, lofes
a great
* Philof. Tranf. 1779, p. 325—“foerc
there is mention made of the Ruffian method
of recovering®perfons who have been rendered
fenfelefs by the vapour of the charcoal; it
. confifts in carrying the perfon into the open

air, rubbing hi 1 with (how or coId water, and
pouring water or milk down his thiroat,

R
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a great part of the air it coutains ir
its natural ftate, and gains a portion
of the falt, which becomes diffolved
in it, and upon both accounts fuffers
a change of its properties.

It is generally admitted, that char-
coal and all eother bodies, nitrous
ones excepted, ceafe to burn, as foorr
as they -ceafe to be fupplied with
trefh air, and the air has, chiefly on
this accouny, been thought to com-
municate fomething to the fire, by
which the fire was maintained, and
the air was confurmed. And. this
opiaion has been confirmed by ob+
ferving, that a definite quantity of
air was much diminifhed ia bulk by
bodies being burned in it. Thus,
if 10 cubic inches of air be made to/
pafs through red hot charcoafj, they
will be reduced to nine, andj there.s

e 4 " are:



. ( 40 )
are means of making the diminution
ﬁﬁ greater.

Dr. Hooke advances another hy-
potheﬁs, he allows air to be necef-
fary to'the fupport of fire, but he
thinks that it contributes to this fup-
port, not by imparting any thing of
its own fubftance to the fire, but by
diffelving the inflammable principle
of bodies, as water diffolves falts ® :
according to the former hypothefis;
air is the foed ; according to this, it is
the receptacte or folvent of fire.

. Dr. Prieftley, to whofe inventive
genius and indefatigable induftry the
philo-

* Hooke’s Micogr. p. 103. and Pofthum.
Works, p. 169. Juncker feems to have en-
tertained a fimilar notion—ingens aeris quan-
titas requititur ad diffolvendas et recipiendas
ignitas illas et ultimip ‘motu -attenuatas parti-

culas, 'unde nifi fat aeris fit extinguitur ignis,
Jenck, Conf, Chem, Vol, I, p: 157,
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philofophic world is pccuharl“y m»
debted for his inquiries ihto the na-
tuge of fictitious airs, His obfeived,.
that eommon air is diminifhed one-
fifth by the fumes®of burning ehar-.
coal; and this diminution, he thinKs;.
is fome how or'other effected by the
air being highly charged with the-
phlogiften of the charcodl ; and he
obferves, which agrees very well withi:
Dr. Hooke’s hypothefis, - that whes-
any defmite quantity of air is fully.
faturated with phlogifton from chara
coal, no heat that he had ever ap-
plied was able to produce any more
effe®t upon the charcoal®,

Though common air is diminithed
in bulk by the fumes of burning char-

coal, and of other bodies in a ftaieof
combuftion, yet abottleora bladdcc

ed
* Philof, Tranf, 1372, p. zzs-—z;o?l
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filled with this diminifhed air, weighs.
Jefs than when it is filled with com-
mon air*, in the proportion of 183
to 185. That § eubic inches of
common air fhould be reduced by
the fumes of burning charcoal to 4
cubic inches, and that thefe 4 cubic
inches of infe&ed air fheuld weigh:
Iefs than 4 cubic inches of common:
air, cannot well be accounted for
without admitting, that a part of the
5 cubic inches of atmofpherical air
has been, by fome means or other,
taken away, at the fame time that its.
bulk was reduced to 4 cubic inches.
Being defirous of feeing, whethen
the property I had obferved in char-
coal, with refpett ro its weighing lefs
when it was quite cold, than when
it was warm fiom the fire in which
1L

* Prict, Exp, and Ob. Vol, IL: p. ga..
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it had been made, was a general pro-
perty appertaining to all het' and
cold charcoal, I weighed feveral
pieces when they were. cold, and
again, when they were fo hot as to be
handled -with difficulty, and found
that they all loft (they were of the
fame kind of woed) about t part in
12 of their weight, and that being
left to cool in the open air, they re-
gained what they had loft in a few
days. This acquifition of weight
was made moft rapidly at firft: a
piece which weighed 240 grains
when cold, was reduced by being
heated, to 220 grains, and being left
to cool, it gained g grains in 4 hours,
and 15 grains in 8 hours. Frony the
manner in which charcoal is made,
it is probable that what rcmains%ad-
-herent to-the wood, is not gréatly
' different
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diffetent from what is forced from
it by the latt degree of heat; now
this confifts of an. acid, and an oil
rendered thick and pitchy by igs
union with an acid; may we not
hence fuppof€, that it is-a. portion of
" fixed acid, which attra@s the hymi-
dity of the air, or perhaps the air it-
felf, when the charcaal is hot, and
becomes faturated' therewith,. and
that what was attracted:is again dri-
ven off, when the charcoal is again
heated ;. and thus the charcoal be-
comes again capable of exerting its
attraction, and acquiring an increafe
of weight? It is fome confirmation.
of this hypothelis, that charcoal,
when taken out of hot ' fand, takes:
fire upon expofure to the air, and
for much the fame reafon, probably,
that Hombcrgs pyrophoms takes.
fire
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fire in the open air*., Guaiacum
contains 2 ftronger acid than moft
kinds of wood; and Geoffroy has
-obferved, that'*‘ the coal of guaia-
cum being taken dut of the retorg,
and expofed to the air, even two or
three days after the procefs, takes

fire immediately of its own accord ;
* Pro.

# Homberg’s Pyrophorus is known to
every fchool-boy. It is made by calcining
together for a proper time, and in proper
quantities, either alum or any falt containing
the vitrioli¢ acid, with honey, fugar, flour, or
any animal er vegetable fubftance, capable
of being reduccd to a coal. Part of the vi-
triolic acid being uncombined thl* the phlo-
gifton of -the coal, and being in a dry con-
denfed ftate, attracts the humidity of the at-
mofpherey and generates {uch a degree of heat
by its mixture with water, a5 is fufficient to
inflame the other part of the pyrophorug. Py-
rophori may be made withoutthevitriolit acid,
but fome acid probably enters into theif com-

poiition, i



{ 46 )
pmvlded that when the d1ﬁx}latmn
is -over, the neck of the retort be
carefully Rtopped, and the veflels and
furnace be left to. cool of them-
felves*,”

This' property of increafing in
weight by expofure to the air, be-
longs to the hot coal of pitcoal, as
well as to that of wpod. T took
fome red hot cinders, and weighing
them in that ftate, left them to cool ;
in 12 hours they had gained one
75th part in weight, and in 4 days
they had gained one thirtieth of
their weight. Some coak which had'
been bwrned with a ftrong fire,
gained much lefs than the cinders.

It has been obferved in another
place, that charcoal may be decom-
pofcd by being diftilled with the

acid

. Trcanfc“qn Foreign Veget. Pe 1l
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acid of vitriol*; this. acid robs the
charcoal of its inflammable principle,
and reduces it to an earth : no other
menftruum fcems to have any ation
upon it. What alteration might be
produced in charcoal, by quenching
it when red hot, in various menftru-’
ums, or by boiling it in them, or by
keeping it immerfed in them, when
cold, for a long time, or by other
lefs obvious procefles, it ‘does not
fall within my defign to inquire.

Animals and vegetables are foon
reduced by putrefaélion to an carth ;
many forts of ftones and metallic
fubftances are crumbled into duft by
the ation of air and water; but char-
coal remains unchanged for :ages,
whether it be expofed to the air, or
immerfed in water, or buried §n the
carth, The beams of theiyHeatre’

B4 ac

"* Vol L p. 1750
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at Hereulanenm were converted into
charcoal by the Lava, which over-
flowed -that -city; and during the
Japfe of above feventeen centu-
#ies the charcoal <has remained as
intire as if it had been formed but
yeiterday, and it will probably con.
_-tipue fo to the end -of the world.
“This incorruptibility, as it may be
«ealled, of ¢harcoal, has been known
:4n the moft diftant ages ; for it has
:been obferved,that the famoustemple
-of Ephefus was built.upon wooden
-piles which had been-gharred on the
cutfide. The cuftom of charring
the ends of pofts, which are 1o be
fixed in the earth, is very common ;
“.and I have often wondered that the
#ame cuftom has not prevailed with
refpedt to the wood ufed in mines

<.and fubterrancous drams. The tim-
bers
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bers which fupport, in many places,
the roof of the foughs through
which there is a current of water,
are wafted away in a few years, that
part of them efpecially. which is exe
pofed to the alternatives of moifture:
and drynefs by the rifing and falling
of the water is foon rotted, and this
part one would think would be char-
red with great advantage, :

vor, n.  © D ESBAY.






ESSAY IL

OF THE QUANTITY OF WATER EVA-
PORATED F'ROM THE SURFACE OF
THE EARTH IN HOT WEATHER.

‘HERE are many operations
conftantly carrying on by na-

tural means, which, though they
efcape the ordinary obfervation of
our fenfes, fufficiently excite our af-
tonithment, when once difcovered.
The vaft quantity of a particular
kind of air, with which the z&mo-
fphere is daily impregnated, #rom
.the combuttion of all forts of fuel, is
D 2 ! one
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one nftance of this kind ; and the
water which is raifed into the atmo-
fphere from the furface of the earth,
is another. Who would hdve con-
jectured, that an acre of ground,
even after having been parched by
the heat of the fun'in fummer, dif-
perfed into the air above 1600 gal-
lons of water in the {pace of twelve
of the hotteft hours of the day ? No
vapour is feen to afcend, and we
little fuppofe that in the hotteft part
of the day, more ufually does afcend
than in any other. The experiment
from which I draw this conclufion,
is fo eafy to be made, that every onc
may fatisfy himfelf of the truth of it.
On the 2d of June, 1779, when the
fun fhone bright and hot, I put a
Jarge drinking glafs,-with its mouth
downwards, upon 3 grafs-plat which,
was
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was mown clofe ; there had been no
rain for above a month, and the
grals was become brown; in lefs
than two thinutes the infide of the
glafs was clouded with a vapour,
and in half an hour drops of water
began to trickle down its infide, in
various places. This experiment
was repeatede feveral times with the
fame fuccefs.

That I might accurately eftimate
the quantity, thus raifed, in any cer-
tain portion of time, I meafured the
area of the mouth of the glafs, and'
found it to be 20 fquare inches:
there are 1296 fquare inches in a
fquare yatd, and 4840 fquareé yards
in a ftatute acre; hence, if we can
find the means of meafurifg the
quantity of vapour raifed from 2o
fquare inches of earth, fupfiofe in

D 3 . one
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‘ene quarter.of an hour, it will be an
eafy matter to calculate the quantity
which would be raifed with the fame
degree of heat, from an acre in 12
hours. The method I took to mea-
fure the quantity of vapour, was not
perhaps the moft accurate which
might be thought of, but it was fim-
ple and ealy to be pradtifed : when
the glafs had ftood on the grafs plat
one quarter of an hoyr, and had
colle®ed a quantity of vapour, I
wiped its infide with a piece of muf-
lin, the weight of which had been
previoufly taken; as foon as the
glafs was wiped dry, the muflin was
weighed again, its increafe of weight
thewed the quantity of vapour which
had been colle@ed. The medium
increafe of weight, from feveral ex-

periments made on the fame day,
between
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between 12 and 3 o’clock, was 6
grains colletted in one quarter of an
hout, from 20 fquare inches of
carth. If the reader takes the trou<
ble to make the calculation, he will
find that above 1600 gallons, reck~
oning $ pints to a gallon, and efti~
mating the weight of a pint of wa-
ter at one pound avoirdupois, or
7000 grains troy weight, would be
raifed, at the rate here mentioned,
from an acre of ground in 24 hours.

It may eafily be conceived, that
the quantity thus elevated will be
greater when the ground has been
well foaked with rain, provided the
heat be the fame ; Idid not happen
to mark the heat of the ground when
I made the forc-mentioned experi-
ments } the two following aré more
circumftantial : the ground had been
‘ B 4 Cowet-
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‘wetted the day before I made them
by a thunder thower, the heat of the
carth, at the time of making them,
eftimated by a thermometer laid on
the grafs, was 96 degrees ; one ¢x-
periment gave 1973 gallons from
an acre in 12 hours, - the other gave
1905. Another experiment made,
when there had been no rain for a
week, and the heat of the earth was
110 degrees, gave after the rate of
2800 gallons from an acre in 12
hours ; the earth was hotter than the
air, as it was expofed to the reflec-
tion of the fun’s rays from a brick
wall.

The heat in Bergal in the fummer
months is variable, in the fhade from
98 to 120 degrees*, and in the fun
i probably does not fall fltort of

N . . 140

* Philof. Tranf. 1767, page 218, and fo:
&ﬁr 3778 Po 2012,
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140 degrees ; hence, after the earth
has been well drenched by the over-
flowing of the Ganges, immenfe
quantities of vapours muft be daily
raifed, to the amotint, perhaps, of
five or fix thoufand gallons from an
acre, in twenty-four hours, The
rainy feafon in Bengal lafts from the
beginning of June to the middle of
O&ober; all thisintervalisconfidered
as an unhealéhy time, but efpecially
the latter part of it, for then the
earth begins to grow dry, the flime
left upon its furface, confitting of
. decayed vegetables and other putrefs
cent bodies, begins to corrupt ; and
the fun, by its violent and coritinued
action, raifes up into the air not 3
pure water, but water impregnated

with putrid particles of all kinds.

Whether a merely moift ftuation
: i be
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"be unwholefome, may be much
queftioned ; but that moifture arifing
from earth or water in a ftate of pu-
trefaltion is fo, cannot well be
doubted. The overflowing of the
Nile puts. a ftop to the plague in
Egypt, infomuch, probably, as it puts
a ftop to the putrefaction of the ca-
nals of Grand Cairo and other places.
Agues and putrid fevers are much
more frequent in the fens of Cam-
bridgefbire and Lincolnfbire in very
dry,.than in wet years ; the Irifh, who
annually come toreap the harveft in
the fens. of Cambridgethire, have
been fo fenfible of the difference,
that for the three or four years laft
paft, which have been very dry, they
have entered upon their tatk with
great relu&ance, and apprehenfion of
what they call the Fen-fbake: The
States
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States of Holland, in the year 1748;
laid the country around Breds under
water, and ordered the water to be
kept up till the winter,. in order to
ftop a ficknefs whiclt had arifen from
the moift and putrid exhalations of
half-drained grounds.* The Arads
are faid to take a horrid kind of
vengeance when they think them-
felves injured by the Turks at Baffora;
they contrive &0 overflow the adjoin-.
ing country : a peftilential fever be-
gins to thew itfelf as the land begins
to grow dry by the evaporation of
the water, and it rages with fuch
violende as to carry off many thou-
fands of the inhabitants of that city 4.
The nature of the foil muft have
a great influence on the health of the
’ peoplc
. * Sir J. Pringle’s Dxf of the Army, § 2 63.
+ Philof, Tranf, 1778, p. 215
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people who inhabit it, fo far as that
is dependent on the meifture or dry-
nefs of the air. Thereis, probably,
as much water raifed into the air,
in a hotday, frofn an acte of ground
in the fens of Cambridgefbire, as is
raifed in two or three days from an
equal furface in the fandy parts of
Norfolk and Suffolk. Not but the
moft fandy country may have a very.
moift atmofphere, when water hap-
pens to be found. pear the furface;
for the heat of the fun will penetrate
through the fand, and raife the water
in vapour, which will find an eafier
paffage through the fand than it
would do through a lefs open fail.
Thus the foil in fome parts of Dausch
Brabant is & barren fand, but water
is every where to be met with at the
depth of two or three feet, and in

propor-
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proportion to its diRance from the
furface the inhabitants are free ﬁ'om
difeafes *.

Vegetation muft be gteatly mﬂuo-
enced by the quantity of warer which
is raifed from the carth; fome foils
retain humidity much longer thaa
others, and one great ufe of marles
and other magures, is, to reader the
foil on which they are put lefs liable
to be depriyed of its moifture by
the heat of fummer. The water, ip afe
cending from the bofom of the-carth,
moiftens the roots, and in being dif-
{olved in the air, it affords nutriment
to the branches of vegetables; bug
as vegetation may he injured either
by a defeét, or an excefs of moifture,
and as different plants requite dif-
ferent quantities of it, for atgining

' ¢ their

" _Difcaf..of the Army, p. 6:.?
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‘their utmoft perfe&ion, it merits the
attentive obfervation of the farmer
to fuit his plants and his manures to
the nature of the foil. There are many
fandy and limeffone foils, which are
covered almoft with flints or lime-
ftone pebbles; the crop of corn
would, probably, be lefs, if thefe
ftones were removed,: for they are
ferviceable, not only in fheltering
the firlt germs of the plant from
cutting winds, but they impede the.
efcape of moifture from the earth;
the afcending vapour ftrikes upon
that furface of the ftone which is
contiguous to the earth, and is there-
by condenfed, and thus its further af-
cent is for a time, at leaft, prevented.

Upon the fame grafs-plat, and
contiguous to the glafs ufed “in the

‘experiments, 1 placc&l a filver cup,
with
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with its mouth downwards, of a
fhape fimilar to that of the glafs, and
nearly of the fame dimenfions; but
T couid never obferve that its infide
had colle&ed the leaft particle of
vapour, though I frequently let it
ftand on the grafs for half.an hour,
OF more. _

By means of a little bees wax, [
faftened an half crown.very near, but
not quite contiguous, to the fide of
the glafs, and fetting the glafs, with

LT mouth downwards, on the grafs,
it prefently became covered with va-
pour, except that part of it which
was near to the half crown. Not
only the half crown itfelf was. free
from vapour, but it had hindered
any from fettling on the glafs which
was near it, for there was a Jittle
xing of glafs furrounding the: half
‘ 2 - ctown
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crown to the diftance of £ of an inch
which was quite dry, as well as that
part of the glafs which was imme-
diately under the half crown; it
feemed as if the flver had repelled
the water to that diftance, A large
red wafer had the fame effe& as the
half crown; it was neither wetted
itfelf, nor was the nng of glafs
.contiguous to.it wetted. A circle of
‘white paper praduced the {ame effect,
4o did feveral other fubftances, which
it would be tedious to. enumerate.
Thefe phenomena, refpeting the
different difpofitions of different bo-
«dies ta attra&t the riffng vapour, are
fimilar to what others have taken
notice of concerning the falling of
dew, and are, probably, to be ex-
plaied upon the fame principles,
whatevvr thcy may be. Mufchen-
broek
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broek placed on the leaden terrace of
the Obfervatory at Utrecht, veffels
of glafs, china, varnithed wood, po-
lithed brafs, and pewter: he found
thatin the courfe of a night the glafs,
china, and varnithed wood, had col-
leCted a great abundance of dew,
but that nota drop had fallen on any
of the polithed metals*. M. du
Fay expofed o the air, when the
dew was falling, two large funnels,
one made of glafs, the other of po-
jilhed pewter; the necks of the fun-
nels being inferted into veffels pro-
per to retain any moifture which
might be colleCted by them; he
fometimes found in the morning that
the veflcl under the glafs funnet con-
tained an ounce or more of water,

VOL. IJI. E ; but

. %

. * Introd, ad Philof. Nat. Tom, IL. p:’ ggo.
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“but he never obferved fo much asa-
drop in the other #.

A great part of the water which
is raifed into the air from the per-
fpiration of the, earth during ahot
day, defcends down again upon its
furface in the courfe of the night;
and this is the reafon that the dews
are the greateft in the hotteft wea-
ther, -and in the hdtteft climates.
The earth retains the heat it receives
in confequence of the fun’s ation
longer than the air does; water,
moreovet, is evaporable in all de-
grees of heat; hence water may con-
tinue to rife from the earth, when
the air, being cooled by the abfence
of the fun, is no longerable to fuftain
what is thus raifed, or to retain what

. -1t

-® Hift, de V'Acad, des Scien. 1749,



¢ 67 )

it had taken up during the day time,
and a dew from thefe different caufes
may, under certain circumiftances,
be found both to rife and fal during
the whele night, | ~

Egypt, at one fealon of the year,
is fo parched up by the heat, that
the furface of the ground becomes
-quite rugged with fiffures; at this
time the dew, proceeding from the
vapour exhaled from the earth, is
very plentiful,"and by its plenty pre-
vents the total deftruction of the
country.  This dew is particularly
ferviceable to the trees, which would
otherwife never be able to refift the
heat; bur with this affiftance . they
thrive very well, bloffom and ripen
their fruit. Thercfore the wpper
parts of the Egyptian trees, aé one
time of the year, do the office of

B2 . 1?01:5,
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roots, attraCting nourithment by
their abforbent veflels, the leaves,
from the moift air *.

The ’quantit;y of water which was
condenfed on the infide of the glafs,
I found to be accurately proportion-
able to the time during which it
ftood on the grafs; for in one ex-
periment 6 grains were colleted in
10 minutes, and in another 13 grains
were colletted in 25 minutes; now
the proportion of 6 to 101is the fame

as'that of 15 to 23.

In order to fee whether the copious
wvapour colletted by the glafs was
owing to the natural perfpiration of
the grafs, or to a kind of mechanical
diftillation from the body of the
earth, I put the glafs upon a foot-
path which was dry, and had no

grafs
* Haflelquit’s Voy. p. 455.
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grafs growing upon it, the vapour
role from the footpath as well as
from the grafs, but not fo abun-

dantly. ’ :
From what hase been advanced,
it may, probably, be juftly inferred,
that the air comtiguous to, or not
far removed from, the furface of the
earth, whether that furface be plain
or mountainoﬁs, barren, or covered
with vegetables, will be much more
loaded with the vapour which arifes
conftantly from the earth; than that
which is at the diftance of even a
few yards from the furface.~ This
point may be illuftrated by the fol-
lowing hypotheflis——Suppafe the
earth to be a globe of rock fa._i’t, -and
to be covered with water %o the
height of a mile; imagioe the wa-
ter to b divided into four fpherical
E3 . %ﬂlCHS‘,‘
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fkells, each 3 of a mile in thicknefs.
Now the firft fhell, which is fup-
pofed to be contjguous te the fur-
face of the falt, would foon faturate
itfelf with the dalt, and becoming
thereby heavier than the water at a
greater diftance, it would not, by
the ordinary motion of the winds
and tides, foon mix itfelf with the
whole mefs of water; but it would
contain far more falt in folution than
the fecond fhell, and the fecond
would contain more than the third,
and the third more than the fourth.
Let us further fuppofe the falt con-
tained in the whole of the water to
be precipitated, and the precipita-
tion ta begin from the fhell fartheft
removed from the furface of the
carth 5 it is evident, that the quan-
tity of the precipitate willéincreafe,

1. ) . not
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not fimply with the increafe of fpace -
through which it has defcended, but,
in a much higher propartion, inaf-,
much as the Jaft thell through which
it defcends may be fuppofed to con-
tain three or four times as much falg
as the uppermoft. In like manner,
it feems reafonable to fuppofe thar,
the air which is near the furface of
the earth will’be much more charg-,
ed with water, which it diffelves as
water diffolves falt, thap that which
is fituated at the diftance of even a
few yards from the furface, .

Dr. Heberden was the firft pcrfon
who took notice that a much larger
quantity of rain falls into a rain-
gage fituated near the furfacg of the
earth, than into one of the fame di-
menfiqns fituated a few yards above

‘E 4 ' :; : it; 3

s
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it*; ‘and he thinks that this differ
ence is to be explained from fome
unknown, property of electricity.
The fa&t is placed beyond contro-
verfy, by experiments which have
been made at various places; at
Liverpool in particular it has been
obferved, that ¢ a veffel ftanding on
the ground in a fpacious garden, re-
"ceived double the quantity of rain
which fell into another veflel of
equal dimenfions placed near the
fame {pot, but cighteen yards high-
er4.” I am far from thinking that
the foregoing obfervations relative
to the quantities of water contained

m

"+ Phil. Tranf. 1569, p» 361.

- 4 See an ingenious effay on the fubjed, by
Dr. Percival, who has explained the pheno-
menon from the known principles of electii-
city. Effays by Dr. Percival, p. 112.
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in equal bulks of air at d¥erent *
heights from the furface of the earth;
contain a fatisfactory explahation of
this phenomencen ; yet it may be re-
marked, that rainegages placed -at
equal diftances from the ‘furface of
the earth, colefted nearly 'equsal
quantities of rain, though one"of
them was fituated on 2 plain, and the
other on a mountain 450 yards in
height abovg the plain*: this obfer-
vation is fome confirmation ef thé
hypothefis which has been mention-
ed, as on that fuppofition it follows,
that the air at the fame diftance from
the [urface of " the earth, ‘is -equally
impregnated with water, other cir-
cumftances being the fame, and
therefore equal quantities..qf rain
ought *1o be colleGted by iwveflels
~ ' placed
* Philof. Tranf, 1772; p. 293
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~ placedratequal diftances fromthe fur:
face of the earth ; though according
to the gme fuppofition, a much
larger quantity ought to-be colleGed
by a veflel placed on the furface,
-than by one placed a few yards above
it. Thus this-hypothefis, admitting
its truth (which future experiments
will perhaps eftablith), feems as if it
was fufficient for explaining the phe-
pomenon ; I would be underftood
however to mentjon it with much:
diffidence, and was I as much fkilled
in electricity, as the very worthy and
ingenious perfon, who firft noticed
the fa&, is in every branch of natu-
ral philofophy, I might probably
have {een reafon noj to mention it at

all,

- ESSAY
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OF WATER DISSOLVED IN AIR,

E have feen, in the preced-

ing Effay, that large quan-

tities of water are raifed from the
carth in the hotteft weather: the wa-
ter, which is thus elevated; is no
more vifible in the air, than'a piece
of fugar is vifible in the watef where-
in it happens to be diﬁ'olved nor is
the tranfparency of the air} m_]urcd
by the water it has received &’om the
! earth;
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“earth; and therefore we conclude,
that the water is not merely mixed
with the air, but really diffolved in
it; a perfe@ tranfparency of the
fluid, in which any body is diffolved,
being efteemed the moft unequivo-
cal mark of its folution.

The caufe of the afcent, fufpen-
fion, and defcent of vapours, is not
yet fully determined; wmany think
that electricity is the principal agent
in producing thefe phenomena*;
whillt others are of opinion, that wa-
ter is raifed and fufpended in the alr,
much after the fame manner in which
falts are raifed and fufpended in wa-
ter; and it mufl be owned that this

opinion
_ * Philof. Tranf. 1755, p. 124.——Ele&ri-
citag vapores in aérem extollir, in adre fuf-

; pendit, ct ex a€ie in tellurem depluit, Prof..

Bavers Exp. de Elec. Theo. p. 106,
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opinien (which future experience
may fhew not to be wholly incon-
fiftent with the other) has a great -
appearance of probability. .

Salts, in general, are more fpeedi-
ly diffolved in wafm water than in
cold; and water, in like manner, is
more fpeedily diffolved in warm air
than in ‘cold. We have a fenfible
proof of this in the .exhalation of
dew, it being much fooner dried up
in places empofed to the direct rays
of the fun, than in the fhade, becaufe
the air in the thade being fome de-
grees colder than that in the fun, is
not able to diffolve the fame quanti-
ty of water in the fame time.

When water is faturatéd with any
kind of falt in a definitive degree of
heat, then will it retain the falt as
long s it retains its h;at;/b;f{;t if the

3 ' i heat '
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. heat bé leflehed, the tranf] parency of
the folution will be deftroyed, a part
of the falt will become vifible, and
fall to the bottom, in confequence of
its fuperior wriglgt; what falls to the
bottom will be re-diffolved, as foon
as the water regains its heat. It is
obvious that the qu;ntity of the falt
which is precipitated from the
cooling of the waters will depend
partly on the degree of heat in which
the folution is faturated, and partly
on the degree of cold to which the
folution is reduced. Thus water of
80 degrees when faturated with fale,
contains more falt than it would do
if it had only 70 degrees of heat, and
in being cooled to 50 degrees, the

_precipitation of falt will be greater

“in the firft inftance, than in the fe-
cond ; though it miglit probably be

. the
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the fame if the folution of So des.
.grees was cooled only to 6o, and:
that of 70 te 0. Semething very.
analogous to all this may be obferv+
ed with refpe® to the folution of
water in air.  In mifty weather we
frequently fee the mift of the morn-
ing intirely vanifhing towards the
middle of the day, and coming on
again towards the evening; the rea-
fon of which-feems to be, that the
air being wirmed by the approach
of the fun to the meridian, is able
to diffolve the morning miit, but as
the air grows colder again towards
the evening, the water which had
been perfectly diffolved by the:mid-
day heat begins to be precipi{;ategi,
the tranfparency of the air is de&my-
«ed, and an evening mift is forsed

Thxs _phenomenon has beed ob—

ferved
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ferved to prevail, in the coldeft at-
mofphere that has ever yet been
‘taken notice of, on the furface of
the globe; for in January 1435,
when the coldin Sideria was equal to
157 degrees below the freezing point
m Fahrenheit’sthermometer, the fow-
er region of the air was obfcured by
a perpetual cloud, which was very
thick in the morning, thinner to-
wards noen, and thlcker again at
night*. i

Mifts and dew will, generally
{peaking, be the greateft when the
difference between the heat of the
air in the day time, and at night,
is the greateft, becaufe the hotter the
day, the greater is the quantity of
water which is diffolved; and the
colder the night, the greater. will be

' the
#* Naovi Comnmen. Petrop, Tom, VI. p. 42g.-
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the quantity which is precipitated,
it often happens that there is no mift
obfervable towards the clofe of the
day ; this may be occafioned, either -
by there being limtle difference in
the heat of the air ar noon, and at .
night; or, though that difference be
confiderable, yet the air may chance
not to be faturatcd with water, and
in thac cafe it may, evenin the night,
be warm engugh to retain all the
~water it had diffolved in the day
time. In cold weather the breath
of animals becomes vifible, becaufe
the air is not warm enough to- dif-
folve the moifture which is exhaled
from the lungs *. ;
voL. L. F t Ii'
# The breath is vifible if the tcuipeéiture :

of the air be colder than 61 degrees. Caval.
on Air, p, 400. Thedegreeof cold in which -
itis vifible, depends partly on the hvn%d
or drynefs of the air.
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Tt is pot unufual for a river in
winter time, to be much warmer than
the air, hence the vapour which rifes
from the river is condenfed, the air
not being able te diffolve it, and a
cloud or mift of fmall elevation, is
feen to accompany .the river in its
courfe; this appearance ceafes, as
foon as the river is frozen, becaufe
the ice, though it be fubje& to eva-
poration, yet it does not yicld fo
-much vagpur as water does *.

A cubic inch of rock falt, nitre,
or any other kind of falt, is much
longer in being diffolved, when itis
in a compact ftate, than when it is
reduced into a fine powder, becaufe
the falt, when in the form of a pow-

der,

* Angara-fluvius ne&e glacie confiftit, quo
4aQo nebula illa perpetua, huc ufque ex fluvio

hoc evecta, ¢effavit, Novi Comm, .Petrop.
Nol; VL p. 436.



{ 8 )

«der, has a much larger furface ex-.
pofed to the ation of the water,
‘than if it was in one folid lump. In
Jlike manner, theair will diffolve any
‘definite quantity of water fooner,
when the furface of the water is.in-
creafed by its being in the form of a
vapour, than it 'would do if the wa-
ter was either in the form of ice, or
inits ordinaryefluid ftate, The fmoke
of a chimney confifts principally of
water, in the ftate of vapeur, and it
is really aftonithing, to fee how
quickly, in particular ftates of the
atmofphere, it is diffolved in the air,
It has been remarked, that the
fmoke of mount Pefuvius is much
more ftrong and vifible in rainy,
than in fair weather*; if this phe-
F2 nomenon

* Lett, fur la Mineral. par M. Feiber,
P 188, .
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nomenon does not proceed from the
greater quantity of water, which is
raifed from the mountain in wet,
than in dry weather; it may be ac-
"counted for, frorh the greater facxl:ty
with which aqueous vapours are’ < dif-
folved in a dry fcrencl air, than in
one which is fo faturated with water
that it can diffolve no more; which
is the cafe, in general, of air, which
parts with its water, ip the form of
rain or mift.
~ In riding upon wet fand in a hot
day, a kind of tremulous motion in
the air, to the height of a foot or
more above the fand, may be jpb-
ferved; this appearance may proceed
‘from hence, that the water in rifing
fiom the fand, is not immediately
diffolved in the air. A fimilar appear-
ance may often be obferved on land,
“efpes
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efpecially in corn fields towards gu-
tumn; the water which is exhaled

from the ftanding corn, not mixing
itfelf at once, fo effeually with the
airygs to conftitute with it an appi:
renj); homogeneous fluid. Some-
thing of the fame kind happens
when either faline folutions, wines,
cr vinous fpwits of any kind, are
pourzd into a glafs of water, the
compound fluid muft be agirated,
or the mixture will not at firft be
uniform, .

The quantity of water contained
in the air, even in the drieft weather,
is very confiderable. We. may be
faid to walk in an ocean ; thé; water
indeed of this ocean does ‘not; ordi-
narily, become the obje&léf our
fenfes 5*we cannot fee it, nor,¥whillt
it continues diffolved in the :iir, do
' ¥ 3 iowe
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we Feel that it wets us ; but it is fHll
water, though it be neither tangible
nor vifible ; juft as fugar, when dif-
folved in water, is ftill fugar, though.

we can neither: fee it nor feel it.a
Some philofophers have doubted,.
whether the weight of the air may
not chiefly be attributed to the wa-
ter which is conftantly fufpended in
it*.  But whether this conjeture be
admitted or not, the power which the
air has of keeping a great quantity
of water diffclved in it, may very.
properly be applied to the illuftra-
tion of that text, in which it is faid,
God divided the waters which were
under. the firmament, from the waters.
which were above the firmament -,
withant having recourfe, with Epi/-
‘capius,_

* Boerh, Chem. Vol, L p. 461,
iﬂ*ﬁ ﬁen. i 7«
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copius, to the very unphllofopl;gcal
fuppofition of th blue fky being
a folid fubftance compofed of ¢on-
gealed water #. Some are puzzled
to find water enough to' form an
univerfal deluge; to affift their en--
deavours it may be remarked, that
was it all precipitated which is dif-
folved in theair, it might pi‘qbably
be fufficient to cover the furface of
the whole earth, to the depth of
above thirty teet.

The air not only diffolves water,
but various othervapours, whichcon-

F 4 Lt

* Extima five fup.rema.hujus agms reglo:
attingit fornicem illum ceruleum, in quo
poitea die quarta flellz fixe collocate fue-
runt; qui fornix czruleus mihi effe vidétur
aquarum inaltum elevatarum, et crfftalli in
moreim feu condenfatarum, feu conglacnta--

rum, czruleoque colore radiantium,} compa-

ged,  Bpif Inf, Theel, Lib. iv. c. 33
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* fift partly of water, and partly of vo-
latile falts and oifg: All vegetables,
whether aromatic or not, are found
to perfpire very greatly, and the mat-
ter which they perfpire, could it be
condenfed, would, probably, be fo
far different from pure water, as to
have both a tafte and fmell. The
matter perfpired by animals, without
fweating, conlifts prinéipally of wa.’
ter, but the water is ftropgly impreg-
rated with odorous particles. It has
been faid of Barom Haljer, that he
ould fmell the perfpiration of old
people, at the diftance of ren yards;
this is by no means incredible, for the
human body is conftantly enveloped
in an invifible cloud, arifing from the
great quantity of matter -which is-
infecfibly perfpired. Sanfforius elti-
mates the Jfenfitle excretions of a
7 - perfon
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perfon who eats and drinks 8.1bs of
food in 24 hours, at 3 lbs, and the
infenfible perfpiration at § lbs; but if.
we fuppofe the infenfible perfpira-
tion in this climate o which is colder
than that of Venice, where he made
his experiments) to amount only tq
one half of our food, we cannot but
conclude, that it muft form a great
cloud around us, for 4 lbs of matter
converted intg a vapour as heavy as
sir, would occupy a great fpace,
amounting to above go cubic feet.
The heat of the human body is ge--
nerally between 9o and 100 degrees;
this degree of heat is fufficient to -
1aile from it, by a kind of diftilla-
tion, a copious vapour, which would
become vifible, if the heat wn; in-
creafed; I remember having })ccn
gieatly heated and fatigued u; af-
ecriding
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cending the ladders from the bottom
. of the copper mine at Egon; when
I got 1o the top I obferved,. by the
light of a candle, 2 thick. vapour
reeking from the body, and vilible
around ir,. to the diftance of a foot
or more. ’

The difpofition of the air for dif-
folving cither pure swater, or the
matter perfpired by vegetables, or
animals, is very various, depending.
chiefly on its denfity, beat, and dry-
nefs. 'The power which dogs have
of fcenting the animal they are in-
purfuﬁ' of, muft be much gﬁ‘eé’tedgv
by this difpofition of the air; for
the air through which the animal
has paffed,. is impregnated with the
matter perfpired from its body; and
this matter may in ope fate’of the
air be fo fpeedily diffclved, and fo

1 ' much
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much as it were diluted with air, as
to make either no impreffion, or a
very flicht one, on the olfattory
nerves of the dog; whilft in another,
it may make a very fenfible one,
And if we fuppofe the perfpirable
matter not to confift chiefly of wa-
ter *, but of fuch particles as are
thrown off by’ perfumes, without
their lofing fenfibly of their weight,
ftill it will be true, that the ftate of

the air muft have a great influence
in

* If the whole body of a naked man, ex-
eept his mouth and noftrils, was fhut up in a
glafs cafe, fo that noair could enter, the-mat-
ter of the infenfible perfpiration wouldys pro-
bably, be condenfed, and {tand as dew ap the
infide of the glafs ; and I apprehend it would
not differ much from the matter of the fg/ible
perfpiration, or fwgat. But if any one be
difpofed to confider the infenfible perfpidhtion

as an uncondenfuble fluid, or a kind of air
fitnilar
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in rendering them fenfible; fince it
has been found, that on the tops of
very high mountains, where the ftate
of the air is very different from
what it is in the valleys below, the
moft odorous bodies lcfe either in-
tirely, or in a great dsgree, their
powers of exciting a fmell.—The
exiftence of water in air is made ap-

parent various ways,
If a bottle of wine be fetched out
. of a cool cellar, in the hotteft and
drieft day in fummer, its furface
will prefently becovered with a thick
vapour, which, ghen tafted, appears
" to

fimilar to that which arifes from vegetable
R\ﬁjs in a ftate of fcrmentation (the heat of
ﬁf’mentmg wort being much the fume as that
of 8% animal body), fiill its mixture with the
atmofpherical air muft depend very much on

the chghl, humidity, and other " properties
0! thag air,
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to be pure water, This watery va-
pour cannot proceed from any exu-,
dation of the wine, through the
pores of the bottle, for glafs is im-
pervious to water, end the bottle
remains full, and when wiped dry, it
is found to weigh as much as when
taken out of the .cellar. The
fame appearance is obfervable on
the outfide of a [lver, or other ve{-
fel in which jced water is put in
fummer time; and it is certain, that
the water which is condenfed on the
furface of the vefie], does not pro-
ceed merely from the moifture ex-
haled by the breathing of the people
in the room where this appearance
is moft generally noticed, bcq:aufe
the fame effe@ will take place, if
the veflpl be put in the opertair.
Water which is'cooled by the %lu-
: ' -&ion
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tion of any falt, or even fpring wa-
ter, which happens to be a few de-
grees colder than the air, produces
a fimilar condenfation of vapour on
the outfide of the veflel in which it
is contained. Thefe and other ap-
pearances of the fame kind, are to
‘be explained on the fame principle.
Warm air is able to retain more wa-
ter in folution thane cold air can;
when therefore warm air becomes
‘contiguous to the ofitward furface
-of a veffel containing cold liquor,
it is prefently cooled to a certain
degree, and in being cooled, it is
forced to part with fome of the water
which it had difiolved, and this wa-
ter, ceafing to be fufpended by the
air, attaches itfelf to the furface of

the cold vefiel.
The more ancient philofophers,
not



( 95 )
-not fufpe@ing that water might be
-diffolved in air, were of opinion that
the moifture which they obferved
adhering to the outfides of veflels,
which had been cogled by having
fnow put into them, proceeded from
a tranfmutation of air into water ¥,
But there feems to be no more rea-
fon for this fuppolition, than there
‘would be for faying, that water was
changed into faltpetre, from-obferv-
ing that water which had diffolved
as much faltpetre as it could, in a
-certain

* Naturz myftas arcano modo, fed facili,
Acrem in aguam mediis caloribus cogere docebit
abjecta hzec nix, fi vitro conice figure, intra
tripodem, apice deorfum vergente fufpenfo,
indatur nivis vel glaciei fruftum. Quippe fub-
jecto vafculo excipiuntur, exteriore vitr frigi-
ditate collete, et laterum declivitate manantes
aquz guttze. Bartholinus de Figura Nivig, p. 3.
Sec-alfo.Boyle’s Works, Vol. IL p. 297.
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certiin degree of hsat, depofited a
part of it, when that degree of heat
was leflened,

Another method of proving the
exiftence of water in the cleareft air,
‘is, t0 obferve the increafe of weighr,
which certain bodies acquire by ex-
pofure 1o the opey air, 1 put upon
a plate 8 “‘ounces of falt of tartar,
which had been well dried on a hot
iron; the day was without a cloud,
“and the barometer ftood at 30inches;
in the fpace of three hours, from
11 to 2 o’clock in the afternoon, the
Zja'élt had increafed in weight two
‘onces; in the courfe of a few days
dts weight was increafed to twenty
ounces, it was then quite fluid, and
being diftilled it yielded a pure wa-
ter équal in weight nearly to the
increale it had acquired from the air,



( 97 )

and thepefore it is rightly in(qrred,
that water was the fubftance which
it had attracted from the air. :

Strong acid of vitriol is another
body which very powerfully attrats
humidity from the air. An ounce
of this acid has been obferved to
gain, in 12 months, above fix times
its own weight *. The power of the
acid to attract water from the aiy,
depends upon ‘its ftrength, for it
may be fo far diluted, that inftead
of attralting any more water from
‘the air, it will, by evaporatioa, lofe a
part of that which it had acquired;
when it is in this ftate, its weigHt
varies with the drynefs or moiftnefs
of the atmofphere, and it becomes,
when accurately balanced in a,good
pair of {cales, no bad kind of an hy-

vor.ur. - G grometer.
«* Newm, Chem, by Lewis, p. 161.
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grometer. The time in which any
definite_quantity of acid acquires its
greateft weight from the air, depends
partly upon the quantity of water
which is diffolved in the air, and
partly upon the furface of the acid
which is expofed to the air, it hav-
ing been afcertained by experiment,
that the quantity attracted from the
air, in a definite portion of time, is
greater as the furface is greater.
Hence, inftead of a twelve months
expofure to the air being requifite
fo make one ounce of acid of vitriol
acquire fix ounces.of water, it might
poflibly acquire that weight in afew
minutes, if its furface was enlarged
in a due proportion.

Onions and other bulbous roots,
when hung up in a room fheltered

om rain and dew, are obferved to
germi-
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germinate, and to acquire a grcat'
increafe of bulk, and it might thence
have been fufpefted, that they at-
traGted much water from the ';ﬁr,
and were increafed® in weight. But
though they may increafe in bulk,
they are found tb decreafe in weight ;
the root itfelf, in becoming rotten,
{upplies nutriment to the germinat-
ing plant; and if it imbibes any
thing from &he air, it lofes that and
more by perfpiration. An onior
con the 26th of January, when
.t had fcarce begun to fhew any
figns of vegetation, weighed 296
grains; on the 16th of the following
May, after having put forth feveral
ftems in the open air, it weighed only
145 grains®, ’
The'increafe of weight which the
. G2 huyman.
+ Novi Com, Petrop. Tom, II. p. 22 [
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human body, in many cafes, experi-
ences from the water which the pores
of the body fuck in from the air,
is another very fenfible proof of the
great quantity of water which is
conftantly diffolved in the air.
¢ Keil has proved, that a young
man ‘weakened from want of nous
fifhment, but in other refpeéts
healthy, added eighteen ounces to
his weight, in the {pacé of one night,
and this by the abforption through
his pores. Another perfon has been
feen to gain 4olbs. weight, in the
fame manner, in the fpace of a day.
M. de Haen is of opinion; that
dropfical patients abforb more than
" 100lbs. weight every day. It is
fuppofed, that, in general, the body
abforbs more than -1lb. every day

by
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by the pores *.” The fkin of a
middle-fized man is equal to about
15 fquare feet; and if we fuppofe the
fkin of a dropfical perfon to be 20
fquare feet, then ‘will each fquare
foot imbibe glbs. or pints of water
in one day.

In addition to thefe inftances I
will fubjoin the following accouns,
which was given me by a perfon of
credit and judgment. A Jad at New-
market, a few years ago, having
been almoft itarved, in order that he
might be reduced to a proper weight
for riding 2 match, was weighed at
9 o’clock in the morning, and again
at 10, and he.was found to. have
gained near 3o ounces in weight in
the courfe of an hour, though he

’ 63 . had

. *® Treatife of Phyfic by memermal. Vol,
1] P 128.
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had only drank half a glafs of wine
in the interval. ‘The wine probably
ftimulated the action of the nervous.
fyftem, and tacited nature, exhaufted .
by abftinence, to open the abforb-
ent pores of the whole body, in or-
der to fuck in fome nourithment
from the air. Something fimilar to
this was the cafe of the negro, who,
being gibbetted alive, regularly
voided every morning a‘large quan-
tity of urine, but difcharged no
more till about the fame hour the
‘next day*; the dews of the even-
ing at Charles Town in South Ca-
rolind, imbibed by his body, fupply-
ing a fuperabundance of fluids in the
night, and a fufficient quantity to
fupport perfpiration in the day. It
has been obferved, that “neitherhogs
nor
e Medical Tranf, Vol, iI. p. 103.
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nor beafts of burden ever drink in
Jamaica, and yet they are continu-
ally fweating. The air is fo moifty
that the abforbing pores of thefe
animals imbibe a.fufficiency of wa-
ter #.” The imbibition of water
through the peres of the fkin is an
acknowledged fat——*¢ it is well
known, that perfons who go into a
warm bath, come out feveral ounces
heavier than they went in; their
bodies having imbibed a correfpon-
dent quantity of water . Part of
the utility of medicated and vapour
baths, depends upon this principle
of imbibition by the pores: and it is
faid that thirft may be allayed by
bathing in warm fea water, the pores
G 4 im-

* Treatife of Phyf. Vel. IL p. 101,
f Goldfmith’s Hift. of the Earth, Vol.I.

P 238—398. ;
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" imbibing the water, and carrying it
to the inteftines, but not fuffering
- the diffolved falt to accompany the
water.

With refpe&t to the quantity of
water fufpended in the whole atmo-
fphere, or even in 2 column of the
atmolphere, of a definite bafis, in-
cumbent on any partjcular fpot, it
cannot be afcertained with precifion,

_ unlefs we knew fome nvethod of de-
priving the air of all the water it
contains, and could at the fame time
make the experiment at different
" diftances from the furface of the
carth.  For it is not only probable,
that a cubic yard of air, contiguous
to the furface of the earth, contains
at different times very different
 quantities of water, even at the fame
Place, according as the ground is
moift
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moift or dry, or the temperature of
the weather warm or cold; but we
have great reafon to believe, that ae
the fame inftant of time, a cubic
yard of air, which touches the furface
of the earth, contains as much wa-
ter as three or®four cubic yards,
which are fituated at the diftance of
thirty or forty yards above it. For
the water which rifes from the fur-
face of the oeean, from the perfpi-
ration of organized bodies, whether
vegetable or animal, or from the
mere action of the fun on a moi#t
carth, in being diffolved in theair as
foon as it rifes, makes the air near
the furface heavier than that wjxich
is at'a diftance from it, and on that
account the motion of the air, uhlefs
it be violent, will not-readily’ginix'
_the lower and heavier air with. the

' higher
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higher and lighter, and the lower air
will confequently contain more water
in a definite bulk, than the higher.
To what has in a former Effay been
obferved on thi¢ fubje&, the follow-
ing illuftration may be added. If
into a deep drinkifg glafs half full
of water, you gently pour a glafs of
port or claret, you will fee the wine
mixing indeed itfelf flowly with the .
water, but that part ef it which is
near the water, will be much more
impregnated, in any definite portion
of time, with water, than the more
‘remote parts, it will be a confider-
able time before the water will be
uniformly diffufed through the wine,
if they are left undifturbed; nor
does a gentle undulating motion
foon mix them, and this difficulty of
mixing them would be ftill much

' greater,



( 107 )

greater,” if there was a greater dif=
ference in their refpective weights,
or if the upper parts of the wine were
lefs denfe than the lower. Now this
is the cafe in the air, which is not
only above 8co times lighter than:
water, but its parts, which are far
removed from the furface, are much
“lefs denfe than .thofe which are con-
tiguous to it. ‘That denfe air holds.
more water in folution than rarefied
air, is proved from hence; that when
common air is rarefied under the
receiver of an air-pump, a part of
the water which is contained is pre-
cipitated, in the form of dew;. this
anfwers to the precipitation of fale
from a faline folution, when part of
the water is taken away, which held
the falt in folution. Hence, as cold:
fends to render the air more deafe,

I ' it
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it certainly contributes to its holding
more water in folution than it would
do, if it was more rarefied under the
fame degree of heat: but as hot air
diffolves more water than cold air,
and as air is rarefied by heat, it is
evident, that the denfity and heat of
the atmofphere in fome meafure
counteract each other, with refpect
to the power the air has in diffolving
water: the law according to which
this power varies, in different de-
grees of heat and condenfation, is
not determinable from any experi-
ments which have yet been made.
It may not be improper to take
notice, in this place, of an objettion
which is ufually made to the dotrine
here advanced,—— of water being
fufpended in the air by folution—It
is afferted, that water is as evapor-

- ablg
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able in an exhaufted receiver, where

there is no air, as in the open air *,

It is certain, that heat will evaporate

water, and great degrees of it may

probably evaporate it fatter i vacue

than ia the open air, inafmuch as

the preflure of the air may tend to

obftru&t the altion of the heat, in

converting the water into vapour.,
Thus, quickfilver is not, I appre-

hend, evapor2ble in the open air, yet

it has long been remarked to be

evaporable i# vacuo, as may be col-

leGted from the little globules of
quickfilver, generally found adher-

ing to the upper part of a barome-
ter, and which arife from the vappur

which infenfibly efcapes from ‘the

furface of the quickfilver in ghe

) té)e.

. * Berlin Mem, 1746, Waller de Aken,
Vapo, in vacuo,
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tube. But though heat may be one
<aufe of the evaporation of water,
the attra&ion between air and water,
upon whatever principle it depends,
may be another. The fa& moreover,
upon which the objeétion is found-
£d, is very queftionable, and not ge-
nerally to be admitted. A china
faucer, which contaiped 3 ounces of
awater, loft nothing of its weight un-
der an exhaufted receiver in the
{pace of 4 hours; whilft a fimilar
faucer, contaiaing an equal quantity
of water, loft, in the fame time, in
the open air, one drachm and eight
grains; the heat of the atmofphere
‘being between 48 and 50 degrees *.
Many readers are gratified with
feeing the general progrels of any
* philo-
* See Dr. Dobfon’s ingenious Obfervas

tionségsPhilof. ‘Tranf, 1777, s 2560
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philofophical opinion, from its being
firft fuggefted, till its being general-
ly admitted. The hiftory, indeed,
of philofophy, is one of the moft
pleafing purfuits which a-fpeculative
mind can be engaged in, but it re-
quires great leifure and ability to
cultivate it with fuccefs. It is not
every diftant hint which he throws
out, that can intitle a philofopherto-
the credit of being the firft framer
of an hypothefis ; nor on the other
hand are we haftily to rejeét the
maxim, that “ all novelty is but ob-
livion,” inafmuch as'we frequently
fee old opinions putting on the ap-
pearance of new difcoveries, from
their being dreffed out in a new
form.

Natural philofophy principally
confifts in exploring, by experiment,
' : the
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the phenomena refulting from. the
mutual acion of different bodies
upon each other. Thefe phenomena
are innumerable, no arithmetic can.
reckoen up the various ways in which
terreftrial bodies may, by natural or
artificial means, be brought to ope-
rate on one another. To this caufe
may we attribute the immenfe num-
ber of volumes on experimental phi-
lofophy, which have been publifhed:
in Europe fince Bacon pointed out
the proper method of ftudying na-
ture. This circumftance, joined to
the uniformity which muft ever at-
tend the operations of nature in
fimilar circumftances, may juftly in-
title different men to the honour of
having .made the fame difcoveries,
it being much eafier to make an ex-
periment, which may have been

4 7 made
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‘made before, than to read all that
has been written in different ages
and countries on natural appear-

™ ances.

Dogtor Halley, in the year 1691,
propofed to the Royal Society, his,
opinion concerning the origin of
fprings: in this tract he expreffes
himfelf in the following manner:
« The air of itfelf would imbibe a
certain quantty of aqueous vapours,
and retain them ke falts diffolved in
water, the {un warming the air, and
raifing a more plentiful vapour from-
the water in the day time, the air
would fuftain 2 greater portion of
vapour, as warm water woul;i hold
more diffolved falts, which upén the
abfence of the fun, in the gghts,

‘.

would be all again difcharged in

VOL, III. H wews,
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dews, analogous to the precipitation

of falts on the cooling of liquors.”™*
M. Le Roy publithed an ingeni-
-ous differtation on the folubility of
water in air, in the'year 1751; among
other experiments, by which he illuf-
trated his hypothefis, he oblerves,
that if alarge, new, hollow, globular
glafs veflel, with a narrow neck, be
clofely corked up in a clear hot day,
the water contained, in the apparent-
Iy dry air, will be precipitated, and
form a dew in theinfide of the veflel,
whenever the veflel is cooled, and
that this dew will vanifh, being re-
diffolved by the air included in the
veflel, as foon as the air regains its

heat.

Doftor Franklin further illuftrated
.this principle, of water being:foluble
in
# Philof, Tranf, No, 192 |
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in air, In a paper which was read be-
fore the Royal Society in 1756, and
afterwards printed in his works*.

In the French Encyclopedie, pub-
lithed in 1756, we meet with the
following paffage—On voit par la
combien fe trompent ceux qui §
imaginent que 'humidite qu’on voit
s’ attacher auwtour d’un verre plein
d’une liqueur glacee eft une vapeur
condenfee par le froid: cet effet, de
meme que celei de la formation des
nuages de la pluie, et de tous les
meteors aqueus, eft une vraie preci-
- pitation chimique, par un degre de
- froid qui rend 1’ z2ir incapable de
tenir en diffolurion toute I’ eay dont
il s’ etoit charge par I’ evaporation
- dans un tems plus chaud; et cetce
precipitation -eft precifement du

H2 meme

¥ Franklin on Elec. p. 182.
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meme genre que celle de la creme de
tartre, lorfque I’ eau qui la tenoit en

" diffolution s’ eft refroidie*.
Mufehenbroek, amongft other caufes
which he affigns for the fufpenfion
of vapour, evidently alludes to the
folution of water in air, and com-
pares it to the foluticn of falts in

water.7

But though a greit many philo-
fophers had fpoken of the folubility
of water in air, before Do Zor Flaiiil-
Zon, yet in juftice to him it muft be
owned, that no one has treated the
fubje&t more diftinétly, or applied it
more fuccefsfully to the explanation
of varfous phenomena than he has
done, in an effay which was read to
the

+ Ency. Fran. T. VI. p. 283. Fol. Ed.
+ Intred. ad Plil, Nat. Vol, 1L p. g6s,
pub. 1769,
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the Royal Society in 17635, and after-
wards publithed with other effays,
by the fame author.* The reader
will be very well pleafed with feeing
this principle illuftrated in an eflay
by Mr. White, publithed in 1777,
in the elegant colle&tion of Georgi-
cal Effuvs by Deftor Hunter +.

* Philof. Effays by Hugh Hamilton, D, D.
F. R.S. .

i Georgical Efflays by Docror Haumter,
Vol, IL p. 15.
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ES S A Y 1V

OF COLD PRODUCED DURING THE
EVAPORATION OF WATER, AND -
THE SOLUTION OF SALTS+

N the 27thof March'1 7759, whea

the weather had been for fome

time very dry, I put a thermometer
into a glafs of water, which had
been heated to 87 degrees, by ftand-
ing expofed to the dire& rayg of the
fun. The thermometer was then
taken put, and its bulb was hgld op-
pofite to the fun, which fhose very
H 4 bright ;

P2

P
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"bright ; as the bulb grew dry by the-
evaporation of the water, the mer-
c cury in the thermometer funk very
faft ; it continued for a moment fta-
tionary at 76 degrees, and then it
rofe rapidly to go; fo that 11 de-
grees of cold had ‘been produced
during the evaporation of the warer.
On another day in the fame month, .
when the heat in the fhade was 68
degrees, I put @ thermometer’into a
glafs of water, it ftood at 50 degrees;
upon taking it out, the mercury, in-
flead of finking from the effect of
evaporation, began iminediately to rife
from the effe&t of the heat of the
atmofphere upon it. [ put the ther-
mometer 1nto the fame water, heat-
ed to 55 degrees, and taking it out,
the mercury continued fationary for

fome time, and afterwards it began
‘ to
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to rife. It was put into the fame’
water heated to §8 degrees, and up-

on being taken out, the mercury did.

not either rife or continue ftationary,

but it funk one degree; when the-
water was heated to 60 degrees, the

thermemeter, upbn being taken out,,
funk 3 degrees before it began to-
rife.  Thefe experiments were all.

made in the thade, and it feems as if

we might conclude from them, that
57 was the degree of heat in the wa-

ter, in which the cold produced by

evaporation, was juft equal to the:
heat produced by the atmofphere-
which then furrounded the ball of
the thermometer,

The degree of cold produced by:
evaporation, depends, probably;. up-
on the quicknefs with which that is.
accomplithed: now the quicknefs
' 2 _ ‘with
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with which water, of a definite ter-

perature, is evaporated, is influenced,-.
partly by the degree of heat prevail-

ing in the atmofphere; partly by’
the wind blowing upon the thermo--

meter ; partly by the drynefs or

moiftnefs of the ait;. and by other

caufes,

September 3oth of the fame year,
when the heat in the fhade was 64
degrees, and the heateof the water
60, the thermometer, upon being
taken out, ftood ftationary for three
minutes, and then it rofe ; there was
a gentle fouth wind. On the next
day there was a cold dry wind from
the north, the water and air were
both at 56 degrees, and the thermo-
meter on being taken out funk to 52.

Spirits of wine, ether, and many
other fluids, produce cold by being

eva-
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evaporated, and they produce amuch
greater degree of cold than water, in
-confequence, probably, of their be-
ing more evaporable. Thus, vitrio-
lic ether*, which is*cne of the moft
volatile fluids in nature, has been
obferved to lower Reaumur’s ther-
mometer 40 degrees below the freez-
ing point (which anfwers to 9o de-
grees of Fahrenheit’s fcale)t. The
experiment is moft commodioufly
made, by applying a piece of fine
linen wetted with ether upon the
bulb of the thermometer, accelerat-

ing

* Ether is made by diftilling a mixture of
fpirits of wine and oil of vitriol. — Ether may
be made alfo by diftilling {pirits of wine with
the feveral acids of nitre, fea falt, and viﬁcgar,
and it is then called the nitrous, maring, ace~
tous ether. ) K
« & Chem. Di&, art. Ether. Or Mian\lcl
de Chymicfpar, M, Baumé, p. 375,
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ing the evaporation by blowing on:
thé linen witii a bellows, and moift-
ening the linen as it becomes dry,.,
or exchanging it for a freth piece
which is wetted with ether. Who-
ever attempts to afcertain the degrees
of coid refpeively produced by dif-
ferent fluids, would do well to re-
mark particularly tke ftate of the
atmofphere with refpect to other cir-
cumftances, as well as to its heat.
Sailors have a cuftom, in-a calm,
to hold a wet finger up into the air,
and if one fide of it, in drying, be--
comes colder than another, they ex-
peCt wind from that quarter. This
cuftom is not without its foundation ;.
for an almolt infenfible motion of
the air will evaporate the water
from one fide of the finger fooner
than.
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than from another, and thus pro-

duce a degree of cold. v
« There is a fimilar experiment, by
which any one may convince himfelf
that cold is produced by evapora-
tion ; let him wet a finger by putting
it in his mouth, and then hold it up
in the air, €ven in a warm room
where there 15 mo current of air, he
*will find that it grows cold as it be-
comes dry by the evaporation of the

humidity.

¢ The method our gentlemen make
ufe of to cool their liquors, is to
wrap a wet cloth round the bottle
and fet it in the land wind: and,
what is very remarkable, it will cool
much fooner by being expofed ti'nus
" to this burning wind, than if you
«take the fame méthod, and fetit®in
the
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the cold fea-breeze.”* —The cold
is *produced by the evaporation of
the water from the wet cloth, and as ;
the boz land-wind will evaporate the
water fooner than the ¢co/d fea-breeze,
it is not to be wondered at, that the
liquor is fooner cooled when placed
in the former wind than in the latter.
¢ Kempfer relates, that the winds
are fo fcorching on the borders of -
the Perfian gulph, thas travellers are
fuddenly fuffocated, unlefs they co-
-ver their heads with a wet cloth;
but if this be too wet, they immedi-
ately feel an intolerable cold, which
would become fatal to them if the
moifture were not fpeedily diffipated
by the heat.”t The cold, which is
1 pro-

* Tves's Voy. p, 77.
+ Treatife of Phyfic by Zimmerman, Vaol.
aL.p. 151,
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produced by the a&t of evaporation,
eeafes as foon as that is finifhed, by
< the cloth becoming dry.

The manner of making ice in the
Faft Indies, has an evident depend-
ence on the principle of producing
cold by evaporation here mentioned.
(On large open plains the ice makers
dig pits about 4o feer feuare and 2

* deep; they ftrew the bottoms of
thefe pits, abdut eight inches or a
foot thick, with fugar canes, or with
the dried ftems of Indian corn.
Upon this bed they place a number
of ungl..z¢d pans, which are made of
fo porous an earth, that the water
penctratcs through their whole fub-
ftance. Thefe pans, whick are
about a quarter of an inch thick,
and an inch and a quarter deep, are
&lled, towards the dufk of the even-

ing
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ing in the winter feafon, with water
which has been boiled, and then left
in that firuation till the morning, .
when more or lefs ice is found in
them, according to the temperature
of the weather; there being more
formed in dry and warm weather,
than in that which is cloudy, though
it may chance to be colder to the
feel of the human bodv.* Every
thing in this procefs*is calculated
to produce cold by evaporation; the
bed on which the pans are placed,
fuffers the air to have a free
paffage to their bottoms, and the
pans, in conftantly oozing out
water to their external {urface, will
be cooled in confequence of that
‘water being evaporated by a gentle
Mream of warm dry air, the power of

. the

*® Philof, Tranf, for 1‘77 5.0 252,
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the air to evaporate water depending
much upon its warmth and drynefs.

They have a kind of earthen jar
in fome parts of Spain, called Bxxa-
ros which are onlyshalf baked, and
the earth of which is fo porous, that
the outfide is kept moift by the wa-
ter filtering through ; though placed
in the fun, the water in the pots re-
mains as cold as ice :* and it probably
is colder frony the jar being placed
in the fun, becaufe the evaporauon
is thereby increafed.

The Blacks at Seizegambia have a
fimilar method of cooling water.
« They fill tanned leather bags with
it, and hang them up in the fun;
the water oczes more or lefs through
the leather, fo as to keep the out-
ward furface of it wet, which, by its

- quick

¥ Swinburne’s"Trav. p. 305.
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quick and continued evaporation,
occafions the water within the bag
to grow confiderably cool.”+
It is common enough for labour- ¢
ing people, in the height of fummer,
to drink feveral quarts of beer or
oiher beverage in a-day; this quan-
tity is principally difcharged from
the bedy by perfpiration; and the
cold which is generated during the |
evaporation of the fweat, greatly
contributes to keep the body cool.
Thus has Providence contrived to
render the heat of the torrid zone
lefs infupportable to the inhabitants ;
an intenfe heat bathes the body in
fweat, but the fweat being evaporated
by the fame heat which occafioned
1t, a degree of cold is generated on
the

4 Philof, T.an{, 1580.'p. 486,
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the furface of the body, which would
not otherwife have been produced.

It feems reafonable to attribute
the cold, which is produced in thefe
and other fimilar gircumftances, to
the evaporation of the water, rather
than to any other caufe; becaufe
when the bulb of a thermometer is
wetted with different fluids, the cold
produced has 4 manifelt dependance
on the evaporability of the fluid
with which it is wetted. Thus,
more cold is produced when the
thermometer is wetted with {fpirits
of wine, than when it is wetted with
water, becaufe fpirits of wine are
more evaporable than water; and
more is produced when it is wetted
with ether, than with {pirits of wine,
becaufe ether is more evaporable
than fpirits of wine. No cold is pro-
. . 12 duced
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duced when the thermometer is
fimeared with linfeed oil, or other
oils of a fimilar nature, becaufe thefe
oils are not fenfibly evaporable in
the ordinary beat of the atmofphere.
Strong acid of vitriol when cxpofed
to the air, inftead of lofing.any thing
of its weight, acquires an increafe,
by attralting the humidity of the
atmoiphere ; and as ftrong acid of
vitriol when mixed with water, ge-
nerates a degree of heat, {o the bulb
of the thermometer, when wetted
with ftrong acid of vitriol, inftead
of being cooled, is warmed, and the
mercury afcends, in confequence of
the heat produced from the union
of the acid of vitriol with the water
contained 1n the air.

When water is refolved into va-
pour, by the violence of a fall from

a con-



¢ 133 )

a confiderable height, the air will
diffolve it fooner ; and in diffolving
it fooner, it will, probably, produce
more cold than it would have done,
if the furface of the water had not
been broken: hence natural and arti-
ficial cafcades, thay, probably, be fer-
viceable in cooling the air furround-
ing them. This obfervation is pur-
pofely expreifcd in different terms,
becaufe, having more thanonce{prin-
kled the floor and fides of a room
with water in the fummer time,
when the heat of the air in the room
and of the water was 68 degrees, I
could not obferve thata thermometer,
hung in the middle of the room,
changed its degree of heat whilft
the room grew dry. In very hot
climates the effeét may, probably, be
@ifferent ; thus we are told, that in

13 . the
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the ifland of §2. Lewis, in the river
Senegal, << water poured on the floor
of a room for the purpofe of cool-
ing the air, is dried up in an inftant,
and there 1s fome &f27 on-the t/m mo-
meter placed in fuch a room,”*

This phenomicnon of producing
cold by evaporation, had been men-
tioned by M. Amontoys in the year
1699.7 It had been ndticed alfo by
M. Mairan in 1749,% snd by Muj-
chenbroek, in his Effai de Phyfique.
Profefior Richman, at Peterfburgh,
gave an account of feveral experi-
ments, which he had made on this
fubjet in 1747 and 1748,| but he

did

* Philof. Tranf. 1780. p. 485.

4+ Mem. de I’ Acad. des Scien. a Paris,

1699.
1 Differtation fur le Glace. .
ll Novi Comment. Petrop. Tom. I.. for

1747 and 1748,
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did not explain the finking of the’

mercury in the thermometer, whilft
its bulb grew dry, on the principle
of evaporation.  Dr. Cullen has very
particularly illuftrated this principle,
in a paper publithed in 1746; and
he has there fhewn that the cold
produced was greater, when the
evaporation was made in vacuo,
than in the offen air.*  Laftly, Pro-
tetlor Braun, to whom the world is
indebted for the difcovery of freezing
quickfilver, has made a further in-
veftigation of this matter, by pub-
lithing a table of the degrees of cold
produced during the evaporation of

different fluids.t
During the folution of falts in wa-
ter

* Effays, Phpfical and Literary, Vol. II,

inb. 1756, p. 145.
Novi Commen. Petrop. Tom, X. 1764«

14
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ter either cold or heat is generally
produced, but more comimonly cold.
Fixed alkaline falts, Glauber’s falt,
and white vitriol, produce finall de-
grees of heat during their folution.
Sal ammoniac produces the greateft
degree of cold, of any falt hitherto
known.

When Fahrenheit’s thermomerer.
flood at 68 degrecs,wboth in the
open air, and in the wager which was
ufed for the experiments, I faturat-
ed equal portions of water with fal
ammoniac, with faltpetre, and with
fea falt. The fal ammoniac made
the mercury fink from 68 to 42 de-
grees, hence, 26 degrees of cold
were produced ; the nitre produced
17 degrees, and the fea falt produced
only 2 degrees of cold. I repeated
the experiment with the fia falt feze-

. “"rat
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ral times, and with different forts of
it, but I could never obferve that it
produced above 2 or at moft 2 de-
grees of cold. The experiments
with fal ammonizc and faltpetre,
agree very well with thofe made by
M. Eller, and m.entioned in the Ber-
lin memoires for 1750 ; fince he pro-
duced almoft 27 degrees with fal
ammoniac, #nd 18 with faltpetre.
Boerbaave, indeed, made the ther-
mometer defcend through 28 de-
grees by difiolving fal ammoniac in
water ; but he had reduced his falt
to a very fine powder, and dried it
well before he ufed it; and a differ-
ence in the finenefs of the powder to
which the falts are reduced before
they are diffolved, may make a dif-
ference of a degree or two in the
c‘?ld produeed’; for the finer the falt,

the
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* the more furface has the water to a&t
upon, and the quicker will the folu-
tion be performed ; and as the cold
is produced only by the a¢t of folu-
tion, the fooner that is accomplifh-
ed, the lefs effeét will the heat of the
atmofphere have, in*reftoring to the
water, during the time of the folu-
tion, any part of the heat it may
have been deprived 64 during the
immediate action of the water upon
the falt.

Does any given kind of falt, dur-
ing its folution in water, produce the
fame number of degrees of cold,
whatever be the temperature of the
water before folution ? I have only
endeavoured to refolve this queftion
with refpet to fal ammoniac, and it
feems to me that the quantity of cold
produced, is not influeiiced by the

tem}”)é-"
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temperature of the water. In the
fummer feafon when the temperature
of the air, water, and fal ammoniac
were each of them 70 degrees, the
water fank during the folution, of as
much fal ammoniac as would faru-
rate it, to 44 degrees, or through 26
degrees. I thawed fome fnow in
winter, the thermometer ftood in the
inow water a’the freezing point, or
at 32 degrees®; by putting {al ammo-
niac, which was equally cold, into
the water, the thermometer defcend-
ed during folution to fix degrees, or
through 26 degrees.

The poflibility of freezing water
in the middle of fummer, is rightly
enough inferred from this experi-
ment. In atub, fuppofeof 3 feetin
diameter,_plagge a bucker, a little
% th:kﬂ%;tub, of 1 foot in dia-

meter ;
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meter ; in the bucket hang a Florence
flafk, or a flat lavender water bottle,
fo that the mouth of the bottle may,
be above the rim of the bucket : fill
thefe veflels with water heated, fup-
pofe, to 70 degrees. Saturate the
water in the tub with fal ammoniac,
then will the 70 degrees of heat be
reduced to 44, the water lofing, dur-
ing the folution of t. = falt, 26 de-
grees. The water in the bucket
being furrounded with this cold fluid,
will itfelf be cooled ; fuppofe it to
"be cooled only to 50 degrees, then
by faturating it with fal ammoniac,
it will lofe 26 degrees more of its
heat, and be cooled to 24 degrees.
The water in the bottle being im-
merfed in a fluid, heated only to 24
‘degrees, will foon be, cooled below
) ' the
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the freezing pointor 32 degrees, and
confequently will concrete into ice.

The cold, in all thefe cafes, is ge-
‘nerated only during the time of the
folution. The water recovers the
temperature of the atmof| phere fooner
or later, according as its quantity is
lefs orgreater, and as the furface ex-
pofed to the air is greater or lefs ; it
is here fuppofed, that the heat of the
atmofphere tegnains the fame. The
different degrees of cold produced
by different falts, do not depend up-
on any general caufe which has yet
been difcovered, nor is there any
very fatisfactory reafon given for
thefe, and other fimilar produétions
of cold or heat. The time may come
when we fhall be able to compre-
hend the eafor) why the acid of ni-
trces fued=A ferent cffes when

mixed
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mixed with fnow from what it has
when mixed with.{fnow water ; when
mixed with fnow water it excites a
very great degree of heat ; and when
mixed with fnow it produces the
greateft degree of cold that has ever
yet been obferved *.  Rerum natura
Jacra fuanon fimul tradit. Initiatos nos
credimus, in vefiibulo ejus beremus.
Jlla Arcana non proms™uz nec omnibus
patent ; reduila et in inferiore Jacra-
rio clanfa funt. Ex quibus alind bec
atas, alind que poft nos fubibit, adfpi-
ciet.

* Vol. 1. p. 267.
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ESSAY V.

‘OF THE DEGREES OF HEAT IN WHICH
WATER BE(::;‘,TNS TO PART WITH ITS
AIR, AND IN WHICH IT BOILS.

o

HE air bubbles which, in fum-

mer time, adhere to the infides

‘of decanters, water glaffes, and other
veflels filled with water, cannot have

efcaped the obfervation of any one;

I have endeavoured to afcertain the
degree of heat in which thefe bub-
+blgs begin terbe formed.
d . Into
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Into a water glafs filled with wa-
ter I immerfed a thermometer ; the
heat of the water was 64 degrees;
the water was fet in a clofet, where
the fun never fhione, for two days;
the heat remained much the fame
during that period, and there was no
appearance of bubbles. The glafs,
with the immerfed, thgrmometer,
was then fet in the fuin, and when
the heat amounted to 4bout go de-
grees, feveral air bubbles were found
adhering to the graduated fide of the
thermometer, and fome were begin-
ning to be formed on the bottom
and fides of the glafs.

Having frequently feen the in-
fides of veflels containing water,
ftudded with bubbles, when the heat,
it was apprehended . was mauch lefs
than go degrees; I put a thermonte-

i - ter
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ter into a water-glafs at a time when
it abounded with bubbles, and found
that the heat of the water was not
above 64 degrees.

The refult of this experiment be-
ing very different from that of the
preceding, in wlich the air did not
begin to feparate itfelf from the wa-
ter till the heat was about go de-
grees, 1 was.0r fome time at a lofs
how to account for the difference;
recolle@ting, however, that the water,
which required go degrees of heat
before it parted with its air, was
pumped from a well fed by a ftream,
which had run four miles in the
-open air; and that the other water,
which let go its air -at 64 degrees,
was pumped from a well fed by
fubterrangous - fprings, I attriputed
the’differen¢é in the degree of heat

vos, 111, K requi-
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requifite to make thefe waters part
with their air, to the different quali-
ties of the waters.

In order to try thefe waters under
fimilar circumftances, two water-
glaffes were filled, one with common
well water, another with that which
had been fupplied by the ftream;
on being expofed to the air, bubbles
began to be formed invthe well wa-
ter when the heat anrounted to 60
degrees; the other did not part with
any of its air in the Yame degree of
heat.

I was at firft difpofed to think,
~that thefe experiments pointed out
a general difference between river
water and well water, with refpect to
their difpofition for retaining or part-
ing with their air; «bg_t_ the following
experiment, made at a different fea-

3 ' fon
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fon of the year, convinced me that
the conjetture was not well founded.

In November, when the heat of
the air had been for fome time about
so degrees, I took three water-glaffes,
one was filled with rain water imme-
diately after it had fallen, another
with the common well water, the
third with the water which came
from the ftream: the heat of thefe
{everal waters was the fame, namely
48 degrees : they were all gradually
warmed, by fetring the water-glaffes
in hot water, and they all began to
exhibit bubbles when the heat was
about 60 degrees : I thought the rain
water fhewed the moft bubbles.

Hence it is plain, that the fiream
water does not differ from rgin or
well waigr, excapt accidentallyj as to-
the dcgrec of heat in which i igparts

kK2 . , * with
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with it dir. The firft experiment,
it which the bubbles were not forma
éd till the hedt was go degrees, was
filddé after thetre had been fevetal
days of very hot weather, and the
water in being expofed, during its
courfe, to the action of the fun, had
probably loft a confiderable portion
of its air before it arrived at the
well. All river water has a vapid
tafte in fummer-time,” which is in
pait, probably, occafioned by having
lott fsine of its air, in confequence
of 'its beitlg éxpofed to the rays of
the fun. Water-dtinkeérs are defirous
‘of baving water frefh from the well,
efpecially in fommer-time; and not
without reafoh, for the heat in that
feafbh bing generally above 6o de-
‘Brées av our principal real time,
shewater, if it has been long expofed

10
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to the air, muft have fuffered a
change of quality, not only from its
increafe of heat, but-from a copfee
quent lofs of a portion of ity gir,
The water which fuppligs the warm
bath at Matlock, and whichis drunk
by invalids, is 68 degrees warm;
hence it has loft a part of the ajr
which it wopld naturally coptain,
and, except in very hot weather, it
does not efhibit any air - bubbles
in the decanters, .

The air bégins to be vifibly fepa-
rated when the heat is about 69 de-
grees; but it begins, probagly, 1o
be invifibly feparated when the beat
is pwach lefs: and the leaft hgar wil}
be requilite to fepasite it, wifgn the
weight of the atmofphere is tife deaft.

, Philufophers have inventefl vari=
ous methods, equally canclufjve, of
' K 3 thew-



( 150 )

thewing, that water, in its ordinary

ftate, contains diffolved in it a por-

tion of air. And they have fhewn,

that water which has loft a portion

of this air, either by being frozen, or

beated, or by long continued agitation,

or by other means, has the property

of re-abforbing as much air from the

atmofphere as it had left; and they

have fhewn, that this abforpnon is

the ftrongeft at firft, and becomes

Iefs and lefs powerful, as the water

becomes more and more impregnated

with air. Thefe and fimilar obferva-

tions render it probable, that water

-1 as capable of diffolving a certain
‘f-pomon of air, as it is of diffolving a
“@krtain portion of any particular kind
‘of falt. The quantity of air, which
water is capable of diffolwhg and

“retaining in folution, depends partly
' upon
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upon the temperature of the wates,.
partly upon the weight of the at-
mofphere, and partly, I conceive,
.upon the water’s purity. From thefe
circumftances, as well as from fome
others which might be attended to
in making the” experiment, it has
happened, that authors have given
very different accounts of the quan-v-\
tity of air contained in  water.
Boerbaave has an experiment ¥, from
which he infers, that there may be
feparated frofh water a quantity of’
air equal in bulk to the water; the-
experiment is ingenioufly contrived,
but the c‘oncluﬁon,.l think, ig liable
to fome objeétions. The 4big Nollet
fays, that water whith has begn.pre-
vioufly purged of air, abforbi in fix
days, <ne thirtieth of its Bulk ..

’ K 4 Dolter-

* Boer, Ch‘c.m. Vol. L. p. ga1..
4 Hift, dé 'Acad, 1743
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Dofzor Hales obtained by diftillation
‘one cubic inch of air from fifty-four
‘cubic inches of water*. Mr. Eller
is of opinion that the portion of air
contained in water does not exceed
the 150th part of jts bulkt. Dr.
‘Priefley found that a pint of his
pump water contained about one
fourth of an ounce meafure of air,
that is, the bulk of the water was to
that of -the air it contained, as 64 to
1§. M. Fontana fays, thas the wa-
ter of the Seine at Paris, after being
long boiled, abforbs in forty days
one twenty-eighth of its bulk of
common air ¥. Laftly, M. Csvallo
obferves, that in a temperate degree
of heat, and when the barometer is

' _ about

. * Veg. Stat. c. 6. § Berl. Mem. 17 so:
§ Phitof. Tranf. 1772, p. 248,
1 Philof. Tranf, 1779, p- 439.
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about 29} -inches, water abforbs
about one forticth of its bulk of
common air ¥,

It has been remarked in another
placet, that the atmb/pherical air con-
fifts, in part, of fixed air; and fome
of the moft ftriking differences be-
tween fixed and atmofpherical air
were there megtioned. If a bubble:
of atmofpherical air of a definite
bulk, fuppofe 1t equal to eleven pints,.
be expofed to the altion of a fuffi-
cient quantity ‘of water, " 'which has.
been purged of its air by boiling,.
the wbhole of the bubble will,. in a
praoper length of time, be abfgrbed.-
by the water; but when, abouti'evcn'.
pints, or even a lefs portion, {have .
been abforbed, the rcmammg;am

§ wilk-
* Cavallo on Air, p 313
t Vol.IL p. 247,
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will refemble fixed air in this—that
a candle will not burn in it®*, Itis
very probable that water which has
not been boiled may have a fimilar
effe&t under certain circumitances.
—<¢ The wells at Ulrecht are from 8
to 20 feet in depth ; it has been the
cuftom to make ufe of pumps to-
raife the water, and- they are then
covered over with a kind of arch. '
When, after a certain facriod of time,
the wells are opened, on anyaccounr,
it is neceflary to leave them un-
eovered for 12 hours, before any
perfon defcends into them; whoever
fhould venture to go down into
them fooner, ,would expofe himfelf
to immediate death. The air of
thefe wells extinguithes candles like
that acquxred from"fermehtation or

. .effer-

**Phxlof Tranf, 1772, p. 247+
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effervefcence *.” — Stagnating air,
which has brooded, though but for
. afhort time, even over running wa-
" ter, is found to be fo greatly altered
in its quality, that it will extinguifh
flame, though it be fufficiently pure
to fupport animal life. I was in-
formed of this fa& by a miner in
Derbyfhire, who had frequently ve-
 rified it by his own experience. In
order to free a mining diftrit from
water, they frequently dig for miles
together fubterraneous aquedu@s:
fupporring the fides and roof ‘with
timber or ftone. The mouths or
outlets of thefe aquedutts or fhughs
being below the level of the d&n&
to be drained, there is a coditant
ftream of water flowing thrigugh
them. ‘Fhefe joughs are mardy of

7 .gl'xcm
* Lavoificr’s Effays, p. 118, |
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them high enough for a man to
walk upright in them, the water
reaching to his middle or higher;
and men with lighted candles fre-
quently walk thfough them from one
end to the other, in order to prevent
obftrutions; it fometimes however
happens, that by the falling in of the
roof, or other accidents, the fough is
in part dammed up: when this is
the cafe, the water beyond the place
where the obitruction is, rifes to the
roof of the fough, and thus prevents
a circulation of air, though there is
ftill a difcharge of water through
the mouth of the fough. When an
accident of this kind happens, men
are fent with candles in their hands
to find out and remove the ob-
ftruction, but before they have walk-
ed fifty yards from the mouth of the

4 ' fough,
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fough, the candles go out, though
they perceive no difficulty in breath-
ing, and this extin&ion of the can-
‘dles will take place in 24 hours
after the ftoppage ol the water has
commenced.

FEabrenbeit, Boerbaave, and other
philofophers had obferved, that the
degree of heat, requifite to make
water boil, was variable according to
the purity of the water, and the
weight of the atmofphere. Withia
the ufual limits of 28 and 31 inches
in the barometer, Bocrbaave was of
-opinion*, that there would be a va-
riation in the heat of boiling water,
amounting to 8 or g degrees. :This
fubject has of late Been exzmmed
with great accuracy by Mr. 4 Lxs,
and Sir .George Shuckburg ; an§ Mr.

qual[o
* Chem, ol 1. p. 171, ,f
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Cavallo has given us the refult of
their experiments in the annexed
table, which is formed according to
the fcale of Fabrenheit’s thermo-
mneter *, . ‘

T A B°L E

Heat of boiling water
Height of the according to
Barometer. Mr.de Luc'S. G. Shuckburg
Parts of | ¢ Parts of a
Deg.deg.| Deg. deg.
26 206,17 L 204,91
261 206,07 205,82
27 206,96 206,73
27% 207,84 207,63
28 208,69 208,25
28% 200,55 200,41
29 210,38 210,28
29% 210,2 211,15
30 212 212
304 212,79 . 212,85
31 213,37 212,69

* Cavallo on Alr, p, 2137
The
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The following experiment is curi-
-ous in itfelf, and it illuftrates both
the nature of boiling in general, and

» what is here advanced relative to
the heat of boiling aater under dif-
ferent preffures of the atmofphere.
T hit upon it many years ago, when
1 had another object in view. My
defign was, to exhibit a ftriking in-
ftance of the increafe of dimenfions
produced in flaids by various degrees
of heat: in order to this, I took
a large glafs weffel, refembling in
thape fuch mercurial thermometers
as have a bulb at the bottom *; the
‘bulb of this veflel held above a
gallon, and the ftem had a fmall dia-
meter, and was above two féet in
length. Into this veffel I pBured

bmlmg

# A veflel of thls thape is ufually qallcd 2
Matrafs,
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boiling -water, and having filled it
-up to the very top of the ftem, I
~corked it with a common cork as
.clofe as I could. The water and.
-the cork .were gt firft contiguous te
- cach other; but in a very little time
- the water began to-grow cold, and as
+it grew cold, it contracted itfelf and
funk very vifibly in the ftem; and
~thus the firft intention of the experi-
.ment was fully anfwgred, But ac
-unexpected phenomenon prefented
.itfelf,—the water, though it was re-
-moved from the fire,~~was growing
-cold,~—and had for fome time in-
- tirely. ceafed from boiling, began
-to boil afreth very violently, the
bubbles were.large and numerous,
and continued to afcend into the
fpace bcgvccn the furface of the wa-
~.ger in the ftem, and the cork, where

thev
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they burft, for above two hours.
‘When 2 hot iron was applied to that
part of the ftem, through which the
water, in contracting itfelf, had de-
fcended, the ebullition prefently
ceafed; it was repewed when the iron
was removed ; and it became more
than ordinarily violent, when, by the
applicatien of a cloth dipped in cold
vater, that part was cooled. There
is no great difficulty in accounting
for thefe feveral appearances: by
the finking of the water in the ftem
a kind of wacuum is left between its
furface and the cork; water and.other
{luids boil with lefs degree of heat,
when the preflure on their furface is
diminifhed; here the prefiure §f the
atmofphere is wholly removéd by
sngans of the cork, and the water
continues to boil, though its hgat be
. VOL. 111, L “ con-
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conftantly decreafing. The interval
between the water and the cork is
not, as will be fhewn prefently, a
perfei? vecuum ; it is occupied either
by the vapour ot the water, or by a
fimall portion of air, or by both;
heat increafes the elafticity of both
air and vapour, and thus augments
the prefiure upon the furface of the
water, hence,.the ceafing of the
ebullition on the application of the
hot iron; cold diminifhes the elafti-
city of air, and condenfes vapour,
and thus, the preffure upon the fur-
face being leffened by the applica-
tion of the cold cloth, the ebullition
of the water became more violent.
When the water ceafed boiling {
poured it on the bulb of a thermo-
metcr, and found that its lieat was
only 130 degrees.

Another
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Another circumftance deferving
of notice remains to be mentioned.
“When the water was become éold;
it had funk thmugl.x the whole ftem,
and through part of the bulb; I then
inverted the veffel which contained
it, into a tub of water, aad obferved
upon the bottom of the bulb a large
<ircular fpot veid of water. I con-
fidered this fpot as a perfe& vacu-
um, for it anfwered to the fpace
which the watgr, in contradting it-
felf, had deferted; and the vapour
which, whilft the water was warm,
might have been fuppofed to occupy
that fpace, 1 was, perfuaded, was
condenfed by the colds: in order to
fee whether it was a vacuum ot not,
I pulled out the cork, whilit i;: was
under the furface of the water into
which the veffel was inverted, Being

L2 cértain
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certain that if it was 2 vacuum, it
would be inftantly filled with water,
which the preflure of the atmo-
fphere would make to afcend through
‘the ﬂ‘cx;i: In fa&, the circular fpot
was greatly diminithed by the afcent
of the water, but never (for the ex-
periment was often repeated) taken
wholly away. What .remained muft
have contained either air, or fome
other fluid, whofe elafticity was a
eounterpoife to the preflure of the
atmofphere, on the furface of the
water in the tub. It would be too
“ hafty a conclufion, from this circum-
ftance, to attribute the formation of
the bubbles to the particles of air,
from which water cannot be fepa-
rated by long boiling*; for it may
e . ’ be,
* Licet diu ebullierit aqua non erit acris

experse Mufchen, de Aqua,
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be, that this fmall portion of air
arofe from the fubftance of the cork,
or from the air in the water of the
tub, that water having not been
boiled; or it may have been intan-
gled in the parts of the boiling water,
as it was poured into the veflel, and
not have had time to efcape before
the cork was inferted ; or, laflly,
which is the leaft probable fuppofi-
tion, the vapour arifing from the
water may not be capable of being
totally condesfed. :

The phenomenon of the boiling
of fluids is not very fatisfaCtorily ex-
plained. Itis clear, I think, from
the experiment of which I have given
an account, that it cannot bé attri-
buted, in all cafes, either io the
cfcapc «of air from the mteriﬁccs of"
watcr, or to the matter of ﬁr@ as it

L3 - 1 s
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is called, pervading the water; for
the water continued boiling for two
" hours after it was removed far from
the fire; and the air, if it contained
any, was utterly inadequate to the
formation of the numerous bubbles.
Boerbaave has remarked, that bubbles
of the kind here {poken of contain
no air, but he has not affigned the
caufe of their origin': Dr. Hocke
afcribes them to the fuotle parts of
the water, which, when the preflure
of the air is removed ‘(probably by
means of an air pump), are able to
acquire the form of vapours, by that
fmall degree of heat which is left in
the ambient air *: and other philo-
fophers 1 have ‘ adopted this idea,
without hinting at, what Hooke fup-
- pofed,
# See Birch’s Hift, of the l.{oyal Society, -
+ The Abbe Nollet and Dr, Hamilton,
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pofed, a different degree of 'volatiiity;
in the parts of the water.

From what has been advanced we
may conclude, that the Almighty,
when he feparated she chaotic mafs
into air and water, did not render
thefe two oceans ‘of matter fo wholly
heterogeneous' from €ach other, as
that they fhould be incapable of con-
tralting any union together; they
have, on the contrary, fuch a difpo-.
fition to unite, as feems to indicate
their having h4d a common origin
and were it not for the intervention
of heat, they would, probably, unite,
and again compofe a common mafs.
The water on the {urface of the earth,
is conftantly replete with air, agd the
atmofphere is replete with Water.
The numerous tribe of aquatx@ ani-

L4 ; mals,
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thals, which inhabit the ocean of
watet, would perifh, if it contained
no air; and it is not an improbable
conjecture, that the animals which
exift in this ocead of air, would pe-
rifh if it contained no water. The
air, moreover, by being abforbed
into the water, and afterwards fepa-
rated from it by the a&tion of the fun,
to which it is daily expofed, is ren-
dered abundantly more fit for animal
refpiration than common air; and
this purified air (the «uantity of
which, confidering the great extent
of the furface of the earth which
is covered with water, muft be very
confiderable) cannotbut be one great
means of reftoring to the whole mafs
of air, ‘thofe falubrious qualities of
which it is daily deprived, ‘by the

refpi=
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refpiration of animals, the putrefac-
tion of bodies, the combujftion of fuel,
and other caufes ¥,
[ 3
% Dr. Prieftley has obferved, ¢ that the
fame water, which, if examined immediately,
gives only a fmall-quantity of bad air, yields
fpontancoufly about ten times the quantity of
pure dephlogifticated air, after ftanding fome
time expofed to the fun.” Phil. Tranf. 1579,
p- 377- Ananimal will live five times as long
in what is called here dephlogifticated air, as
it will in commof air of the beft quality.

ESSAY






ESSAY VL

OF WATER IN A SOLID STATE ; OF
THE HEAT OF SPRING WATER ;
AND OF A BROBABLE CAUSE OF
THE 1IMPREGNATION OF SULPHU=-
REOUS. WATERS.

HE mind of man admits with
great reluctance, the truth of
every teftimony concerning matters
of fact, which happen to be repug-
nant to the uniform experience of
his fenfes ; hence the general back-
I : wardnefs
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wardnefs to believe the miracles re-
corded in the bible; and hence the
Dutchman who informed the king of
Siam, " that water in his country’
would fometimies, in cold weather,
be fo hard that men walked upon it,
‘and that it would bear an elephant,
if he were there, was efteemed a per-
fon unworthy of credit, the king, as
Mr. Locke relates the ftory, faying to
Kim, ¢ Hitherto I have believed the
ftrange things you have told mc,
becaufe I look upoh you as a fober
man, but now I am fure you lie #.”
Mabine, the native of Borabora,
could fcarcely be perfuaded, even by
the information of his fenfes, of the
reality of the'fame efie@. The ap-
pearance of ¢ white ftones,” as he
called

* ‘Locl\:c’s Effay on the Hum. Und. B. 1V
C. XV, 4 ’
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called hail, which melted in” hiz
hand was altogether miraculous to
him; and when he had been with
*difficulty convinced that an exten~
five field of ice was not common
land, he was determined at all events
to call it ¢ white land,” by way of
diftinguifhing it from all the reft *.

This determjnation of the favage
was made in the true {pirit of phi-
lofophy, for fce in fmall particles is
a fpecies of earth, and in folid mafies
it may be confidered as a kind of
tranfparent ftone. Tbe waters, fays
Job t, fpeaking of the effe& of froft,
are bid as with a flone; that is, water
conceals its nature, by affumipg a
ftone-like hardnefs ahd confiftence
when it becomies ice.  The Rufﬁan;

. apfplied
* Forfter’s Voy. Vol, ‘I. p- §30- :
4 Chap. xxxviil. 30.
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applied ice to the fame purpofes
with ftone, at the whimfical mar-
riage of Prince Gallitzen, in 1739
an houfe, confifting of two apart-’
ments, was built with large blocks
of ice, the furniture of the apart-
ments, even to the nuptial bed, was
made of ice; and the icy cannon and
mortars, which were fired in honour
"of the day, performed their office

more than once withott burfting *.
Ice, however, differs from all other
earths and ftones, not only in its
melting in a much lefs degree of
heat than any of them, but in its
being fubjet to a conftant diminu-
tion of its weight when expofed to
the open air, in the greateft degree’
of cold. It generally becomes fluid:
in the 33d degree of heat, as indi-
‘ ' cated

* Manftein’s Mem, of Ruffia,
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-cated by:Fahrenheit’s thermometer.s
and Mr. Boyle, by expofing in a

good balance fomewhat lefs than two

*ounces of ice to a fharply freezing
air, a little before midnight, found

it in the morning diminifthed in

weight ten grains.*. It is probable,

that this diminution of the weight of

ice, is owing to the abrafion of its
parts by the aftion of the air, The

particles of dir are thought to be

larger than the particles of water,

and may by their motion acquire

force enough to feparate the particles

of ice; or if this fhould not be ad-

mitted, it muft be remembered, that

the air always contains a great quan-

tity of water, the particles of which,

when converted into particles of ice,

though “in this country they ar¢ fel-
dom

* Boyle’s Warks, Fol, Vol, ITL, p. 6.
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-dom large-enough to be feen, always
make themfelves felt by impinging
upon .our fkin: thefe icy particles
when put in motion may abrade the’
furface of a mafs of ice, and cavfe
thereby a conftant diminution of its
weight. 'In confirmation of this ex-
planation it may be obferved, that
ice fuffers no lofs of its weight in &
veflel devoid of air, nor in a clofe
veffel full of air*. That the icy
particles, contained in a freezing at-
mofphere, thould be able to at upon
. ice, cannot be a matter of difficult
conception to thofe who -recollect,
that the hardeft bodies in nature
fuffer a diminution of their weight,
by the friction of the minute parts
of the fame kind of bodies; dia-
mond

. ® Hamilton on the Afcent of Vapours,
p' zl? ' '
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mond dult being effentially necef- -
fary for the cutting or poh{hmo- of
diamonds.

That water was diminithed in
quanuty by being frozen, was known
to Hippocrates ; for he exprefsly fays, -
that if a given quantity of water be
frozen, and afterwards thawed, it
will not fill the fame veflel it would
have done before it was frozen *.
Pliny was of the fame opinion with
Hippocrates, and they both of them
attribute thisdiminution of weight to
the feparation of the more fubtile
parts of the water during congela-
tiont. The principal caufe of the lofs
of weight, fuftained by water when
changed into ice, feems to bg the

inc%ﬂ'ant '
* Hippoc. de Aqua. .

f Plin, Hift. Na: Lib. IL. S, 61, %be.'
XXXL S. 3.

veL. 1. M
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sinceffant adion of air upon its fur-
face; itis true, however, that water
is, by freezing, deprived of the great-
eft part of the air-with which, in its
sfluid ftate, it is qQrdinarily faturated ;
-and this feparation of ‘its. air may
- contribute "fomething r towards the
- diminution of the water’s bulk ; fince
-water, when faturated with air, is
fomewhat greater in bulk than when

deprived of it. “

"It is eafy ro apprehend, that - the
lofs of weight which any given quan-
tity, fuppofe a cubic foot, of ice wiil
fuffer by expofure to the air in a
given time, will depend, pardy upon
the hardrefs.or foftnefs of the ice,

-partly upon the temperature of the
atmofphere, -with - refpe& to the de-
grees of cold and humidity, partly

mporg?he velocity .of the wind.which -
’ - brufbee
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“brulhes its ' furface, and -probably
‘enough uphn°the agency of other
~caufes ‘with which we are lefs ac-*
-quaintéd. Some philofophers have
eftimated, in genc.ral terms, the lofs
‘of weight fuftained by a certainr
weight of ice; without fpecifying the
magnttudeof the ice’s furface; others,
-with more accuracy, have mentioned
both the weight and furface of the
- ice expofed to the air, but'then they
have either omitted to {peak:of the
ice’s confiftency, the temperature of
theatmofphere, theforce and direction
of the wind, or they have expreffed
- themfelves in very indefinize iterms
< coricerning thefe points, fo that we
cannot “be faid to have hxghcrzo
. gained, from their cxpenmcm%, any
. precxfc mforma.tton vpon the {ubjec.
. Aseto the fact itfelf, the mORTiCOmr
M 2 ) J}mon
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‘mon obfervation is fufficient to ai-
certain us of its truth. In Jong con-
- tinuedfrofts, the ice formed in ponds,
and other finall colle&ions of water,
is fenfibly diminithed every day,
.and often wholly“evaporated; and a
fall of {now may bg feen confider-
ably wafted in a few days, in the
fevereft feafon.

Nowithftanding this diminution
of weight, to which both ice and fnow
are fubject in the coldeft weather, and
the thaw which they experience in
the hotteft, yert fome have doubted
whether the quaniity of congealed
water be not an increafing quantity
upon the furface of the earth ; and
have even thought, that the globe
of the earth muftin procefs of time
" refemble an egg, having its diameter
from pole to pole, longer than ghe

equa-
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equatorial diameter, on account of
the conftant accumulation of frozen
water at the two poles.— After fo =
many years lapfe, it cannot be, I
think, but that the diameter of the
earth from pole to pole, from the’
top of the fnow at one end of the
carth, to the top of it at the other
end, is much longer, than in any
part uader the equator, though at
the creatione it were, (as I believe)
made fpherical *-”

In Tome nyountainous countries,
the proportion between the {fnpw
which falls at one feafon of the year,
and that which is diffolved in an-
other, avproaches fo near to an
equality, that upon.the fame (por,
the fnow may in one year be feen
quite through the year, in énmhcr,

. the

* Childrey’s Brit. Bacon, ;1.;;143'.

M3
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the laft fpeck of it-will vanifhi ina
.. few weeks or days, hefore a new
fupply is brought by the approach’
of winter. In colder climates, the
utmolt power of the fummer fun is
not able to melt all the fnow which
falls in thie winter. = In afcending
_ mount Etna, the Alps, or the Andes, .
though the lower parts are found to -
be rich in vegetation, yet you foon
ccémc, to a region co\;ered, as it
fhould feem, with everlatting fnow : .
the height at which this region com-.
mehces, does notadmit much varia-
tion in the fame latitude, but is very .
different in different latitudes. It
begms at the dxftancc of near three.
miles above the level of the fea, un-
der the equinoétial line; and at each.
pole, probably, it is* not removed
from ‘that level fo many hundred
fcct;
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féery it is found to be’ 600 yards
nearer to the level of the fzz at Tene-
riffe than under the- equator 5, and
above 1200 yards nearer in Switzers
land than-at Teneriffe *. .
Not only the tops of hlgh moun-
tains in-every quarter of the globe
are covered at all feafons of’ the: ycar"
with fnowy but the ocean both in the *
northern-and fouthern hemifpheré is,
in high latigades, replete with-im-
menfe mountains, and extenfive plains
. o
* Hifto.  Nat. des Glaciers Suiffe’— The
author fays, enfin la plupart des - Mentagnes
voifines des poles font couvertes jufqu’d teur
pied de -neiges perpetuelles. This: nb{cwa-.
tion muft not be admitted without: 1eﬂrx€tlon,'
if it be-at all true, fincein Grcenland, andin

the latitude 79 degrees ‘44 minutes nbrth, the -
feet of the mountainsare in certainfeafpnsfreed -

from {noty, See Crantz’s Hift, of (:x?eenl:md, N
Vel. I p- 3% and Phipps’s Voy, pf’ 52 and
j9« - i
M=4
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of ice, in the greateft heats of fum-
mer ; and hence it has appeared pro-

‘« bable to many, that both the fnow
upon the land, and the ice upon the
fea, receive an augmentation every
-year, from the continued agency of
the fame caufe which firft produced
them.

A philofopher, well acquainted
with the nature of the Alps, exprefles
himfelf upon this fubjeft in the fol-
lowing manner : “ One canpot doubt
cencerning the increzfe of all the
Glaciers of the Alps ; for their very
exiftence is a proof, that in preced-
ing ages the quantity of fnow which
has fallen during the winter, has ex-
ceeded the quantity melted during
the fummer. Now not only the fame
caule ftill fubfifts, but the cold, oc-
cafioned by the mafs of ice already

formed,
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formed, ought to augment it fill
farther, and thence both more fnow
ought to fall, and a lefs quantity of
»1t be melted #.” If this be admirted,
the time will undoubtedly come
when the fea will be diminifhed in
depth, if not dried up by the con-
verfion of the water, which is daily
raifed from it, into fnow or ice ; and
had the world been as old, as fome
are fond of feppofing it to be, we
thouid, probably, have had no wa-
ter upon its furface ar the prefent
day. However, it muft be owned,
that no argument can be drawn a-
againft the antiquity of the world,
from this zonfideration, becaufe there
is reafon to believe thar the ice and
fnow upon the furface of the farlh
are not annually,increafing in quan-
¢ my.

* De Luc de "Atmofphere, Vol. II. p; 3:8.
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titys . For, befides the heat of the air -
in-fummer, - there is-another caufe -

which tends-to prevent an indefinite
augmentation of congealed water—
the internal heas of the-earth. The

L}

general heat of the-fprings of water, .

fituated. deep in the bowels of the

earth, is 48 degrees ; in.mountainous -
countries, 1 fufpedt - it-to-be fome- -

what lefs, but fuﬂicmnt, notwith-
ftanding, for the purpofe here men-
tioned. 'When. the fnow,.incum-

bent on any fpot of Bround, is but-

thin, .it may-o far cool the earth,
that its internal heat may not be able

to diffolve it; but when the bed is -

thick enough to- protect the earth
from the influence of the. atmo-
fpherical cold, that furface: of - the
fnow which is contiguous to the fur-

face. of the. carth, may, even-in thc :
' coldeft
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eoldeft winters, receive -more héat-
from the earth than-it does cold from .
the atmofphere, and, on that fuppo- -
fition, Ifee no abfurdity in-admitting, .
that it may be diffolved at all feafons -
of the year.

The fact I believe is certain, thae.
ftreams of water ifftie from the bot- -
tom of the Glaciers -inr the Alps, in .

‘the greateft feverity- of winter; {d
that whether the: internal heat of the -
earth be admitted, or not, as a caufe -
fufficient to ex;.:lain the phenome-
non, a conftant thaw of ‘the ice or-
inow, which is contiguous to ‘the-
furface of the earth in the-Alps, can«
not be denied; and this, addclg to’
other caufes, may render it probgble
that the quantity of congealed witcr
has its limit, even’in the coldc& l:h‘.
mates, . ] g

The
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The ordinary heat of {pring water,
which does not feel the viciffitudes
of the temperature of the armo-
fphere, is here faid to be 48 degrees
of Fahrenheit’scthermometer; it may
be worth while to add a few remarks
on this fubje&.

In Auguft 1778, when the heat of
the air was 72 degrees, I tried, on the
fame day, the temperature of feveral‘
fprings, reputed cold; in the neigh-
bourhood of Matlock; and I found
them varying in heat from 5o to
54 degrees. This variation, pro-
bably, proceeds from their fubterra-
neous paflages being fitvated at dif-
ferent diftances from the furface of
the earth, which was then much
warmed by the heat of the fummer.
Or it may proceed: from the fprings
being more or leis mixed with the

water
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water which fupplies the warm baths,
the heat of that water being 68 de-
grees. ‘There is a fubterraneous
paffage upon the fide of the hill near
“Yhe zew bath at Matlock, which ter-
minates in a lgrge cavern, fituated
under one of the fields in the midway
between the new and the old bath ;
and from this cavern, which isalways
full, iflues the,warm water which
* fupplies both the baths; and it may
probably ooze dut in different direc~
tions, and in different quantities, fo
as to make the neighbouring fprings
participate moreor lefs of its warmth.
At Lord Godolphin’s houfe on Gog-
magog hills, near szmbridge, there s

a well, above 230 feet in degith,
which is dug thlonﬂh a ftratum! of
chalk ; I have frequently cxami@zed
the sheat of the water of this well,
3 and
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and - conftantly found it to’ be ‘5o
«degrees. " At Cherry Hinton, a village
fituated at the bottom of thefe hills,
there iifues from the chalk-a very
copious {pring; the heatof this water,
as it-bubbles out of kthe earth, is, at
all feafons -of the year, 5o degrees.
I have tried the heat of fome deep
wells dug in chalk at Bury St. Ed-
- mund’s, and found it variable from
-50 to 52 degrees=—— It has
been long and generally obferved,
that as far as the limeftone extends,
that trat of ground makes the fnow
-that falls on it, thaw or ‘melt fooner
:than it does-on the neighbouring
-dands *.” This 1s Mr. Boyle’s ob-=
-fervation congerning fome limeftone
-land in Ireland, and he fays its truth
-was confirmed tohim by a.Derby-
Aoire
"% Boyle’s Works, Vel IV. p. z78
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‘thire miner, who affured him, that
. on contiguous diftri&ts of land, fnow
- was obferved to diffolve much foon-
. er on the foil which covered: lime-
.ﬁone, than -on that whith: cevered
freeftone, If L‘nefco’:fervationsmty
. be depended on, we-may, perhaps,
. in general infer that the heat of cal-
- careous ftrata is greater tham that of
, other kinds of#trata, and this would
furnith a reafgn for the fprings in
chalk countries being of the warmth
of 5o, though,the -ordinary - heat
of fprings be not-above- 48 de-
grees. - P
In the middle-of‘ fummer, when
- the air was'72- degrees- hot, I uried
- the heat of fome fprings at Hap#ow-
:gate in Yorkfhire. 'Pump‘-*watc?iét
-the Grayly Inn 48 degrees.~Old
:8paW 45 degrees.— Pewit or Tewit
a4 . 2 oi‘;’m
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well 48 degrees.—Sulphur well 50
degrees. The cold well at Buxton
examined at the fame timeof the year
‘Was 48 degrees, and the famous Spaw
at Llanrbard’r in Denbighfbire was
alfo 48 degrees$ St. Mmfred's well,
at Holywell in Flintfhire, was con-
fiderably warmer, the thermometer
when held in the fpring as it rofe
out of the earth, ftanding at 54 de-
grees. I have tried 2 great many
“other fprings in different parts of
Great Britain, and fqund the heat of
moft of them to be included be-
tween the limits of 48 and 54 de-
" grees, the mean of which is gr.
Springs on the fides of high moun-
tains may, probably, participate of
the cold which is found to be greater
in elevated than in low fituations.
There is a fpring by the fide ofsthe

turn-
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turnpike road leading over the high
ground called Otley Shevin in Yorke

- $hire; T obferved the heat of this

fpring in September, when the air
was warmed fto 63 degrees, to be
not 48, but only 45 degrees. The'
mean heat of {prings near Edinburgh
is faid to be 47, and at Loudon 51
degrees *: this diverfity depends,
probably, on the different elevations
of London and Edinburgh above
the level of the fea.

1 have mentioned the Sulpbur well
at Harrowgate, according to its ufual
appellation at that place, without
taking upon me to decide the long
controverted queftion, concerning’
the exiftence of fulphur in that and
other waters of the fame kind.
Sviphur +has be¢n long 'cﬁecn’icd a-

voL. 1. N mine-

* Philof. Tranf, 1778, P 4605
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mineral body very common to be
met with in waters; and all thofe
waters which have a ftrong fetid
fmell, refembling that of a foul gun,
_have been efteemed to ff(c more or lefs
impregnated with fulphur. How-
ever, Dr. Huffman feems to doubt
much of its exiftence in the greater
number of fuch waters; and Dr.
Lucas has affirmed, that it is not to
be found in the form uf fulphur in
any water whatever; not even in that
of Aix-la-Chapelle, where a true and
perfeé fulphur is found on the up-
per parts of the conduits through
which the water pafles; for he fays,
that, ftritly fpeaking, thefe waters
do not contain fulphur fubftantially
diffolved in them, but are impreg-
nated with a phlogifton and-an acid,
the principles of fulphur; which be-

©ing
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ing in a volatile ftate, are fublimed;
meet on the furface of the conduits,
and there unite into a true and per-
' fe@t fulphur, which did not naturally
exift in the vlater*"’ The author,
from whom I have made this ex-
tra®, informs us, that Dr. Ratfy
maintains the exiftence of fulphur
:n mineral waters ; and that both Dr.
Shaw and Dr. Short found fulphur in
Harrowgate %ater. Notwithftand-
ing the teftimony of fuch eminent
phyficians, the'more recent opinion
of a phyfician, whom Dr. Monio
confulted on the fubje& in 1768, is
againlt the exiftence of fulphur in
fuch waters. ¢ I have taken parti-
cular notice of every appearance of
the Harrowgate waters, and muft
. N 2 ‘own

* Monro on Mmeral Wate:s, Vol. I.@ 30
and 196,
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own I never obferved any appear-

ance of fulphur floating in them, nor

any fcum at the top of the well; nei-

ther could I meet with any perfon

* in that quarter, who remembered the
" appearance of real fulphur fublimed,
upon taking up the ftones at the

bottom of the well, as mentioned by

Dr. Neal#.’—1 beg leave to add

my own obfervation pn the fubject,

which I made in 1780. The water

in the well rifes into.a circular ftone

bafon; a whitith cruft adheres to

the ftone, where it is contiguous to

the furface of the water; I fcraped

off a portion of this cruft, and put-

ting it on a hot iron, I found that it

burned with the flame and fmell of

Julphur. T do not think that this
experiment abfolutely warrants s to

con-

* Monro on Mineral Waters, Vol. I. p. 196.
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conclude, that ai2«al fulpbur is con-
tained in this and other watcrsge-
nerally denominated fulphureous;
we juftly infer from it, that fome-
thing is fubwmcd-from the water,
which either of nfelf is fulphur, or
which in c‘onjun&wn with the air,
or fome other principle, conftitutes
{ulphur.

The profecution of this fubject
would lead to fpecularions too ab-
ftrufe for my defign; the followix{g
experiment, however, which I have
frequently made, will, I hope, throw
no inconfiderable light on the caufe
of the impregnation of fulphmcous
waters in general.

The acid of vitriol does ngt &
upon the common Derbyfhj rc; lead
ore, except when it is w;xﬂ}ﬂ_éd by
hear, it then diffolves it, and great

N 3 gfcapc
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efcape of air is obferved: I made
this air, as it was difcharged from
the ore, pafs through a high-bended
tube into a bottle full of pump wa-
.ter: the water, ina vlry lictle time,
acquired the fetid fmell of Harrow-
gate water,—its tafte was the fame
as that of fuch fulphureous waters
as contain no falt,—it was perfectly
tronfparent, but in the courle of 24
hours it became ¢londy, and loft moft
of its fmell,—it did not fuffer any
precipitation by the addition of the
acid of vitriol,—filver was blackened
both by being put into this warer,
and by being expofed to the vapour
which arofe frc?m it; from all thefe
circumftances, it may properly
enough, I think, be called an ar/i-

Sicial fulpbureous water, '
1 have obferved the fame pheno-
mena
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mena when, inftead of lead ore, I
ufed black jack; and 1 remember
that once having placed a bottle,
containing black jack and acid of
vitriol, fo tha({ its neck leaned againft
a plaiftered wall, I obferved fome”
days afterwards, that the wall was
ftained, to the diftance of above a
foot from the, mouth of the bottle,
of a purple colour, refembling the
purple fedim®nt often found in ful-
phureous wells.

Air of the kind here fpoken of,
may be fcparated from other fub-
ftances, as well as from lead ore and
black jack, and by other means, as
well as by the acid of vitriol; and
it feems very probable, that the wa-
ters ufually called fu]phureoué are
impreghated with this kind of air,
which has. been feparated, in the

‘N 4 A b@wcls
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bowels of the carth, frem particular
minerals, efpecially fulphureousones.
It has been remarked of Harrowgate
water, that as it {prings up itis clear
and fparkling, and thro‘vs up a quan-
‘sity of air budbles.

During the procefs of impregnat-
ing water with air, by diffolving lead
ore in the acid of vitriol, a part of
the glafs tube was coated with a
thin pellicle of fulphurs, which had
accompanied the air in its afcent:
May not the fulphur fublimed from
Harrowgate water, have accompa-
nied the air which gives it its finell 2
1s it certain that tbis kind of air does
not confift of attenuated parts of {ul-
phur, which have acquired an elaftic
force, and which cannot be con-
denfed in wager? Or is it not more
probable, that this kind of air is one
' of
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of the conflitnent parts of fulphur,’
than fulphur itfelf ? Does this air,:
and the inflammable air feparable
»from fome metallic fubftances, by
folution in acids, copfilt of oleaginous
particles in an elaftic ftate ?

If the reader withes to impregnate
common water with the {ulphureous
properties of Harrowgate water, he
may do it in the following fimple
manner:—Into an apothecary’s vial,
holding four or five ounces, put
fome pounded®lead ore, and pour
upon it fome acid of vitriol (there’
is no occafion to be folicitous about
the proportions of the lead ore and
acid, for if there be more or lefs
ore than the acid cad diffolve, il
air enough for the purpofe will be
difcharged) ; wrap a few fold§ of
wet linen round one end of a bedded:

6 thC 3
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tube, infert this end into the neck
“of the vial fo clofely, that no air
may pafs out of the vial except
through the tube; the end of the’
tube thould be at Yome diftance
'from the furface of the acid. Put the
other end of the tube into a bottle
full of water, then, by fetting the vial
on the hot bar of a grate, or by fome
cther means, heat the acid, and as
foon as it is heated, it‘will begin to
act on the lead ore, and a great quan-
tity of air will be difcharged, which
will pafs through the tube into the
water in the bottle, and in a few mi-
nutes the water will be ftrongly im-
pregnated with the fulphureous pro-
perties of Harrowgate water,. Be-
fides its fulphureous impregnation,
Harrowgate water contains fea falt;
and moft ather fulphureous waters’
- ' contain
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contain fome falt or other, fo that
to make a complete imitation of
them, the falts which they feverally
*hold fhould be added, in due pro-
portion, to the water impregnated
with the air here fpoken of.

Though I am greatly difpofed to
believe, that fulphureous waters are
impregnated with their peculiar
fmell and tafte, after the manner I
have defcribed; yet, to affift the rea-
der’s conjettures concerning the ori-
gin of this impregnation, I will men-
tion another way in which it may be
fuppofed to arife, and which wijl
account for the faline tafte as well as
the fmell of the water.

I know not whether any fpeties-
of maritime plants, containing’ fea
falt, will impregnate water with 2
fulphureous fmell by means of puire—

‘ ¥
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faftion; nor whether all of them will
do it by means of combufiion, but
that one of them will do it I can
have no doubt: I allude to the
bladder fucus or_fea wrack, vhich is
“burned on our coafts for the making
of kelp. It bas Been menticned be-
fore *, that fea wrack, when burned
to a black coal, will yield, by being
boiled in water, a great quantity of
common falt; and I would now re-
mark, that the water extraéts from
the black afhes, noc only a great
quantity of common falt, but jome-
thing elle alfo, by which, without
lofing its tranfparency, it acquires
both the finell and fulphureous tafte
of Harrowgate water; and by which
it is enabled, like that water, to
blacken flver and whité paint. *
That

&

* Vol. 1. p. 137
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That fomething 1 am fenfible may
be what chemifts call liver of fulpbar,
or an union of fulphur with fixed
"alkali, and it would not be difficult
to explain its, formttion during the |
combutftion of the fea wrack; no
fulphur however can be precipitated
from the water by the acid of vitriol,
though that asid turns it, as is the
cafe with Harrowwate water, a little
cloudy. The air extracted from iron
by the acid of fea falt, impregnates
water with a fmell fomewhat refem-
bling that of Harrowgate water, but
its difference boch from the natural
and the artificial fulphureous waters,
may be eaflily diftinguithed, fcfpc-
cially after the water has ﬁoodafcw
hours expofed to the air,

"ESSAY






ESSAY VIL*

HF DERBYSHI¥XE LZAD ORE.

EAD ore, as dug out of the
mine, is generally much mixed
with fpar, limeftone, and other fub-
ftances, bulk for bulk, lighter than
the ore itfelf. It undergoes various
dreflings before it becomes a mer-
chantable commodity, the general
tendency of which is to free it, as
much as poffible, fronrevery hetero-
geneous impurity.
Suppafc

* The fubitance of this Efluy was prmicd
in the Philof, Tranf, 1768, 4
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Suppofe that a cubic foot of lead
ore, which contained no fpar or other
extraneous matter, would weigh 7800
ounces, and that a cu'bic foot of fpar,
which contaired no lead ore or other
foreign fubftance, would weigh 2700
ouhces, then would a mixture, con-
fiting of a cubic foot of. pure lead
ore, and a cubic foot of pure fpar,
weigh 10500 ounces, and one cubic
foot of fuch a mixtufe would weigh
5250 ounces. It is obvious thar,
according to the different propor-
tions in which the particular kinds
of fpar and lead ore here affumed,
are fuppofed to be mixed together, 2
cubic foot of the mixture will have
different weights, the limits of which
are on the one hand 7800, and on
the other 2700 ounces ; it hever can
weigh fo little as 2700 ounces, for

then
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then it would confift intirely of {par
without any lead ore; nor can it
ever weigh fo much as 7800 ounces,
for then it would confift intirely of
lead ore without any fpar. -
From this vlew of the marter it
is evident, that tWe purchafing of
lead ore by the meafure, which is
the general, though not the univerfal
cuftom in Derdyfbire, is a mode lia-
ble to fome exeeption; fince a dith,
containing any definite meafure, muit
have different weights according as
the ore with which it is filled is more
or Iefs free from fpar. And it is
fcarce poflible, by repeated drefiings,
to feparate all the {par from an ore,
or equal portions of it *from cqual
1)ornons of ore.
mc is a diverfity, however, in
the wewhts of equal meafures of lead
YOL, II. "0 . ore
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ore which, probably, does not arife
from fparry or other heterogeneous
accretions, but froin the nature of .
the ore itfelf. I have carefully cal-
culated the weight of a cubic foot of
many of the Derbyfthire lead otes;
the weight of a.cubic foot of the
lighteft which I met with was 7051
ounces, and the weight of a cubic
foot of the heavieft was 9786 ounces ;
the difference amounting to between
aninth and a tenth part of the weight
of the lighteft. There are, proba-
bly, other ores of lead, the weights
of equal bulks of which differ more
than thefe hore mentioned ; but the
difference between thefe is {fufficient
to fhew the great uncertainty of pur-
chafling lead ore by the meafure,
fince ten difhes of one fort of ore
may not weigh more than nine difhes
' of
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of another fort, though both the
forts are equally well drefled.

Lead ore is not always of the fame
goodnefs in the fame mine, noreven
“in'the fame part of the fame mine;
and, what is wore ;cmarkablc, the
different parts of «#the fame lump of
ore have in equal bulks different
weights. T could not eafily have
believed this, ublefs a varicty of ex-
periments had,convinced me of the
fact.

They were employed lately at Holy-
2cellin fmelting a lead ore {rom the J7
¢f Man; the ore was rich in filver.
A lump of this ore, weighing about
ten ounces, was broken intv feveral
pieces, and fuch of the pieces were
fele&ed as appeared to the eye to be
whelly pyre. I eftimated the weighe
of a dubic foot of fix of thofe pieces,

02 and
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and found that a cubic foot of. the
lighteft kind would have weighed
6565 ounces, 2°d a cubic foot of
the heavieft kind would have weigh-,
ed 7636 ouncgs. Suppoﬁncr the
weight of a cubic foot of water, to
be denoted by "1000,- the mean
weight of a cubic foot of the fix
different pieces of this ore, may be
exprefled by 7115 avoirdupeife
ounces.

A very pure fpecimen of teficlla-
ted lead ore, from 4 mine near Afb-
over in Derlyfbire, was broken into
fix pieces, weighing near one ounce
each. A cubic foot of the lighteft
of thefe pieces would have weighed
7326 ounces, and a cubic foot of the
heavieft would have weighed 7786
ounces. The mean weight of 2 cu-
bic foot of the fix picces was 7566,

' At
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At the fame mine they frequently
meet with fmall quantities cf fteel-
grained lead ore. Sia different pieces

rof the fame lymp of this kind of
ore were chofen, each of which ap- |
peared quite free from fpar and every
other impurity. A cubic foot of the
lighteft of thefe pieces would have
weighed 7188 ounces, and a cubic
foot of the heavieft would have
weighed 7442° ounces.  The mean
weight of a cubic foot of the fix
pieces was 7342.

Other lumps of ore from different
mines, were refpeCtively broken into
different pieces, and fearcely any
two equal pieces of the {ame lump-
were obferved to agree in wcﬁghr.
This diverfity in the weights of
equyl bulks of the feveral pieces of
the fame lump of ore may be owing,

03 ' cither
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either to the different proportions in
which the conftituent parts of the
ore are combined in the feveral
piecess or to the different quantities®
. of extraneous fubftances impercepti-
bly mixed with thcm or,whxch feems
moft probable, to a diverfity in the
fize or configuration of their pores.
But be the caufe of this diverfity
what it may, the fad, I believe, is
certain, and by no means fingular;
- for not to mention the v.mcrzcs ob-
. fervable in the \ve,ghs of equal
bulks of different pieces of roll
brimftone, of corrofive fublimate, of
caft fteel, and: other fa&itious fub-
ftances, the natural fpars generally
fourid along with lead ore are fub-
ject to a fimilar diverfity, though
nor, perhaps, in anequal dégree;
A p;ecc of rbomboidal, othcrways
R called
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called refragting or lantern fpar;¥was
broken into four fmaller pxcﬁé's,'
the weights of a cubic foot of edch
,of which werg, 2675, 2687, 2715,
2723 ; the melliom of the four is
2700 ounces.o Mr' Cotes fixes the
weight of a cubie foot of Iceland
cryftal at 2720, and /7allerius fixes
it at 2700 ounces.

The weight$ of a cubic foot of
four pieces of, the fame lump of. cx-
bical Jpar were 3204, 3218, 3222,
3231 ; the medium of the four is
3219 ounces.—Moft of the fpars
met with in Derlyfbire are either
rhomboidal or cubical 5 they are eaf‘ly
diftinguithed from each cthér by
aview of their ﬂmpe,'whcn tllcir an-
gles can be difcerned ; and whén the
.fhape cannot be’ eaﬁly feen, tlg né-
turd of the fpar may be afccr‘ pined -

‘.04 by
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by touching it with an acid; the
rhomboidal fpar always effervefcing
-with an acid; and the cubical refift-
ing its adtion. The lead fmelters
make great ufe of the “cubical fparas
“a fux for fuch ledd 6res as do not
readily melt : it is"curious to fee its
effett ; a few .fthovels full of it,
- thrown upon a heap of red het ore,
immediately melting ‘down the ore
" into- a liquid, thougk the longeft
continuation of the fame degree of
‘heat, without the addition of the
_ ipar, would not have been fu‘ﬁicieng
for the purpefe.

Six ounces of fine teffellated lead
ore were put into a crucible and ex-
pofed, at firft, to a gentle, and after-
wards to a ftrong fire : the ore grew
red, and emitted fumpes which fm/ -
led of fulphur; . atﬁlennth it melted,

" and
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and the fumes became very topiou¥y
they were accompanied with a"yel-
lowith flame upon the furface of thé
melted ore, a'qd'when'co]'}c&ed Kad
.2 whitifh appearanqp. The crucible
after the ore” had' continued 2 fulf
hour in perfett Tufion, ‘was ta_keu
from the fire, and when it was cold
it was broken.. The mafs which it
contained weighed five ounces and
an half; thert was no fcoria obferv-
able on its furface, nor were any
particles of nietal formied; it was
ftill an ore of lead.

The mafs remaining from the laft
experiment was put into a frefh cru-
cible, and expofed to a firong melt-
ing heat; the fumed which ;arofé
from it feemed to be heavy;they
brgoded over the furface qg the
melted mafs in undulating figmes;

vhich
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_which noW and then appeared like
‘burning zinc ¥, The lead was now
formcd and many partlcles of it
" were fublimed to at leaﬂ: fix inches
“above the furface of the liquid in
the crucible. After letting the cru-
. cible’ continve twor hours in this
" ftatey I poured out its contents, and
found them confifting partly of lead,
partly of lead ore, and partly of a
very niinute- portion «of brownifh
fcoria. I repeated this experiment
with the fame fuccefss ¢
Thefe experiments prove, that
~ fome fubftance or other is contained
= 4n lead ore, which muft be difperfed
before the ore can be formed into
lead; 2nd they fhew too, that it re-
: quires a confidersble time to effect
‘ ) the
* It may deferve tabe inquired whether zinc

may not bé contuined in lead, iron, and other
ored, more frequently thanis fuppofed.
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the difperfion of this fubftance, fince
fix ounces of ore, though kept three
hours or more in complete fufion,
were not whelly brought into the
form of lead; thepinftrut us alfo tq
believe that the Jead in this kind of
ore is in its metallic ftate, as the ore
was changed into lead without the
addition of any fubftance containing
the inflammable principle; and, laft-
ly, they render it probable, that the
fumes arifing from melted ore, carry
off with them no inconfiderable por-
tion of the lead itfelf. At the great
finelting houfes in Derbythire, they
put a ton of ore at a time inth the
furnace, and work it off in ieight
hours; the ore might be wholly
melted in one hour, but thé&lead,
parhaps, is notformed in the ggeateft
peoffible quantity in eight hour.

ome



( 220 )

Some fine teffellated lead ore from
Derbythire, was pounded into fmall
lumps, each abour the fize of a pea,
and carefully picked from fpar and
other impurities, Sixteen ounces
‘of this ore, thus previduily cleanfed,
were diftilled in afl earthen retort;
as foon as the ore felt the fire, the
fropple of the quilled receiver had a
ftrong finell, refembling that of the
inflammable air, feparable from fome
metals by folution in acids ; foon af-
ter a fmall portion of“a liquid came
over into the receiver; the fire was
then raifed till the retort was of a
white heat, when a black matter be-
gan to be fublimed into the neck of
the retort; the operation was then
difcontinued. This experiment was
undertaked® with a view of Jfeeing

whe-
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whether fulphur could be feparated
from lead ore, as it may be from
fome fpecies of the pyrites, by diftil-
lation, and it appears from the iffue
of the cxperir'ncnt that it cannot, at
leaft in the degree of> heat which i¥
requifite for fubltming the ore. Up-
on breaking the retort, I found that
the ore had been melted during the
operation, fof there was a confiftent
cake of ore of the figure of the bot-
tom of the retort; the weight of this
cake was fifteen ounces and an half,
the weight of the liquid in the re-
ceiver, and of the black matter
which had been fublimed, did not
together amount to one quarger of
an ounce, fo that a quarter df an
ounce or more had been difppried,
gyobably in the form of air, ojfomc
claftic fluid. The ore by thig pro-

cefs



(222 )

cefs had loft one thirty-fecond part
of its weight. The liquid did not
effervefce with either acids or alka-
lies ; nor did it produce any change
in the colour of bluerpaper; yet I
am certain, from expenment that
one drop of oil of vitriol, though
diluted with two ounces of water,
would have produced a fenfible red-
.nefs on the blue paper which [ ufed.
The liquid, notwithftanding, had an
acid tafte, and a pungént fmell, re-
fembling that of the volatile vitriolic
acid. The black matter which had
been {ublimed into the neck of the
reiort, was examined with a micro-
fcope, and it appeared to be pure
lead ore. The melted ore which
was found at tliz bottom of the re-
tort, had not any appearance of
fcoria, or of lead, upon its forfact.

Some
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Some phenomena attending. this
experiment deferved, I thought, a
further inveftigation. I therefore
diftilled another 16 ounces of ore,
but with a fire fironger and continu-
ed for a Iongcr time than in the preg
ceding expcnment the quantity of
liquid was much the {ame, there was
a fmell of fulphur, and, perhaps, to
the amount of haif a grain-of ful-
phur was found in the receiver ; the
ore was in this experiment fublimed
into the neck of the retort to the
thicknefs of one fourth of an inch.
There was found, as before, a cake
of melted ore at the bottom of the
retort, but no fenfible portion; of
»cnthcr lead or feoria*; fo that we may

fafely

* 1 have faid no fenfible portion ; %iere
“wias, héwever, an appearance of feori  ad-
hering to the fide, and an appearance offlead
: aéh;ﬁing
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fafely conclude that lead ore cannot
be decompofed by the firongel fires
in.clofe veflels, but that it may be
{fublimed in them. The ore had loft.
near an ounce of its wlight.
- Though the experiment is fuffici-
ently troublefome, I was not deter-
red from making it once more; for
I wanted to fee whether lead ore
could be wholly fublimed ; as I
thought that philofophers might
thereby form fome conjectures of
the efficacy of fubterraneous fires in

' fubliming
adhering to the bottom-of the retort; but the
guantity of each was exceedingly fmall, and
they were both, probably, produced from that
minute decompofiticn of the ore which pro-
duced the fulphur,.and which would not, I
think, have taken place in any degrce, had
there been no communicationwith theexternal
air; but the orifice of the quilled receiver was
not always clofely ftopped during the diftilla-
ton, .,
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in lead ores, and, perhaps, ores-of
other metallic fubftances. The event”
of this third experiment was perfe&-
o1y correfpondent to that of the two
former, with refpc,ﬂ: to the produc-
tion of liquidsand the feparation of"
air, which was cabght in a bladder,
but was not found to be inflamma-
ble: the lead ore too was fo plenti-
fully fublimed into the neck of the.
retort, that itequite plugged it up
for above three inches in length.
Upca difcontinting the fire which
had been raifed to a degree of heat
exceedingly great, I found the retor .
was cracked, and that the cake gt
its bottom was very different from
what was found at the bottom of the .
other retorts, which had dftood th»t‘“
fire witheut cracking ; for this caké
was covered with.a black glafly fcos

vor. . P sia
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'ria I 'of an inch in thicknefs, and the
‘ore'which laid under it, was in part
c'hanoed into Jead, and the whole of -
‘the ore did not welgh quite ten,
ounces, fo that gbove fix ounces had
“been loft by efcaping through the
crack. By a communication with
the air through the crack, the ore
was decompofed, and thus both lead
‘and froria weré for_n{cd, which in the
.*Othcr( experiments, for want of fuch
a decompofition, could not be form-
ed. There was a thin coat of ful-
phur alfo which lined the infide of
the receiver, and this fulphu’, pro-
bably, arofe from the decompofition
of the ore, fince none, or next to
none, was obferved in the other dif-
_tillations of the ore. I found that
“the weight of a «cubic foot of the
gre, which had bccn fublimed into
3 ‘ 5- ‘ .. the
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the neck 'of the retort, was' 75(}6 ‘
ounces; which fufficiently  agreés
‘'with the weight I had before ‘afcer-

» tained of this kind of ore. A cubic
foot of the black glefly fcoria weigh~
ed 3333 ounces ; _and thé metdllic
cake which laid under it, and which
confifted partly of lead, and prinici-
pally of ore nat quite changed into
lead, gave 87 38 ounces to the cubxc
foor.

Finding that fu}phur could not be
fepamted from lead ore by diftilling
it in clofe veflels without addmon,;

‘and yer being much difpofed "tb
think that'it contained a confiderar
ble portion of ful phur, I firlt thoug&'
of diftilling it with' charcoal dul
iron filings, fand and othér addf ..
tious ; but recollé®ing that fulphy
might be feparated from anumonf

P2 B ¢
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by ‘folution in atids, I.thought it
not improbable, that it might be fe-
parated from lead ore by the fame
-means, and the fuccefs of the follow-
~ing experiment abundantly juftified
thc cenjeGure. )
“Epon ten _ounces -of lead ~ore,
‘cleanfed as in the preceding experi-
ments, 1 peured five oeunces of the
ftrongeft fuming fpirits of nitre ; this
~ftrong acid not feeming to 2ét upon
the ore, 1 diluted it with five ounces
.of water; a violent ebullition, ac-
companied-with red fumes, immedi-
‘ately ook place; the folution of the
xore in_this menflrewnm became mani-
feft, and when it was finifhed, there
remained Boating upon the furface
"of the menfirunm 4 cake of fine yel-
dow fulphur, perfedly refembling

cqmmon fulphar,
1 res
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¥ repeated this experiment a great
many times, in order to afcertain the .
quantity.of fulphur contained in lead
*ore, and feparable therefrom by fo-.
lution in acid of nitre, -The refultg
of different experimerits were feldom
the fame ; the matter feparable from
the ore by folution, after being re--
peatedly wathed in large quantities.
of hot water, in order to free it from
every faline 3dmixture, fometimes
amounted to more, fometimes to’
lefs than one-third of the weight of
the ore. This matter may, .for the
fake of diftin&tion, be called crude-
fulphur.. Iis-apparent purity mlght'
induce a belief that it contained no-
heterogencous mixture, yet the fo&-
lewing experiments thew-how- mueh '
we fhould be. deceived.in. formxxgg-
A P. 3 fuéh
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fuch a conjecture, and how rightly

it is denominated crude fulpbur.
From one hundred and twenty
perts, by weight, of dlead ore, I ob«
tained, by folution in acid of nitre,
_ fubfequent wathing in'hot water, and
drying by a gentle fire, forty parts
of a fubftance which looked like ful-
_phur: thefe forty parts were put on
a red-hot iron, the fulphur was made
matifelt by a blue flame and pun-
“gent fimell.  When the flame went
out there remained upon the iron
unconfumed, twenty-fix parts of a
greyifh calx ; the weight of the ful-
‘phurwhich was confumed mutft there-
fore have amouanted to fourteen parts,
or'between ore eighth and one ninth
part of the weight of thé ore. It
has beep obferved, -that the weight
of the matter, feparable from lead ore
H : ' bY
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by folution in acid of nitre, fome-
times, exceeded and fometimes fell
thort of; one third part of the wéight
»of the ore’; this variety, as faras I
have been able to gbferve, does not
extend to the quantlty of fulphur
contained in a givén quantity of ore, -
it depends upon the quantity of calx
remaining after the burning of the
fulphur.  Different. lead ores will
doubtlels conmin different quantities
of fulphur; but that the fulphur
contained in the lead ore which [
cxamined, conftitutes between one
eighth and one ninth part of the
weight of the ore, is a conclufion
upon which, from a variety of expe-
riments, 1 am difpofed’to rely, ¢

‘Thereare {aid to beannually fmeltqd
in Derby/b’re about ten thoufand rods

P 4 of
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oflead orc*; now if means could be
inver.ted (which I think very poffi-
ble) of faving the fulphur contained
in ten thoufand tons df ore, fuppof-*
ing that the orevfhould only yicid
.one tenth of its weight of fulphur,
though it unqueftionably contains
more, Derbyfbire alone would furnifh
annually one thoufand tons of ful-
phur, the value of which would an-
nually be abcut fifteen rthoufand
pounds. I mention this circumftance
thus publicly, in hopes that the lead
fmelters may be induced to profe-
cute the fubject. 1f the fulphur
contained in the lead ore could be
colleted, it would not only be a lu-
crative bufinefs to the fmelters, but
a great faving to the nation, We at
' prefent
* This eftimrte is, I have reafon to thin};‘,
too high.
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prefent import the fulphur we ufe,
and the confumption of this com-
modity is exceeding great, in the
'making of gunpowder, in form-
ing the mixture for covering the-
bottom and’ fides of fhips +,. and
in a great variety of arts, The
fmelters need not be apprehenfive
left the quality of the ore fhould be
injured by extraéing the fulphur.
Lighteen hundred weight of ore,
from which the fulphur has been
extralted, will certainly yield as
much lead as twenty hundred weight
of ore, from which the fulphur has
not been extracted, and it will,, pro-
bably, yield more. Arfenic is ex-

tralted

* This mixture is made of one part of gnl
low, of one part of brimftone, and of thtee
parts nearly of rofin. The tallow and ruﬁn
are melted together, and the bnmfhme is
ftirred into them ; 140 pounds of brimfténe is
enough for a veflcl of 140 tons.
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trafted from a particular ore in
Saxony, by roafting the ore in a fur-
nace, which has a long horizontal
chimney ; the chimney is large, has
many windings apd angles, that the
arfenic vapour which arifes from
the ore may be the more eafily con-
denfed : the arfenic attaches itfelf
like foot to the chimney, and is from
time to time fwept out. It is very
probable, that by fonte fuch con-
trivance  the fulphur contained in
lead ore might be collected. The
fimelters call every thing fulphur
which is volatilized during the roaft-
ing or fluxing of an ore; but none
of thofe with whom I have converfed,
had any notion that common ful-
phur could be feparated from lead
ore. '.'flr
The greyifh calx whxch remained
upon
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upon the iron after the fulphur was
confumed, was put upon a piece.of .
lighted charcoal ; the heat of the
charcoal being quickened by blow-
ing upon it, a ggeat number of glp-
bules of lead were formed upon its -
furface. From hence it appears,
that this calx is not an unmetallic ,
earth contaiged in the ore, which
the acid of nitre could not diilolve ;
but a calx of lead, probably pro-’
duced by the violent action of the
acid, and which, by the addition of
phlogiften, may be exhibited in- its
metallic forme The quanuty of thls
calx depends much upon®the a&:on
of the acid upon the ore; if hat
a&ion is viélcnt, the calx ls in
oreater abundance than if it be 1§1o-
deratc, and I’ am not certain \éme—
ther the experiment might not be fo
managed,
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Thanaged, that there would be little

or no calx remaining; that is, a

given quantity of ore might be fo
diffolved in the acid. of nitre, that
nothing wouold remain undiffolved
except the fulphus.  But I have not

yet perfeily fatisfied- myfelf as to.

the confituent parts of lead ore. 1

am certain that it contains Jead, and.

Julphbur, & liquid, and air ;. of the ex-
iftence of the three firft“there can be
no doubt, from.what has. been faid,
and the air is rendered beautifully
appdrent . by- the following experi-
ment.
Let fome lead ore be reduced into
a fine powder, put it into a narrow-
bottomed ale glafs, fill the glafls.
thrce parts with water, drop into the
fgpa portion of the {trong acid of
5 .you may judge of the requi-
' fire
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fite quantity -by-feeing the folution
commmence, and you will ebferve.the
~ore univerfally covered with bubbleg
-of air, thefe will buoy the ore up
in Jarge tufts to the furface, and-the
air wd# continue -to .be- feparstcd
from-the ore till -the acid “becomes
faturated with the lead. The fale
ariling from the union:of.the nitrous
acid to the lead: often appears -ery-
ftallized upon -the furface of the
menftruum in this experiment ; -and
"if, when the menftraum is in -thae
ftare, a little frefh acid be added, the
falt inftantly cryftallizes and falls
.down to the bottom of the glafs, the
-acid having abforbed the water which
held it in foludon. When' lead is
diffolved in the manner here min-
tioned, by a very dilueed acid- of sni-
tre, there is. no appeatance -of ful-

. phur
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phur upon the furface of the men-
fruumm, there is found: at its bottom

" a black matter, which is the fulphur.

But though lead, and fulphur, a
liquid, and air ¥, gre unqueftionably
conftituent parts of lead ore, T do
not take upon me 'to fay, that they
are the only conftituent parts: it is
well known, that during the finelt-
ing of lead ore, a third part or more
of its weight is fome how or other
loft, fince from one and twenty hun-
dred weight of ore, they feldom ob-
tain abpve fourteen hundred weight

" oflead. Whatis loft partly confifts

of a fcoria which floats upon the
furface of the lead during the opera-
tion of fmcltmg, and partly of what

is

*1 g, feparated mﬂammable air from
lead ?ﬁ dxﬂolvmg it m t.he acxd of fea
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is fublimed up the chimney and dif+
fipated in the air. The fcoria, I ap-
prehend, would be véry little, even
from a ton of ore, if the ore was
quite free from fear : it is the fpar
which is mixed with the ore that con-
ftitutes the main portion of the fco-
ria *. 1 have in my pofleffion a folid
mafs of fcoria, which accidentally.
flowed out from a finelting furnace,
and which ine colour and confiftency
perfetly refembles grey lime-ftone;
it receives a pdlith as fine as marble,
and it might perhaps. with advan-
tage be caft into moulds for paving
ftones, chimney pieces, and other

mat-

* The fpar without queftion augments;the
quantity of the fcoria, yet the iead ore, which
appears to the eye,to be quite free from @ar,
yields a confiderable portion of a black ghiy
{coria, when urged with a fufficient fire. f
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matters. ‘It arifes from the fpar mix-
ed withthe ore, and, by-the addition
of cabical fpa:r 1o the ore during its
fufion, its quantity might be increaf-,
-ed at no great expence; in any pro-
,pamon That part of the ore which
is fublimed and difperfed in the air,
confifts partly of the fulphur which is
decompofed, and partly of Jead ; this
Hublimed lead attaches itfelf in pars
to the fides of the chimney of the
:dmelti1g furnace; the reft of it flies
up into the air, from 'whence it falls
rupon the grouad, poifoning the wa-
«ter and herbage upon which it fat-
-tles.  Fhis fublimed lead might be
-colleCted either by making it meet
-with water, or.with the vapour of
-water, during its afcent, or by mak-
ing it gpafs through an horizontal
5kh§m§1f 2 fofficient length.

ek
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It is not eafy to determine with
precifion the quantity of this fublim-
ed lead ; a general guefs, however,
,may throw fome light upon the fub-
Je& They ufually at ‘a fmelting
houfe work off three tons, or fixty
hundred weight, of lead ore every
twenty-four hours ; the fulphur con-
tained in fixty hundred weight of ore,
we will fuppof€ to be feven hundred
weight, and ghe lead to be forty
hundred weight; the air, liquid, {co-
ria, and fublimed lead muft toge-
ther, upon this fuppoficion, amount
to thirteen hundred weight; now,
admitting three hundred weight of
the thirteen to be fublimed lead, it is.
evident that, could it.be colleéted,.
there would be an annual faving at
each {melting houfe of above ﬁﬁ:y;
tons, which, fuppoling it to bz

VoL, 11, - QL - worth
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worth four pounds per ton, would
amount toabove two hundred pounds
a year, The price, if not the quan-
tity of lead fublimate,, here affumed,
is, probably, beJow the truth ; but
my end is anfwered {n giving this
hint to perfons engaged ‘in the
fmelting bufinefs,

The following  experiments,
though upon a different fubje&,
may not be unacceptable tothe lovers.
of chemiftry, as I do not remember
to have any where met with them.

-It is commonly known, that the
furface of melted lead becomes co-
vered with a pellicle of various co-
lours. I undertook fome experi-
ments in the “courle of laft winter,
with a view to afcertain the order in
which_ the colours: fucceeded each
other. The lead which lines the

‘ boxes
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boxes in which tea is imported from
China happening to be at hand, fome
of it was melted in aniron ladle ; but
' I was much furprifed to find that
its furface, though it was prefently
covered with ‘a dufky pellicle, did
not exhibit any colours, Imagining
that the heat was not fufficiently
firong to rendgr the colours vifible,
the fire was urged till the ladle be-
came red hot, the calcined ptllicle
upon the furfacc of the lead was red
hot alfo, but i it was ftill without co-
lour. The fame parcel of Jead was
boiled in a crucible for a confider-
able time ; during the boiling a co-
pious fteam was difcharged, and the
{urface of the lead, as is ufual, be~
came covered with a half vitrified
fcoria. The lead which remained un~
vitrified was then examired, and it
Tqe had
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‘had acquired the preperty-of form-
fhg a fucceffion of coloured pellicles, -
during the whole time of continuing

in a ftate of fufion. -

. Another portion of the fame kind
of lead was expofed to a ftrong cal-
‘cining heat for a long time; the part
" which remained uncalcined did, at
length, acquire the property of ex-

hibiting eolours fufficiently vivid.
Thefe experiments snduced me to
.conclude, that the Chinefe lead was
mixed with fome wmbftance from
w,;lich it was neceflary to free it ei-
ther by fublimation or calcination,
before it would exhibit its colours.
It would be ufclefs to mention all
the experimests which I made be-
- fore I difcovered the heterogeneous
“fubftance with which I fuppofed the
Chiggle ¥ad was mixed. At laft I
hit
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hitupon one which feems fully fuf-
ficient to explain the phenomenon.
Into a ladle full of melted Derby-
thire lead, which manifefted a fuc-
ceflion of the mboft vivid colourd,
I put a finall portion of tin, and ob-
ferved, that as foon as the tin was
melted, and mixed with the lead, no
more colours"were to be feen. I
do not know, precifely the fmalleft
poflible quantity of tin, which will
be {ufficient to deprive a-given quan-
tity of lead of its property of form-
ing coloured pellicles, but I hive
rzafon to believe that it does pot ex-
ceed one five thoufandth part of the

weight of the lead. , '
Derbyfhire lead, which hts loft
its property of exhibiting colt{ﬂ” by
being mixed with tin, acquiies it
again, as is mentioned of the Ghinefe

Q3 ¢ Jead,
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lead, by being expofed to a calcining
heat for a fufficient time ; the tin, it
is fuppofed, being feparated from the
lead by calcination, before all the
lead is reduced to a calx.

Some calcined ‘Chinefe lead was
reduced to its metallic form by burn-
ing fome tallow over it, The re-
duced lead gave, when melted, co=
loured pellicles; the, calx of tin,
which we fuppofe to have been mix-
ed with the calcined.lead, not being
fo eafily reducible as that of lead.

1 find that zinc is another metallic
{ubftance which has the fame pro-
perty as tin with refpe& to the de-
priving lead of its power of ‘forming
coloured pellicles; but'it does not,
I think, poflefs this power in fo emi-
nent a degree as tin. I put finall

‘port’iongéféf biftiuth alfo into melted
wn ¥ lead,
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lead, but the lead ftill retained its
quality of forming colours. I melted
together fome filver and lead, but
the lead did not thereby lofe its
power of forming colours. A litsle
tin added to a mixture of lead and
bifmuth, or to a mixture of filver
and lead, immediately takes away
from the refpettive mixtures the fa-
culty of forming coloured pellicles.

This quality of tin has hitherto,
as far as [ knqw, been unobferved ;
but every new fa&, relative to the
actions of bodies one upon another,
ought to be recorded. The change,
produced in lead by the admixture
of a fmall portion of tin, is much fele
by the plumbers, as .it makes the
metal fo hard and harfh, that it is

not without difficulty they can caft.

it into fheet lead.  If their o}d lead
Q4 * does
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does not work fo willingly, nor
exhibit colours fo readily, as new
lead, they may refer the difference
‘to the fmall quantity of tin contained
in the folder, fromy which old lead

can feldom be thoroughly freed.
With refpet to the grder'in which
the colours fucceed one another upon
the furface of melted lead, it feems
to be the following one ; yellow, pur-
pley, blue,—yellow, purple, green,—
pink, green,—pink, green.  Upon ex-
hibiting the bright furface of melted
lead to the air, 1 have often obferv-
ed thefe ten changes to follow one
another in a more or lefs rapid fuc-
cefon, according to the degree of
heat prevailing’in the lead. If the
heat is but {inall, the fucceffion ftops
before it has gone through all the
changes: but with the greateft heat
' Idid

-
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I did not obferve any furgher varia-
tion. All the colours are very vivig,
and each feems to go through all the
*fhades belongihg to it before it is
changed into the ngxt in order.

The formalion of thefe colours
may be explained from what has
been advanced by Sir Jfaac Newton,
and illuftrated, by the very ingeni-
ous experiments of Mr. Delaval, re~
lative to the fize of the particles con~
fituting coloured bodies.

ESSAY






FE S S*A Y VIL

OF THE SMELTING OF LEAD ORE,
AS PRACTISED IN DERBYSHIRE.

HERE is a certain ftandard

of perfection in the exercife of

every art, which is not always well
underftood ; and aft¢r men do fuffi-
ciently comprehend ir, many ages
often pafs away before they are for-
tunate or ingenious enough tofattain
it. To extract the greateft g}oﬁible
© quantity
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quantity of metal, from any parti-
cular kind, and any definite quantity
of qre,.is a problem of great import-,
ance, whether it be confidered in 2
philofophical or 4 commercial light ;
yet he who fhould apply himfelf to
the folution of it, with an expe&ta-,
tion of being ufeful to mankind,
muft take into confideration another
circumftance, of as much imp%rtancc
as the quantity of gmetal to be ex-
tracted,—the expencz attending the
procefs. For it is obvious, that a
great quantity of meral extratted at
a great expence, may not produce {o
much clear profit, as a lcfs quantity
procured at an.eafier rate; thereis a
beneficial limit between the quantity
to be obta?ned, and the expence at-
tendigh the operation', which rothing
but experience can afcertain,

I ' It
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It ‘'has been proved, by experi-
ments made in France,* that lead ore,
when fmelted by 2 fire made of wood,
yielded one tenth more lead, thap in
the ordinary method of {melting by
means of pitcpal ;* yet pitcoal is fer
much cheaper thar wood, in Derby-
fhire, and moft other parts of Great
Britain, that the lofs of a tenth of
the lead is, probably, more than
comp'ﬁfated, ,by the ufe of pitcoal
inftead of wood or charcoal. It is
poflible, perhaps, even with the ufe
of pitcoal, by an alteration in the
procefs of fmelting, to extract from
c/ery twenty tons of ore, one ton
more of lead than is any where ex-’
tralted at prefent ; byt whether the
price of one ton of lead, would be

. more

* Effais des Mines, par M, Hellot, \:Zol. 1L
PeIl4e . ' :
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more than fufficient to defray the
extraordinary expence attending the
alteration of the procefs, muft be
left to the decifion of, thofe who are,
mterefted in the fuccefs of fuch in-
quiries. ‘

The art of fimelting the ores of all
metallic fubftances, was, probably,
at firft very imperfect in every part
of the world; and this doubtlefs has
been a reafon, why the ufe JF iron
has every where been of a more re-
cent date, 'than thact of the other
metals, fince it requires the applica-
tion of a much ftronger fire to fmelt
the ores of iron, than thofe of any
other metal. '

We have no gertain account when,
or by whom, ‘the feveral metals were
difcovered ; Wallerius fays, that, as
far as he knew, Pliny was the firft

who
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.who enumerated the fix metals:*
Pliny may, probably, be the firft
Natural Hiftorian who mentioned
jshem, but they were certainly known
long before the age of Pliny, and
were mentiongd bdth by Homer, and
by an author far more ancient than
Homer—Mofes—* Only the gold,
and the jilver, the brafs (copper), the
irom, the tin, antl the /ead, every thing
that may abidg the fire, ye fhall make
it go through the fire, and it fhall be
clean.” + From this teftimony we
are certain that all the metals were
known, at leaft in the country of the
Midianites, above 1450 years before
.the birth of Chrift, or near goo-years
“after

* — Primus (feil. Plinius) quantum mihi
conftat, fex metalls: enumeravit, Waller, de
Syf. Minera. p. 10. i

4 Numb, xxxi. 22,
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after the deluge. When I fay all -
the meta]s, I muft be underftood to

mean, all thofe which were anciently

known ; for platina, the feventh me-

tal, has been but recently difcovered,

-%nd is not yet brdught inte general
-ufe ; and guickfilver or mercury is not
admitted by mineralogifts into the

clafs of metals ; though it has a good

-right to be admitted, fince in a {uffi-
cient degree of cold, jt poffeffes the

great charateriftic property of a

sétal, as diftinguithed from a femi-

wietal—malleability. This property

of ma]leabllxty, as conttituting the

criterion by whlch metals differ from

fum-mcta]s, is not over ngldly to be

infifted on,’ ﬁ,nce iron, when firft

fluxed “rom its ore, or when con-

verted into fecl, and hardeped by

bunc f'udden]y xmmerfcd when red

hot



( 257 )

“hot in water, is lefs malleable than
zine, which is always claffed amongft
the femimetals.

» It has been eontended, that copper
was oneof the firft metals which wag
ufed as money, and that gold and
filver were, in very remote ages, of
little account in that view. In many
inftances the greatnefs of the Roman

-name has made us forget the “ara
when that peeple began to be dif-
tinguithed in hiftory, and induced
us to confider their cuftoms, as the
firft which prevailed amongft man-
kind, It is granted, that Servins
Vullius firft-coined copper, and that
-the Romans-ufed no other cerrency:
till the four hundredth and eighity-
fifth year of their eity #, when filver
‘began to be coined; but from ¢his

*® Plin, Hift, Nat, Lit. XXXIL'$ 13}
woi. i, R cone
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conceffion, no argument can be de-
duced for the fole ufe of copper as 2
currency, in the firft ages of the
world. We know, from undoubted,
authorltv, that filver was ufed in
commerce, at leaft eleven hundred
years before even ‘the foundation of
Rome.— And  Abrabam weighed 1o
Epbron, the filver which be bad named
in 1he audicnce of the fons of Heth, four
bupdred fbekels cf filver, current money
with the mercbant*. About 6o years
before Abraham paid this fum for a
piece of land in Canaan, he is faid,
upon his return from Egypt, to have
been rich, not in copper and iron,
but in filver and gold }.

Iron and copper were certainly
known before the deluge; and it is
probble, that all the other metals,

. every

?Gen xxiii, 26, Gen, xiil. 2.
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every one of which is more eafily ex-
tracted from its ore than iron and
copper are from theirs, were known
alfo to the antediluvians; we have
"proof, howeve¥, that in the time of
Abraham, gold apd filver were ef-,
teemed, as they are at prefent, pre-
cious metals; and hence it feems
reafonable enough to conclude, that
Noab was able to inftruft his de-
fcendants in the art of fmelting me-
tallic ores : but, though this be ad-
mitted, we need not be furprifed at
the ignorance of many barbarous na-
tions in this particular. For the va-
rious colonies which, either by com-
pulfion or choice, quitted the plains
of dfia, in fearch of fettlements, rhay
not always have had in their ccém~
pany men who had been’ 1nﬁru€t’c§ i
the art'of fmelting ; 4nd thofe lsﬂm

R 2 did
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«did underftand it, when the colony
firft migrated, .may, :in many in-
ftances, have died before any ores.
were difcovered, .upon which they .
might have exerted their (kill ; and
thus the art of {melting being once
loft, it is eafy’to.conceive that many
nations may have remained for ages
without .the ufe of metals, or with
‘the ufe of fuch only as are found
ready formed in the earth, .or are
eafily fluxed from their ores,

The earth -in a lrtle time after
the deluge, and long before it could
have been peopled by the pofterity
.of Noah, muft have become covered .~
with wood ; the moft obvious me-
thod of .clearing a .country of its.
wood, is fetting it on_ fire: now
an moft mineral countries there are
w& metallic - ores, which lie

COR~
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eontiguous to the furface of the
earth, and thefe-having been fluxed:
_whillt' the woods growing over them'
were on fire, probably, fuggefted to
many nations the firft idea.of {melts-
ing ores, T
—— Pow’rful gold firft raifed his head,-

And brafs, and filver, and ignoble lead,

When fhady woods, on lofty mountains grown,.
Felt fcorching fires; whether. from thunder

thrown, ¢
Or elfe by man’s defign the flames arofe. -

Whatever "twas that gave thefe flames their
birth,.

Which burnt the towering trees and feorch’ds
the eatth, .

Hot fireams of filver, gold, and lead, and brafs,
(copper)

As nature gave a hollow proper place, .

Defcended down and form’d a glitt'fing
mafg *, ) Yo

R 3 . There-

*+ Lueretius by Creech, Vol XL p. 3723
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Theré is no natural abfurdity in
this notion of the poet; and indeed
it i$ confirmed by the teftimony of
, various ancient hlﬁorxans, who fpeak
“of filver and other. metals being
- melted out of the earth, during the

burning of the woods upon the Alps
and the Pyrenees. A fimilar circum-
*ftance is faid to have happened in
Croatia in the year 1761 ; a large
mafs of mixed metal, compofed of
copper, iron, tin and filver, having
been fluxed, during the conflagra-
tion of a wood, which was acciden-
tally fet on fire *.

The putting a quantity of ore up-
on a heap of wood, and fetting the
pile on fire, in conformity to thes
manner in which ores were melted

“duyitg the burning of forefts, was,
o ' it
“® Annual Regifter, 1%61, p. 138
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it may be conje@ured, the firft rude
procefs by which metals were ex-
tracted from their ores. ' But as the
force of fire is greatly djminifhed,
when the flame is fuffered to-expand
itfelf, and as the air aéts more forci-
bly in exciting fire, when it rufhes
upon it with-greater velocity, it is
likely, that the heap of wood and
ore would foon be furrounded with
a wall of ftcne, in which fufficient
openings would be left for the en-
trance of the air, and thus a kind of
furnace would be conftruted. The
Peruvians, we are todd, ¢ had difco-
vered the art of fmelting and refining
filver, either by the fimple applica-
tion of fire, or where the org was
more ftubborn and impregnated with
foreign fubftances, by placing it in
fmall ovens or furnaces on ;hngh

‘R 4 , grogmds,
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grounds, fo artificially conftru&ed
that the draught of air performed
thefuntion of a bellows, a machine -
with which they weres totally unac-
quaintcd.’r*
" This method of {fmelting ores on
high grounds, without the aflitance
of a bellows, at leaft of 2 bellows
moved by water, feems to have been
formerly pra&ifed in other countries
as well as in Peru. When M. Belon
travelled into Greecey he found tive
furnaces placed on the fides of ri-
vulets, and obferves, that ail their
bellows played-with wheels turned
by flreams of water, yet formeriy
they had finelted their ores in a dif-
ferent manner: for updn the mouan-
tains

* Retertfon’s Hift. of America.— Alonfa.
Barba, Treat fe of Metal-, Fiench Tranilution.
Vol L plz-z. ‘
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tains of Macedonia, where mines had?
been wrought in the time of Philip
the father of Alexander, great hesps-
of flag have been difcovered, which:
are fituated fo far- above any river of
the country, that the furnaces from.
which ‘they were formed, muft, pro-
bably, have been wrought by the’
wind. There are feveral. places in-
Derbyfbirve called Boles by the inhas
bitants, where lead has been ancient-
ly imelted, before the invention of”
moving bellows by water. Thefe
places are difcovered by the flags of”
Iead, which are found near them ;:
there is no certain tradition concern-
ing the manner in which thetore-
was {melted at thefe boles; it was,’
probably, as fimple as that of. the
Peruvians 5 for in Derbyfbire, as ;?ve}l,
3s.in Peru, they {cem chiefly to have-

relied:
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relied upon the ftrength of the wind
for the fuccefs of the eperation ; the
. bolesbeing always fituated upon high
grounds,.and moftly ‘vpon that fide
of ahill which fages the weft. This
fituation was not fixed upon with-
cut defign, fince the wind blows in
Engiand, in the courfe of a year,
near twice as many days from that
quarter as from any other *. A me-
thod is mentioned by Erckern t of
fmelting bifmuth ore by the wind,
and it feems as if ‘the ore of lead
might have been fmelted at thefe
boles,
* As may appear from the following
abridged flate of the winds at London in the

years 1774and 1475.

N |S | E | W |NW[SE |NE| SW
1774125 |21 {17824 143330 |74 rzééldaﬁs '
x775l222213 {11 {182 39:1323]72)148

Philof. Traaf. 1773—s.
+ See ltleta DMiner, by Sir John Petius,
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 boles, after the fame manner. This
method confifts in putting the bif~
, muth ore, when beat to a proper
fize, into fmall flat iron pans; thefe
are fet in a rowscontiguous to each -
other, in an open place, and when
there is a ftrong wind, a fire of dry
wood is made clofe to the pans, and
on that fide of them from which the
wind blows ; by this contrivance, the
wind driving down the flame of the
wood upon the pans, the ore con-
tained in them is quickly melted.
A pig of lead was dug up at one of
the boles in the year 1766 on Crom-
ferd moor near Matlock; upon its un-
der furface there is an infcription in
relieve, from which it appears to
have been fmelted in the age of the
Emperor Adrian ; it is not vcxj dif-
ferent in fhape from the pigs which
7 ' ©are
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ure caft at-préfent ; it confifts of fe=-
veral horizontal layers of unequak:
thicknefles, and there is an irregular
hole in it runnming from the top to
‘near the middle of its ‘fubftance ;
from thefe appeara'nces*it feems as if
it had been formed by pouring-into:
a mould, at different times, feveral.
quantities of lead’; and if lead had’
been fmelted after the manner before'
mentioned of finelting: bifmuth ore,
the feveral pans being emptied, at
different times as they became ready,.
into. the fame #nould, would have"
yielded a mafs of lead divided into
layers of upequal- thicknefles, and:
refembling this Roman pig; for the
Lole in its: furface was, probably,
made accidentally, from the unequal
cogling -qf the. lead, or frony fome -
-2eo¥ matter being lodged in it.
The:
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“The boles.jn- Derbythire are, pro-
‘bably, many of them of high anti-
.quity, as appears from the pig of
lead before mentioned ; yet I have
met with a paﬁ'agc ina writer of the
laft century, from which it is evident
that the method-of fimelting lead on-
high grounds was then practifed in
-the Peak. « The lead-ftones in the
Peak lie-but ‘juft within the ground
-next to the upper crift of the earth.
They melt the lead upon the top of
‘the hills that -Tie . open to-the welt
-wind ; making their fires to melt it
.as foon as the weft wind begins go
tblow ; which wind by ‘long expe-
rience they find holds longeft of ail
others. ‘But, for what*reafon I kn‘ow
not, fince I fhould think lead w%rc
sthe -caliet of -all metals to s%ir,,

-y
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théy make their fires cxtraordmary
great.” ¥
The finelting of ore by the varia-
ble and uncertain alion of the wind,
muft have been a troublcfomc pro-
¢efs. . It has therefore been univer-
fally difufed, and-the more regular
blaft of a bellows has been intro-
duced in its ftead. Theinvention of
the bellows is attribured by Strao to
Anacharfis the Scythiap : + but it is
more probable, that he was the in-
ventor of fome imprpvement of this
machine, than of the machine itfelf;
for Homer,who lived long before the
age of Anacharfis, defcribes Vilcanas
employing twenty pair cf bcllowggt :
once, in the formation of Achilles’s
fhield.

* Childsey’s Britan. Bacon, 1661s
~8sib, Ceog. Lib. VIL
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fhield. * It is difficult to fay when
the art of moving bellows, by means
of a water wheel, was firft difcovered;
it is pretty certain, that the ancients
did not know it; and that it was
very generally.known, amongft the’
Germans at leaft, in the time of
Agricola, one of the firt of our
metallurgic writers, for he fpeaks of
it in feveral places without any hint
of its being a recent invention.t
I'he heat of the fire in a furnace de-
pending much wpon the force of the
blaft of air impelled againft the fuel ;
and that force, other circumitances
remaining the fame, being in pro-
portion to the quantity and velocity
of the air ; the application of a power

able

* liiad. Lib, XVIIL. v. 470.

+ Agric. de Re Metal. publifhed in xg50.
7. 165, 338, '
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e Taddenly to comprefs the largelt
:bellows when fwelled with air, could
snot'fail 'of being confidered by me-
tailurglﬁs, as an invedtion, whenevers
:jt was made, of the'laft i importance.
Thc moderns accordmgly have, in
*!‘hany inftances, worked over again,
*with confiderable profit, the heaps of
iron ‘and other kinds of flag, from
‘whi¢h-the metal had been but im-
:perfe@tly extratted, before the mov-
‘ing of : bellows -by water was difco-
-vered. '

It is not fifty years fince the J/2/
‘or bearth furnace, was the only one
it ufe for'fmelting lead ore in Der-
«dyfbire. 'In this furnace ore and
~charcoal, or-ofe and what they call
“white coal, whichis wood dried but
Aot charred, being placed in alter-

:nate layers, upon a hearth properly
-con-



( 273 )
conftruéted, the fire is raifed by the
blaft of a bellows, moved by a
water wheel ; the ore js foon fmelt-

,&d by the violence of the fire, and
the lead as it is produced trickles
down a proper cannel, into a placé
contrived for its teception. There
are not at prefent, I believe, above
one or two of thefe ore bearths in the
whole county *of Derby ; this kind
of furnace, hpwever, is not likely
to go entirely out of ufe, fince it is
frequently applied to the extrafting
fead frem the fegz which 1s pro-
duced, either at the ore bearth, or the
cupola furnace, and it is then called
a flag bearth; and the lead thus ob-
tained is called flag lead : the fire in
a (lag hearth is made of the cinder of
pitcoal.inftead of charcoel. ;.

The furnace called a cupal oF cn-
YOL. 111, - S - - pola,
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pvla, in which ores are fmelted by
the ame of pitcoal, is faid to have
béen inverited about the year 1698,
By a phyfician named Wright*
though Bec¢her may, perhaps, be
thoughit to have a prior claim rto its
invention or introduétion from Ger-
fiany}. But whoever was the firft
inventor of the cupola, it is now in
general ufe, not only in Derbyfhire
and other counties, for the fmelting
of the ores of lead, but both at home
and abroad, where it is called the
Englith furnace, for the fmelting of
copper ores. This furnace is fo
contrived, that the ore is melted, not
by coming into immediate contact
with the fuel,"but by the reverbe
ration of the flame upon it. The
bottom of the furna¢e on which the

i lead
* Effais des Mines, Vol, 11, p- 114
+ S Vol. L. p. 33.
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1ead ore is placed, is fomewhat coa-
cave, thelving from the fides towards
the middle ; its roof is low and arch-
«d, refembling the roof of a baker’s
oven; the fire i is placed ar one end
of the furnace, “upon an iren grare,
€0 the bottom of which the air has
free accefs ; at the other end oppo-
fite to the fire-place, is a high per-
pendicular chimney; the direCtion
-of the Aamey when all the apertures
in the fides of the furnace are clofed
up, is neceflarily determined by the
fiream of air which enters at the
grate, towards the chimney, and in
tending thither it ftrikes upon the
roof of the furnace, and being re-
verberated from -thence upon the

.ore, it foon melts it,
It s not always an eafy mgtter to
aneet with a current of water fuffi-
sz -k clent
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cient to‘move the bellows . required
in fmelting on an hearth furnace;
and to earry the ore from the mine
where it is dug to a' confiderable
diftance to be fmelted, is attended
with great expence ; this expence is
faved by fmelting in the cupola
fornace, which not requiring the
ufe of bellows, may be conftruted
-any where. Wood is very fcarce in
‘every mining county ‘in England;
and though pitcoal cofts ten or
twelve fhillings a ton in Derby-
fhire, yet they can fmelt a definite
quantity of ore in the cupola, at a
far lefs expence by means of pit-
coal than of ‘wood. — The flame
which play's up.on the furface of the
‘ore and {melts it in a cupola fur-
" pace, is not driven againft it with
‘much violence; by this means
c , finall
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fmall particles of ‘ore, ‘called Jels
land, may be fmelted in a cupola
furnace with great convenience,
which would be driven away, if
expofed to the, fierce blaft of .a
pair of bellows in a hearth -furnace.
—Thefe are fome of the advantages
attending the ufe of a cupola in pre-
ference to a hearth furnace; and to
thefe may be added one fuperior to
all the reft,— the prefervation of
the workmen’s lives; the noxious
particles of lead are carried up the
chimney in a cupola, whilft they are
driven in the face of the hearth
finelter at every blaft of the bellows.
They generally put into the cu-
pola furnace a ton of ore, prévioufly
beat fmall and properly drefied, at
one time; this quantity thcj call a
¢harge ; if the are is very poor in lead,
-they put in fomewhat more, aad they
53 work
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work off three charges of ore in
every twenty-four hours, In about
fix hours from the time of charg-
ing the ore becomes as fluid as
milk. Before the ort becomes fluid,
and even whillt it continues in a
ftate of fufion, a confiderable por-
tion of its weight is carried off
threugh the chimney ; what remains
in the furnace confifts of two dif-
ferent fubftances,—of the lead, for
the obtaining of which the procefs
was commenced, — and of the flog
or fieria. - The proportion between
thefe parts is not always the
{fame, even in the fame kind of
are; it depending much upon the
management of the fire. The lead,.
being heavier than the flag, finks.
through it as it is formed, and fet-
tles ingo the concavity. of the bot-
todfof the furnace. The pure flag,

accord-



( 279 )

according to the idea here given, is
that part of the ore of lead which is
neither driven off by the heat of the
furnace, nar ‘changed into lead. In
order to obtain the lead free from
the flag whech *fwims over i, tbe
fmelters ufually throw in about a
bufhel of lime; not, as is ufually
fuppofed, in order to contribute to-
wards the more perfe& fufion of the
ore, but to *dry up the flag which
floats upon the furface of the lead,
and which, béing as liquid as lead,
might otherwife flow out along
with it. The flag being thus thick+
ened by an admixture of lime, is
raked up towards the fides of the
furnace, and the lead is left at the
bottom. Thereis a hole inont of the
fides of the furhace, which Is pro-
perly ﬂ:oppcd during the fmeltmg

s 4 ~of
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of the ore; when the flag is raked
off, this hole is opened, and being-
fituated lower than the lead in the
furnace, the lead guflies through it

into an iron pot placed contiguous
to the fide of the furnau:, from this

pat it is laded into iron moulds; each.
contatning what they call a pig of
lead; the pigs, when cold, being or-
dinarily ftamped with the maker’s
name, are fuld under the name of ore
lead. After the lead has all fowed
out of the furnace, tiiey ftop up the
tap hole, and drawing down the
flag and lime into the middle of the
furnace, they raife the fire till the
mixeure of flag and lime, which
thcy ﬁmply term flag, is rendered
very liquid; upon this llqv.ud mafs,
they tﬁrow another quantity of
lxme @ dry it up as in the former,

part
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part of the procefs. This fecond .
mixture of flag and lime is then
raked out of the furnace, and the-
*fmall portion of lead feparated from: o
the fufion of the firft, generally tq
the amount ‘of twenty or thirty
pounds, being let out of the fur-
nace, a new charge of ore is putin,
and the operation re-commenced.’
In order to fpare the lime, and the
expence of fuel attending the flux-
ing of the mixture ofhmc and flag,
they have in fome furnaces lately
contrived a hole, threugh which’
they fuffer the main part of the li-
quid flag to flow out, before 'they
tap the furnace for the lead ;, upoq
o Tieele remaining ﬂau they throw
a 'fmall portion of hmc, and draw
the mixture dut of the fu,rnace
wxr.hout fineking it. "This Kind c of
fur-
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f‘urnacc they have nick-named 2
Maccasoni. :

The pracefs of fmelting here de-
feribed, appears to Be defettive in:
fome points,” which I will take the
liberty to mention, ard at the fame
time fuggeft the means of improve-
ment; without, however, prefuming
to fay, how far it may be expedient
to adopt the propoi’ed alterations ;
being fenfible that witat may appear
very feafible in theory, or may even
anfwer in {mall affays, may not be
practicable in large works.

The firft alteration which I would
propofe to the confideration of the
lead fmelters, is to fubftitute an ho-
rizontal chimney of two of thggg
hundred yards in length, in ;h;
place of the perpepdicular one ngw.
in uf. In the preceding Effay,

which
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which was firft publithed in 1778,
mention is made of the probability
of faving a large quantity of fube
limed lead, by makmg the fmoke
which rifes from, the ore pafs.
through an horizpntal chimney,
with various windings to condenfe
the vapour. I have fince converfed
- with fome of .the principal lead
fmelters in Derbyfbire, and find that
1 had over-rated the quantity of this
fublimed lead; the weight of the
Jeoria from a ton of ore, amounting:
to more than I had fuppofed; they
were all of them, however, of opi-
nion, that the plan. I had propofed:
for faving the fublimate, was a very-
rational one, But fo-difficult is it
to wean artifts from their angient
ways of operating, that I queftion-
very much whether any of them:
 would:
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would ever have adoptéd the plan
they approved if an horizontal
chlmncy, which was built a little
ume ago in Middleton Dale, for a
.qunte different purpofe, had not
given them a full * proof of the
pracicability of faving the fubli-
mate of lead, which "is loft in the
ordinary method of {fmelting. This
chimney was built on the fide of an
hill to prevent fome adjoining paf-
tures from being injured by the
fmoke of the furnace. It not only
anfwers that end, but it is found
alfo to colle@t confiderable quanti-
ties of the lead, which is fublimed
during the fmelting of the ore;
‘this fublimed lead is of a’ whitith
Eaﬁ{}énd is fold to the paintéi‘s at
ten-- or twelve pounds a ton; it
jeht perhaps Be converted into red

ad with ftill more profit.
A fe-
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A fecond circumftance to be at-

tended to in the fmelting of lead ore,
is the faving the fulphur contained in
at. The pure lead ore of Derbyfhire
contains between an eighth and a
ninth part of iss weight of fulphur;”
but as'the ore which is fmelted is
never pure, being mixed with par-
ticles of fpar, cawk, limeftone, brazil,
and other fubﬁ:;nces, which the mi-
ners call deads, we fhall be high
enough in our fuppofition, if we fay
that the ordinary ore contains a tenth
of irs weight of fulphur; it may not,
probably, contain fo much, " but
even a twelfth part, could it be col-
Jccted at a fimall expence, wouéd be
‘an objeét of great importance tp the
{melter. In the common methnd of
fmcltmo lead_are there gs nd aP-
;pearance of the fulphur it coniams,

R
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it is confumed by the flame of the
furnace, as foon as it is feparated
from theore; an attentive obferver
may, indeed, Ly luoking into the
_furnace, diftinguifh a diverfity in the
colour of the flame,.at different pe-
riods of the procefs ; during the firft
three or four hours after the ore is
put into the furnace, the flame has
a bluith tine, proceeding no doubt
from the fulphur which, in being
fublimed from the ore, is inflamed :
after all the fulphur is feparated
from the cre, the flame has a whit-
ifh caft, and then, and not before,
the fire may be raifed for finithing
the operation ; for if the fire be made
ftrong before the fulphur be difper(-
ed, the quantity of lead is lefs, pro-
bably,. for two reafens; the: fulphur
MhieesAeielf in part to the lead which
is
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-is formed, and by this union bes
comes infeparable from it ; for the
fulphur cannot without much diffi-
oculty be feparated from an artificial
mixture of lead and fulphur, when
the two ingredietfts have been fufed
together.—2. The fulphur, whilft
it continues united to the lead in
the natural ore, renders the ore vo-
latile, fo that in a ftrong heat a great
portion of it is drivea off. Hence,
very fulphureous ores fhould be
roafted for a loag time with a gen-
-tle heat, and in this proper manage~
ment of the fire, principally confifts
the fuperiority of one fmelter above
another.

An old lead fmeltdr mformtd me
that he had often reduced a ton of
ore to16 hundred weight by roaft-
ing it, but that he did aot ?btam

‘more
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more metal from it by a fubfequent
fufion, than if he had fluxed it with-
‘out a previous roalting, This may
be true of fome forts.of ore, but i,
is not true of very fulphureous ores.
Indeed the fire may be fo regulated
in a cupola furnice, as to make it
anfwer the purpofe of a roafting and
a fmelting furnace at the fame time.
I have feen much lead loft by melt-
ing aton of fulphureous ore in eight
hours, which might have been faved,
if the fire had at firft been kept fo
gentle as to have allowed twelve
hours for finithing the operation.
Sulphur cannot be feparated from
lead ore in clofe vefiels, and the lead
ore melts with fo fmall a degree of
"heat, that there may be more diffi-
culty in procuring the fulphur from
the ores of lead, than from thofe of
h coppér
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copper of iron, however;  Fam fat
from thinking. the miattér impracht
cable, though I have not yet hit up-
on the method of doing it 4nd the
following refleétions. may, perhaps,
tend to fupegfedt the' neceflity of
collecting. the fulphur in fubftance.:

When it is faid that the fulphur is
confumed by the flame of the:fur-
nace as foon as’it is feparated from
the ore, the regder will pleafe to re-
colle®, that fulphur confifts of two.
parts,—of an «inflammable part,
by which it is rendered combutftible,
—and of an acid part, which is fet
at liberty, in the form of vapour,
during the burning of the fulphur.
Now this acid, though it may be
driven out of the furnace .in, the
form of a vapour, yetitis mca;&blc
of being thereby decompofed, xéﬂnll

VOL. 111, -T con-
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confinues td be an acid ; and, could
the vapour be condenfed, might an-
fwer all the fame purpofes as the
acid of vitriol ; fince” all the acid of:
witriol, now ufed in commerce, is
aéﬂiuaﬂy‘proctrred‘v from the burning
of fulphur. That the fac, with
refpect to the acid not being decom-
pofed, is as I have ftated ir, may be
readily proved. The finoke which
iffues out of the chimney for fome
hours after each freth charge of ore,
has a fuffocating finell, perfectly re-
- fembling the fmell of burning brim-
™ ftone ; and if a wet cloth, or a wet
hand, be held in it fora very fhort
Apace of time, and afterwards appli-
«ed to the tongue, a [trong acid will
be fenfibly perceived. Various mie=
tho#ls may.be invented for condenf-
dng this acid vapour, and, probably,
oy ' miore
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more commochous than the f'oHow-
ing one, vohlch however, I will juft
, take the libesty of mentioning, as,
if it fhould not fucceed, the trial will
‘e attended withevery little-expence.
Suppofing thén an horizontal
chimney to be built, let the end far-
theft from the fire be turned up by
a tube of earthen ware, or otherwife,
fo that the fylphureous acid may
iffue out in a diretion parzllel to-the
flue of the chimaney, and at the dif-
tance -of about a foot and an half
above it. Lec a number of Iarge
globular vefels be made of ejther
glafs or lead; _each of thefe glgbcs
muft have two necks, fo as 9 be
capable of being inferted into, one
another; let. thefe veflels be p]éccd
.on the fue of the chlmney, "the
aneck of ‘the firfk being inferted %nto’
T2 ‘the
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the tube through which we have
fuppofed the fulphureous acid to
iffue, and the neck of- the laft being
left open, for fear of injuring the
draught of the furnace. Leteachof
thefe globular veffels contain a fmall
quantity of water, then it is con-
ceived, that the heat of the flue will
raife the water into vapour, and that
this watery vapour will be the means
of condenfing the fulphureous acid
vapour, if not wholly at leaft in
Juch a degree as may render the un-
dertaking profitable. When the ful-
phur is all confumed, the draught
of the furnace may be fuffered to
have its ordinary exit at the ¢nd of
the horizontal chimney, by a very
flight contrxvance of a moveab}e
damper Since the firft publication
-of the prcr_:gdmg Effay, I have feen
an
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an horizontal chimney at the copper
works near Liverpool, where every
thmg I had faid concerning the pro-
bablhty of faving fulphur by roaft-
ing lead ore, is verified with refpect
to copper ore; and I believe a patent
has been granted to fome individual
for this mode of colletting fulphur.
Sulphur might be obtained with
equal facility from the pyrites which
is found amongft coal, and this ap-
plication of the«pyrites might, pro-
bably, be more lucrative than the
prefent one—making green vitriol*,
A third circumftance, which re-
quires the utmoft care of thelead
fmelter, is the leaving as little;lead
as poffible in the flag. Near every
fme]ting houfe there are thoufgnds
of tons of flag, which, when progerly
T3 . affayed,

* Vol. I, p, 22q.
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affayed, are found to yield from one:
eighith to one tenth of their weight
of Tead, though no perfon has yet
difcovered a. method of extralting:
fo much from them- when fmelted
ih large quantities and indeed the
fmelters are fo little able to obtain
all the lead contained in them, that
in many places they never attempt:
o extralt any part of it: in fome
places where they do attempt it, I
have known the proprietor of the
flag allow the fmeltery zos. for every
pig of lead they procured of the va-
lue of 38s. befides furnifhing them
with fuel : and yet the men employ-
ed in fuch an unwholefome bufinefs,
feldlom made above 75. a week of
their labour. This fufion of the
flag of a cupola fufnace is made, as
has been ragutioned,. at a-hearth fur-

nace ;
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nace; the coal cinder, which they ufe
as fuel, and the flag, are foon melted
by the ftrong blaft of the bellows
into a black mafs, which, when the
fire is very ftrong, becomes a perfeét
glafs ; this blacK mafs, even in its
moft liquid ftate, is very tenacious,
and hinders many of the particles of
lead from fubfiding; and it being
from time to time removed from the.
furnace,- a confiderable quantity of
lead is left in it, and thereby loft..
A principal part of the lead con-
tained in the flag of the cupola fur-
nace, is not, I apprehend, m the-
form of a metal, but in the formiof a-
litharge or calcined lead :- a2 poktion:
of.the lead, in being fmelted frofn its-
ore, is calcined by the violence of-
the fire; this caléined lead ig not:
only very vitrifiable of itfelf, . Bue it

T4, ielpsn
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helps to 'vitrify the fpar which is
mixed with the are, and thus confti-
tutes the liquid fcoria; might it not
be ufeful to throw a quantity of char-
coal duft upon the liquid fcoria in
the cupola furnace, in order that the
calcined lead mig‘ht be converted
into lead by wniting itfelf to the
* inflammablé- principle of the char-
coal? —TIron mll not unite with

lead, but it readl?ﬂunhcs with ful-

phur, and, when added to a mixture-

of lead and fu]phur it will abforb

-the fulphur, leaving #he lead in its
metailic form ; might ittgot be ufe-

fol to flux fulphureous lead ores in

conjun@ion with the fcales or other

refufe picces of'iron, or even with

fome forts of i iron, ore ? —— The

fmelter’s great care "hould be to ex-

tract as murh, lead as poffible at the

firt
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firlt operation of fmelting the ore,
and to leave the {lag as poor as pof-
fible ; but if he fhould fill find either
' the flag of the cupola furnace, or
that of the hearth furnace, contain-
ing much leatd ('gs that even of the’
hearth furnace certainly does), he
may, perhaps, find it worth his while
to reduce the flag into a powder by
a ftamping mill, or by laying it in
highways to Be ground by the carts,
or by fome other contrivance, and
then he may fcparate the ftony part
of the flag from the metallic, by
wathing the whole in water, inafmuch
as the metallic part is far heavier
than the other.

I eftimated the weights of feverak
pieces of flag, and found tim to
differ'very much from eachother
this difference is principally; to be

: . ate
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attributed to the different quantitjes.
of lead leftin them,
Weight of a cubic.foot of:
' , Avoir, oz,
Slsg from. 4 cupola fugnace, where .
10 lime wag ufeq R ..} 3742
Black flag from a hearth furnace - I 5,

%

.thh;rpin;cq N O
Black flag from another hearth fyr. )

nace~fruck fire with fep] } 3378
Bléck('g']éﬁﬂag - e e ] 3371

This may. not " be an Improper
Place t0 add 2 worg OLtWO concerpa
ing " the Derbyfhire Toadftone, which
eoi:fﬁtutqs one of the principal ftrata
in the mining country#, and which.
is fuppofed to have been in its origin
a flag thrown ou¢ by a Wleans. It

perfediy. refembles fome of the fpe-
ci}ncn's;l.ha.veh feen, of ore of the
forts of the liva of Ifbﬂ%}{g:, not only

SEE ) in

. I '
gﬁgﬁ?’m I p. 206,
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in the hardnefs of its texture, and’
blacknefs of its colour, but in its
weight ;. a cubic foot of fome forts-
of Derbyfhire *toadftone weighing:
more, and of other lefs than a cubig
foot of the Vefuvian lava, which it
refembles. The ftreets of London
have fome of them been paved, of
late years, with a toadfone from Scot--
land, of the fame nature as the Der«
byfhire toadftone ; - and the ftreets of
Naples have for many centuries paft:
been paved with' the lava from Ve-
fuvius which refembles toadftone.
Neither the Derbyfhire toad&dnc,.,
nor that fort of Vefuvian lava WEich-
rcfembfes it, feem tohave expenengcd '
in their formation any great degree
of heat; they are but in a half V?l‘l-
fied ftaté ;- the toadftone I have ﬁ'e-

qu;ntly mdtcd in ‘a. fith's- foi'ge
. into:
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into a black glafs, and the Vefovian
lava gives a glafs of the fame kind.
The air has a manifeft a&tion upon
the Derbythire toadftone, for it not
only waftes away the fpar which is
found in the blcbs of ‘fome forts of
toadftone, but it reduces into a
brownifh mould, fit for vegetation,
the moft hard and compat forts 5
the Vefuvian lava is fubje& to the
fame change from the operation of
the fame caufe.

Weight of a cubic foot of

Avoir. oz.
Toadftone hard and free fromblebs - 2884
Vefuvian lava refembling toadftone - 2863
Iron flag, a greenith glafs - - - - 2843
Iron flag, a brownifh glafs - - - 2729
Iceland cryftal---Mr, Cotes - - - 2720
Toadftone, decaying - - - - - 2680
Another piece - - - = - - - 2662

Anotherpiece - » - o - - - 2358
ESSAY



ESSAY IX

OF SILVER EXTRACTED PROM LEAD.

E have no filver mines, pro-

perly fpeaking, in Great Bri-

2ain, but we have plenty of lead,
from which filver is, in fome places,
extratted with much profit. If the
method of doing thishad been kéown
to the ancient Britons, it mightihave
freed our country from the repjoach
of Cicéro, who tells his friend Afficus,
that there was not a fcruple of"‘hlver
in
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in the whole illand* ; and in another
place, he fays, that he had heard
there was neither gold nor filver in
Britaint: The Romans had a very'
Jmpcrfe& knowledge of this country
in the time of Cmm, fo that his ac-
count of the matter may not, per-
haps, deferve to be much relied on ; ;
we are certain, at leaft, that about
fifty or fixty years afterwards, both
.gold and filver were* reckoned by
Strabo amongft the produ&s of Bri-
2ain ] herice, if the Britons did not
underftand the art of extradting fil-
ver from lead at the firft invafion of
the

N etiam illed jam cogmtum eft, ne-
que argenn fcrupulum effe ullum i illa infula
{Britann.) Eplﬁ. 2d At L.IV. E, XVIL

# Epitt. Fam. L. VIL E. VII,

.1 L. IV. p. 30508 alfo Tacitus’s Life
of Agricola.
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the Romans, they foon learsed it
from their conquerors; and this be-
‘comes mote probable, if it be ad-
mitted; that fver wascoined in Bri-
tain in the time of dugufius®.

Silver is fo commonly contamcd ih
lead, that it is-efteemed a very great
~curiofity to meet with lead which is
intirely free from-it: it has even been
afferted, that there is no lead in the
-world, excep} that of Villack in Ca-
rintviz, which does not contain fil-
ver+. .

The more ancient alcﬁcnﬁfts, no“:'
knowing, probably, that filver was
fo generally contained in lcad,;,and

:yet

* Sir John Pettus’ Fod.'Reg. ¥

+ Il 0’y a point de plomb au mondé& hor-
mis cclui de Villach, qui ne contieng de 1*
.argeut’- Lehman fur les Mines,' Yol d. p
174.——See 31f6’ Philof. Traiif. for 1685, p.

AQs
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yei obferving that lead, when treated
according to theilr procefles, often
ga'v*e a portion of filver, were of
epinion, that they could convertlead
intofilver*. This was an eafy miftake,
and if they had obtained a portion of
gold, they would, no doubt, have
concluded, that they had tranfmuted
the lead into gold; fince there is no
metal, perhaps, which does not ¢os-
#2in a fmall quantity of.gold, or from
which gold may not be feparated by
long calcination.  *

Lifter had long ago obferved, that
all the Englifh lead contained filver;
and he fpeaks as having, by his own
€xperiments, proved the exiftence of
filver in the ledd of at leaft thirty
different mines 1; nor has any per-

fon

* Gebri Chem. L. 1. C. XIX,
¥ Liftee de Fontibus, Cap, I 8. o, 10.
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fon fince his time, found lead wholly -
free from filver. The Derbyfhire lead
has been faid to contain two grains
"of filver in a pound of lead®.
Lvery general gbfervation of this,
kind is liableto much contravention
from particular facts; becaufe the
quantity of filver contained in lead,
is not only different according as the
leadt is Auxed from the ore of differ-
ent mines, but it is very poflible in
an affay of the ore of the fame mine
to meet with one picce of ore which
fhall afford a lead yielding eight or
ten times as much filver as another
piece would do. Thisdiverfity arifes
from the ore itfelf bging variable in
quality indifferent parts of the fame
mine; and even different lumps of
ore, tliough coﬁtiguous toeach ‘hcr,

. o rwill
* Oper. Min, Explicata, p. 263
voL. IT, 18)
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will often yield very different quan-
tities of filver, from the fame quan-
tity of lead. This obfervation may
explain the reafon of the very oppo-
fite teftimonies, which have been
fometimes given in courts of juftice,
concerning the richnefs of a mine
from particular affays ; the plaintiffs
and defendants, where the iffue to
be tried was the quagtity of filver,
having been feverally interefted in
getting the beft and the worft pieces
of ore affayed, in order to fupport
their refpective claims, There was a
notable inftance of this with refpect
to the lead mine of Ef-kyr-kyr in
Cardigan/bire, which was difcovered
in 16g0. The law at that time :ad-
judged every mine to be a royal shine
the metal of which contained enough
.of. goldor filver to compenfate the
charges
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«<harges of refining, and the lofs of .
the bafer metal in which they were .
contained. In confequence of this -
law, the patentees of royal mines
laid claim to the mine of Ef-kyr-&yr}
which was rich in flver, and they
produced proof in Wefiminfier-ball,
that the lead of that mine contained
to the value of.fixty pounds of filver
in every ton; whilft the proprietor-
produced proaf, that it only contain-
ed to the valug of four pounds of
filver in a ton*,

I have been informed by ar ine
telligent perfon, thar there are fome
lead ores in Great Britain, which,
though very peor in Jead, congain
berween three and four hundred
ounges of filver in a ton of the lgad
Lt is not to be expe&ed that the firo-

prigfors
* Some Account of Mines, p. 27.
U2
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prietors of thefe, or of any other
mines rich in filvér, fhould be for-
ward in declaring to: the world the,
Quantity of filver which they con-
tain. The proprietor indeed of a
lead mine containing filver, may
work the fame, without any appre-
henfion of its being taken from him,
under the pretence of its being a
royal mine ; yet the crown,-and per-
fons claiming under it, have theright
of pre-emption, of all the oré which
may be raifed. - There was an act of
parliament paffed in the fixth year
of William and Mary, intitled,—An
a& to prevent difputes and contro-
verfies concerning royal mines, —
This a&t gave great quiet to the fub-
je&, by declaring, that every proi)ri-
étorl'of a mine of cc;pper, tin, iron, .

i lead, thould continue iq poflefiion
: " of



€ 309.)
of the faid mine, notwithftanding its.
being claimed as a royal mine,, from
its containing gold or filver: but ic
“further enalted, that their majefties,
their heirs and fcceffors, and alk
claiming under them, fhquld have
the privilege of purchafing all the
ore which fhould be raifed ‘out of
fuch a mine, attthe following prices; '
that is to fay, paying for all ore
wafhed, made clean, and merchant-
able, wherein. js- copper, after the
rate of fixteen pounds a ton; for tin
ore (except that rdifed in Devonthire
and Cornwall) forty thillings; for
iron ore forty fhillings; and for Jead
ore nine pounds a tos. This ftand-
ard price of nine pounds a ton, for
» lead ore was, at the time it wasfix-
ed, much higher than the ordiéary.
price of ore, in which there was no
U3 filver
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filver worth extralting; the beft
kind of Derbyfthire lead ore being,
at prefent, generally worth no mére
than feven pounds a ton,” It may
deferve, however, the confideration of
the legiflature, whether the claufe in
the forementioned aét, refpeéting the
right of pre-emption, fhould not be
"wholly ‘repealed ; as ‘there may be
many lead mines in' England very
rich in filver, but which, on account
of the difiiculty of werking them,
cannot be entered vpon with advan-
tage, whilft this right fubfifts. Ae
many lead mines, moreover, there
are large quantities of fteel-grained
ore raifed together with the ordinary
fort'y now it ‘generally happens that
the ftecl-grained ore is much richer
in filver, ghan ‘the ordmary diced ore
of Dcrbyﬂnre, and it might, if fepa-
rated



( 311 ) .
rated from the reft, be worked for
filver; but whether from an appre-
hcnﬁon of the  operation of the claufe
" we are fpeaking of, .or from mere:
ignorance or mattcnnon, all the forts
of ore, are miked and fmelted. togc—
ther.

Silver has formerly been extra&ed
from lead in a great many places in
this ifland. Inthe reign of Edward 1,
near 1600 paunds weight was ob-
tained, in the courfc of three years,
from a mine in Dev enfbire, which had
been difcovered rowards the bégin-
ning of his reign ; this mine is called
a filver mine by the old writer§, but
it appears to have been a m@c of
lead which contained filver #.’ The

}ch

* Hnllmgﬂxeds Chiron, Vol, 1L g. 316,

Sec alfo, in the fame author, a futher \Qccmmt
’ o of

’

v 4 ¥
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lead mines in Cardiganfbire have at
different periods afforded great quan-
tities of filver: Sir Hugh Middle-
ton is faid to have cleared from
them two thoufand poundsa month#,
- and to have beer enabled there-
by to undertake the great work of
bringing the new river frem /are to
Lopdon ; and in allufion, probably,
. to thefe two great circumftances of
his life, there are pamted upon fome
of his pictures the twq terms—fontes
—fedine. Thefe fame mines yield-
ed, in the time of the great rebellion,
‘eighty ounces of filver out of every
“ton of lead, and part of the king’s
army was paid wjth this filver, which
was
of filver extracted from the lead in Devonthire
and Comwa!l in thc time ‘of Edward HI.

P 4135
* Oper. Min,’ E-:phc pe 245,
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was minted at Shrew/bury*. A mint
for the coinage of Welch filver had
before that time been eftablifhed irr.
1637 at Aberypwith; the indenture
was granted to Thomas Bufbel for the
coining of half-*crowns, fhillings,
fix-pences, two-pences, and pennies,
and the monies were to be ftamped
with the oftrich feathers on both
fides .- In the year 1604 near three
thoufand ounces of this Welth bul-
lion were minted, at one time, at the
Tower}. W ebfter,inhis Hiftory of
Metals, publithed in 1671, makes
mention, from his own knowledge,
of two places in Craven, in the weft-
riding of Zorkfbire, where forngerly
good filver ore (lead ore abounding

o
* Sir J. Pcttus,‘Eﬁéy on Metal. Worg&_‘
* 4 Rym. Feed.. Tom. XX. 164.
1 Some Account of Mines, p. 6.
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in ﬁlver) had been gotten. One of
the places was Brungbill moor in the
patith of Slaidburn, the ore of which
held about the value of figty-feven
pounds of filverin aton: the other
was Skelkorn field wsthm the townthip
of Rimmington in the parifth of Gif-
burn; it had formerly belonged to
one Pudfey, who is fuppofed to have
coined the filver he got out of his
mine, there being many fhillings
in that county which the common

people called Pudfey’s thillings*.
There is not at prefent any place
in Derbyfbire where filver is extracted
‘from lead. A work of this kind
.was eftablithed 3 few years ago not
far from Matlock, and the lead yield-
ed f'ourtecn ounces of filver from a
ton ; @c zhe mine which afforded
the

* Webfter's Metal. p. 21.

&
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the ore was foon exhaufted, or be-
came too difficult to be worked with
profit. There is a lead mine in -
Patterdale near Kefeoisk, which yields
between fifty and fixty ounces of fil-
ver from a ton ofithe lead: the ore of
this mine is reckoned to be poor in
lead ; and indeed it is very common-
ly obferved, *that the pooreft lead
ores yield the moft filver, fo that
_much filver is probably thrown away,
for want of having the ores of the
pooreft fort properly aflayed.

The quantity of lead fmelted an-
nually in Derbythire, may be efti--
mated at 7,500 tohs upon an averace,
fifty years ago the average was,;fpré-
bably, 10,000 tons 2 year, but we
put it high enough in ﬁzppoﬁﬁg it,-
at prefent, to amount to 7,500 fons
I have never been able to get any

proper
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proper information, concerning the
‘quantity ‘of lead annually fmelted in
other parts.of Great Brjtain, but for
the illuftration of the fubje@ we
ar¢ upon, let us fuppofe, that in the
" whole kingdom 305000 tons of lead
are annually fmelted, and that at a
medium each ton of lead would
yield 12 ounces of filver; then would
there be, if all the lead was refined,.
"a faving of three ounces of filver
from each tonof lead, of ninety thou-
fand ounces in the whole; our Eng-
lith workmen reckoning that nine
ounces of ‘filver are full adequate
to the expence of refining a ton of
lead, added to .that of the lead
‘which is loft during the -operation.,
.~ The general manner of extradting.
filver from lead‘is ‘every where the
fame ; ;i#js very fimple, depending,
upon
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upon the different effential proper-
ties of the two metals. —1It is.2n
effential prqperty of lead, when
melted in the open air, to lofe its
metallic appeaance, and to butn
away into a kind of earth.—1It is
an effential property of filver not to
burn away, or to lofe its metallic ap- '
‘pearance whea expofed to the a&ion
of the ftronggft fires, in the open air.
Hence, when a mafs of metal,.con-
fifting of lead and filver, is melted
in the open air, the lead will be
‘burned to athes, and the filver re-
maining unaltered, it is eafy ta un-
derftand how the filver may be ex-
tracted from the lead ;. for being hea-
vier than the athes of the lead; and
incapable of mixing with ‘them..
(fince no metal is mifcible. wigh an.
«arth), it will fink to the bottgmeof
the
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~ the veffel in which the mafs is mele-
<d: «Iron, tin, and copper, refem-
bl¢ lead, in being copvertible into
akind of afhes, when expofed to the
adtion of air and fire, and gold re-
fembles filver in not uridergoing any
change from fuch a&ion; hence ei-
ther gold or filver, or 2 mafs con-
. fiting of both, may be purified from
any or all of thefe metals by the
mere operation of fufion ; for thefe
metals will rife to the top of thé
veflel, in which the fufion is made,
in the form of an earth or drofs, leay-
ing the gold or filver pure at the
bottom.
The ancients certainly knew that
“filver could be purified from the
_bafe metals by the force of fire.—
The I;We of Ifrael is to me become
drofysall shey are brefs (copper.), and

tin,
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tin, and iron, and lead, in the midf of
the furnace, they are even the drofs of
Siver*.  Ang as we read of filver
being purified feven times in a fur-
nace of earth -}, it may, perhaps, Be
inferred, that thesmethod of refining
filver, which was then in ufe, con-
fifted in reducing the bafe metals
into earth, by a repetition of the
procefs of fl{ﬁon. This inference,
it muft be owned, is renderéd doubt-
ful by a paflage in Jeremiah ;—the
bellows are burned, the lgad is confiimed
of the fire, the founder melteth in vaind.
—This paflage is fomewhat arhbi-
guous, and interpreters tranflaté the
original Hebrew differently, i but
moft of them collect from it, thag the
foui’lder
* Ezk.xdi 8.t B xii. 6]
- % Jerem. vi, 29
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founder “added lead to the mixed

mafs. which he wanted to refine.
. JLead, when reduced to an earth
by being burned in ‘the open air,
rpay,-in‘a ftronger degree of heat,
be converted into ayellowifh glafs #,
which
* Other metaltic fubftances yield coloured
glafles, either when vitriffied alone, or in
conjunétion with pure glafs. In enamel and
china painting, they prepdre rofe red and
purple colours from gold; fearlet reds from
iron, or vitriols that partake of it; greens
from copper; blues from cobalt; blacks
from magnefia, zaffer, and feales of iron ; yelo
lows from filver antimony, Naples yellow,
and crocus martis; “white from-tin, The
_fame fubfarce yields different colours, ac-
cording to the degtee of beat to which it is
expofed ; thus, the green colour, of common
glats bottles,” which proceeds from the iron
contained m)' fand and vegerable athes from

-
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which has the preperty of greatly
.contributing to the eafy vitrification.
of all earthy fubftances ; hence, when

o gold or filvers are mixed with iron,
copper, ‘or tin, it is ufual to add te
the mixed mafsea quantity of lead,
in order toaccelerate the purifications.
for the lead will be converted into
glafs, and this glafs will vitrify all
the extraneous'fubftances with which
the gold or fibver are polluted, with-
out exerting the leaft ation upon
the precious metals themfelves.

I do not know upon what grounds
one of the moft diftinguifhed che-
mifts of the age has affirted, “ ghat
the refining of gold and filver mere-
ly by the a&ion of the fire washe
only method anciently known §* ¢

: : #nd

+ Chem. Di&. by M, Mc—-—- -
Refining.

VOi, I1i, X
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and that the doing it by the addition
of lead, is a difcovery with which
the anciénts were unacquainted.
Not to infit upon what has been
groted from ?eremiab ; in Diodorss
Siculus there is a very- minute de-
fcription of the manner of working
fome gold mines in the confines of
Egypt and Arabia; this defcription
was probably written on the fpot
when he vifited that ‘country, but
the mode of operation feems to have
been derived from a ‘more early pe-
riod ; as the difcovery of the mines is
attributed by him tofome of the moft
ancient ZEygyptian kings; amongft
other partlcularltles, he takes notice
of their meltmg the mineral in con-
junttion with a little tin, fome fmall
portion of falt, and a.lump of /ead.*

Strabe

+* Diod, Sic. Lib. 111, p. 183~18g.
L A
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Strabo quotes Polybius as f] pcakmg of
a filver ore, which, after being ﬁvc
times wathed, was melted with Iead,‘
,and became pure filver. Unfortu-
nately this part of the works of Po-
lybius is loft, or Jwe might have hatt
a more circurhftantial kaowledge of
the proccﬁ'cs by which the ancients
extracted filver from its ores, as
Strabo fays, that he omitted Poly-
bius’s account of this matter, becaufe
of its prolixity.®  Pliny probably
has an allufion to the ufe of lead in
refining filver, when he fays, that a
filver ore in the form of an earth
could no be melted except in con-’
junction with lead or the ore of lead 4
A more diligent feareh into the wkit-
ings of the ancients -would, dm;bt-

s
¥ Stnb Geo. Lib. 1. p- 221.
-{- ‘Plin. Hift, Nat. Lib, XXX, C. 6. §
X2
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kefs, furnith more authorities upon
the point, but thefe may be fuffi-
cient to induce us to believe, that
they were not unacquamted with the
Afie of lead in reﬁmng gold and fil-
-ver.—But to return to the manner
of extratting filver from lead.

The veflel in which the workmen
melt the mafs of filver and lead, is
of a fhallow form, that a large fur-
face of the melted mafs may be ex-
pofed to the air; it is made ufually of
four meafures of the afhes of calcined
bones, and of one meafure of un--
wathed fern athes, and is called a
#eff.* This veflel is very porous,

. . but
* Tefts are fomenmes made of clay and

other matenals, and metallurmc writers of-
ten order. xhe wood afhes"to be wa{hed left

she algglitie falts which they contain fhould
160§ “vitrify the teft; but a very good fe-

finer
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But not fo much as to imbibe the
- metal, whilft it continues in the form
of a metal; but as the earth, into
. which the léad is foon reduced by
the altion of the fire, becomes mejc-
ed, the teft dmbibes a portion of it
in that liquid flate, the other por-
tion is driven off (as cream is blown
off from milk) from the furface of
the melted mafs, by the blaft of a
bellows. The liquid, half vitrified,
earth of lead, which is thus driven
off, coneretes®into hard mafixs of a
fcaly texture, and is called in_that
ftate /itharge, or filver flone, {rcm
the maoner of its being produced,
or from an idle notion of its €on-
l;'n%mg
finer at Holy Well informed me, that he gwa)s
ufed the afhes without wathing them, §s the
veflel bécame therehy lefs apt to e.rumbl§ ity
pieces.

' ) X3
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taining much filver. The litharge
which is firft formed is whitifh, that
which experiences a greater dégree
of heat i§ red ; the colour of the
Ltharge is alfo influenced by that of
the other metals, which may chance
to be mixed with the mafs of lead
and f{ilver, When the furface of the
melted mafs becomes white, and
throws up no more litharge, the ope-
ration is finithed; but as the re-
‘maining filver is not quite pure,
fince it contains 3 fmall portion of
lead, from which the degree of heat
requifite for melting the mixed mafs
cannot readily free ir, it is-taken to a
refining furnace, and rendered quite
pure, at leatt from lead, by cupella-
tion. ‘This procefs confifts in melt-
ing the filver ¢btained from the firft
operationy in a veffel ‘made of the

fame.
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fame materials as the teft, and which
from its refemblance to a wide-
mouthed cup, has been called a
cupel.  The cupel bemg expofed to
a ftronger heat than the teft, the lead
which had efcaped the a&ion of ¢he
fire on the teft] is now driven out
from the filver, and being converted
into litharge, is abforbed by the cu-
pel 5 and by 'this means the filver is
purified from every metal except
gold ; for it is not neceflary, on this
occafion, to Temark, that a minute
portion of copper, when there hap-
pens to be any in a mafs of filver and
lead, probably efcapes the aéhen of

the fire in cupelling gold or ﬁlver
There are {eversl {melting hga{'es
at Holywell in Flintfbirt, where filver
is extrated f'rom lead; M.r Pamam*
X4 } has

s Tur tbroug_h W‘aks. -
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has given the following account of.
the quantity of filver extralted at
ong of the largeft of thefe houfes in
‘the courfe of fix years. *

L4 ounces. ONnCeSe-
Year 1754 -12160 “Year 1774 - 5093
1755- 1276 1775-6704
1756 ~ 7341 1776 - 4347

The filver obtained from lead at
Holywell, is chiefty fold to the manu-
faCturers at Birmingham*and Skefficld.
Much filver is 2ifo extraéted from
lead in Nortbumberlana.

At Holywell they ufually work off
three tons of lead at one operation,
the quantity of filver which they
procure, is variable according to‘the
richnefs -of the lead; a few years
ago they were refining lead from an
ore found in the Ife of Man, and it
gave themn about 6o ounces at every

ope-~
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operation, or 20 ounces in a-ton of.
the lead. The litharge ordinarily’
obtained from three tons of lead:

e amounts to 58" hundred weight; this*
litharge may either be changed into
red lead by calcination, or it may.be
reduced into lead again by being
fiuxed with charcoal, or any other
matter containing the inflarthmable
principle,* but when it is reduced
they feldom *obtain more than s2:
hundred weight of lead,{ fo that.by

* ex-.

* Lead from litharge is, generally- {peak-
ing, worth five fhillingsa ton more than ore
lead, as the plumbers efteem it fofter and Ettcx
for making fheet lead; yet the lltharge lead’
from the ore of the Ifle of Man here mczltxon-
ed, was found quite unfie. for making. ﬁlcet
lead, on account, probably, of the ore h;vmg
held other metals bcﬁde fi lvx:r and lead .
+ In the forclgn works they cﬁxmate the
hois of w clghtkwyfuch the litharge fuftaigs i
being
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axtralting the filver, there is a lofs
of eight hundred weight in three
tons of lead. It has been faid that
the Dutch can extra&-the filver from.
three tons of lead, and not lofe above
fix hundred weight * upon convert-
ing the litharge into lead, and that
this fuperior fkill, aided, probably,
by their fuperior induftry, enabled
them to purchafe our lead, and to
extra& the filver from, fuch as could
not be refined here with advantage:
Y have been informed, however, by
an experienced refiner in Derbythire,
that he could extratt the filver with-
out lofing quite fo much as fix hun-

dred

‘eing redueed 'mtotiead, at a fixth part of the
weight of the litharge, or g3 hundred weight
from 58 hundred weight of litharge. Effais
des Minegy"Fom. IL p. 401,

# Webfler's Metal, p.231.
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dred weiglit in three tons of lead; ¥
“make no queftion that the lofs de=
pends, in fome meafure, on the qua~

lity of the lead. It has been re-
marked before, that lead, which dqgs:
not contain *nife ounces of filver in:

a ton, is not thought worth the re-

fining ; the fmalleft quantity which.

canbe extratted with profit, muft

depend much upon the price of lead,.

all expences attending the feveral

procéﬂes being the fame. For eight
hundred weight of lead, which may
be-affumed at a medium as the lofs-
fuftained during the opérations of

refning and reducing, is worth 6l.

when lead is at 15k a ton, and: it is-

worth only 41 165. when it s at

121. a ton. The value of 27 oqﬂeea

 of filver, which we fuppofe to wtm
guantity fc,garable from chrce jtons
of
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of lead, is 7l. 10s. 9d. at zs. 7d. am
ounce; hence, the difference be-
twgen the value of the filver obtain-
ed and that of the lead loft, would,
when lead is at 15l. a ton, be
1l. 1cs. gd. and when dead is as low
as 12]. aton, it would amount to
2l. 14s. gd. In the times of Sir
Fobn Pettns, the ufual allowance for
wafte in refining and reducing of
lead, was three hundretl weight ina
ton, or nine hundred weight in three
tons, and the lead ‘was valued at
12l. a ton,* fo thatlead has altered
very little in its price in the courle
of above one hundred years.

Silver is heie valued at zs. 7d.
an ounce ; this(requires fome ex-
plination. A pound of fendard
filver in England, conﬁ[}s of 11

’ ounces
® Fodinze Reg. p: 10 )
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ounces and 2 pennyweights of fne
Tilver, and of 18 pennyweights of
copper; in other words, every mafs
of flandard filver confifting of 40
parts by weight, is compofed of 37
parts of fine Alvér, and of 3 parts of
copper ; the copper is called the a/-
loy. All nations ufe fome alloy both
in their gold and filver; partly with
a view of rendering thefe merals
‘harder, and éartly becaufe it would
require much Jabour and expence to
free them wholly from that fmall
portion of copper, which in their
ordinary ftate, as fluxed from their
ores, they are generally ‘found; to
contain.” A pound of jandard ﬁfver
is coined into 62 fhillings, hencéthe
‘Mint_price of an ounce of fandard
filver would be a twelfth part of 62
dhillings, or 5s. 2d, From hénce

6 it
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it might-be fhewn, by the nile of
proportion, that the market price of
an.ounce of #re filver, which con-
tains no copper, will ‘be ¢s. 7d. a¢
tbe leaft. The market price of fil-
-ver bullion does ndt wholly depend
-on the mint price, it can never be
-Jower than-that, but, from the ope-
ration of various caules, it may ex-
ceed it. t—Standard gold with us
confifts of 11 parts of Jine gold, and.
of 1 part of copper, or of a mixture
of flver and -cepper ; anda pound
-or 12 ounces of ftandard gold, s
coined into 44% guineas ; hence the
price of an ounce of ftandard gold is
3L 17s. roid. and the price of an
.ounce of fine goldds 4l. 4s. 113d.
Foreign gold trinkets ftain the
-hands more, and have a-more cop-
pery
. 4 ‘Effay on Money and Coins, p. 2. and 55.
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pery look than Englifh ones; and -
in fa& they are made of gold which
is alloyed with a much greater pro-

sportion of copper, than the ftand-~
ard gold of England ; yet, when ap
cnamel is to be fixed on gold, one
of the moft ex,pcncnccd of the fo-
reign enamellerst recommends. the
ufe of gold, which has the fame al«
loy as the Englifh ftandard -gold, or
two parts afloy, and twenty-two
parts of fine gold

Copper communicates a fmell
.both to gold and filver. The Ro-
man [pecula, whichthey ufed aslook-
ing glafles, in Plimy’s time were
commonly made of filver, but the
filver was alloyed with much cép-
per; for ‘we-find a cunning waiting
~maid 'in Plastus advifing her njif~

trefs
4+ M. de Montamy. Traité des Couleurs,
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tréfs to wipe her fingers after hav-
ing handled a fpeculum, left her
paramour, from the fmell of her
fingers, fthould fufpel her of having
received filver from fome other
lover.

Ut fpeculum tenuifti, metuo ne oleant argen-

tum manus,

Me ufque argentum te accepiffe fufpicetur
Philolacles. *

* Plaut. Moft, AG. L

ESSAY
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CF RED AND WHITE LEAD.

[ F the reader does not know what

minium or red lead is, 1 would
wifh him to fend for a few ounces
of it to his painter or apothecary.;—
Suppofing him to have a parcel iof
red lead before his eyes, the figfk
thing which will ftrike him is its ¥i-
vid 'colour verging a little towaéls
orange; if he crumbles it betwegn

YoL. NI Y his
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his fingers, he will find it to be an
almoft impalpable powder; if he
poizes it in his” hand, he will. per-
ceive it to be much heavier than,
éither. brick duft or red ochre,
with which fubftarces it is fome-
times adulterated; if he compares
it with a piece of lead, he will be
aftonifhed how it can be either pro-
duced from lead, or be capable of
being, by a very flight operation,
reduced into lead again.
. It has been mentioned in the pre-
ceding Effay, that red lead is made
from litharge at. Hholywell: this red.
lead, which is'made from litharge, is
not perhaps, in all its properties, of
quite the fame kind with that which
is made dire&ly from lead; at leaft
1 have been informed, that the mak-
ers of flint glafs, who ufe much red

; ' lead
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fead in the compoﬁnon of that glaf's,
are of opinion, that the litharge red
lead does not flux fo well as that
which is made from the.direct cal-
cination of lead, as is pra&ifed “in
Derbyfbire. "Thereare in that country
nine red-lead mills or furnaces, all of
which are much upon the fame con-
firution. .

The furnace is very like a baker’s
oven, its vauited roof is not at a great
diftance from t.he bottom or floor, on
each fide of the furnace there are
two party walls, rifing frem the
floor of the furnace, but not reach-
ing to the roof; into the mtervals,
between thefe walls ,and thc fides of
the furnace, the pit-coal is put, the
flame of which being drawn over
the party walls, and ﬁnl&jnrf upon
the roof, is- from thence reflected

Y 2 " down
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down upon the lead, which is placed
iin a cavity at the bottom, by which
means the lead is foon melted. The
furface of melted lead, when expofed
to the opén air, inftantly becomes
covered with a dufky pellicle ; and
this pellicle being removed, anather
is formed, and thus by removing the
pellicle, as faft as it forms, the great-
eft part of the lead is'changed into
a vellowith green powder.  This
yellowilh powder is then giound
very fine in a mill, and being wathed,
in order to feparate it from fuch parts
of the lead as are ftill in their me-
tallic ftate, it becomes of an uni-
form yellow colour, and, when it is
dried to a proper confiftency, it is
thrown back again into the furaace,
and being. conftantly ftirred, {o that
all irs parts may be expofed to the

' action
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ation of the flame of the pit coal,*
in about 48 hours it becomes red
lead, and is taken out for ufe. ',

The colour ‘of the red lead admits
fome variety, which is occafioned by
the differentedegrees of heat. If
the heat is too fmall, inftead of red
it i$ yellow or orange coloured; if it
is too great, the red colour is chang-
ed into a dirty ‘white; between thefe
two extremes 1t is fubject to fome di-
verfity of thades of red, which cannot

well be noticed or defcribed, except
by thofe who are engaoed in the’
making of it, ‘

It has been afferted, that the re-
verberation of the flame and fmoke
upon the furface of the - legd is not~
a neceflary circumftance- mg:vmg it
a red colour #; but that itiwill ac-

Y 3 4 . quire

« Iaftit. de Chym, par. M Demachy,p §as.
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guire this colour by a long calci-
nation without coming jnto. contact
with the flame. The truth of this
affertion I think may be doubted. [
have more than once calcined lead
for above 60 hours,, without fuffer-
ing the flame of the fire to touch it
during any part of the procefs, but
by this method I could never obtain
* any thing better than a dirty red,
refembling the red of brick duft,

which is very different from the
colour of red lead; ‘and even this

dirty red was changed into a yellow

‘colour, by augmenting the degree of
heat with which the lead had been

calcined. The method of making

red lead is very well underftood in

England and Holland, but not in

France; and she Frenchi workmen are

‘ of
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of opinion that it -cannot be made

by the flame of wood fres*.
During the making of red lead,
part of it is. volatilized, there “rifes
ap from it a vapour, which attaches
itfelf to the roof af the furnace, and
forms folid lumps. Thefe lumps
are of a yellowith white colour mix-
-ed with pale green and {ome reddith
ftreaks, wherein are frequently fmall
red cryftals, refembling fuch as-iay
be artificially formed by fubliming
fulphur and earfenic together. The
workmen call the whole of what is
feparated from the legd-in the form
of fmoke, fulphur: when this fub~
limed matter is detached from the
roof of the furnate, thé red parts

3
* Mem. de PAcad. des Sclen. 1770~
Elemens de Mineral. par M, $age, Vol. 1L
P 248. . ) '
Y 4 are
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are " converted by.a fubfequent pro-
cefs, into red lead; and the yellow
ones are fent to the fmelting fur-
naces, to be run down again inté
lead. The quantity of this fubli-
mate amounts to abopt five hundred
weight in making ohe hundred.tons
of red lead.  The proportion -here
affigned is not wholly to be relied
. on, fince the fmoke arifing from the
- leid forms itfelf into larger maffes,
and in lefs time, when it is not con-
frantly fwept from the roof-of the
furnace than when it is; and the
workmen endeavour 0 keep the
_roof as free from it as they can, be-
caufe a fmall porsion of it injures
the colour of a Jarge quantity of the
red lead with which ithappens to
~ be mixed. o
A ton or twenty hundred weight

AR - of
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of lead generally gives twenty-.two
hundred weight of red lead, notwith-
ftanding the lofs of fubftance whzch(
the lead evidently fuftains from the
capious fmoke which arifes from it
during the gpegation. Some authors
tell us, that the idcreafe in the weight
of the red lead is double what T have
-here mentioned : thus, Orfchall fpeak<
ing of the red lead made at Nurem-
berg, affuresaus, that 100 pounds of
lead yield 120 pounds, and fome-
times even mbre, of red lead*. It
is not impoffible that, according to-
the different manners of condulting’
the procefs, there may be a differ-
ence in the quantity of weight which-
the red lead acquires: I Had my in- -
formation from fome offthe moft
: | % expe-
- % Orfch. Metal. French Tranf.j P+ 100, ——
M. Sage’s Miner. ¥ol. 11, p. 384.
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experienced rhakers of red lead in
Derbythire. There have been great
difputes amongft philofophers, to
‘what principle this increafe of weight
Jhould be afcribed; fome have attri-
buted it to what they call the matter
of fire ; others are upen good grounds
«convinced, that it is owing to the
abforption of the air itfelf, or of
{ome of the principles of which the
:air confifts; This hypothefis con-
-cerning the fixation of air during the
«calcination of metals, is faid to have
sbeen firft advanced by Fobm Rey, a
French phyfician, in 1630; Dr. Hales
-was partly of the fame opinion*;
-and Dr. Pemberton very exprefsly af-
#irms, that calcined metals receive
stheir increafe of weight from the air,
awhich, * by aé‘tmg on the inflamma-
ble
® Veget. Stat.
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ble fubftance, either in metals of
other bodies, expels it from them,
and unites itfelf (in part at leaft) to
the remains ‘of the body*.” The
ingenious labours of Dr. Prigftley and
of M. Lavgifier have confirmed the
conje&ures and ‘experiments of for-
mer philofophers, for they have
clearly proved two points — firit,
that a-large ‘portion of air may be
Jfeparated from red lead, by reducing
it to the ftate of a metal;— and
fecondly, that a large portion of air
is abforbed by lead during-the calci-
nation, by which it is reduced to
the ftate of red leadt.

During the calcination ‘of lead, it
is certain, from what has been faid,

that
# Pember. Chem. p. 245. .
1 Prieflley’s Exper, and Lavozﬁe:s Eﬂ'ays..
tranflated by Henry, ‘
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that much of its fubftance is difperf-
ed into the air;-this fubftance may
indeed be feen afcending as a fmoke
from the furface of the lead, if the
heat be fo great as to make it boil;
and in a lefs degrée of heat, the va-
pour which afcends from it may be
rendered vifible, by holding over it
a wet iron ladle to condenfe it. But
at the fame time that the lead lofes
conliderably of its wefght by the,
volatilization of part of its fubftance,
it receives fuch an acceffion of new
matter from the air, as renders the
weight of the part which remains,
much greater than that of the whole
lead which was expofed to calcina-
tion. This accelfion of aérial matter
inay be driven off from red ledd, by
reftoring to it the inflammable prin-

ciple whlch was confumed during
- ' rlw'
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the calcination ;. but after this extra~
neous matter is driven off by. re-
ducing the lead, ‘we ought<rot to
expet that the léad, which’is this
brought back to its former ftate,
fhould weigh 26 much as it ‘did be-
fore it was calc.i—néd; becaufe that
part of it which was volatilized and
difperfed into the air cannot be re-
covered. And in fadt, it was obferved
in the 1af® Pffay, that three tons of
lead, when converted by calcination
into litharge,” had loft two hundred
~weight; this quantity, and, probably,
much more than this, had been vo-
latilized and loft, for the remaining
fifty-eight hundred weight confifted
partly of the earth of lead,:and partly
of the air which had beenifixed in it
during the calcination’; and hence,
when it was reduced, it dig not give
~ above
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above fifty-two hundred weight. Ir
calcining then, ‘ahd reducing fixty
hundred weight of lead, there is 2
lofs of eight hundred weight : a great
part of this lofs is rightly referred to
the volatilization of theolead, but a
part alfo may juftly erough be re-
ferred to the fcorfa which remains
after the redu@ion of the litharge
into lead, that operation being fel-
dom performed fo accurately as not
to leave fome part of the litharge
unreduced. I have here fpoken of
the lofs of weight fuftained during
the reduction of litharge, as if it
was the fame a3 that which red lead
fuftains; ‘ there probably may be
fome difference between them, but
the general in_ferente is the fames;
and I have been informed morcover,

that there is neither increafe norde-
creafe
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creafe in weight in converting lis
tharge into red lead#, :

In making red lead in Derbyfhire,
the workmer mix one hundred
weight of flag lead with about eigh-
teen hundred. weight of ore leads
and they are perfuaded that this flag
lead has a great effect, in accelerating
the converfion of the other lead into-
an earth. ¥, when mixed with
lead, very mmch promotes its. calci-

nation.; and the flag lead has this
14 wo-‘

* Phis obfervation does not accord with-
that of the author of the Familiar Difcourfe:
concerning Mines, p. 34, ~—— ‘20 hundred
weight of this litharge will produce 22 hune
dred weight of red lead.”” Aunother author
informs us that 2o pounds of lead will, by a
long calcination,, give 25, pounds of afhes, and-
that thefe 25 pounds of athes will, when re-

duced, give 19.pounds of lead.. Lemery Couss:
de Chym. p. 145
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property in'common ‘'with a mixture
of tin and’ léad; that it does not,
when mielted, exhibit any colours on
its furface : may not its properties,
by which it is diftinguifhable from
ore Jead, arife frorm its containing
zinc or tin ? ‘We are too apt, [ think,
to look upon the ores of lead as con-
taining only one metal ; fince we are
certain that they all contain two,
namely, lead and filvers and it may
be, that they contain other metallic
fubRances, particularly zinc and tin.
~ In converting a ton of lead into
red lead, the workmen obferve, that
towards the end of the opcfation,
a few pouncls of lead, are "always
found to rcmam, which cannot be
changcd m red lead, with the fame
faCIhty  which ordinary lead is

dxanged ‘When'T was firft mforme&'
“of

4‘
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of this circumftance, I confidered
it in the following manner.—Der-
byfhire lead, though it does not con-
tain filver enongh to render the "ex-
traltion of it profitable, yet it gene-
rally contains five or fix ouncesina

n: filver is nut capable of being
converted into an earth by the ac-
tion of air and fire, when therefore
a ton of lead is converted, as to its
greateft part, into red lead, why may
not the fix ounces of filver contained
tn that lead be left unaltered ? and
may not the fuperior difficulty of
reducing the laft portion of the lead
into-red lead, proceed from hence,
that it is much more impregnated
with filver, than ordinary "lead is?
Under the influence of thi§ conjec-
ture, I procured from Dérbythire,
{ome of the ‘lead which i'cmamcd
~¥OL., 11, - L un-
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ug:glcm;d in the making of red
Tead, "and I affayed it for filver,
but it did not contais more filver
thai many fpecimens of ore lead
'contamcd
“ 7t has been remarked more than
once that red lead ‘mdy be reduced
into.lead, by being melted withrofin,
tallow, charcoal, or any fubftance
containing the inflammable princi-
ple. The proof of this is very eafy;
a few grains of red lead being fcat-
tered on a piece of red hot-charcoal,
will, be changed into globules of
lead ; or if the reader burns a com-
mon red wafer in the flame of a
candle, holding a picce of white
paper under it he will fee many
red-hot globules falling upon the
paper, and thefe globules he will find
to be lead': this lead. proceeds from
the
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the red lead with which ordinary

wafers are’ coloured, being reduced
into the ftave of a metal, by upiting
itfelf with the inflammable principle.
The beft wafers are coloused with

'vermlhon-—powdcrcd cinnabar®,

Having been® difappointed in the
expeltation of finding a large pro-

portion of filver, in the fmall refidye *
of lead remaining after the conver-
fion of ordinary lead into red lead ;
and being unwilling to give up the
notion, I wasdefirous of convincing
myfelf that I had not been guilty of
sy miftake in the affay that I had
made, by trying whether red lead it.
felf did not contain filver ; for if red
lead co‘ntaim’:d fitver, I faw Eo reafon
. to

* Cinnabai i is, an ore of qmckiiver, it,is
gompofed of ‘guickfilver and fulphir gene-

sally of 7 parts of qmckidvcr to1 of fulphur.
z2
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to be furprifed at the refidue, before
mentioned, not containing more than
1 found it todo. I therefore re-
duced a quantity of red lead into
the Rlatg of a-metal, by melting it
with. rofin ; this reduced lead was
carefully affayed more thaq once,
and it always aﬂ"orded a portxon of
 flver. - Heace we may conclude,
that the filver contained in lead,
though it be not fubjet to calcina-
tion during the procefs of making
red lead, is neverthelefs mixed with
the calcined lead in fuch a commi-
nuted ftate, as to cfcape our fenfes
the filver, probably, is ftill in the
[orm of filver, but its particles are
o indefinitely fioe, that they can-
not be. diftinguithed in the mafs of

red lcaé which contains them.
T hc method of making flag lead:
has
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has been defcribed before ; I afflayed
this kind of lead feveral times, and
I fometimes obtained from it 3 glo-
bule of filtér, at other times there
was no appearance of filver. This
difference ia the refult of the affays
is not to be attributed to any differ-
ence in the quality of the flag lead
which was affayed, for all the pieces®
which I tried were cut from the
fame lumpy but to the diffcrent de-
grees of heat ufed in the operation ;
when the fife was too ftrong, the
filver, 1 conceive, was volatilized,
Silver, I know, is looked wpon as a
Jixed metal, and not capable of being
volatilized ; and the lofs of filver,
when the fire is too ftrong, his been
attributed to Its not being volati-
Tized, but abforbed by the cipel = I
have no obje@ion to this account ¢

' z3 - " bug
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‘but ‘that the volatilization of filver
‘on the cupel is no unwarranted con-
je€ture, appears from hence, that in
the daft procefs of refiring lead for
filver ag Holywell, fo much of the
filvér is carried into the chimney of
the furnace, that they have pro-
cured a filver cup from melting the

. fweepings. '

A great quantity of lead is annu-
ally importeg in the tea boxes from
China ; a Congo box contains about
10 pounds, and an Hyfon box about
4 pounds of Jead ; I have frequently
affayed this lead, and always found
that it contained filver, but not in
guantity fufficient to quit the ex-
pence of extracting it.

Pure lead is heavier than pure ﬁl-
ety and the purer the lead the great-
er is .its weight; I calculated the

weight
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weight of 2 cubic foot of five differ-:
ént forts of lead: . e

Weight of u cubic foot oft =,
Avoir. 6z,
Lead from the reduétion of réd lead 11160
Lead uncalcined in making red kead - 11331

Lead {melted fronranore - - - - 11362
Lead from the flag of a cupola furn. 31212
Lead fromateabox - - « - - 11176

. B ‘e

The experitments from which { form-
ed this table were repéated at dif-
ferent tirhes, and the méan of feve-
ral trials in the refpective forts is
exprefled. A cubic foor of fine
filver weighs 11091 ounces *,

The following affays of the feveral
leads here mentioned, were _:tnad,c by
an experienced dffayér in Eondon’;
they are very little different from

! thofe

* Cotes.

Z4
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thofe. which.} . myfelf had made, buc.
I was defirous that the reader might
rely ypon the authority of a perfon
verfed in the particular bufinefs .of
affaying;. rather than upon mine.

[} €
Fine filver ina poynd of

e Grains
Lead from the reduftionofred lead - 1}

* Lead uncalcined iri making red lead 12
Lead frmclted froman ore = = - 13-
Lead from the flag of a cupelafurn, - »}

Leadfromateabox - - - - - 3%

From-comparing the two tables
together, we fee chat the heavieft
lead contains the leaft filver. 1do
not think, that perfons interefted in
knowing the quantity of filver con--
tained in any particular fpecimen of
lead, fhould reft fatisfied with affay-
ing fo fmil a portion a¢ a pound,
efpecially if no notice is taken of

4 - any
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‘any~welght lefs ‘than” ofte fourth of*
a grain.

'White kead, or cerafe, is leal vor- *
roded by vimegar. Thin plates of "
lead are rotled up in a Ipiral fosm,
and placed ™n &arthen pots contaimr-
ing vinegar ; thefe pots being ranged
on proper ftages, and their mouths
being covered in fuch a manner as
to permit the vapour of the vinegar
to efcape, and at the fame time to
prevent any impurity from falling
into them, a quantity of horfe-dung
is thrown in amongft them; by the .
heat of which, as it grews putrid, .
the vinegar is raifed in vapour, and
this vapour attaching itfelf to both
fides of every fpiral of the lead,
which is fo placed as not to touch -
the vinegar, it corrodes the lead ingo
white fcales, which being bht off

= - from
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‘from the plates, wathed and ground
ina mill, conftitute the white lead
of the fhops, excepting that this is
" generally, even before it gets into
the hands of the painters, adulterat-
ed with chalk. Cerefé was for-
merly made by thé vapour of putrid
urine inftead of vinegar, The time
when this preparation of lead was
firft difcovered, is wholly uncertain;
Disfeorides fpeaks of its being made
in great perfetion at Rhodes, Corinth,
and Lacedemon, and of an inferior fort
of it at Puteoli *; and Pliny defcribes
two ways of conducting the opera-
tion, both of which are now in ufet.
‘The Roman ladies were well ac-
quainted with the ufe of cerufe asa
cofmetic : Plautus introduces a wait-
- | ing
* Diol, 18§ V. C. 103,
¥ Lib XXX1V. S. 54.
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ing woman refafing to give her mif«
trefs either cerufe or rouge, becaufe,
forfooth, in the true fpirit of a fiat-

otering Abigail, Yhe thought her quite
handfome enough without them¥,

I fuppofe the Chrjftian ladies in the

days of S¢, Jerome, were given to this
pagan cuftom, for the venerable fa-

ther inveighs very forcibly againft

‘ the

¥ e nion do, fcita es tu quidem,
Nova pictura interpolare vis opus lepidiffie-

mum, o
Non iftanc ztatem oportet pigmentum ullym-
attingere,

Neque cerufam, neque melinum, neque xliam:'
ullam oifucxam.
Plaut. Moft. A& I
Quid faciat in facie Chfiftian= purpuriffus
et cerufa, quorum alterum ‘ruborem gendrum,
labiorumque mentitur, alterum candbfery
oris et colli, ignis juvenum, fomenta fibidi~
num, impudice mentis indicia. Hierep, a&
Fufcum, : i
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the ufe of rouge for the lips and
cheeks, and of cery/e for the face and
neck, as incentives to luft, and indi-

cations of unchate dcﬁrcs. With-
qut prcfummg to explore the arcana
of a lady’s toilet,« or to reveal the
arts by which my fair countrywo-
men endeavour to improve charms
naturally irrefitible, [ would add
to the admonition of St. Jerome, a
caution more likely, in thefe dege-
herate times, to be attended to —
the certain ruin of the complexion,
to fay nothing of more ferious mala-
dies, which muft ever attend the
conftant application of this drug.
Nor is the magifiery of lifmuth or
Spanifb white, as it is called, much
lefs pernicious than cerufe, notwith-
ftanding its being in fuch repute in
London, that the chemifts can harcly
prc-
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prepare it faft enough to fupply the
demand for it*, But if, as is moﬂ'
probable, they will negle& this cau-
tion, I warn them, howcvcr, to f'c'w-
bear the ufe of fuch wathes at ,Har-
rowgate, Moﬂ"at,and other places &f
the fame kind, left they thould be in
the ftate of the unlucky fair one,
whofe facé, neck, and arms were
fuddenly defpeiled of all their beau-
ties, and chapged quite black by a’
fulphureous water. Indeed, allph]o.
giftic vapours,.and even the fun it-
felf, tends to give both the magx&ery
of bxfrnuth, and cerufe, a yellow co-
‘lour: this obfervation may explain

aline

" # The magiftery of bifmuth is miade by
diffolving that femimetal in aqua forgls, and
precipitating the-diffolved bifmuth fvpm the
.acid, by water, ,

3
3
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akine in Martial, where a ceryfed
Aady is faid to fear the fun*®.
. Other fluids, befides the vapour
«of vinegar, corrode lead into a kind ,
of cerufe,” When plumbers ftrip
tke roofs of churches, or other build-
ings covered witl lead which has
lain undifturbed for many years,
they ufually find that fide of the lead
which is-contiguous to the boards,
covered with a’ white pellicle, as
thick fometimes as an half crown ;
this pellicle is corroded lead, and is
as wleful for painting, and other
purpefes, as the beft white lead. The
lead on the fouth fide of any build-
u:.g is found to abound moft with

: - this

, ¥ mmgBetata timet Fabulla nimbum,
. CeruBiga timet Sabella folem,
Mar, Ep, Lib. II. E, XLL
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this white cruft; that on the notth
fide having very little, or none at alt
ofit. It is believed alfo, that lead
which lies on deal boards, is not fo
apt to be covered with this white in-
cruftation, as that which lies upen
oak: if there Be any truth in this
ebfervation, it may, perhaps, be ex=
plained from hence, that oak con-
tajns 2 much ffronger acid than deal,
and this ftrong acid being diftilleds.
as it were, by the heat of the fun.in
fummer, attaches itfelf to the lead;
and corrodes it: or this corrofien
may be the effet of the fun and ain,
which, by their conftant atios, cala
cine or corrode the l¢ad; and this
calcined lead not being wathed off
by the rain, may, in the courfe of a
great many years, form the cruft
here fpoken of. It might be worth

A B “while
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while, in a philofophical view, to
examine more minutely than has
been done, the difference between
old-lead which has loft fome of its
parts by long expofure to the air,
ard new lead. The plumbers have
affured me, that if a-pig of old lead,
and an equal pig of new lead, be
put together-into the fame iron pot,
and expofed to the fame degree of
heat, the new lead will be melted
much fooner than the old lead. An-
other difference betwixt them, re-
{pe&s the quicknefs with which they
may be reduced to a ¢alx, the new
lead being obferved to calcine much
fafter than the old.

Neither cerufe, nor litharge, nor
minium, have any tafte; but any of
thefe fubftances being boiled in di-
ftilled vinegar, which has an acid

- tafte,
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*tafte, will be diffolved in it; and the
folution being cryftaltized will give
one of the {weeteft fubftances id sa-
ture, called Saccharam Satyrni, or
fugar of lead. It is this property
which lead fias"ef acquiring a fweat
tatte by folution in an acid, that has
rendered it fo ferviceable to thofe
wine merchants who, refpeting their )
own profit more than the lives,of
their cuftomers, have not fcrupled
to attempt recovering wines, which
‘had turned four, by puuin‘g into
ther large quantities of c‘clufc or li-
tharge. I believe this adulccratlon
is punifhed with death in I'oxge narts
of Germany; and xt is to be. m{hed
that it met with that pqulzm»m
every where. In 1750, the ;farsmers
- geueral in France being aﬁon&{hgd‘at
the great quantities de in ga& which
VOL, 111 Aa bowge
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‘were brought into Paris, in order te
be made into vinegar, redoubled
theer refearches tofind,out the caufe
of the great increafe in that article ;
fos near thirty thoufand hogtheads
had been annually.brought in for a
few years preceding the year 1750,
whereasthe quantity annually brought
in forty years before, did not exceed
1200 hogtheads., They difcovered,
that-feveral wine merchants,.affum-
ing the name of Vinegar merchants,
‘bought thefe four wines (which were
Aill rendered more four by the cuf-
tom of pouring into each hogthead
fix pints of vinegar before it was
fold), and afterwards, by means of
litharge, rendered them potaole, am!
fold them as genuine wines *

. ' Our

* Exam%by. de Differ, Subf: par, M, Sage,

P 257+ ST .
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Our Englith vintners, there is rea-
fon to fear, are’ not lefs fcrupulous
in the ufe of this poifon than’the
French wine merchants; for it not
only correfts the acidity of four
wines, but it 'gives a richnefs to
meagre ones, and by this property
the temptation to ule it is much in-
cieafed, -
The reader may foon furnith him-
felf with the’'means of detecting lead
when dlffolved in wine, Let him
boil together In a pint of water, an
ounce of quicklime, and haif an
ounce of flour of brimttone, shd
when the liquor, which will be of a
ycllow colour, is cold, let hime pour
it into a bottle, and corking, it up,
referve it for ufe. A few drons of
this liquar being let fall ingo a glafs
cof wine or cider containing lead,
sAa2 - o wilk
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will change the whole into a colou:
more or lefs brown, according to the
quantity of lead which it contains;

N3 the wine be wholly free from Jead,
it will be rendered turbid by the ii-
quor, but the coloun will be rather
~a dirty white than a blackifh brown.
Van Helmont* was of opinion, that
:AParare{/’u:”madc no vain boaft, in
faying that he could cuie two hun-
dred difeafes by preparations of Iead;
but he does not tell us of the many
hundred perfons ke, probably, fent
to their graves by his attempt. Bu:
it “is .beyond my ability, and falls
not within my defjgn, ta difculs ei-
ther the falubrious or poifonous
qualities of lead’; efpecially as the
Iabours
* Adeo uwt.mon fruftra Paracelfus glotietuy

{olo plumbo forte ducentas morborum clafles

fuperase pofle.  Felm, Op. p. 565,
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jabours of Sir G. Baker* and Dr.
Percival+ have fo fully illuftrated
that fubjett. , ° .

Having accidentally heard, during
the printing of this volume, #hat
Dr. Priefifey'hadudifcovered a method:
of?e?ﬁcing red lead to its metallic
form, by melting it, in contact with
inflammable 4ir, by means of a
burning gldfs, I was very defirous of
having fo remarkable a faét confirm-
ed by other experiments. But being.
prevented by a bad ftate of,health-
from venturing into an elaboratory.
myfelf, I communicated my wiftey:
and ideas to an ingenious gentleman.
of this univerfityf, who has for fome-
yeaps been cultivating chemiftry with.

- . 4 pro=
# Mcd. E. 4 Eff, on the Poifon‘of Lead;.

1 Rev. Mr. Milner, A M. tdk)w- of

Queen’s College, i



C 374 )

;a'proper degree of enthufidfin, and
he has fucceeded in reducing red
leag by means of inflammable air in
the following manner. To one end
of mgl'afs tube, into the middle of.
which fome red lead’hall been put,

- an empty bladder was tied; 6 the
cother end 2 bladder full of inflam-
mable airy obtained frqm a {olution
.of iron in the acid of ;3itriol, was
faftened very clofe : that part of the
wbe, in which the red lead was
-principally Jodged, being heated al-
_rmoftired hot, by being held over a
-fafall crucible full of burning char-
*eoal, the inflanimable air was preffed
out of the bladder; at its firft paffage
-through the tube the red lcaa be-
.came brown, as if it had been mixed
© with fome eigaginous particles ; and by
-prefling ghgbladders alternately for
- a fhort
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a fhort fpace of time, the red lead’
was reduced into fmall globules of
lead ; the quantity of inflamfizble
air was fenfibly diminithed, a, part of
“it having been abforbed by the'red
Jead whaft it Bame a metal.
Occafion was taken in another
place to remark, the inflammabley
air, as a cr.fXituent pare of com-
. buftible bidies, bore a great refem-
blance to phlogifton*, and a doubt
aifo has beenyexprefled, whether the
phlogifton of metallic fubft='ces be-
not an elaftic inflammable Auvid, this:
experiment, in which lead is redu&d
by abforbing inflammable air, tends
very much to ftrengthen that hypos
theps,'and I doubt not we fhall fee
reafon to admit it without hefitation,
when the fubje&t has been miore in~
vefégatcd,

* Vol I p. 33%‘
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‘memtgated ; at prefent [ do not
&mew whether it has been proved

t)-at the whole of any definite quan-
~tu:y of inflamimable air can be ab-
,ﬁa v=d by a metallic earth, nor, if
ib -¢annot, what th_ natvre of the
dfsmamder is.: but the removal of
Eﬁcf'e, and other doubts, will be beft
.accomplx’hed by the ~hility of him,
A ‘._"N'-homwn owe the firt. fuggeftion
P "'\‘.hﬁ phiogifton of metaliic {ub-

&lﬁgﬁ&b@&nv an tafiammable air.

Fma
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