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OF THL COMPOSITION AND ANALYSI
QF GUNPOWDER.

UNPOWDER is an artificial’
T compofition, conﬁﬁingof/}lt;
petre, fulpbur, and charcoal. ‘The
principal thinagto be refpegted in
the making ot gunpowder ar?,——thé'
goodnefs of the ingredients;—the
manner of mixing them ;—the pro-
portica in which they are to be com-
bined ;—and the drying ot the pow-’
der after it is made.
, VoL, L A .Salts
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;‘h&ltpetre, in.its crud. f ?, whe-
er it be %ught fmmﬂ‘ﬁe Eaflt
Indies, or mﬂ'd‘e iiy Europe; is gene-
rally, if net umver'ﬁ\lfy, mixed with
a greater or lefs portion of common
falt: now a fmall pertion of common
falt injures the goodnefs of a large
qusntity of gunpowder ; hence it be-
comes neceflary, in making gunpow-
der, to ufe the very fineft faltpetre.
+The pureft fulphur, is that which
.15 1old in the fhops under the name of
Towers of fulphur; but the roll ful-
phur, being much cheaper than the
flowers of fulphur, and being alio of
a great degree of purity, it is the only
fort which is ufed in the manufac-
‘turing of gunpowder.—Withrelation
to the charcoal, it has been generally
believed .bat the coal from foft and
light woos was better adapted to
4 the
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,the mak¥ng/ of gunpowder, than that
from the haid and heavy ones; thus
Fvelyn {ays of the hazel, that it made
one of the beft coals ufed for gun-
powder, being very fine and light,
till they found alder to bemore fit*.”
And in another place he thinks that
lime-tre# coal is ftill better than tiat
from alder+. An emincat French
chemift has thewn, from actual ex-
periment, that this opinion i fa.
vour of coal from light woods s ill
founded ; he affirms, that powder
made from lime-tree coal, or even
from the coal of the pith of eldef .
tree, is in no refpett preferable to
that made from the coal of the hard+
¢ft woods, fuch as guaiacum and

© oak.

* Evelyn’s Silva, by Dr, H;:nttr, i!. 223

1 1d. p. 9460
Az
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oak¥*. This remark, if'ig be con-
firmed by future experience, may
be of ufe to the makers of gunpow-
der; as it is not always an eafy mat-
ter for them to procure a fufficient

quantity of the coal of foft wood.
The -mixture of the materials of
whith gunpowder is made, fhould
be as intimate and as uniform as
pofiible ; for, in whatever manner
the explofion may be uccounted for,
‘it is certain that the three ingredients
are neceflary to preduce it. Salt-
peure and fulphur mixed together
give no explofion ; fulphur and char-
coal give no explofion; and though
faltpetre and charcoal, when inti-
mately mixed, do give an explofion,
yet it is, plobably, of far lefs force
than what_ 1s’ produced from a mix-
" ture

‘,;m'nym.'par M. Baumé, Vol. I p. 43¢
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Jture of fl.i,e three ingredients. T have
faid, probably ; becaufe this point
does not fecm to be quite fettled at
prefent, as may appear from the fol-
lowing opinions, of two eminent
chemifts, each of whom appeals to
experience.—* Un mélange de fix
onces Ce nitre et d’une once «de
charbon produit une poudre quia
me:tié iioins de force que toates cel-
les dans lefquelles on fait entrer du
ioufre : cette fubftance ¢ft donc*abfo-
lument effentielle 4 la compofition
de la poudre.  Dans le temps que
je travaillois [ur cette matiere, qué-
ques particuliers propoferent de faire
de la poudre fans foufre: ils pro-
mettoient qu'elle feroic plus forte,
—1L.a poudre'dans laquelle on fait
entyer une petite quan?xté de foufre,

Az ' aug-
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augmente de force du\ dowble*."—
s The principal ingredients of gun:
powder, and thofe to which it owes
its force, are nitre and charcoal ; for
thefe two ingredients well mixed to-
gether, conftitute gunpowder at leaft
equal, if not. fuperior in firength 1o
common gunpowder (as I found by
experience), and may be fcen in the
Memoire of Count Saluce inferted
in the Melanges dv Philofophic et dv
Afalbematique:, de I'.dcademie Royale
de Turin, The fulphur feems to ferve
only for the purpofe of fetting fire
o the mafls with a lefs degree of
heatt+.”—I1f I may truft fome crude
‘experiments which I have made with

g a com-
‘ * Chy. par. M. Baumt, Vol. L. p. 461.
“ 4 Philof. Traif. 1779, p. 397, where the
Jeader will find feveral ingenious experiments

esatwc to the naturc of ympov.dcx by Di.
_mvm‘muf/
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a common powder Trier, I muft ac-
*cede to te opinion of M. Baumé ; as
I repeatedly found that equal bulks
of common powder, and of the fame
fort of powder, freed from its fulphur.
by a gente evaporation, differed
very much both-in the loudnefs and
force o the explofion; the powder.
which had loft its fulphur being in-
ferior to the other in both particu-
lars. It is not without reafon, that.
equal éulks are here fpecified, for
any definite meafure of comman,
powder weighs more than the fame
meafure of powder which has- lqft
its fulphur ; hence the refult of ex-
periments made with equal weights.
of thefe powders, will be different.
from that which is derived from the:
explofion of equal I/J.’é:,; may not
this obfervation tend to teconcile the

A4 ' opinions
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_opinions before mentidned ? But
whether fulphur be an abfolutely
neceffary ingredient in the compo-
fition of gunpowder or not, it is
gertain that an accurate mixture of
the ingredients is eflentially requi~
fite. 1In order to accomplifh this ac-
curate mixture, the ingredients are
previoufly reduced into coarfe pow-
ders, and afrerwards ground and
pounded together, till the powder
becomes exceeding fine; and when
that is done the gunpowder is made.
But as.gunpowder, in the flate of an
imwpalpable duft, would be incon-
venient in its ufe, it has been cufto-
mary to reduce it into grains, by .
forcing it, when moiftened with wa-
ter, through fieves of various fizes,

Thi ncceﬁ'xy of a complete niix-
!ﬁ‘-of the materials, in order to
i . 'have
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have good gunpowder, is fenfibly"

fclt, in the ufe of fuch as has been:
dried after having been accidentally
wetted. There may be"the fame
weight of the powder after it has'
been dried, that there was before it
was wetted ; but its ftrength is greatly”
diminiflted on account of the mix-"
ture of the ingredients being lefs:
perfect. This diminution of ftrength
proceeds from the water having djf-£.
folved a portion of the faltpetre (the?*
other two ingredients not being fo--
luble in water) ; for upon drying the-
powder, the diffolved faltpetre witl
be cryftallized in partieles much
larger than thofe were, whiéh enteted’
into the compofition of the gunpow-’
der, and thus the mixscurs: will b\:‘
lefs intimate and umfgrm; than {it
was before the wetting. ' Fhis wet-
ting
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.ting of gunpowder is often occa-
fioned by the mere moiftdre of the
.atmofphere, Great complaints were
made concerning the badnefs of the
gunpowder ufed by the Inglifh in
their engagement with the French
fleet off Grenada, in July, 1779;
thg French having done much da-
mage to the mafts and rigging of the
‘Englifh, when the Fnglifh fhot would
_not reach them. When this matter
,wés smquired into by the Houfe of
Commons, it appeared that the pow-
der had been injured by the moifture
of the atmofphere ; it bad concreted
nto large Jumps, in the middle of
:;\qhxch the faltpetre was vifible to the
jnakcd eye. If the wetting has been
"gonﬁ.dera[ble the powder is rendered
_wholly unﬁtlor ufe ; but if no fo-
reign fubftance has been mixed with
1t
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it except frefh water, it may be made
into oood gunpowder again, by be-
ing properly pounded and granulat-
ed. If the wetting has been oc¢z-
fioned by falt warter; and that to any
confiderable degree, the fea falt, upon
drying the powder, will remain mix-
ed with it, and may fo far vitiate
its quality, that it can never be ufed
again in the form of gunpowder.
1i6wever, as, by folution in water
and fubfequent cryttallizatiof, the
moft valuable part of the gunpowder,
namely, the faltpetre, may be ex-
tracted, and in its originak purity,.
even from powder that has beérk
wetted by fea water, or' otherwile
fpoiled, the faving a dam‘ged pow-
der, is a matter of natiopal’ &cdnomys.
and defervedly attendcd to - in tﬁie(
Elaboratory at Woolwich,
The
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The proportions in which: the in-_
gredients of gunpowder are com-
bined together, are not the fame in
different nations, nor in- different
works of the fame nation,. even for
powder deftined to the fame ufe. It
is difficult to ebtain from the makers
of gunpowder, any informatitn upon
this fubjec ; their backwardnefs in
this particular, arifes-not fo much
from any of them fancying them-
felves pofleffed of the beft poffible
proportion, as from an affettation
of myftery, common to moft manu-
fatturers, and an apprehenfion of
difcovering to the world, that they
do not ufe fo much faltpetre as they
ovght'to do, or as their competitors
Jif rade really do ufe.  Saltpetre is
not only a much dearer commodity
mun cicher fulphur or charcoal,. but

O e 1t



¢ 13 )
it enters alfo in a much greater pro-
porqon into the compofition of ‘guna
powder, than both thefe materials
taken together; hence, there 18 a
great temptagion to leflen the quan-
tity of the faltpetre, and to augment
that of the other ingredients; and’
the fraud is not eafily detected, fince
gunpowder, which will explode rea-
dily and loudly, may be made with
very  different quantizics of falt-
petre. R
Baptiffa Porta died ‘in thc year
1515; he gives three different pro-
portions for the making of! gunpow-
der, according as it was rqquxrcd to-
be of different ftrength®.’ I,havc
reduced his proportions, {¢ that the
reader may fee the quantities, of the
Jfeveral ingredientg, coftained in 100
. pounds

Mug. Nat, L, XIL ¢ 3
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pounds weight of each fort of pow-
der.

Weak, Strong. l Strongefi.

Saltpetre 663 1b. So
Sulphur x6’ u

Charcoal 16} 2 X

' 100 J

It is fomewhat rems.rkable, that,
in all thefe proportions, the fulphur
and charcoal are ufed in equal quan-
,t’jﬁe& Cardan died about fixty years
after Baptifta Porta, and in that in-
terval, the proportions of the ingre-
dients of gunpowder feem to have
undergone a great change, Cardan’s
proportions for great, middle-fized,
and, fmall guns, are expreffed in
the following table.

Salt-

* Card, Oper, Vol III. p. 379.



(15 ) WATIE

" Job
Gt. Guns. | Mid. ﬁzed. Smatl,-
*Saltpetre o 5olb. 66% 84
Sulphur 163 135 : B’%\"
Charcoal 338 20 8%
100 100 l 100

For great and middle-fized guns,
we fee a much greater ‘proportion of
charcoal than of fulphur, was ufed
in Cardan’s time ; at prefent, 1 be-
lieve, it is in moft places the re-
verfe, or at leaﬁ the charcoal <o
where exceeds the fulphur. I have:
put down the proportions ufed at
prefent in England, France, Swe-
den, Poland, and Italy, fox;‘ the belt
kind of gunpowder.

mum—@ Furkriataom Pubity 1
&%m . ....t}m' :
‘ ) N S t"‘
< R e
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Eng. | Fran. | Swed. | Pol. [Italy.
Saltpetre 75 [ 75 75 8o | ;64
Sulphur 15 9% 16 12 125
Charcoal 1o | 153 | 9 8 124

1oof § 100f | 12114

- —

100* | 100}|

Several experiments have been
lately made in France, in order to
determine the exat proportions of
the feveral ingredients which would
produce the ftrongelt poflible pow-
der; thefe proportiens waen reduced,
as all the reft have been, to the quan»

’ tity

" Thefe are faid to be the proportipns of

government powder.—Pemb. Chem. p. 207.

i Chem. Di&. & Baumé's Chem. Vol. I.
p. 4006,

¥ Mem, de Chem, Vol. IL. p. 425, where it
is faid, that two fpecimens of powder from
Holland gave only 711k, of faltpetre from 100
of powder.

+ Cowm. Scien, Bonon, Val. IV, p. 113,
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tity compofing one hundred pounds
of gunpowder, are

+

Saltpetre 8o Ib.

Charcoal 15

Sulphur 5
100

- From hence it ‘would appear, that
in a certain weight of faltpetre, the
powder would produce the greateft
cffe@, when the weight of the char-
coal was to that of the fulphur, as }
to 1. On the other hand, gxperi-
ments are produced from whi,‘?h itis
to be conclided, that in a ‘certain -
weight of faltpetre the beft powder
is made, when the fulphur is!to the
charcoal, in the proportion of 2 to. 1.
From thefe different accounts, it -
feems as if the problem of deter.

volL. 1, R mining
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mining the very beft poflible propor-
tion was not yet folved. . :
In drying gun-powder, after it is
reduced into grains, there are two
things to be avoided, too much and
too little heat. If the heat is too
great, a portion of the fulphur will
be driven off, and thus the propor-
tion of the ingredients being chang-
ed, the goodnefs of * the powder, fo
far as it depends on that proportion,
w111 be injured. In order to fee what
quannty of fulphur might be fepa-
rated from gun-powder, by a degree
;of heat not fufficient to explode it, I
took 24 grains of the powder marked
F ¥ in the fhops, and placing it on a
piece of polithed copper, I heated
the copper by holding it over the
flame of a candle; the gun-powder
foon fent forth a firong fulphureous
' ' + Vapour ;
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vapour; and when it had bccn%ric&
Yo long that no more fume or {fmell
could be diftinguifhed, the remainder
weighed 19 grains, the lofs amount-
ing to § grains. The remainderdid’
not explode by a fpark like gun-
powder, but like a mixture of falt-
petre ard charcoal, and it really, was
nothing elfe, all the fulphur having
been diffipated. Gunpowder was for-
merly dried by being expofed to the
heat of the fan, and this metliod is
ftill in ufe in France, and ‘in fome
other countries; afterwards a way
was invented of expofing it to a heat
equal to that of boiling water ;, at
prefent it is moft generally in Eng-
land dried in foves heated by great
iron pots:;; with any tolerablé caution
no danger of explofion ncca be ap-
prehended from this méthod, All

‘B 2 the
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the watery parts of the gunpowder
may be evaporated by a degree of
heat greatly lefs than that in which
gunpowder explodes, that degree
having been afcertained by fome
late experimeats, to-be about the
6ooth degree: on Fahrenheit’s fcale,
in which the heat of boiling water
is fixed at 212.  There is more dan-
ger of evaporating  portion of the
fulphur, in this way of drying gun-
powdcr, than when it is dried by ex-
pofure to the fun.

The ncceﬂ'zty of frecmg gunpow-
der from all its moifture, is obvious
from the following experiment, which
was made fome years ago before the
Royal Society. A quantity of gun-
powder was taken out of a barrel, and
-dried with "a heat ‘equal to that in
'which watér boils; a piece of ord-

narice
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nance was c‘hargcd with a certain
weight of this dried powder, and the
diftance to which it threw a ball was
markced. The fame piece was charg-
ed with an equal weight of the fame
kind of powder, taken out of the fame
barrel, but not dried, and it threw
an equal ball only to one half the
diftance. This effe& of moifture is
fo fenfible, that fome officers have
affirmed, that they have feen barrels
of gunpowder which was good in'the
morning, but which became (by at-
iralling, probably, the humidity of
the air) good for nothing in the even-
ing*. In order to keep the powder
Jdry, by preventing the accefs of the
B 3 air,
3

* —qu’ il avoit vu, dans les guerres d°
Itatie, quelques barrels de poudre qui étoit
bonne le mutin, et qui ne valoit sien Je loir.

104, Nat. de VEfpagne, po 82.
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air, it has been propofed to line the
-barrels with tin foil, or with thin
fheets of lead, after the manner in
which tea-boxes are lined*.—~Would
it not be poflible to preferve powder
free from moifture, and from the lofs
of a part of its fulphur in hot cli-
mates, by kecping it in glazed earthen
bbttles, or in bottles made of copper

or tin, well corked ?
This difpofition to attral the
“humidigy of the air, is different in
different. forts of powder, it is the
leaft in that which is made from the
pureltfaltpetre; purefaltpetre, which
Fas been dried as gunpowder is dried,
does not become heavier by cxpo-
fure to the atmofphere ; at leaft, its
increafe of weight is very fmall, not
amounting, as far as my experiments
' ‘ have

<

* I1ift. Nat. dcPEfpag.
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have informed me, to above one 72d
‘part of #s weight; 1 rather think
that it does not acquire any increafe
of weight. But faltpetre mixed with
fea falt, attraéts the humidity very
fenfibly, and hence, though there
fhould be the fame weight of faline
matter in a certain weight of gun-
powder, yet the goodnefs of the pow-
der may be very variable not only
from the forcign faline matter, be it
fea falt, or any other falt, mjiring
the quality of the powder as being
an improper ingredient, but from
its rendering the powder morc liabl=
to pecome humid.

Saltpetre being the ingredient, in
which there is the greateft room for
fraud, in the compefition of gun-
powder, and on the quantity of which
its flrength chiefly depends, the rea-

B 4 dep
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der will excufe the minutenefs of the
following procefs, to afoertain the
quantity -of falipetre contained in
any fpecimen of gunpowder.

Take any quantity of gunpowder,
pound it in a glafs mortar till all the
grains are broken, lay it before a
gentle fire till it be quite dry, in that
flate weigh accurately any quantity
of it, fuppofe 4 ounces; boil thefe
four ounces in about a _quart of wa-
ter, the boiling need neither be vio-
lent nor long continued, for the wa-
ter will readily diffolve all the fale-
petre, or other faline matter, and not
a jparticle of either the fulphur or the
charcoal of the powder. Inorderto
feparate the water containing the
faltpetre, from the fulphur and char-
coal, pour the whole into a filter
made of beown paper; the water

C@Nea
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containing “the faltpetre will run
through the paper, and muft be care--
fully preferved; the charcoal and
fulphur will remain upon the paper.
But as fome particles of faltpetre
will ftick both to the filtering paper-
and to the mafs of fulphur and char=
coal, thefe are to be repeatedly.wafth-
ed, by pouring hot water upen them,
till the water in r‘unning through the
filter is quite infipid ; then- we may
be certain, that we have all the falt-
petre originally contained in the pow=
der, now diffolved in the water, ~and
all the fulphur and charcoal remain-,
ing a mixed mafs upon the filter.
Thefe refpeétive quantities'maélr be
afcertained without much difficalty.
The water containing the diffolved’
faltpetre, muft be evaporated by a

gentle heat; the faltpetrescannot be
.. ! cva-



( 26 )

evaporated by the fame degree of
heat which evaporates the water, ull
the faltpetre then contained in the
gunpowder, will remain after the
water iy difperfed, and being care-
fully colleGted and weighed, it will
fhew the quantity of faline matter
contained in the powder. Dry the
‘mafs of fuiphur and charcoal, by
laying the filtering papet containing
it before the fire ; it fhould be made
as bdry as the powder was before it was
diffolved in the water: in that ftate
weigh the faltpetreand charcoal; and,
when the experiment has been accu-
rately made, the weight of the falt-
petre, added to that of the mixture of
fulphurand charcoal, willjuft amount
to four ounces, the weight of the
powder, The quantity of faline
matter cqntained in any fpecimen of
‘ gun-
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gunpowder, being thus afcertained,
its quality may,Be known by diffolv-
ing it in water, and cryflallizing it;
if any part of it cryftallizes in little
cubes, it is a fign that it c_pntains
fea falt; or if any part of it, after
being duly evaporated, will not cry-
ftallize, it is a fign that it contains.
another fort of impurity, called by .
faltpetre makers, the mother of nitre,.
which powerfully attrats the humi-
dity of the air.. .
The gunpowder marked rr, was.
analyfed in the following manner..
Twenty-four grains, by evaporatihg:
the fulphur, were reduced to nine~
teen; thefe nineteen grains gave, by
folution in water and fubfequent él-
tration and cryftallization, fixteem
grains of faltpetre, the charcoal, when:
properly dried, weighed three grains.
Ac-
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According to thefe proportions, 100
pounds of this kind,of gunpowder

confifted of *

- Saltpetre 663
Sulphur 20%
Charcoal 12% ’

100 1b.

T tried thxs gunpowder-in two or
three other ways by taking larger
quantities of it, but the quantity of
faltpetre was always 66 Ib. together
fwith fome fractional part of a pound,
from 1001b. of gunpowder. The
pbwdcrs marked with a fingle and
a double F, differ in the fize of the
grain, but they do not feem to differ,
as far as I have tried them, in the
quantity of the faltpetre they contain.
Fron']lfo.me forts'of powder, 1 have
got after the rate of 76 lb. of falt-
petre, frem 1001b, of the gunpgwder.

‘ The



( 29 ) o
The method of analyfing gun-
powder, by’evaporating the fulphur,
is not wholly to be relied upon; I
have often obferved, that when mix-
tures of fulphur and charcoal have
been expofed to ‘evaporation, on a
plate of heated copper, the remainder
has wejgBed lefs than the charcoal”
which entered the compofition, parf
of it baving been carried off by the -
violent evaporation of the fulphurs
and hence the proportion of fulphur
in the above analyfis is probably 100
great. I am awarethat this obferya-
tion is wholly oppofite tq.the con-
clufion of M. Baumé, who contcr{ﬂs,
that one twenty-fourth part of 'hc
weight of the fulphur cmploy
any mixture of fulphur and’ cflar-
coal, adheres fo frongly to the’ char-
coalsthat it cannot be feparated from

it
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it without burning the charcoal.—
I can only fay, that he feparated the
fulphur by burning it, and 1 feparat-
ed mine by fubliming it without fuf-
fering it to take fire, and this differ-
ence in the manner of making the
experiment, may perhaps be fuffi-
- cient to account for thé different
refults,—But it is unneceffary to
purfue this fubjed further; there are
Jeveral things to be-attended to in
forming a complete analyfis of gun-
powder, which any perfon tolerably
well verfed in chemiftry, would cer-
tainly takg notice of, if the analyfis
of any particular powder was requir-
ed to be made, and which cannot in
this general view be minutely de-
feribed : and, indeed, ir is the lefs
neceffary to enter into a derail on
lhlhﬁlbjﬂ& as the ftrength of the
potwder
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powder is not much affected by fmall
variations ia the quantities of the
fulphur and charcoal, which enter
into its compofition; and the me-
thod of afcertaining the quantity and
quality of the faltpetre, in any par-
ticular gunpowder, has been f{uffie
ciently explained. ]
In order to judge with more cer-
tainty concerning the effet of fea
falt, when mixed with faltpetre in
attralting the humxdlty of the airy T’
made thc following experiment. Five
parts of pure ialtpetre in powder,
were expofed for a month to a moift
atmofphere, but I did not obfegve
that the faltpetre had gained the leaft
increafe of weight; for the fame
length of time, and inthe fame place,
I expofed four parts of faltpetre
: mixed
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mixed with one of common falt, and
this mixture had attratted fo much
moifture, that it was in a ftate of

fluidity.

ESSAY
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OfF COMMON SALT.

OMMON falt is a neutral fajt;

it has neither an acid nor an
alkaline tafte, nor does it change the
blue colour of vegetables into a red
as acids do, nor into a green as al-
kalies do. It confifts of two things,
of an a¢id peculiar to itfelf, and of
the alkali which is feparable from
the athes of marth famphire and
other maritime plants, and which
VoL, I, c has
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has been denominated the mineral or

feffle fixed alkali. The folfile alkali,
as was obferved of the vegetable al-

kali, when thé mannér of décom-

pofing faltpetre was explained, is

more powerfully attrated by the

acid of vitriol than by the acid of

<ommon falt; hence commen falt
is effeGtually decompofed when it is

diftilled in conjunétion with the acid

of .vitriol, for this acid expels the

acitl of common falt from its union

with the mineral alkali, and unites

itfelf with it in its ftead : the acid

of common falt being thus difen-

gaged from its bafis, is eafily, by the

ﬁeat raifed in vapour, and forced into, _

the receiver. The acid of common

falt, thus obtained, is very volatile,

.confjpntly emitting white fumes ; and
‘It is vfvally called the marine acid,
«the
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themuriaticacid, Glauber’s fuming acid
Or fpirit of fait. If the reader pours
a few drops of very ftrong acid of
vitriol on 2 fmall portion of dry com«
mon falt, he will fee a white vapour
arifing from the falt; this vapour is
the moft volatile part of the acid of
the {al, and a judgment may, bg
formed of its pungency and vola-
tility, from its prefently infe&mg
the air with its {mell to a great ex:
tent, This acid vapour is a kmd'
of air, for it retains its ela&lmtg for
fome time, not being readily: gon-
denfable by cold. It has enggged
the attention of Dr. Prieftley ; 3nd,
with his accuftomed ingenuity, b ba§
made feveral experiments, from which
we learn, thatthis vapour, when &on,.
denfed, conftitutes an acid whi

swice as heavy as rain watey, an
Cza
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the ftrongeft acid of falt may bg con-
fidered as confifting of ont third ot
this elaftic vapour, and of two thirds
of water®. After the extraltion of
the acid, which is one of the confti-
tuent parts of common falt, there
temains, in the veflel ufed for the
diftillation, a compound mafs, con-
fitting of the acid of witriol united
with the mineral fixed alkali, the other
conftituent part of common falt:
this'is proved by diffolving the mafs,
and cryftallizing ir, for the cryitals
are precifely the fame as would re-
fult from a dire@ coimbination of the
acid of vitriol with the mineral fixed
alkali. The falt refulting from a
‘decompofition of common falt by
means of the acid of vitriol, or from

4 dire® combination of that acid
with

® Philof, Tranf, 17725 p. :},9,
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with the mineral alkali, is the genarne
‘Glauber’s* falt. The artificial com-~
pofition of common falr, confirms
the account we have given of its
conftuent parts from its analyfis,
for if Wy combine the acid procured
from diftiling common falt and acid
of vitriol together, with the minergl
fixed alkali, there will refult from
their union, a falt, in all refpetts thE:
fame as common.falt, except that i it
will be fomewhat more pure than '
commeon falt ; the falt thus produced
is called regenerated falt.

Commpn falt is generally dfﬁin—
guifhed by mineralogical wmerq in-
to three different forts—fo ﬁle _/alt--
Jpring falt—fea falt, In, chclmﬂry
though we admit this dmﬁon, as
ferviceable in pointing out the ghr;c

. general fources from which common
C3 fale
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falt is moft copioufly derived, yet
we reckon all thefe falts, when pure,
to be of the fame fort; they are all
-compofed of the marine acid, and of
the mineral fixed alkali.

Foffile or rock falt, is found in large
beds in the bowels of the earth, in
gvery quarter of the globe; it is
fometimes cryftallized, and as tran!-
parent as a diamond, and it hasthence
‘been called fal gemme; but it is more
frequently found in irregular maffes
.of a red, yellow, or blue colour.
‘There are feveral mines of rock faic
near Northwich in Cb;]}.»irf; the firlt
.of which was difcovered, as they were
-boring for coal, in the year 1670%.

The fprings which are met with,
both gbove and Jelow the level of the
Northwich bed of rock falt, are

. ftrongly
* Philof, Traof, No. 66, *
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ftrongly impregnated with falt. This
is eafily #ccounted for ; the rain wa-
ter, in finking through the ground
which lies over the rock falr, at laft
arrives at the falt ; its further defcent
is in a great meafure obftructed by
the folid body of falt, it refts upon it,
and ir refting upon the falt i dif-
folves it, and thus conftirutes a brine’
foring above the level of the bed of
rock falt. The brine fprings, which
are found below that level, probably™
arife from the ‘water, which has dif-
folved a portion of rock falt, in*fink-
ing to that depth in the earth, ;

I have had the curiofity to '&0‘ to
the bottom of fome of the mdftfa-
mous mines in England} fuchhs the
copper mine at Eon; the coal'mines
at Whitehaven and Newca&lé; the
cannel, coal mines in Lancafliire ; and

’ Ca . ava-
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a variety of lead mines in Derbyfhire,
and other places; but I never thouglit
my labour, in thefe fubterraneous
expeditions, fo well rewarded, as in
the fight of the rock falt mincs at
Northwich. The falt inines at //i-
liczka near Cracow in Poland, have
long been a {ubjeét of admiration,
and every traveller has exerted his
defcriptive talents, in magnifying the
ftupendous wonders which are there
t6 be met with. Thefe mines have
been--wrought above five hundred
years, and from that circumftance
we may readily imagine, the great
number of vaft caverns which have
been formed in confequence of the
blocks of falt which have been an-
nually extracted : yet it deferves to
be r markcd, that the Northwich
roclt’ alt rpines are fuperior, to thofe

v 4 . .of



( 41 )

of Cracow, with refpet to the quan-
tify of falt which is annually raifed,
The fingle pit into which I defcend-
ed at Northwich, yiclded at 2 medium
4000 tons of falt in a year; this
quantity is about two thirds of that
which is raifed every year in the Po-’
lith mines here fpoken of #,

A great quantity of rock fale is
afed at Northwich, in order to
ftrengthen their brine {prings, and a’.
much greater quantity is fent couft-
ways to Liverpool and other places,
where it is ufed either for ftrengith-
ening brine fprings or fea watgr;
much of this rock falt was formérly
exported to Holland, and it is fill
fent to Ireland for the farhe purpofe.
Rock falt, and the white falt which

- i8

* See Memoire fur fes Minks de Sel de

Wnchczka.en Pologne, in Hitt, de T’Acad. &0
Sciln, a Par. 1762, %



( 42 )
is at Northwich, chieflv made frczm
rock falt, is exported frée from the
falt duty ; and I was informed that
the quantity which is annually ex-
ported from Northwich, is fo grear,
that, if it paid the duty, it would
bring in to.government, a fum not
. much fhort of four hundred thoufand
pounds a year. ¢ According to the
beft accounts I have been able to
‘procure, the grofs duty on falt made
‘in'South Britain, amounts annually to
Jgven hundred thoufand pounds.®”
“The duty on falt made at Northwich
1s about feventy thoufand pounds a
’ycar, or a tenth part of the whole
duty'f
" The

* % Camp. Sur. of Brit. Vol. I1. p. 26.
- 4 Since I received this information, an ad-
dmoual duty of 1od. a bufhel has been laid,

sn 1700, on falt. The whole duty npw amounts
i ¥ - % «to
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"The Northwich rock falt is neyee
ufed at ourstables in its crude ftate;
and its application to the pickling.or
curing of fleth or fith, or preferving
any provifions, without its being pre-
vioufly refined into white falt, that is,
without its being diffolved . in watery
and boiled down into what is called
white falt, is prohibited under a pes
ualty of gos, for every pound of
rock fale fo applied. The pure trapf-
parent mafles, however, of rock faly,
might, probably, be ufed by us with
our food, without any fort of danger
er inconvenience ; at leaft, we knpw
that rock falt is fo ufed, without
ing refined, both in Poland an
Spain.  In the laft of thefe countr

at
to 4s. 2d. the bufhel, the bufhel weighing g‘plb.
The makers of falt can yfford, in;moft places,
to fell their falt, exclufive of duty; from 8d,

29 30d. a bufhel,
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at Cordone in the province of Catalo-
#sa, there is a folid mountain of rock
falt, between four and five hundred
feet in height, and a league in cir-
cuit ; its depth below the furface of
the earth is not known®. This
prodigious mountain of falt, which
_has no mixture of other matter with
it, is efteemed fo fingular an appear-
ance, that it is thought to militate
very much againft .the opinion of
thefe, who would derive the origin
of all the beds of rock falt, which
are found under the furface of the
carth, from the evaporation of falt
water, left in fubterraneous caverns,
either at the deluge, or upon fome
more lecal commotions of the globe.

The

» Hit. Nat. & PElpag. p. 406. See an
wcconat of fitmjler thovntams of rock falt in
w Havels, 'p. 229, and in Pljny’s Hift,

}. “’i' G 7n
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,The quantity of rock falt which
may be diffolved in a definite quan-
tity, fuppofe a pint or 16 avoirdu-
pois ounces of water, is differently
eftimated by different autfors, Boer-
baave is of opinion, that 16 ‘cunces
of water will not diffolve quite five
ounces of rock falt®y Spie/mannthinks
that they will diffolve 6% ouncests
Newmann agrees with Spielmannj;
Eller fays, that feven ounces of fofiile
falt may be diffolved in 16 ouncesof
water§ ; laRly, Hoffmann affafes s,
that 16 ounces of water will not gif-
folve above fix ounces of commiton
falt]. I bave tried this mamx! th
diftilled and with common W%

» Chem, Vol. L. p. 476, ¥
'f Inft. Chem. p. 48.

1 Newmann’s Chem, by Lewis, p. 2 56.
§ Obf. Phy. Cherbr, L, if, Obs xvis_
, I, Ber, Mem, 137504 '
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‘and in various degrees of heat, and
cannot but be of opinion, that [1dF-
mann’s experiment approaches near-
eft to the truth; I never could dif-
felve guite*iix ounces of rock falc in
16 ounces of water. Itis not wholly
improbable, that different forts of
rock falt may differ fomewhat with

.;cfpcé‘t to their folubility in water.
If it be admitted, that 16 ounces
of water ¢an diffolve fix ounces of fult
ind no more, then we may be cer-
tain, *that no brine f{pring, in any
part of the world, can yield fix ounces
of falt from a pint of the brine. For
brine fprings are, ordinarily, nothing
but water in. which foffile falt has
been diffolved ; but a pint of the
ftrongeft brine cannot contain fo
much falt; as is contained in a pint
‘6 ‘'waggw, which has been faturated
with
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with {ix ounces of falt ; for a pint.of
water, in which fix ounces of falt have
been diffolved, is increaled a little in
bulk, it will do more than fill a pint
meafure, and the (alc left in the fur-
plus will thew, how much the falt,
containced is a pint of the ftrongelt
brine, falls thort of fix ounces. Of
we may confider the matter in
the following manner, which will,
perhaps, be more intelligible ; 16,
ounces of water, impregnated with#iz
ounces of falt, conftitute a fa;ura;cd
brine, weighing 22 ounces; if thare-
fore we would know how much filt,
is contained in 16 ounces of fiich
brine, by the rule of propartie we.
may argu, that if 22 ounces of bine
contain fix ounces of falt, 16 ounces:
of brine witl contain 4.4 ounceﬁ of
falt. Hence we may infer, thét the

trongeft
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ftrongeft brine fprings will not yigld
much above one quarfer of their
weight of falt®, .

Dr. Leigh, who firft thewed the
manner of refining rock falt, informs
+us, that fome of the ftrongeft fprings

st Northwich, gave feven or eight

-ounces of falt from a quart of brine ;
.but 2 quart of brine weighs confider-
.ably more than 32 ounces,.the weight
of a quart of water; fo that the

‘Northwich . fprings, from .this ac-
count,

-

® et Seversl pits at 'Northmtb, and
at Barton in Lancafbirs, contain.no lefs than
fix oynces of falt upon fixteen of brine; which
is as lar se a propomon of falt as water will
dﬂ!blve. hem, p. 212, Lewis’s uotes
ho,rlme it falhn, probably, intoa little
mnﬁ - by confounding a pound ,of water
pound, of brine; forif a d or 16
ounc; of will only diffolve fiy quaces of
falt, a- "of the brine, thus formed, will
only: owes of falte
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count, do not yxeld a quarter of their

weight. At Middlewich there is faid

to bé one falt fprmg, which is ﬁ'ronger

than the reft; this fpring yields a full

Sourth part of falt#, and hence it is, -
probably, fully faturated. We have-
an account in Kircher’s works, of

fome famous brine {prings in Burgun-

dy, from whlch we learn, that one”

"hundred pounds weight of ' the

ftrongeft brine gave 25 pounds, or

Juft one faursh of its weight of white .
fale .

There are a great many brine
fprings in Chefbire, Wart’q/igrjbiﬂ,
-Staffordfbire, Hampfbirc, and ig other
"parts of Great Britain, fomeozwhwh
are fufficienty rich in- falt hé
wrought Wlth profit, -othe -nos.

4 From
*P‘*nlof Tranf. No. £3.

+ Kirch. Mun, Sub, Toin 11, Oap XL
woL.I1.> D
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From what has been before advanced
the reader will readily cOmprehend
that 16 tons of the ﬁronge& brine
confift of 12 tonsof water, and of 4
tons of falt ; and that, in order to ob-
tain thefe 4 tons of falt, the 12 tons
of water muft be, by fome means or
ather, evaporated, {oas to leave the
(ait in a concrete form. "Suppofe
there fhould be a brine, whichin 16
tons fhould contain 1 5 tons of water,
‘apd only 1 ton of falt; yet it may
chance, that fuch a weak brine may
be wrought with more profit than
the flrongeft; for the profit arifing
from the boiling of brine into falt,
depends as much upon the price of
the fuel ufed in bo:l‘ing it, as upon
the qua%t‘ity of falt which it yields.
Thus the fea water, which furrounds
fhercoafts of Grg‘at Brigain, is faid to

hold
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hold feldom more than one thirti'eth, :
or’lefs thary one fiftieth part of com-
mon falt; but fuel is fo cheap at
Newcaltle, that they can evaporate
thirty or forty tons of water, in ot-

der to obtain one ton of falt, and yet
L
gain as much clear profit as thofe
do, who, in counties lefs favourably
fituated for fuel, boil down the
flrongeft brine.

The advantage refulting from
firengthening weak brine or fex wae'
ter, by means of rock falt, is wery
obvious Suppofe that the fes Water

vcrpool where large quanfitics

then muft a quantity of fuél
cient to evaporate 44 tons o
be ufed in order to obtain 1

falt. But if as much rock falt be
[} no» pur
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put into the 48 tons of fea water, as
can be diffolved in it, then will tle
_{ea water refemble a brine fully fatu-
rated, each 16 tons of which will
give 4 tons of falt, and the whole
quantity yielded by the evaporation
. of 47 tons of water, will be 12 tons
of falt.
 In warm climates, fuch’ as Jtaly,
* Spain, and the fouthern provinces of
France, where the heat of their fum-
aner is fufficient to exhale confidera-
ble depths.of water in a little time;
they prepare large quantities of what
is called 4ay falt, ata very {imall ex-
pence. Their general method is to
felect a marthy fpot of ground, com-
municating by flui¢es with the fea,
and fufficiently removed from freth
{prings, and the mouths of large
rivers. In this ground they form

5 . , ufually
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ufually three pits of fmall but dif-
fgrent depths, and by clay and tim.
ber they fecure them from leaking,
The fea water is let into the firft and
deepeft pit, from which it lows flow-
ly, fo as to give the mud and fand
time to fertle, through the fecond
into the third, where it is foon in-
fpiffated by the heat of the fun into~
a ftrong brine. This brine being
ftill further evaporated by the conti-
nued aétion of the fun, concretes ixlg_o_; .
cryftals of falt, which gradually fink
to the bottom of the pit. When a
proper quantity of it is formed, it is
drawn out for ufe, and is of different
colours, according to the colgur of
the clay employed in makigg : the
pits. In a favourable feifon, the
French are faid to be able to . make
enough of bay faltin a fortmght, Q
D3, * fups
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fupply their home confumption for a
year, and the wants of the other na-
.tions, who purchafe from them much

more than is confumed in France*.
In this method of making bay falr,
art has but copied nature: for we
read in Pliny, Alonfo Barba, Shaw,
and others, of large briny lakes,
" which are evaporated, in many parts
of the world, to a perfect drynefs in
fummer time; when the inhabitants
et and carry away as much fale as
they have occafion for. A remark-
able lake of this kind was met with
by Mr. Maflon, in his botanical ex-
cutfions from the Cape of Gsod Hope.
k¢t Zwart Kgp's faltipan is a lake fe-
veral

* See Dr. Brownrigg’s "Treatife on the Art
of making common Salt, where the 1rader’s
eutiofity on this fubiedt will be abundantly
gratifi
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veral miles diftant from the fea, and
tthon an ,cminence. In the rainy
feafon it is filled with frefh water,.
which, by the faltnefs of the ground,
foon becomes ftrongly impregnated
with faline particles; and when the
fummer’s heat exhales the freth wa-
ter, the bottom of the lake is covered _
with a cruft of pure falt two or three
feet thick. The lake is about three
miles round, and furrounded by a
rifing ground *.” Yy
Though it appears, from what Dr
Brownrigg has f{aid upon thx; fub-
je&, that we might, with muph ad-
vantage ' to our trade, imitafe the
French in their manner of p:{tmno
bay fale; yet moft of our fale Is pre-
pared,by boiling either the btine of
falt fprings, or fea water, into white
' ‘D4 L, fale
® Thilof, Tranf, 1776, p. 297

“--
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“falt. In Hampthire, and fome other
counties, they have a method: of
heightening the fea water intoa ftrong
*brine, by expoﬁng it to the fun in
large pits, much after the manner in
which bay falt is made; and fo much
of the fea water is, by this means,
naturally evaporated, that though

“ they boil the remainder with New-
caftle coal, yet they can afford their
falt at a lefs price than the New-

-.gaftle falt boilers can afford theirs;
though the: fea water is, probably,
equally impregnated with falt at
both places.

.. The greateft difficulty .which at-
'Eonds the making of bay falt in Great

- Britain, arifes from the heat of.our
fummer not being fufficiently ftrong,
‘to evaporate a great quantity of fea
water in a-fmall portiéa of time. . I

will
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will mention an experiment or two,
which fuggefted a hint, that may
not, perhabs, be unferviceable to
thofe who. fhall, in furure, be dif-
pofed to attempt the making of bay’
falt.

Itook a piece of coarfe linen cloth,
its area was a fquare yard,‘and having
thoroughly wetted it with water, but
not fo much as to caufe it to drip, I
weighed it, and in that wet ftate ex-
pofed it to a warm fun in June, when.
there happened to be but little wind;
it was not laid upon the ground, bug
held oppofite to the fun, fo that the
air and {un had a free accefs to évery
part of it; it became nearly dry in
an hour, and in that fpace of time it
had loft eight ounces of its weight.
— Upon another occafion, when
there was a bright fun and a brifk

" wind,
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wind, cn an April day, a (imilar ex-
periment 'was made; and the &loth
loft afier the rate of 6 otnces in one
quarter of an hour ; hence, if it had
been kept conftantly wetted, it would
have loft in 16 hours 24 poun " a
pound of water is equal to a pint in
meafure; and therefore we may infer,
that in a fummer day of 16 hours in
length, 24 pints, or three gallons of
water may be difperfed into the air,
by a warm fun and a brifk wind, from
the furface of a linen cloth, equal to
one fquare yard.

Now it is very poflible, in any
place where bay falt is made, to de-
vife means of wetting and drying al-
ternately any nurmnber of {quare yards
of coarfc cloth ; one labourer, affifted
by proper mechanical .contrivances,
mlght he cqual.to the daily manage-

. ment

-
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ment of a thoufand yards, or more.
Byrthis plan, in favourable weather,
there woul be daily~ evaporated
twenty-four thoufand pounds of wa-
ter, which, fuppofing f{ea water to
corfin one thirty-fecond part of its
weight of falt, would give 750 pounds
of falt. Thofe who have feen the
artifice of ftrengthening brine, which
is praétifed ‘'in Franche-Comté, and
other places, by making it drip
through faggots, in order that ths™
evaporation hay be increafed, by in-
creafing the furface of the water
which is expofed to the air, wi‘% not
be furprifed at che method: of eviipo-
sating waterhere hifted ar, ¥ ¥
" Though the cobftituent pasts of
common falt, when free from alf he-
‘terogeneous mixtures, are proBably
the fame in cvery part of the world;
~yet
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yet in the ordinary ftate in whith it
is met with, it is found to have very
different qualitics, and njay properly
enough be divided intodifferent forts.
Bay falt differs in fome of its pro-
perties from the white falr, pregared
by boiling brine or fes water; and
both the bay falt and the botled falt
have, refpettively, different qualities,
according as they are prepared at
different places. There are two ge-
.neral reafons of this diverfity; one
'refpe&s the manner of preparing the
falt, the other refpeéts the quility
of the water from which the falt is
prepared. 'When fea water or bnne
is boiled into falt, a pggtion of ‘the
acid, which is one. of the conftituent
‘pa;r_ts of the fals, is difperfed; and
-a greater or lefs portion is difperfed,
accordmg as the falc has been formed
with
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with a greater or lefs degree of heat,
‘Wt have an inftance of this, both
in bay falf when compared with
boiled falt, and in the different forts
of boiled falt when compared with
each other. Bay falt is prepared
from fea water, by the mild heat of
the fun, and it is generally efteemed
much fironger than the white falr,
which is prepared likewife from fea
water by boiling the fea water. At
Northwich, and in other places, they
prepare from brine, not only the
ordinary white falt, but a falt whofe -
cryftals are much larger than the
ordipary falt, and which is ufually
called thivély falt. ‘This fhivery falt
is efteemed {tronger than the Gther,
and it is formed by a milder heat;
for in forming the ordinary falk, the
brine is kept gently boiling; but in
* forming
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forming the large-grained fhivery
falr, they let the brine cool till tity
can bear to put their ha\ ¢ds into it,
and Leepmg it in that ﬁafc, as near
as.may be, from Saturday night to
Monday morning, the thivery falr is
gradually formed. Sea water, brine
fprings, and rock {alt, gencrally con-
.tain, belides common falt, various
other earthy and faline’ ingredients,
fuch -as the calcareeus earth from
which filh-fhells are probably form-
‘ed ;—the. earth -called magicfia; —
Epfom falts, or the falt refulting from
the combination of the acid of vitriol
with maoneﬁa s=—38elenites, or the falt
refulting  from the cotination of
the acid of vitriol with.the earth of
the nature of*fith thells j—Glanber’s
Jalt ;— fixed alkali uncombined with
any agid, &c. Sometimes all thefe

chetero~
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heterogeneous fubftances, and fome-
tirkes only a few of them are found’
in the wat'rs from which commen
falt is pn‘parcd; they are "all of
them foreign to the narure of the
falt, and injure its quality; and
hence we may, without difficuley,
comprehend that comron falt may
have very different properties, ac-
cording to the quality of the water-
from which it is made, or the fkill
of the falt-maker exerted in feparat-
ing thefe mixtures from it. The
Dusch have long been . famous ifor-
preparing 2 falt for the pickling of
herrings, byuwhich they have fac-
quired a fup@fiority in that amclt of -
commerce over all other Eurogcan
nations. Their prmcnpal fecrax in
this bufinefs confifts in evapgrating
the brine made from the folution

' ) | of
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of bay falt with the gentleft fire, and
in mixing with the brine a proper
quantity of very Jour whey; the acid
whey unites itfelf with ¢he uncom-
bined fixed alkali before mentioned,
and thus prevents it from adhering
to the common falt as it cryftallizes.
Any other mild acid might probably
anfwer the fame purpofe. This acid
whey is called azy: les Hollandois -
fe fervent de Vazy dans le travail en
. grand pouf raffiner nos fels de mer,
et pour en rendre la criftallifation
parfaite; c’eft par cet artifice qdils
font depuis long,;‘{cmps, en poflef-
fion de fournir les meilleures falai-
fons de I’Europe*

* Hift. de ’Acad. de Scien. 1762, Dr.
Brownrigg Wad mentioned this fecret of the
Dutch above 30 years ago, in his excellent
treatife before referred tg,  The reader will

TR B \
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meet with an accurate examination of the va-
rious ingredients with which common falt, and
the waters frc .0 which it is made, are imprcg-
sated in Bau. 16’s Chem. vol. iii. p. §12. .

voL,12, . E ESSAY
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OF COMMON SALT AND NITRE AS
MANURES.

OMMON falt, in the earlicft’
ages of the world, was fo far
from being held in any eftimation
as a manure, that it was lpoked
upon as a fymbol of extreme ftdrility.
Long before the commcnccm’i’ t of
profane hittory, Abimelech to%l: the
city Shechem, and flew the people that
was therein and beat down the rz;;, and
fowed it with falt* ; imimating%thcrc-
‘ - by
* Indges ix. 35 :
E2
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by his wifh that it might remain un-
fruitful and uninhabited fog ever.
It does not appear fron% hiftory,
what circumftance gave rif to this
cuftom, or ‘whether Abimelech was
the firft perfon who introduced it ;
but it has prevailed very generally
-amgag mankind even to the pre-
fent age, it being ftill ufual to raze
the houfes of rcbels and traitors,
and to fprinkle the ground upon
wiich they ftood with falt. Perhaps
this general fymbolical ule of falt,
might be derived from what had-hap-
pencd when Sodom was deftroyed,
and the faz/t fea was formed. This
«cdnjeQure is, in fome meafure, fup-
_ported by ebferving, that the fevereft
denunciations of divine vengeance
are frequently exprefled by an allu-
fion to that event—DMoab fball be as
.3 , Sodona,
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Sodoinny and the children of Ammon as
Gomorrabs even the breeding of nettles,
and falt §pits and a perpetual defola-
rion “. The whole land thereof is brim~
fone, and Jalt, and burning, that it is
not fown, nor any grafs groweth there-
iny like the overthrow of Sodem +-.

I'irgil reprobates a fult foil, as oc-
cafioning the degeneration of fruit

trees, and admitting no melioration
from ploughing.

Salt carth and bitter are.not fit to fow,.
Nor will be tam’d or mended with the-

plough.,

Sivect”grapes degenerate thcrc, and fruits,
dglin’d 3

From. their firt flav’rous tafte, . ;cnounc.e_
their kmd:[:

¢ t Pliny,.
* Zcphaniah, it. 9.
4 Deuteron. xxix. 23.
1 Viggil’s Georg. I 2. Dryde.

E 3.
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Piiny, though he recommends the
giving of falt to cattle, yet in fpeak-
ing of foffile falt, he exprefs!” affirms,
.that every place in which it is
found, is barren and unfit for vege-
tarion*.

Notwithftanding thefe and- other

* teftitnonies of the ancients concern-
ing the fterilizing quality of common
Aalt, yet it is frequently ufed as a
manure with great fuccefs. It has
been the cuftom, ever fince the time
of Henry the Third at leaft, for the
farmers on the Cornifh coaft, to ma-
nure their lands with fea fand, in
which fea falt is fo copioufly mixed,
that in many places it ufed to be
- extralted from a Iye made of fand.
When the fand: ‘has been long ex-
. pofed to the air, it proves lefs ufeful
o and

# Hik. Nat. L. xxnie 7o !
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and enriching, which is by fome at-
tributed to its having becn deprived

of a ooodhpart of its fal, by the dews’

and raing*. It may be obferved,
that this fand is of two kinds, fhelfy
and thelly; the fhelfy is produced
from the grating of ftones one againft
another,, by the conftant wafh of the
fea, and is of little value; its qua-
lity, however, will be different in
different countries, according to the
nature of the ftones expofed to the
agitation of the fea; if the ftoneghap-

pen to be of the lirneftone kind, even’

the fhelfy fand may be very feﬁlce—
able; if the ftones principally &bnﬁ&

of flint, as at Yurmouth, andiother

parts of the Norfolk coa“t thé fand

will differ very little from powgered-
flints. Thc fhelly fand in Cornm, I

E 4 . 1S

'
Camden’s Lritan., Coraw.
- L ]
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1s produced by the fame fluGtuation
of the fea, as the flinty fapd in Nor-
folk ; it confifts of the brqken fhells
of mufcles, coekles,.oyfters fcollops,
and other fif, This fand varies
fomewhat in colour and in grain, ac-
cording to-the fubftances from which
it is formed, and the degree of agi~
tation it has been expofed to, and
it is found to fertilize almoft all
kinds of foils¥. This pracice of
manuring lands with fea fand, has,.
within thefe few years, been intro-
duced with great fuecefs in other
parts of Great Britain.

The Cbhefbire farmers purchafe no
inconfiderable quantity of refufe fale
from the falt boilers ; they mix it with
dung, and it makes an excellent ma-

-nure. This refufe falt cofts them
o c:ghtm
* Plnlaf. Tranf. No. 113
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cightpence a buthel, there being a
duty of fourpence a bufhel impofed
on it. Vthen the demand for this
refufe faltds very great, the falt boil-
ers have a cuffom: to mix a quantity
of foot, or other impurity, with the
ordinary falt, and it then comes un-
der the denomination of refufe {alt;
there were fold a few years ago at
Northwich alone, near 3000 tons of
it in one year, for the ufe of the farme
ers in that and other counties, On
the other hand, when the foil abounds
with rufhes and weeds, it is cuftomnary
in Chethire,.to lay a quantity of rock
falt upon it, as it is found utter}y to
deftroy every vegetable. Hence it
fhould feem, that falt, when ufed in
fmall quantities, isagood manpré, and
when in Jarge ones, a real poifon to
«egetables.. Some of the African.and

Arabian
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Arabian deferts are thought to .be
barren by their having too much
falc in them; whilit maTy parts of
Barbary are reckoned to! be peculi-
arly fruitful, from their containing
a lefs quantity of it*,

Sir Jobn Pringle has obferved, that
cemmen falt, when uled in fmall
quantities, as one ounce to twelve,
accelerates the putrefiction of ani-
mal fubftances, when in larger it re-
tards 1t; and hence he deduces ics
utility, in afliting the organs of di-
geftion .in man, and, perhaps, in
other carpivorous animalst, The
{fame obfervation may be exzended to
gramipivorous animals, they are all
‘exceedingly fond of fal, probably

from
ffﬁﬂﬁég on Salt, p. 150.
A'Obderv. on the Difeafcs of the Arny,
gﬁSir J. Pringle, Appen. xxxix.
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fioih its great tendency to corrupt
the aliment, and to render thereby
its difcharg( from the ftomach into
the intcﬁimi’s, more cafy and expe-
ditious.

In like manner, falt, when applied
¢s a manure, in fmall quantities, is
found to be very bencficial; not pro-
bably from its entering as an aliment
o the fubftance of vegetables, fince:
there are many experiments rcnding
in prove that no kind of fale can of.
itfelf become the food of plants*,

ﬁut

i

* Wallerius exprefsly fays— Les fe!% de
quelle efpece qu’ ils foient, ne pewvenf pas.
fervir de nowrrilure aux plantes, ni avenceh par-
cuxiemes la vegetation 3 and after quoting the
experiments of Kraftius, Alton, and ﬁéanet,,
on the fubjed, and ecxamining the argu~
ments on the oppofite fide of the, queftion,,

he wuclud«.s the inquiry in the following
© woerde s
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but from its efficacy in reducing:
weeds, dried herbage, dead roots,.
%c. into a putrid oily(mafs; the
fruftifying virtue of oi!y compofts.
being now generally acknowledged:.
but when it is ufed in a larger pro-
portien, by preferving thefe matters.
from corruption,, and drying up, on
hardening the fibrous capillaries of
the ‘roots, fo that they become unfit
for fuc.kmg in. nutriment, the ferti-

lity

words :—~D’00" nous concluons que Ius fcls
minéraux, ni les fels étrangers, ni les terres
minérales, nc contribuent point d.la nourri-
ture des végétaux, Elemens d’Agriculture
traduits du Latinde M, Wallerius, Yverden,
1766, p-.134, &c. or an Englifh tranflation of
the fame work, by Jobn Mills,' Efg. F. R.S.
London, 1770, ~ See alfo the Principles of
Agriculture and Vegetation, by Dr. Home;

W eluments of Agriculture, by Dr. G
yidyce.
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key of -the ground is diminithed, or
wholly deftroyed,  *

As to the fertility of lands over-
flowed by fga water, it may be in
. part owing to the flime and mud
loft by it, and partly to-the falt con-
tained in.jt, which, being in a fmall
quantity, may contribute to the pu-
trefaltion of the effete vegetable
roots, and the confequent produttion
of an oily compoft.

With refpe to nitre.as a manare,
it is an opinion entertained by farm-
ers, that fnow fertilizes the lands
upon which- it falls, more than rain,
in confequence of the nitrous fals
which it is fuppofed to acquire by
freezing. 'Falfe philofophy firft gaye
rife to this idea*, and poetry has

con=

* Gaffend, P}nf fec, i, I. 11, .The ex-
‘iflence
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contributed to fpread the general
error. "

——Oh! may’ft thou often fee

Thy {urrows whiten’d by thé woolly rain
Nutritious, fecret nitre lurks within

The porous wet, quick’ning the languid

glebe.
e Puivies.

" What art thou froft emee

Ts not thy potcnt energy, unfeen

Myriads of little fafts, or buok’d or ﬂ:ap

Like double wedges, and diffus’d jmmenle

Thro’ water, earth, and ether?
Tromesox.

The

iftence of nitre in Jnotv, and the fertilizing
quality of falts, were ‘fo generally admitted
in the laft century, that phnlofophqq feem
to have been at'no pains to prove m‘ﬁm of
them, — On Jfuit que la neige contu.nf beau-
conp de parties mitreufes, et. que les f /s cons
tribuent ‘beaucoup 3 la fecondird des terres.
Adtes de Copenhagne, Collet. Acad vol. vi.
p- ok 1
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The ancients were acquainted with
the fertilizing qua}‘ity of fnow, and
though they did not very intelligibiy
explain itsymode of operation in pro-
moting vegetation, yet it is remark-
able, thar the fuppofition of faline
corpufcles made no part of their
luftration of that martter®. It is
not here intended to deny the fertil-
izing virtue of fnow, but-to fhew
that it probably does not proceed
from the nitre contained in it; in
fupport of this opinion, I will men-
tion two of the moft accurate expe-
riments, which have probably ever
beén imude on the fubject, 4

Marggmaf, in the year 1751, ioi-
lected in the fuburbs of Bcrlm' as
much fnow as, when melted, afférd-
ed him one hundred meafures of

. water,

+. * Din. Hifl Nat. L il .2
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water, each meafure containing
thirty-fix ounces ", He colleted the
fnow in an open fituation, in clean
glafs veffels, after the stmofphere
was purified, by its having fnowed
fome time; in fhort he ‘ufed every
poffible precaution to ‘procure the
fnow free from every extraneous:im-
purity. ‘The nitrous or other falts
contained in the fnow as it fell upon
the ground were, no doubt, diffolved
in the water after the fnow was melt-
ed; and, in order to afcertain their
quantity and quality, nothing more
was requifite than to diffipate, by
evaporation or diftillation, the water
in which they were diffolved. From

thefe hundred meafures of ‘fnow wa-
ter he obtained, by diftilling it with
every faitable attention, 6o grains,

. not
* Opuf. Chy. vol. ii,
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not of zitre, but of calcareous earih,
together with fome grains, he does
not mention the exa® number, of
the acid of*fea falr, 1mprecnated with
a nitrous vapour.

The fame quantity of rain water,
colle@ted in the winter months with
equal pre'caution, and diftilled with
equal attention, yielded 100 grains,

not of witre, but of calcareous eart/a
with fome grains of thg acids of ngtre
and fea fale®. ’

.
The
g 0
" * Toute la chﬂ'crence donc ‘entre l’eau de
pluie et Peau de neige o’ eft &’ ancune impor-
tance, et fe reduit &.ce. que I acide de 1%ean
de pluie eft plus mitreux, et qu’ elle rcx,xfé;rme‘
plus de terre: calcaire, au lieu que I cau de
ueige a plutdt un acide marin que mtrrmc, et
contient une ‘moindre quantité de terre cal-

caire.  Opufcules Chymigues, vol. ii"p. 21,

veL, II. . F
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‘The author infers from thefe ‘ex-
periments, that the chemical differ-
ence between rain and fnow warter is
exceedingly fmall; bur that the lat-
ter, however, is fomewhat lefs ni-
trous, and contains a fomewhat leis
proportion of earth than the former.
But neither of them contains either
carth or amy kind of falt in any quan-
tity, which can be fenfibly effica-
"cious in promoting vegetation.

Suppofe an acre of land to be, at
any one time, covered with fnow to
the depth of fix. inches; and that
this fnow would, when melted, be
reduced in magnitude a fixth pare,
or that it would cover the land with
water to'the depth of one inch; then
mighr it be made appear, by a very
“eafy calculation, that allowing 6o -
grains of calcarcous earthl to every

) 28 gal-
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28 gallons and one pint of water,
according to the proportion of the
foregoing analyfis, the whole of the
carth left "upon the acre from the
evaporation of the fnow water, would
not amount to ten pounds in weight;
nor the faline part to above a few
ounces. Now it is very improbah;lc
that four or five ounces of any kind
of falt, when fpread over an acre,
-fhould produce any fenfible effet in
fertilizing the ground. And if we
fuppofe the land to be fo often go-
vered with fnow in the courfe of a
year, that the falt left upon it wobld
amount even to a pound, yet the
difficulty would ftill recur, fipce
even a pound of falt reduced tosan
*uniform pellicle, and fpread over an
acre of land, would not mych ex-
ceed in thicknefs, the four hundred

¥ 2 thoufandth



( 84 )

thoufandth part of aninch. So that
if it fhould be admitted that nitre is
«a fertilizer of land, whlch many are,
upon good grounds, dlfpofed utterly
to deny, yet fo very fmall is the
quantity of it contained in [now,
that it cannot be fuppofed to' pre-
mote the vegeration of plants upon

which theefnow has fallen.
The peculiar agency of fnow asa
fertilizer, in preference to rain, may
admit of a very rational explanation,
without having recouife to any ni-
‘trous {alts, which it has been fup-
pofed to contain, There are two
caufes conftantly afting upon the
furface of the earth, one of which 1s,
" generally fpeaking, uniform in its
ftrength with refpeét to the produc-
ticn of, heat; the other’is variable.
“The internal fubflance of ‘the earth

.

e
" ) .ls
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is heated uniformly, by fome prin-
ciple or other which we do not well
underftand, to the 48th degree of
Fahrenheit’s' thermometer; this de-
gree of heat is greater thap that in
which the watery juices of vegetables.
freeze, and it is propagated from
the inward parts'of the earth to the
iurface on which the#:.vegetables:
grow. The atmofphere being vari--
ably heated, by the variable a&ion
of the fun in different climates; and
in the fame climate ac different! fea-
fons, communicates to the fuyface
of the earth, and to-fome di fance
below'it, the degres of heat o‘icold
which prevails in itfelf Different.
vegetables are .able to preferve: Jife.
underdifferentdegreesof cold; butal .
of them perifh; when the cpld which
xeactles their roots is extreme, Provie-
F 3 » ‘denge,,
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dence, in the coldeft climates, has pro-
vided a covering for the roots of vege-
tables, by which they are proteéted
from the influence of the atmofphe-
rical cold; that covering is frow.
Even in our climate we often fee
fhrubs, and other fmall vegetables,
killed by the feverity of .a froft,
when it is unaccompanied with {now,
which, had there been eight inches,
or a foot of fnow upon the ground,
would have remained unhurt. The
fnow keeps in the internal heat of
the earth, and it does not permit the
cold of the atmofphere to penetrate
through its fubftance, and en both
‘thefe accounts it keeps the roots of
the vegetables, comparatively fpeak-
ing, warm; a kind of vegetarion is
‘¢amcd on under its furface, which
ihcws itfelf by the very rapid inereafe

.« v ° whxch
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w%ich plants of all kinds acquire in
cold countries, as foon as the caver~
ing of fnow is remaved by the ap-
proach of® fpring. . Thofe who are
fond of making oil the food of plants,.
may derive part of the utlity of
fnow in’ fertilizing the earth from
the oily particles which it contains ;
for not oxﬁy the. refidue which was
obtained from the diftillation of fnow
water, had a brown colour proqced-
ing from fome oily particles, but it
is very commonly obferved: that
fnow, as it thaws,. becomes dxrty,
and this dirty appearance is prabably
enough referred to fome partigles of
an oily or a mucilaginous fubﬁance
contained in it. Snow, mergover,
in melting, moiftens and pulverizes.
sthe foil, which had been bound up
. F4 by
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by the froft; and as its water has a
tendency to putrefaltion, it feems, on
" many accounts, without admitting it
to contain any nitre, to be admirably
fitted to promote vegetation,

In confirmation of the analyfes of
rain and fnow water which were
made by Marggraf, 1 will here add
thofe which we owe to the accurate
induftry. of Dr. Rutty*.—I{e eva-
perated fix different fpecimens of
the pureftrain water he could pro-
cure, and found that a gallon of the
purelt yielded fix grains, and a gallon
_of the moft impure 12 grains of a
fubftance, for the moft part, of a
dark brown colour, and a bditter,
brackifh, tafte. From a gallon of
fnow water, he obtained 4 grains of .
a brownith refidue, which confifted«

*partly
* Rutty’s Synop. "
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partly of fea Jalt, partly of an abfor~
bent earth, and a fmall portion of
oil.

It may be obferved from thefe ex-
periments, compared with thofe of
Marggraf, that the proportion be-
tween the folid impurities of rain:
and fnow water, i much the fae,
in parts of the globe as far diftant
from each other as: frelend and
Pruffia.  Dr. Rutty’s experiments’
were made in Dublin; a gall¢n of
the pureft rain water gave him 6
grains, the fame quantity ofg the:
purelt foow water gave him 4 g¥ains
of heterogencous matter; now-the
proportion of 6 to 4, is not wery
different from that of roo td 6o,
which exprefles the proporgional”
quantities of the refidues left, from’
the evdporation of rain épd fnow

7 water,
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water, according to the experimeits
of Marggraf..

No two authors perfedly agree in
afcertaining the quantity «f tolid im-
purity contained in a definite portion
of either rain or fnow water; this is
not to be wholly attributed to the
difference of their care and fkill ex-
erted in the analyfis of them, but
principaljy to the different natures of
the fubjeéts themfelves, upon which
their Jabours have been employed.
The vapours which ate daily raifed
from the fea, may, with great proba-
bility, be fuppofed to carry with
them fome minute portions of the
acid of fea falt, and, perhaps, of fea
falt in fubftance, and of the calcare-
ousearth, withwhich the fea abounds.
The atmofphere itfelf may b looked
upon, not only .as the general re-

: ceptacle
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e¥ptacle of thefe aqueous vapours,
but likewife of all mineral exhalar
tiong; of the fteams, which are con=
ftantly arifing from the perfpiration
of whatever enjoys animal or vegeta-
ble life; and from the inftantaneous
putrefeence of thofe fubftances, when
deprived of life; of the fmaller feeds
of terreftrial and aquatic plants;® of
the eggs of an infinity of fpecies of
imperceptible animalcules; of the
acids and oils feparated by corpbuf;
tion from all forts of fuel; of the
matter of light; of eleétric %etﬁu-
viums; and of a variety of jother
fubftances, which are elevated; and
for a time kept fufpended, by natural
and accidental ' caufes : from, thcfﬁ
fources are derived, thofe various im--
purities, which have been difcovered
in all* atmofpherical water;, and,

3 which,
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which, we can readily apprehend,
muft be different in quality and quan-
tity, according to the nature of the
- heterogeneous fhb&ances(fhbﬁﬂjng
in that portion of the atmofpherc,
through which the aqueous vapours
have afcended, or which they have
wafhed in their defcent; that is, in
general, according to the natuie of
the climate, the feafon of the year,
the diretion of the winds, and the
preceding temperature of the wea-
ther, ’

ESSAY
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©F THE SALTNESS AND TEMDPERA-
TURE QOF ITHE SEA.

HERE are few - qu fions,

refpe&ing’ 4the patural giftory -
of our globe, wl:nch have bc dif-
cufied with more "attentioh, dc-
cided with lefs ﬁnsfaﬂ:lon, thah that
concerning the primary.caufe §f the
faltnefs of the fea. The folution.of
it had perplexed -the . philoﬁ)phersx
before the time of Ariftotle®; it fur-"

paffed”
.“\ riﬁ. Metco; I.p ii- €. iiin
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-pafled his own great genius; and
thofe of his followers, who have at-
‘tempted to fupport his argumcnts,
have been betrayed into’ very ill-
grounded conclufions concerning it.
Father Kircher#, after having con-
fulted three and thirty authers upon
the fubje&, could not ‘help remark-
ing, that the fluctuations of the ocean
itfelf were fcarcely more wvarious,
tHan the opinions of men concerning
the origin of its faline impregnation.
.The-queftion does not-fem capa-
-ble of admitting an illufttation from
-experiment; at lealt, no experiments
have :hitherto been made for that
.purpofe, and therefore we may be
.the lefs furprifed at its remaining
'Mmly as problematicat in the prefent
_agey as xtijxhs been in any of the pre-
ccdmm
Kirch, Mun, Subter, L. i, c. i,
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ceding.  Had there, indecd, any ob-
fervations been made, three or four
centuries ago, afcertaining the then
faltnefs of the fea, at any particular
time and place ; we might, by mak-
ing, at prefent, fimilar obfervations
at the fame place, in the fame feafon,
have been able to know whether the
Jaltnefs, ac that particular place, was
an #ncreqfing, or a decreafing, of an
nvariable quantity : -and this kintl
and degree of knowledge wfould
have ferved as a clue to dite& gs to
a full inveftigation of this matgr in
general; but it s to be regrettedthat
.no fuch obfervations have, till Kery
lately, been made with any tolcrable
precifion.—There are three princi-
.;pak opinions on this fubject, which
have been maintained 'by ph:lofo-

_phers of raodern date. .
Some
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Some¥ oblerving that river warer,
almoft in every part of the globe, is,
_in a greatet or Jefs degree, impreg-
nated with fea falt, bawe thought
that the fea has gradually acgquired
its prefent quality of falt from
.the long continued influx of rivers.
The water, which is camcd into the
fea by the rivers, is again feparated
from it by evaporation, .and being
. difperfed over the atmolphere by the
*winds, it foon defcends in rain or
;vapour upon the furface of the earth
from whence it.haftens to pour into
~the- bofom of the acean, the frefh
. tribute of falt, which it has colletted
in its inland progrefs. - Thus the
. falt conveyed into the fea, not being
‘.2 volagile fubftance, nor performing
:ﬁn_inqtﬁ'a,n(, circulation, iike the wa-
o ter

‘Halley, Philof. Tranf. No. 344
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: per-which caeries it thither, muft be
2 perpetually increafing -quantity,
and time enough, it is contended, has
. elapfed fince the creation, for the fea
. to acg.uire from this fource its pre- -
Aent quantity of falt,

The principle wpon which this
~opinion is founded, capnot .become
. the fuby:ét of accurate calculation ;

rivers may have formegly carried
,more .or le(s falt into the fea, than
-they do at prefent ; and the quaati-
: ties, containedkat prefent in different
 rivers, are {o varjous, that gxyggnc.
ral poﬁtmn, with refpedt to. dm pro-
pomon of falt obfervahle ;ngrmr
water, wilk bediable to many drcepy
tions from p:utmular cafes. I may
appear pubable, haweyer, frqp'x the
following obfervation, -that th‘& cayfe
here aﬁigmd of the' faltnefs. of the.
vas, 11, G fea,
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‘fe;, is ‘not adequate to the effe,
Sea water, at a medium taken frofn
obfervations made in different cli~
mates, may be fuppofed, without
any great apprehenfion of ersor, to
contain about one thirtieth of its
‘weight of common falt ; but all the
rivers in the -world could not have
.conveyed into the fea one five hun-
dredth part of the weight of the
fea, though we fuppofe that they
‘hrave daily, .ever fince the creation,
«carried into the fea%and left there,
the fame quantity of falt, which they
do at prefent daily depofit in it. 1In
order to make this out, with any ap-
pearance of perfpicuity and premﬁon,
we will take for granted, what fome
eminenf philofophers have endea-
voured to prove, — ¢ that all the

rivers in.the world ﬁowmg into the
bed
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'kbd of the fea, with a continuance of
their prefent ftores, would take up

at leaft eight hundred years to fill it

to ics prefent height *;”—this being

Jpremifed, Jet us fuppofe the ocean to

have been originally quite freth, and

“to have daily loft by evaporation as
much water, as it daily received from

the influx of the rivers, then muft

eight hundred years have pafled be-
fore the freth water of the ocean .

.could have been changed into river
water, or acquired that proportion;of

falt with which river water. is im~
pregnated, River water may, in ge-

neral, be fuppofed to contain ope

four thoufandth part of its weightiof

fea falt; fome rivers, doubtlefs, ccm-

tain
* Goldfmith’s Hift. of the Earth, &, Vol I,

p- 228, Byffon, Hift. Nat.-Vol. I, p. 356.
G2
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:tain more, others lefs, but the quan-
tity here affumed feems to be great
enough ; fince even the Thames*
water, taken up-near Billingfgate, im-
pregnated, as it may be fuppofed to
be, with fea falt, from the quantity
of it ufed in London, and wathed into
it by various drains, does’ not -con-
tain one ‘half fo much; the ocean
upon -this hypothelis, at the expira-
tion of eight hundred years from the
creation, .would Have contained one
four thoufandth part of its weight
of fea falt; and at the expiration of
eight times cight hundred years, it
would have contained e¢ight four
thoufandth parts, or one five hun-
dredth part of its weight of falt; byt
eight times eight hundred years carry
us
Sece an ingenious Trqhiry into the Nature

af Water, by Dr. Rotherham, p. 114,



( tor )
a‘:s back to an ra antecedent to the
creation of the world.

Other philofophers ®, obferving
that large beds of foffile falt are
not unfreduent in any quarter of the
globe ; and conceiving, with great
probability, the bottom of the fea
to be analogous in its formation to
the furface of the earth, have tn-
dertaken to derive its faltnefs from
the beds of rack falt, which they
have fuppoled go be fituated at its
bottom; and they are furth;r of
opinion, that without fuch a pcrma-
nent faline prmmplc, the fea wduld
long fince have become mﬁp1d rom
the frefh water poured into it by an
infinity Qf rivers, Strangc' that

‘ w%at,

* Mem, de ’Acad. des Scien, de Ber. ,Argn.
1760,
. c3
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what, according to the forementionegd
hypothefis, was thought fufficient tor
account for the faltnefs of the fea,
fhould in this be efteemed inftrumen-
tal in annihilating the faltnefs already
fuppofed to exift.

This opinion is liable to'.an ob-
je&tion of fome weight; for it may
reafonably be inquired, why the
waters of the ocean are not perfettly
faturated with falt,. if they have ever
fince the creation béen exerting their
diffolving powers upon fuch per-
manent maffes of rock falc as are
thought to be fituated at its bottem.
Were the waters of the ocean in a
quiefcent flate, and every where of
two or three miles in depth, as they
are conjetured to be in fome, it
would not be an caf); matter to de-
fine the time in which the waters at

the
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the furface would become fapid,
much lefs, in which they would' be- -
come faturated, "though theé 'whole
bottom of thé ocean was . ¢overed
with a flratum of rock falt. The
water contiguous to the fale would
faturatg itfelf therewith, and being
thereby* rendered heavier than the
fuperficial water, it would not readily
mix itfelf with it; butr though the
lower parts of the fea have been ob-
ferved by dives to remain in a very
tranquil ftate, when the upper have
been much agitated by ftorms ;lyes
it may rcafonably be' fuppofed, %hat
they are fufficiently moved, to- ca?.uc,
in a fufficient length of timej an
uniform diffufion of the rock '.;alr,
they may be fuppofed to have dxf-
folved. The'patrons of thisopision
found their rcafonipg upon a miftake;
G4 they
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.they thinK, chat if there were no
niines of ‘rock falt in the bed of the
6cean, its watérs would have becn
Jong ago converted into freth warer,
by the rivers difcharged into it.
Now this is an erroneous principle ;.
for fuppofing that the rivers. them-
félves contained no falr, ahd that
they returned into' the fea, in- any
given time, the fame quantity of
water, whith in' the fame time is
raifed from it by evaporation, the
faltnefs would réain precifely the
fune for ever. But neither of thefe
fuppofitions is-trué, for the rivers do
convey into the: ocein fome por-
tion of falt every day, and they do
-mot, in any given time, return into
the ocean fo much water 4sin the
fame time is feparated from it; and
upon both thefe "accounts, the falt-

nefs
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atls of the fea, fo far from bcmg.
diminifhed, ought conﬁantlytn be ’
increafed, from the rivers poured.
into it.

Boyle # unites, as it were, the two -
preceding hypothefes, apd ¢ takes.
the faltpefs of the fea to be fupplied, .
not only from rocks and other mafies-
of falt, which at the beginning were,
or in fome countries may yet.be-
found cither at-the bottom of the
fea, or at the fides, where the watér
can reach them ; but alfo from the-
falt which the rivers, rains, and:
ather waters diffolve in their paffage
through divers parts of the egth,.
and at length carry with them jnto-
the fea.”  Buffon, and the gene-

nlity

*' Boyle’s Works, Vol. ITL. p. g81.

+ Hifk. Nat: Vol 1. p. 361, . Gold{mith's-
#1j#, of the Earth, Vol I, p. 234
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rality of philofophers, acquiefce ia
the opinion of Boyle.

After all, it may be obferved, that
we are inquiring into the caufe of a
phanomenon, which it may be faid
bad no fecondary caufe atall. Itis
taken for granted in this difquifition,
that the water which covered the
globe in its chaotic ftate, was not
impregnateq with falt as at prefent,
but quite frefh ; now this is an opi-
nion concerning a matter of fa,
which cdn never be proved either
way ; and furely we extend our fpe-
culations very far, when wé attempt
to explain a phznomenon, primeval
to, or coeval with, the formation of
the earth,

Bernardine Gomefius *, about two
hundred years ago, publifhed an in-

genious
Gomef. de Sale, L1 ¢, 24
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genious treatife upon falt: in this
treatife, after reciting, and refuting;
the opinions of Empedocles,” Anax-
agoras, and Ariftotle, upon the fuba
Jje& in queftion, he propofes his own;
wherein he maintains that the fea
was originally created in the fame
ftate in® which we at prefent find it,.
and impregnated from the very firft
with the falt which it contains.
Though this hypothefis may be con-
fidered by fome, rather as a cutting
than any untying of the knot, yet ic
has been embraced by philofophers
of great ‘eminence *; and it muﬁ be
owned that it may be applied tcgthe
folution of fome phenomena withipe-
culiar propriety. Naturalifts a{}'ure
us, that, though fome few fpec:cs of

fifhes

* Kicher Mun, Sub. L. fii. £, il;semem—
Nollet, Lec, de Phyf, Tom, 1V. p. 62,
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fithes thrive in fre(h water, and fome
others live alternately in freth water
and falt, yet by far the greateft num-
ber cannot exift out of the fea: now
whether we fuppofe the fea to have
become falt from the influx of rivers,
or from the gradual folution of beds
of rock falt, or from the combined
infiuence of both thefe caufes, it muft
for fome years have remained fo ex-
ceedingly frefh, that it will not be an
eafy matter to account for the conti-
Ruation of the exiftence of the num-
berlefs fpecies of fithes, which cannot
live in frefh water. This difficulty
is not removed by fuppofing that
fithes do not' imbibe any part of the
fea’s faltnefs with their food, and at-
tributing the efficacy of fea water in
preferving life, to the fuperior weight
with which it comprefles thc. organs
of
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of refpiration, for this fuperior weight
is as much an effeét of the falt dife
folved in 1t, as the faline tafte itfelf,
The faltnefs of the Cafpian fea, of the
Yakes of Mexico, and Titicaca, and of
other large colletions of waters,
which have no effluent rivers, nor
vifible tommunication with the fea,
may be as fuccefsfully explained up-
‘on this hypothefis,~—that the fea was
at the creation impregnated with falt

~—as upon either of the preceding.’
Belides the opinions, concerning
the caufe of the faline impregnation
of the fea, which have been, here
‘mentidhed, there is another, which
“future ages will, probably, fcﬁ lefs
queftionable reafons to adopt?than
we do : 1 mean that which maigtains
—that fea falt is conftantly and abun-
«dantly
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danly -generated, both on the fur-
face of the ‘earth, and in the bofom

-of the ocean,
But how ineffetual foever our at-
tempts may be to explain the caufe
~of the faltnefs of the fea; yet one
might have hoped, that in this age
-of philofophy and curious na¥jigation,
the degree of its faltnefls in every
latitude, and every {eafon of the year,
would have been afcerrained by ac-
curate experiments. The acquiring
‘knowledge by experiments, is a flow
and laborious method, but it is, at
the fame time, a ethod within our
reach: whilft the theoretical inveftiga-
tion of the proximaté.caufe of any na-
-tural phznomenonoften furpaffes, and
that of its ultimate caufe always fur-
.paffes the apprehenfion of the hu-

aman ingellect,
Some
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Some experiments tending tothe
elucidation of this point, refpefting
the famenefs or diverfity of the falt-
nefs of the fea in different places,
were made in the courfe of the
voyage towards the North Pole, in
1773. We learn from thefe experi«
ments, that the fea water at the Nore
contained not .quite ;% of falt; at the
back of Yarmouth fands not quite 4 ;
off Flamborough Head rather more
than 4% ; off Shetland rather lefs than
2 latitude 74 at fea ,'; atitude 48
lefs than % ; lautude 8o, near the
ice, not quite ; latitude8o. 3o,u.n-
der the ice, not quite, %3 latnug
.68.46, rather more than %5 ; ; latituge .
63, at fea, rather lefs than LN “ﬂr.

Hales
* Thele feveral quantities ave derived F;bm

the experiments mentioned in a Voyage ‘to-
wards
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‘Hales got-only 5, from water taken
vp in the Mediterranean, and 'y from
water taken up at the Nere. Dr.
‘Rutty fays, he got % from water
taken up in latitude 65; % from
water taken ﬁp near to.Dublin ; and
% from water taken up at Dungar-
wan; and Dr. Lucas, that ‘he got '
from fea water taken up at HHar-
wich*” The reader will obferve
that thefe experiments do not per-
fe@ly accord, as:zo the quantity of
falt contained in water taken up at
the fame place, as at the Note, and
in latitude 65. This is not to be
wondered at; the fea water in the
fame latittide, is.not . always equally

.di-

wards the North Pole, 1773, by Conf. John
Phipps; now Lord Mulgrave, p. 143
+* Monro on Miaeral ‘Waters,.Vel. L p.
v‘JQSn '\‘
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diluted by the frefh water which falls
from the atmofphere; nor can we be
certain, that different perfons, in
making experiments of this kind,
have always ufed the fame degree of
heat, in drying the refidue which re-
mains after the evaporation of the
water; or that they have evaporated
the water with the fame degree "of
heat : and yet this circumftance alene
may occafion a great difparity in the
quantity of the faline matter, fepara:
ble from a definite weight of fea water..
For not to infift upen, what has btn
before mentioned, the decompofition
of a part of the fea falt, which talies
place when a folution of i it is cvapé’xu
ated with a great heat, it may be ob-
ferved, that the fea falt in fubftance
is difperfed, when a faturated folurion
of it is evaporated with even lefs than

voL. 1I, H a boil~
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a boiling heat. This is very clearly
feen, when a fmall quantity of a folu-
tion of fea falc is evaporated to dry-
nefs in a deep copper veffel, for the
infide of the vellel, which can come
in contat with nothing but the va-
pour, is {pangled with particles of
falt, which have been carried up with
the vapour.

It appears-from fome experiments,
formerly made- in a voyage from
"England to Boinbay in the Eaft Indies,
that the weight of the fea water was
the greateft, notprecifely at the Equa-
tor, but where the fun was vertical,
and conlequently, in fimilar circum-
ftances, where the heat was greateft,
The greateft weight of a definite
quantity of fea’ water, which was ob-
ferved in failing from 28 degrees,
north latitude; to the Cape of Good

Hope,
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Hope, which is about 341 degrees
fouth latitude, ia the months of May, .
June, and July, was at St. Jago ifland,
north latitude, 15, degrees; and .the
leaft was at Teneriff ifland, north la-
titude 28. The weights of equal
bulks of Thames water, of the fea
water atTeneriff, and St. Jago, were
649—673;—780% grains?; thc‘pro-—
portion of which numbers may be
nearly thus expreffed.—~Thames wa-
ter 1000,— i eneriff fea water 1022,'
—St. Jago fea water 1184. By com-
paring thefe numbers with a Ta
in the Philefophical T ranfa&xons,i
hibiting the comparafive weight | £
equal bulks of fimple water, and¥pf
water impregnated- with different:
portions of fea falt, it may be con-
je€tured, that the Feneriff-fea water-
H2 . com
Gentleman’s Mag. Vol. XXV. p. 26a..
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contained about % of falt, and the
St. Jago water above ;. of its weight
of falt, fo that it was nearly, if not
fully faturated*.

As it is not every perfon who can
make himfelf expert in the ufe of the
common means, of, e{hmanng the
quantity of falt contained in fea wa-
ter, I will mention a method of do-
ing it, which is fo eafy and fimple,
that every common failor may under-
ftand and pra&ife ir; and which, ac
the fame time, from the trials 1 have
made of it, feems to be as exat a
method, as any that has yet been
thought of.—Take a clean towcl or

1o ! any

* ] formed the table hcre referred to above
10 years ago; I have reafon to think, that
thofe who have Jeifure and accurate inftru-
ments, mght make it more corre®, by ufing
more precaution than I did in fome pavt.culars,
F p"ﬂ Ay in what rﬂ‘am‘ to the purity of the

(!‘ l ‘ N N
‘ o 1‘ :',’\1 e e
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any other piece of cloth, dry 1t well
in the fun or before the fire,. thén-
weigh it accurately, and note down
its weight; dip it in the fea water,
and, when taken out, wring it a lit- -
tle till it will not drip, when hung
up todry; weigh it in this wet ftate,
then dry it either in the fun or at the
fire, and, when, it is ‘perfeétly dry,
weigh it again, The excefs of the
weight of the wetted cloth above, its
original weight, is the weight of the
fea water imbibed by the cloth; and
the excefs of the weight of the clgth,
after being dried, above its ori fnal
weighr, is the weight of the falt {re-
rained by the cloth; and by cgm-
paring this weight, with the weight
of the fea water imbibed by the cl{;th,
we obtain the proportion of falt ¢on-
tained,in that fpecies of {e3 water,

3 ‘Who- *
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"Whoever undertakes to afcertain
~the quantity of falt, contained in fea
water, either by this or any other
method, would do well to obferve
“the ftate of the weather, preceding
the time when the fea water is taken
out of the fea, for the quantity of
falt contained in the water near the
furface, may be influenced, both by
the antecedent moifture, and the an-
tecedent heat of the atmofphere,
And this leads to the confideration
of a queftion propofed by Ariffotle*,
—Why are the upper parts of the
fea falter and warmer than the lower?
—Some ‘philofophers admitting the
Hact, have followed him-in attempt-
ing to explain it; whilft-others have
thought themfelves authorifed by ex-
Pperiment, to deny -the truth of the
o © pofi-

. Arift, Prob. S, xxdii. 9. 3@,



( 119 )

pofition; and thofe, perhaps, will
argue with the greateft juftnefs, who
fhall affirm, that it is neither gene-
rally to be admitted, nor generally to
be rejected, but that the fea in fome
places, and under certain circum-
ftances, is falter and warmer at the
furfacé, than at any confiderable
depth beneath it, whileinmany others
the reverfe is true. The queftion
confifts of two parts, betwixt which,
though there, probably, is 2 con-
_nection, yet it is not fo neceffary a
one, as to hinder us from qonﬁﬁcr-
ing cach part by itfelf,

As to the faltnefs of the. fea at
different; depths,. we have dnﬁ'«rcnt
accounts concerning it. Thert
two methods of eftimating the ‘lrcla-
“tive quantities of falt contained in

H 4 differ-
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‘different fpecimens of fea water; one
confifts in weighing equal bulks of
them, fuppofe a pint or a bottle full
of each; for if they have equal
weights, it is fafely enough inferred,
that they contain equal quantities of
falt: the other confifts in evaporat-
ing a pint, or any other meafure of
fea water, and weighing the falt
(which is not evaporable) remaining
after the water is wholly diffipated.
Mr. Boyle found, that equal bulks
of water taken up in the Channel be-
tween France and England at the fur-
face, and at the depth of fifteen fa-
thoms;, were equally heavy, and
thence he concludes, that the {uper-
ficial water was as falt as that at a
great depth¥, ..

On

" Boyle’s Obferv. on the, Saltnefs of the Sea,
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On the other hand, Count Mare"
filli obtained, by evaporating the-
water, a thirty-fecond 'part only of
its weight of falt from water, taken
up on the furface of the fea.in the
gulf of Lyons, whilft that taken up
at the fame time and place from a
great depth gave him a twenty-ninth
part of its weight of falt; and he
thence infers, the greater faltnefs-of
the fea at the bottom than at its fur-
face®. In this conclufion he has been
fupported by experiments made!in
the gulph of Botbwia.. - ...+ ¥ .

There can be no reafon to fufpe&
the accuracy with which any of théfe-
experiments  was made ¢ in differént
places the- fafts will probably Fbe
different.  The Rkone difcharges.
much frefh water into the gulf of

Lyons;
Hiftqjre Phyl. de la Mer,
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sLyons ; this frefh water being lighter
" than the fea water, will not readily
mix itfelf with it, and for this reafon

the fuperficial water will be moft

diluted by it, and from that circum-

ftance it will contain lefs falt, in a
definite quantity, than the water

which is at a greater depth. At

Northwich they pump their brine,

which is to be boiled into falt, into

a very large. circular bafon, funk in

the ground, and lined .with brick,

from whence, when its impurities

are fubfided, it is conveyed to the

‘boiling pans. ‘This bafon is expofed
‘to the open- air, ‘and in cafe of a
great fall of rain, or {now, they let

off the uppermoft parts of the water
ff,hrough a wooden tube, which is at
Agher times ftopped with .a plug,
placed

4
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placed ‘upon a level, nearly, with
the upper furface of the brine in the
bafon; what is thus let off is not
preferved, but thrown away as ufe~
lefs. This pra&ice. proceeds upon
the principle we are fpeaking of,
namely, that frefh water is not apt-
to mix itfelf, unlefs it be much agi-
tated .with falt water. The guif of
Bothuia receives ‘rivers from an-ime
menfe range -of mountains, -extend-
ing themfelves to the-caft; the&ordi;
and the weft, far beyond the .poldr
circle; and therefore, as in-the gulf
-of Lyons, its furface :may be.. '
-diluted "with -frefh . water. 'than '3
middle or-bottom. But in the wat
-of :the sEnglifh channel, with whigh
‘Mr. Boyle made his experiment, the
-cafe is-very different, This water
has
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- has a communication with the Ger-
man ocean on one fide, and with the
Atlantic on the other; and, from
that circumftance, it is fubje&t to
fuch a conftant agitatior#as will oc-
cafion all the freth water, poured
into it by the Thames, Medway, and
other rivers of lefs confequence, to
be uniformly diffufed through all its
fubftance, fo as to render it equally
falt at all depths, The conftant
‘effet produced on the fuperficial
watefof the fea, by the influx of a
. Jarge river, is fomewhat fimilar to the
temporary effeft, attending a down-
fal of rain; the fuperficial water will

" be thereby much diluted, It was
obferved: in\the"voyggc to Bom-
"bay before referred to, that if a

“quantity of fea water in dry weather

weighed
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weighed 778 grains, an equal quan-
tity immediately after a fall of rain
would not weigh.above 676 grains,
the fame quantity of Thames water
weighing 69 grains. Hence it may
be collected,. that the weight of a
cubic foot of the fea water before
rain exeeeded the weight of a cubic
foot after rain by 155 ounces, ., *

In the voyage which was made
towards the North Pole in 1773, we
meet with fome experiments on this
fubject. e

In the open fea off Shetland, norjh
latitude 60 degrees, equal quan;it%s
of water were taken up at the fig-

_face, and at the depth of fixty-fige
. fathoms; thefe different waters yiel-
ed by evaporation cqual quantiges’
of falt, namely, ;% of their weight’
_nearly, ,
' On

"
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On another occafion, in north la-
ritude 65 degrees, fome water taken
up from the furface gave nearly ,’;
of its weight of falt, whillt an equal
weight taken up from the depth of
683 fathoms in the famelace, gave

-only J5 *,

It is obvious that the firt: of thefe
egperiments confirms Mr. Boyle’s
notion of the fea being equally falt

» at all depths, and that the fecond is
wholly oppofite, both te his opinion,
and that of Count Marfilli, fo that
the-queftion remains {till undecided.
There is a circumftance, however,
which I will fubmie to the reader’s

con-

* In page 143, fiom which this account-
is extradted, the latitude is put equal to 75 de-
grees; but it appears from pages 117 and 137,
that the fhip on the 4th of Sept..when this ex-.
periment wag made, was in latitude" 6y
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confideration, whether it may not be
fufficient to explain the different re-
fults of the experiments made during
the voyage here fpoken of. The
experiments which gave equal quan
tities of fale from equal quantities
of water, taken up at the furface,
and at the depth of 65 fathoms, were
made on the 1zth of June; the
others, which gave more falt from

the fuperficial, than from the deep’

water, were made on the 4th of Sep
tember., Now admitting the falt-

nefs of the fuperficial water, and of '

water at the depth of 683 fathonis
to have been the fame, in the begin-
ning of June, why may not Q;he
quantity of water, evaporated from
the furface of the fea, during the
hot months of July and Auguft,
have lefi the fuperficial water more

impreg- -+ &
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impregnated with falc chan the water
at a great depth? It is fome con-
firmation of this notion, that the air
in June was only fix degrees warmer
than the' water from the depth of 65
fathoms, and that the air jn Sep-
tember, when the experiment was
made, was above 26 degreés hotter
thin the water from the depth of
683 fathoms., The rife of frefh
'{prings at the botrom of the fea, in
particular places, may. be another
reafgn for our accidentally finding
the fea falter at its furface than at
any great depth below ir. How-
ever, neither of the reafons here
of{;rcd in cxplanauon of the phzno-
menon are wholly to be relied on;
for the freth water which may acci-
dentally be found at’ the bottom of
the fea will rife up till it becgmes as

much’
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vnuch impregnated with falt, as the
water incumbent over it is, and the
water at the furface, which is ren-
dered heavier by the fun’s having
evaporated fome of its frefh parti-
cles, will probably fink downwards,
and mix itfelf with the water below
1r, till the whole mafs of water be-
.comes equally heavy, and confequent-
ly equally falt. The fadtitfelf, of the
fea being in any cafe falter at the
furface than at its bottom, ought to
be afceriained by repeated experis
ments,

With refpect to the temperaturg
of the fea at different depths, i¢
feerns reafonable enough to fuppofcé:
that in fummer time it will be hotter
at the furface than at any confider«
able depth below it, and that in
winter it will be colder. Suppofe 2

voL. 1. I ciftern,
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cittern, twelve feet in depth, to be
filled with fpring water, of 48 degrees
warmth, to the height of eleven feet;
then if we fill up the ciftern to its
top, by gently pouring water heated
to 100 degrees upon the furface of
the fpring water, it may readily be
underflood, that the heat of this
water will not be inftantaneoufly
communicated through the wlhole
mafs of water in the ciftern, but that
the water will decreafe in heat from
the furface to the bottom of the
ciftern. On the other hand, if on
the 11 feet of fpring water heated
to 48 degrees, we pour a foot of
water heated only to 33 degrees, it
may be expeéted, that the fpring
water which is nearelt to the cold
water, will be foon¢r cooled by it
thak that which is at a greater

I diftance 3/
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diftance ; and on this account the
water at the bottom of the ciftern
will be warmer than that in the
middle or at the top. It muft be
obferved, however, that cold water
being, bulk for bulk, heavier than
hot watér, the water which has only
33 degrees of heat will defcend by
its {uperior weight, into the mafs of
water contained in the ciftern, aha:
thus the water in the ciftern will bé
cooled, not only by the bare coms
munication of cold from the uppet
water, but by the acual mixture of,‘
that water with the reft, fo that thg
difference between the heat of the
water at the bottom and top, wil
not be fo great as it would have
been, if the cold water had not
mixed itfelf with the rett, Thefe

12 fuppo-
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ﬁlppOﬁﬁOﬂS of hot and vuiu warer
incumbent on the fpring water in
the ciftern, are analogous to the
altion of the fummer and winter
atmofpheres incumbent on the fur-
face of the fea. No perfon, who
has bathed tn deep ftanding water in
fummer time, can have failed to
. obferve, that the water grew colder
and colder, according to the depth
to which he defcended. I have fre-
quently obferved, that the furface of
a pool of water of two feet in depth
has, in a funny day, even in winter,
been five -degrees hotter than the
water at its bottom,

Mr. Wales defcribes the inftru-
ment he made ufe of for trying the
temperature of the fea at'different

depths, in the following terms:
“ The
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* The apparatus for trying the heat
ef the fea water at different depths,
confifted of a fquare wooden tube,
of about 18 inches long, and 3
inches fquare externally. It was
fitted with a valve at the bottom,
and anqther at the top, and had a
contrivance for fufpending the ther-
mometer exally in the middle of it.
When it was ufed, it was faftened
to the deep-fea line, juft above the
lead, fo that all the way as it de-
{cended the water had a free paffage
through it, by means of the valvel
which were then both open; but thé
inflant it began to be drawn up
both the valves clofed by the pre‘?
{fure of the water, and of courfe tl}?f
thermometer was brought up in 2
body of water, of the fame tempera-

13 tuce
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ture with that it was let down to.*”
‘With this infirument, which is much
the fame with one formerly defcribed
by Mr. Boyle, in his obfervations
about the faltnefs of the fea, water
was fetched up from different depths,
and its temperature accurately no-
‘ticed, in different feafons 4nd lati-
tudes.

Avguft 27, 1772, fouth latitude
24° 40. The heat of the air was
y23,—of the water at the furface
70,—of water from the depth of 8o
fathoms 68 +.

December 27, 1772, fouth lati-
tude 58° 2, The heat of the air
‘was 31,—of the water at the fur-

face

* See Aftronomical Obfervations made in a
Viayage towards the South Pole, &e. in 1772,
17735 &c, by W, Walcs, Introduétign, p. 53

 Wales’ Obler. p. 206.
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face 32,—of water from the depth
of 160 fathoms 33} *,

In the voyage to the high northern
latitudes before mentioned, they
made ufe of a bottle to bring up
water from the bottom, which is
thus defcribed. ¢ The bottle had a
ceating of wool, three inches thick,
which was wrapped up in an oiled
fkin, and let into a leather purfe,
and the whole inclofed in a well-
pitched canvas bag, firmly tied to
the mouth of the bottle, fo that npt
a drop of water could penetrate } ko
its furface. A bit of lead {hapi
like a core, Wlth‘lts bafe doy
wards, and a cord fixed to its fimg
end, was put into the bottle;; and-a
piece of valve leather, with half a
dozen flips of thin bladder were

14 ftrung
Wiales’ Obfer. p. 208. '
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firung on the cord, which, when
pulled, effeually corked the bottle
on the infide.” I have here put down
two of the experiments which were
made during that voyage.

Auguft 4, 1773, north latitude
80° 30. The heat of the .air was
32,5—of the water at the furface 36,—
of -water fetched up from the depth
of 6o fathoms under the ice 59+.

. September 4, <1773, north lati-
tude 65°. The heat of the air was
664, — of the water at the furface
55,~of water from the depth of 683
fathoms 40.

It appears from all thefe experi--
ments that, when the atmofphere
‘was hotter than the furface of the.
fea, the fuperficial watér was hotter

than

Voyage towards the North Pole, ﬁ 143 /
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than that at a great depth; and when
the aunofphere was colder than the
furface of the fea, it is evident that
the fuperficial water was fomewhat
colder than that at a confiderable
diftance below it: and I doubt not
that this will generally be the cafe,
though “fudden changes in the tem-
perature of the atmofphere, which
cannot be inftantly communicated
to the fea, may occafion particular
exceptions. :
In the year 1779, feveral expcrr-.
ments were made, with great accus
racy, in order to inveltigate the temg

perature of the lake of Geneva, a
of other lakes in Switzerland, ait
different depths; we learn from them,
that in winter time there is very .
little difference between the heat of
the
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the water at the furface, and at 2
great depth below ir; bur that in
fummer, the fuperficial water is con-
fiderably warmer than that which is
at a great diftance from the furface.
The expériments were made with a
thermometer graduated afier Reau-
mer’s fcale; fome of them, reduced
to Fahrenheit's fcale, are exprefled
below.

Temperarure of the lake of Ge-
neva at different depths, in the be-
ginhing of February 1779, after a
month wmntcrmpted froft.

Heat of the open air variable
from 37 to 40 degrees,

Water at the furface of the lake, 42%
+ Depthroofect - . =~ 42%
Depth 250feet - < - 42§
Depth 950 fect, bottom - 4135
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In another part of the lake, open
air from 37 to 40.
Surface - - - 42%

Depth 350 feet - - 42§
Depth 620 feet, bottom - 4323

Temperature of the lake of New-
chdtel, July 17, 1779..

Air - - - - vy :.
Surface - - - 738
Depth 225 feet, bottom - 41*

* The reader will find a great many, othq;
experiments of the fame nature, in. the1i ﬁr
volume (the only one yct publifhed HBf a ve
interefting work, intitled, - Voyages dans 1é
1Alpes, par Horace-Benedt& de Sauffure; Prob
feflor of Philofophy at Geneva,

ESSAY






ESSAY V.

OF FRESH WATER PROCURABLE FROM
SEA WATLER, BY CONGELATION,
AND BY DISTILLATION,

« HE fecond day we defcried

amainbank of ice, inghe léti}-
tude of 60°. We wanting fre! waté:
did fail clofe to this land of ice, alﬁ
hoifted out our boat and loader hér
twice with ice, which mfade us vety
good frefh water#,”—s¢ About nine

of

Cap-t. Weymouth’s Voy. in 1602, Pur
<hals’ Col. B. iv v 13,
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of the clock in the forenoon we came
by a great ifland of ice, and by this
ifland we found fome pieces of ice
broken off from the faid ifland, and
being in great want of freth water, we
hoifted out our boats of both fhips,
and loaded them twice with icc, which
made us very good freth water*®.”—
¢ The pieces of ice we took up were
hard and folid as a rock ; the falt wa-
ter which adhered to the ice, was fo
trifling as not to be tafted, and after
it had lain on deck a little time,
intirely drained off; and the water
which the ice yielded was perfeétly
fweet apd well tafted $.”—< In the
afternoon we filled our ‘cafks with
A

frefh
. % Capt. Weymouth’s Voy. in 1602. Pur-
thais’ Col, B. iv. c. 13.

+ Cook’s ¥oy. towards the S. Polei in 1973,
Vol.L p.37. ‘
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frefh water, from the ice, which we

found very pure and foft *.”
Notwithftanding thefe teltimonies
of our moft experienced navigators,
concerning the freth water which
they procured &om the thawing of
the ice, ‘they found. floating in the
fea; yet it might ftill remain a mat-
ter of doubt, whether the ice, from
which the water was obtained, had,
been formed in the fea, and, confe-
quently, whether fea water itfelf
would when frozen yield freth watér.
For it might, with fome appearange.
of probability, be faid, that the ifye'
had either been formed at the maut}}s
of large frefh-water rivers, and then'tc
by tides or torrents drified into the
fea; or that it had been broken by
its
» * Phipp¥’ Voy, towards the N. Poloin 1173
P 60a
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. its own weight from the immenfe

clifts of ice and frozen fnow, which,
in countries where there are few ri-
vers, are found in high latitudes to
L on e R3S . »
proje& a grear way into the fea®;

~or laftly, admitting it to be formed
10 the fea, it might be urged, that it
“was formed of freth water, not of

falt, Futherbye,inhis vQyage in 1614,
efteems fnow the original caufe of the

- jce found at fea, for he obferved it

10 be an inch thick upon the furface

of the fea; and Captain Cook, from

"his’own obfervations in the South

’ ' " - Sea

¥ Jechergs are large bodies of ice filling the
vallies betwcen the high moimtains, —Large

* pieces frequently break off from the icebergs,

and fall with great mpife into the water: we

“oblerved one piece which had floated out into

the bay, and gronnded in twenty-four fathom ;

it was fifty feet high above the ﬁrface of the
‘gﬁer Phipps’ Voy. p. 70., €
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Sea, was difpofed to think, that the
vaft floats of ice he met with in the
fpring, were formed from the conge-
lation of fnow®. Without doubt,
the fnow which falls upon the furface
of the fea, being.in a folid ftate, and,
bulk for bulk, lighter than the fed
water, will not readily mix itfelf with
it ; but may, by a due degree of cold
.in the atmofphere, be fpeedily con:
verted into a layer of ice, the upper
furface of this firlt laycr of ice being”
elevated above the furface of the fea,
will receive all the frefh water whigh
falls from the.atmofphere in the for%n
of fnow, fleet, rain, or dew; by tﬁe :
fucceflive congelation of which,’ the -
largeft fields of ice may at laft e
formed. Whether the ice foundiae
-
O Voy. tawards the S, Pale, Vol. IL p. 242,
VOL. M. K~
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fea, be formed according to any one
or all of thefe ways, it is evident,
that it is produced from an accumu-
lation of congealed frefh water, and
that we cannot, from the freth water
Jprocurable from ice thus formed,
conclude that the ice of frozen fea
water would yield frefh water.

Toa navigator, it is a roatter of Jit-
“tle confequence to determine, whence
. the ice which fupplies him with frefh
- water is produced, heis fure of meet-

ing with more than enough of it for

~ his purpofe, and he leaves it to the
Jeifure of philofophers to decide the
gueftion, whether congealed fea wa-
“ger willy when thawed, 'yield" frefh
water. ~ They have decided it by
aftual experiments;, made with every
fuitable attention. ~ Some feg water
“was tdkenup off the Nerth Forelana,
.. A . ' ' it
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it was cxpofed to a freezing atio-
fohere,and it afforded an ice perfeétly
fiee trom any tafte of fale# ‘The fpe-
afic gravity of the water, produced
from the melting of the ice, wis
fomewhat greater than that of diftil,;
led min‘ water, and fomewhat lefs
than that of a mixture of rain and
{now water taken out of a water tub.
T'he degree of cold, in wiich the fea
wateg froze, was 28% of l"ahrenhcii’s
thermometer, or 3+ lowérthan th:wtn
which commuon water freezes. The
degree of cold, however, in wh
fea water freezes, cannot be 'alc
tained in general, unlefs it can
fhewn, that the feggwater, taken
in different latitudes, contains equigl
quantities of falt, the contrary df
which is probably true. And n
K2 géneral,
¢ Philof. Tranf. fqr 1476, p. 251 & 373.
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-general, ‘the greater the quantity ¢f
“falt contained in any portion of fea
- water, theigreater will be the degree
- of cold neceffary to freeze it. '
"™ We had a fharp froft at Cambridge
-on the 21ft of laft.December; I fil-
“Jed a thin phial, holding8 ounces,
with fea water, which contained 3,
of its weight of falt, and expofed it
~fufpended from the branch of a tree,
during the ‘night of the' day bgfore
“mentioned, to the'cold of the atmo-
« fphere. 'Fn-the.moraing I found that
g partof the water had been frozen:
1 'poured the unfrozen part from the
sqther,: and ‘having: rinfed the ice in
~frefh water; fp q‘co’ faparate from it
- thie falvwater which adhered to-if,
R thawed i before tba, fire, and found
»the water which.it, gave to be. wholly
'.1‘}‘@' from :f@kn N ’
T {4



( 149 )

It had been long ago afferted by
Mucrobius #, that fead water was.
never frozen, but that the ice found
at fea, proceeded from the freczing
of the {reth water fpread over its fur-
face by the influx of rivers. And in
modern, times, the opinjon, concern=
ing the freczing of fea water, feems
to have been admitted with great
caution, by our moft experienced
navigators. 'They were aware, in-
deed, that the Baltic and other la}gé
feas, were frequently. frozen .ggite
over, but they appearto-have thought
that falls of fhowgaid a fufficient.
found.tion for.the production: of fhat .
evert, ¢ without its being at-all pe-
ceflary for the fea-water to fresnegh”
I cannot conceive that there was*any

RK graat.

* Macrob. $at. L. vil. ¢. 12.

»¥; Cook’s Vog. Vol. 1L p. 242.



( 150 )

great occalion for this cautious mode
of expreflion, fince it had been ob-
ferved, above a hundred years ago,
that not only fea water, but warer
containing double the proportion of
falt commonlv found in our fea wa-
ter, and more than is contained in
the fea water of any climare, might
be'frozen by the cold prevailing in

our atmoiphere #.-
~This freezing of fea water, more-
over, was formerly -pratifed, and, 1
‘believe, is flill pra&ifed in feveral
parts of the north of Furope, with a
view to leffen the expence and trou-
bleof extraing falt from fea waterj-.
Stahl informs us of a chemift, who,
near

. * Boyld’s Works, fol, ed. Vol. 11 p- 264.
4 Junck. Conf. Chem. Tub. xviii. f. 13.

~And Walleyii Mineral. Fiench Tumnfi Val. 1.

316, - , . ,
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mear a century ago, endeavoured. to
expeldite the bulinefs of making fale,
11 Sweden and Livonia, by means of
froft.  With this view he propofed
the making large refervoirs to con-
tain the fea water, and the pumping’
the concentrated brine from under
the ice fnto proper veffels, to be boil-
ed in the ordinary way., He obtain.
ed 2 patent, buta combination of falt-
boilers ruined his projeét .

[ cannot fee why this cultom might
not be introduced into England with:
¢reat advantage. A third pax‘?i at
fealt of fea water may, by frcczﬂng,
be coaverted i into ice by the ordi ary
cold of our winters: this ice, gon-
filting entirely of freth water, may be-
thrown away as ufcleis, and the re-

‘ K4 maifmng

* Twaité des Sels, par M._ Stahl. French

“Tranl. 1771, p 143,
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maining -two thirds; being - boiled
down, will give all the falt contained
in the whole of the fea water; thus
there. would be a faving at leaft of
‘onethird part of the fuel employed in
boiling fea water into {ult*. When
it is faid, that the unfrozen fca water-
contains, all the falt, this muft be un-
‘dérftood with fome reftri@ion, fince
it is probable, -that the frozen part
will,, ﬁgon moft occalians, hold a
litele falt, but not o wiuch as is con-

tained

* Bnftol and other watérs containing earth,
are found to depofit their earth, or a great por-
tionof it, by being fro'ien.—-Brownrigg on Salt,
pe 76. Seme ice, taken from under the fur-

face of the fea in {{w{/bii’s Streights, being
_melted, gave 6 ounces of falf from 40 quarts
. of water.—It is probable, that it would not
have given fo large a proportion of falt, had it
been previoully cleanfed from the adhering fea -
water, Philol. Tranl. 1740, p. 8oy, '
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tained in many fpring waters, which .
are reckoned fufficiently pure. Eight:
pounds of frozen fea warer, taken up
near Calais, left upon evaporation 32
grains of refliduum, about half of
which was fea fale.  The fame quan-
tity of‘unfrozm fea water, taken up
at the {ame place after the froft, left
by evaporation 1412 grains of refi-
duum, fo that the water, by being
ficzep, had freed itfelf from 1380
crains of heterogéncous matter #,
The ice found at {ea is of diff§rent
colours and confiitencies, fome i% po-
lithed and peliucid, and thought to
be freth water ice;. another kifid is:
of a fpungy texture, and of atpale
green colour fike vitriol ; and iy has
been affirmed, that this kind o'f ice
is

® Jotrn. des Scavans Mai, 1769. See alfo
BQCrh. Chcm. V’OL Ia pot721-
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is falt, and confifts of falt water
frozent, This is a miftake, both as
to the fa&t and the reafon of it; far
the vitriol coloured ice, when freed
from the f{alt water in which it {witns,
is quite freth +, and fea water when
frozen, we have feen, does not yicld
a fale ice. '

We may, perhaps, be lefs furprifed
at the particles, of water, in which
fea fult is diffolved, feparating them-
{elves from the particles of the falt,
and.coalefcing togcether without aa-
mitting any jun&ion with fuch a
Lieavy extraneous body, when we
confider, that during the ation of
freezing, they refufe all union even
with the airitfelf. Water in its fluid

ftate

* Crantz’s Hift. of Greenland, B, 1, ¢ i..

P S £ TR ‘
+ Philof, Tranf. for 1770, p. 131.
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ftate is faturated with air, but it is imr
a great meafure, if pot wholly, de-
prived of it by being frozen; and
modern philofophers have followed
the opinion of Ariftotle} in attribut-
ing the infalubrity (real or fyppofed)
of water which has béen frozen, to
the lofs of its air *, *¢ The water we
melted out of the ice (taken up at
iea) was perfeétly frefh, and had a
purer tafte than any we had 'on
board. If any fault could be fonnd
with it, it was that the fixed afr wds
’ fex-

*

* Nan folo rigore nivelis aqua 1.ernicio%‘eﬂ R
fed ob alifam canfam quam non pigebit agerire

auclore Ariftotele.  Owmis aqus, inquit, Rabet
1 fe acris tefuiffimi portionem quz Suluta et
~—nix ergo, quz nihil aliud eft quam aﬁfn
acredend “a, tefuitatem fui cum denfaretu

fit, et ideo ex cjus refolute potut diverfimor
borgm genera wifceribus infeminaptur, Ma-
crob, Sa,
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expelled from it, by which means
almoft every one wlo ufed it, was-
affe@ted with fwellings-in the glands-
of the throat.. Water melted from
fnow of ice is known always to have
this cﬁ'e& and the conftant ufg of
itin mountainous countries produccs
thofe enormous wens which are com-
mon among Alpine nations*.” 1f
the lofs of the water’s air be the true
caufe of the tumid throat, obferv-
‘able among the inhabitants of the
Alps, and of the glandijlar fwellings
here mennoncd, it f&ms as if a
very- finiple procefs wbuld free it
’ﬁ'om this nosious quality; and re-
ftore it to-its original falubmy A
£mplé expolure to the- air, for a few
days, would be- fafficient for the
purpofc, ﬁncc water, thch has

been

* Forfter’s Voy. Vol. I, p. 107
¥ : )
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been deprived of its air, imbibes it
afrefh very readily, and becomes
faturated with it in no great length
of ume. And this.readipefs of un-
bibing air makes aymaterial differ-
ence between the water obtained
from Che fimple thawing 3 fnovql
and river water, though the river
water itfelf fhould proceed from
meltcd fnow ; for being in its courfe
conftantly expoled to the air, it will
foon regain the air which it haq loft
by being frozen.

This may not be an impioper
place to obferve, that feveral phyfi-
cians have rejected the notion of the
ufe of Jfnow water being the ganfe
of the wens here fpokcn aof; that
upon good grounds, For x:\éim:»
land, whire fnow water is commonly
. uf¢d,sthefe unfightly protuberances
3 Are
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are never met with * ; nor did 1 ever
fee one of them in Wefimoreland,
where we have higher mountains,
and more fnow than they have in
Derbyfbire, in which county they
are very common. But what puts
tae matter beyond doubt is, that
*thcfc wens are common in Skinatre,
where there is no fncw duiing any
part of the year t.

The pofiibility of extratting frefh
water from fea water by diftillation,
has been long known; and indced
it feems as if it could never have
been queftioned by thofe, who duly
refleCted upon the origin of all the
freth water we meet with on the fur-
face of the earth. The geography
of the globe is yet but imperfectly

“known;

¥ Ru ‘s,Syﬂ’(;p. P 42. .
# PRilbL Traof. for 1778, p. 165,
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known ; cnough', however, is known
cf it to convince us that a much
larger portion of its lurface is occu-
picd by fea than by Jand, The A=
fentic Qcean appears’at firft view to
be larger than the whole Welern
Contigenr, and the arca of the reft
of the habitable world, cven' if, we
take into confideration the land re-
cently  explored in the fouthern
hemifphere, fecms as if it could not
equal half that immenfe expanfion
of water which conftitutes the In-
diz and Pacific Oceans. Philofo-
shers have attempted by meafuring
“the moft approved maps, ané by
other ingenious methods, to dfcere
tzin the exact proportion between
the land and fea; gfeat precifion
cannot reafonably be expetted to
accomhpany this inquiry ; but when
we
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‘we learn from one, that the - fea
covers near three fourth parts *, and
: from another, that :it covers four
fifths 4 of the furface of the globe,
-we.may furely relt fatusfied of the
s truth -of the general pofition, that
« there is a much greater extent of fea
.than of dry land. .This immenfe
als of falt water which furrounds
the globe, i3 the greatprimary fource
from which all frefh water is derived.
"Fhe. vapour which is inceflantly ele-
- vated from thence by the heat of
the fun, the a&ion of the wind, and
- other
* Sce Dr: Long’s Aftron: Vol. L. p. 168.”
% The feas, and usknown parts of the
fasth (by a meafurement .of the beft maps)
contain 160,522,026 fquare miles; the inha-
bited parts 38,790,569 ; Europe, 4,456,065 ;
Afia, 10,768,829 : Africa, 9&4,807; and
Aimerica, 34,110,874, 'Fcrgufon’s “Tables,

. Pu300. .
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other lefs obvious caufes, confifts,
generally fpeaking, of freth water,
which being dilcharged from the
atmofphese, 1n the form of dew, rais,
hail, or fnow, conftitutes fprings, -
rivers, and flagmant pogls, The
tafte of fea water i<, we know, not
only falt but bitter; the commen
Jalt, which occafions 1ts faltnefs, and
the Epfam jujt, which occafions its
tntternefs, can neither of them be,
1aifed in vipour (in any fenfible
proportion) by the fane geatle de-
gree of heat with which water iy be
rafed; in order, therefore, to ob-
tain frefh water from fea watdr, we
need only copy the procefs afidture,
and difti] fea water with ngle .
heat,  This method of ebigining:
freth water from the diftillatibn of +
fea water, ®as pradifed by Sir R.

* vor. 1. LY Hawkms,

&
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Hawkins, in the reign of Queen
Elizabeth :—<¢ Although our frefh
water had failed us many days, yet
with an invention I lLiad in my fhip,
I eafily drew out of the water of the
fea a {ufficient quantity of freth wa-
ter, to foftain my people, with hutle
expence of fuel; for with four bil-
lets, I ftilled a hogthead of water,
and therewith drefled mear for the
fick and whole. The water o dil-
tilled was found to be wholefome
and nourithing ®.”

Since the time of Sir R, Hawkins,
a great variety of attempts have

been ggade io our own, and in other
: j to procure freth water
. from featwarer ; they have ingeneral

been lictle elfe than different modes
- ¢f , diftillation, but y of the
v sauthorg

«* Purchafs’ Collec, of Voy. B, vii.¢, r,
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authors of them, either from an
ignorance of the real nature of fea
water, or from a defign of render
ing their procefs myflerious, have
mixed different ingrédients with the
water either before or after its diftil-
lagon.  The manner of procuring
{frcth w:ter, by the finjle diftilla.
ton of fea wawr, feems au prefent
to have atmined 2 geeat degree of
perfeflion, both in France and Eng-
bond. M. de Boagainville, 1q his

Voyage round the Warld, has borne
Lonourable teftimony to the Wiliry
of the machine for diftilling fea
water, which was made publie ia
1763, by M. Pajffornicr, 1ts iffdnrar:
Lord Mulgrave, in his voyage tos
wards the North Pole, in 1773, his
done equalguftice to the method of
«obtaining freth water from .}:ite fea
L2 < by
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by diftillation, which was intraduced
into the Englith navy, in the year
&7704 by Dr. frving. Whether the
invention. of M. Poiffonnier fug-
gefted any hints to Dr. Irving, is beft
known to himfelf; buc he has un-
,queftionably added fuch improvements
1o that method {to fav no more), as
feem to have juftly intitled him to
jthe  parliamentary reward of five
" thoufand pounds, which he has ob-
tained., The French are as jealous
-of the glory of their nation in arts
as in arms, and the Englifh, we
troft, ‘will"«ncvcr be their inferior in
, either s it is to this excefs of jealoufy
we mult attributé the acerbity, with
- #whith one of the beft” chemifts of
- the age fpeaks of Dr. Irving, as
“having deteived the Parliament of
‘Epgland, by appropriating te him-,
2 . el



( 165 )
{eIf the mfcovcry of M. Po:ﬁ'on-
nier *,
In order that the reader may have
a clear notion of Dr. Irving’s me-
thod, let us fuppofe a tea-kettle. o
be made without a {pour, -and with
a hole in the Iid, in the place. of the
knobe: then the kettle -beng filled
with lea water, the Sfref. vapour
which arifes from the fea water as ity
boils, will 1ﬂuc out through thc hole
in the lid;. into that hole fic the
wmouth of a mbncco pipes lemgg the
flem have a little inclination down-
wards, then will the vapour of frefh -
water take its courfe through the-,
- ftem of .the tube, and may. ¢al-.
‘leted by fitting :a proper, véliel. 1o
its end,- This. would be an gpt re-
prefentation. of Dr. - Irving’s cone
L3 mvancc :

*  * Baumé’y Chy. Vol III_. p. 588.
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_trivance : he hasadapted a tin tube,
of fuitable dimenfions, to the lid of
the common kerttle ufed for boiling
the provifions on board a fhip; the
frefh vapour which arifes from boil-
ing fea. witer in the Kertle paffes
through this tube into a hogfhead,
which ferves as a receiver; in order
that the vapour may be readily con-

gdenfed, the tube is kept cool, by
being conftantly wetted with a mop
dipped in a tub of cold fea water.

It appeared from ‘the teftimony -
which was delivered to the Lords
of the Admiralty, by many refpet-
able officers who were eye witnefles
to'an experiment,” made on. board
the Arrogant, at Spithead, in January
1771, that 8o gallons,of fea water
did, in twenty-five minutes, after
being put inte the Arrogant’s cop-

per,
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per, and a fire made, diflil in the
proportion of twenty-five gallons’
per hour, into frefh water, perfeétly
well tafted, and of lefs fpecific. gra~
vity than the beft fpring water in
that neighbourhood ;™ and the faid
officers gave it as their opiniony that
500 gallons of freth water might be
diftilled in the fpace of 24 hours,
with the fame quantity of fuel in
proportion ta the time, as is required *
in the ordinary bufinefs of the fhip.
Every fhips kettle is divided/into
two parts by a partition nm the.
middle, one of thefe parts is ,{only
in ufe when peafe or oatmea} are
dreffed,. but water is at, theiamc:
time kept in the other to prci’ervc
its bottom.  Dr. Irving has availed
himfelf of this circumftance, and by
fillingethe fpare part of the coppert
LA o owith
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with fea water, and fitting on the
lid and tube, he has fhewn, that 6o
galloss of frefh water may be drawn
off, during the boiling of either of’
the abovementioned provifions, with-
out the ufe of any additional fuel :
he retommends alfo the preferving
the, water which may be diftilled
from the coppers in which peafe,
oatmeal, or pudding are drefling,
as both a falutary beverage for the
fcorbutic, and the moit proper kind
of water for boiling of falt provi-
fions. ‘ '
In Novemiber, 1971, Lord Sand-
wich fent me two bottles of the beft
,d;ﬁlled water which could be pre-
pared by Dr. Irving from fea water,
defiring my obfervations upon it. In .
compliance with his' Lordthip’s re-
queft, 1 made the following efperi- -
meats,
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-ments, of which I fent him an ac-
count, without ventusing to give the
moit diftaat opinion concerning the
{alubrity or infalubrity of the water.
~— Fxper. 1. Four ounces of the
diftilled fea water being evaporated
by a flow fire, upon a filver plate,
left a pellicle, which was very ferfi-
bly faline to the tafte, and glutinbus
to the touch.—2. Four ounces of
the conduit water of Trinity college,
trcated in the fame manner, lefua
pellicle, but not quitc fo largé, nor
fo manifeftly fapid, as that from the
diftilled fea water.—3. The, fame
quaatity of common diflilled é/ater,
being evaporated in the fgmc%‘ way,
Ieft no fenfible pellicle, — 44 w'e
fame quantity of common. diftilled

water, impregnated with a fmalldrop
of
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of fpirit of falt, left no pellicle upon
“the whole furface ‘of the plate, but
only & yellomﬂ: fpot upon that part
_of it from which the laft portion was
evaporated ; this {pot was glutinous
_to the touch, and had a bitter mctal-
‘lmc tafte.~5. The fame.quantity of
common diftilled water, impregnated
with two .grains of fea falt, left a
peliicle, - Gmilar fo that left by the
_diftilled fea water, except that it was -
“omewhat whiter, had a lefs piquant
afte, and a lefs glutinous confiltency.
" “rom‘the 4th and 5th experiments,
- ompared” with the firfl, it may be
« iferred, ‘that the diftilled fea water,
ﬂh F-examined, vontained a fmall
ot of fex fale, and #lfo a finall
poition’ of the acid of fea falt un-

’comﬁmcd with: any bafis. A very
migute
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minute portion of fea falt, or of the
acid of fea falt, may be difcovered in

a large quantity of water, by the milk-
inefs which enfues on dropping into.
a glafs full of the water, a.drop ‘or
two of a faturated folution of filver in’
the ac‘id of nitre,—6. f'dropped afo
Intion of filver in acid of niure into
comm.on diftiled water; nomilkihefs
enfued, nor was the traniparency of
the  water c.hanged.»-—';.“lmp'.an ‘
equal quantity of the diflillegd fea
water, T dropped an equal mynbcr
of drops of the folution of ﬁlvciv, the '
water became véry turbid, ghd ‘
copious - white  pregipitation € ucd.,
Thefe experiments: Aiew, ;th fg\:
diftilled fea water is not whol ’
from faline paruclcs, but it obm-

bly contams them info fmall J; pro-
. . portlon’,

éf

o
N
I
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pomon, as not to injure its falubrity
in any fenfible degree.

We ‘may be the more difpofed to
admit the poffibility of diftilled fva
water containing - faline particles,
when we refle@t upon the finell of the
acid of fea falr, which circulates
through the houfes in which falt is
prepared, by boiling either fea water
or brine. The vapour which arifes
from the pans in which filtis boiled,
being caught and condenfed in pro-
per veflels, and examined by proper
tefts, gives indications both of fea
falt in fubftance, and of its acid, It
is not an eafy matter to afcertain the
precife degree of heat, in which fa-
line parncles begin to accompany
the vapour which is raifed from folu-
tions of fea falt; it is probably a de-

v gree
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gree far inferipr to that in which.
water boils: at lealt we. are certain,
that faline particles are fouad in rain
and fnow water, Both.of which are
derived from vapours raifed into the
atmofphere by the aéhon of the fun
upon the acean. -

ESSAY






ESSAY VL

OF CALCAREOUS EARTH;, CRUDE AND
CALCINED.

[ HE word Calx has been intrc":'-
duced into the Englith languagew
from the Latin; it properly dénotes
the friable earth, to which fomd forts..
of bodies are reduced by ﬁre§ the
operation by which they ar¢ reﬂuccd
to that ftate, is called mlrmamn, and
a very large clafs of bodies, fior their
being peculiarly fubjeft to. be: cons
verted by fire into a calx; haye been
. ) © 7'denge
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denominated, by various mineralo-
.gifts, calcareous bodies ; the calx or
:powdery “earth, procured from cal-
~careous fobftances by calcination, is
«commonly called Zime, more philo-
«fophically quicklime.

Lead, iron, tin, and feveral other
smineral fubftances, may refpcively
be reduced by fire to the flate of a
-calx; but the earths, obrainable from
-thefe fubflances by calcination, not
-poflefling the other general qualities
appertaining to the calces of calcarc-
ous fubftances, are not called quick-
limes, buc calces of this or that fub-
Rance from which they are prepared.

In Combridgefbire, and many of the
fouthern counties of England, lime
is prepared from the cdlcination of
¢baik; or, as it is here geserally called,
¢funch, . ‘The kilns gre inveftedcanes

funk
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funk in the ecarth, and lined with

brick ; the bafe of the cone is about

ten feet in diageter, and the depth
of rhe kiln is about fourtcen feet,
QOre of thefe kilns will burn about
t50 buthels of lime in twenty-four
kours; they ufe generally one buthel

-

of coal for every four buthels of -

lime, and in furamer, when the chalk

is «ry, they will fometimes get five’

buthels of lime, from the confumps’
tion of onc bufhel of coal; but ¢oal
being deur, the chalk is feldom Wcll

burned. Inales, Weftmoreland, l’?erm

byfbire, and many other count@cs,
they burn different forts of lmeffpne,
fome of theaw approaching to ithe
finencfs of marble. In Holland,
where they have neither chalk nor
limeRane,@hey drag fith fbells out of
thg fea with nets drawn by horfes,

voL, i, °~ M . and
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and burn the fhells into lime. In
the iflands of the fouthern hemifphere
they burn coral rocks jnto chenam or
lime; and in fome parts of America
they calcine madreperes, and other
fpecies of coral for the fame purpofe.
Lime may alfo be prepared from the
calcination of all kinds of mardle; of
various kinds of fpar; of falastites,
osherwife called dropflome, and in
‘Derbythire watricle; and of feveral
other fubftances which confift of ¢ca/-
careous earth, either pure, or mixed
with c/ay or fand, or other matters in
different proportions. In Chefbire,
and other countries, where they have
no common materials for making of
lime, it would be worth while to ex-
amine the earths which may be met
with upon the furface of the grtund,
oi at a little diftance below ir; dor
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calcareous fubftances are nor always
united into hard compa& mafles, but
are fometimes found in the form of
<carth, and that of different colours.

Calcareous  fubftances are in fome
countries calcined with pit coal, in
.others with the cinder of pit-coal, in
.others with wood, in others With
peat, in others with furze; the kind
of fuel feems to be of no confe-
quence, provided the degree of heat
be the fame. . Some forts, mdced,lof
pit-coal are apy, efpecially when ufed
in large quantities, to cake toncthg
and thus hindering, infome meaf
the equal diffufion ofsthe heat,: the
flone rémams unburned, - In order
that the héat roay penctrate through
every part of the fubftance to s
.calciagd, git. is ufual to break . it
ingo fmall pieces; butif the calca-

M2 L reeus
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irecus ftone happens to be naturally
thaken or fplit into layers, large
pieces may be calcined, by placing
them fo that the fame of the fucl
may, in afcending, find its way be-
cween the feveral layers of which the
ftone -confifts. In fome parts of
Yorkfhire, they burn pieces of this
fort of ftone, a footin thicknefs, and
a foot and a half in length, without
‘breaking them; they ufe generally
_eighit dozen of coal to 2 kiln, and
* obtain twenty-twa.dozen of lime, the

dozen containing thirty-fix bufhels.
 Jeisprobable, that there is a certain
definite degree.of heat, 0 which any
;particular kind of. calcareous fub-
 fance ought to be ¢xpofed, in order
- 4" its being converted into the beft
;lpomblc‘ lime. If the heat be too
fmall. the whole of the fubftance yill
- not
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not be converted into lime ; and on
the other hand, it is poflible, that
the heat may be fo great as to re-
duce thefubftance 1o a kind of glafly
JSeoria; and whenever it becomes vi-
trified, it will lofe the properties of
hime. I am aware of what is gehé-
rally faid, that caleareous bodies,
when pure, cannot be vitrified with
the greateft degree of heat; but
though the heat of a chemical
nace may not be fufficient for
purpofe, yet there is reafon to beli
that a fuperior degree of he:
effe@ a kind of vitnfication ; cerfain
it is, that the lime-burners s cgre-
ful not to give too mdch heat, fett
they fhould injure the quality of
the lime.  'When the heat has gtén
to0™ violent, they, in many kilns,
find feveral pieces of limeftone co-

M3 vered
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vered with a glafly coat, and fticking
together. I do not take upon me
abfolutely to fay, that this effect is
to be afcribed to a beginning VHrifi-
cation of the himeftone; it may either
proceed from thence, or it may be
accounted for by faying, that the
aflres of the fuel adhering every where
to the furface of the calcareous fub-
ftance, have, in particular places,
where théy happen to'be amaffed in
fufficient quantity, contributed to
its» vitriication, This vitrification
of ¢alcardous earth, when mixed with
~ other fubftances, is obviousenoughin
the iron furnaces, where they are ac-
cuftomed to¥nix limeftone with the
iron ore, the fearia or flag of an iron

furhace pcr{c&ly refembling glafs.
. There is 2 very fingular experi-
ment, which may be properly men.
tioned
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tioned in this place. Mix well to-
gether equal weights of powdered
chalk, or other calcareous body, and
powdered pipe clay, put the mixture.
into a crucible*. Any where to-
wards the middle of the crucible, put -
two folid pieces, ong of pure chalk,
the other of pure clay, fo that.they
may not be contiguous to each other,
but be every where feverally fur-.
rounded with the mixture of chalk
and clay ; then by expofing the whole
to a ftrong degree of heat for 2 fuﬂ'i-
cient length of time, it will be foupd
that the mixture has been converged
. o ngzo
* Crucibles are round or triangular veflel§ of
different dimenfions, wider at the top t ih at
the bottom ; they are principally ufed forthe
melting of metals, and are made of clay‘and
fand, r of clay and black lead, or of fuch other

ragerials as cih refit the {h:ongeﬁ fires mtﬁdut;
melting. . ‘

M 4
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into glafs ; and upon breaking the
vitrified mafs, we fhall difcover the
two folid pieces of chalk and clay,
unvitrificd, and unaliered in their
figure, though every where furround-
ed with glafs. Any other fort of
- ¢lay would probably anfwer the
‘purpofe as well as pipe-clay, but I
have always made the experiment
with that, as being one of the pureft
clays.  Yrom this experiment it is
certain, that a imixture of calcareous
carth and.clay is reducible to glafs,
in a degree of heat which is not fuf-
ficient to vitrify ecither of thefe fub-
ftances when pure. The clay, of
which bricks and tiles are’ made,
often conrains a quantity of calcare-
ous earth, and hence we may under-
fland the reafon why ordinary beicks
and tiles are not able to refift a great
' ) degree
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degree of heat: atile covering a crite
cible is often quite vitrified, whilft
the-crucible remains vnaltered, the
tiie being a mixture of clay and cal-
careous earth, and the crucible being
made of pure clay ard fand.

It ts well*known, that lime is"
lighter, bulk for bulk, than the chialk
or ftone from which ir is made, fome
fubftance therefore or other is diffi-
pated during the calcination; the
nature of this fubftance will be.in-
quired into hereafter, at prcfentiﬁ’our
concern is to afcertain its quantiry.
The fubftances which T convefted
into lime, were fine white magble
called ftatuary marble; Siennant ar-
ble; fine tranfparent cryfallized far,
of that fpecies which min¢ralogifts-
have denominated hexagonal trun-
‘oated; rhomboidal opaque refratting

* fpar ;
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{par; rhomboidal tranfparent refract-
ing fpar; all thefe fpars from Der-
bythire; a marble, of a blueifh caft,
called dove-marble; purple-veined
marble; Clitheroe limeftone; Pur-
beck ftone; chalk from Cherry Hin-
ton, near Cambridge; Bortland ftone;
Ketton ftone from Rutlandfhire, de-
nominated bammites, from its being
compofed of globules rcfémbling the
roes of fithes, A common die is a
little cube; if we {uppofe the length,
breadth, and thicknefs of a die, to
be refpecively increafed, till each of
them becomes equal to an inch, foot,
yard, or mile, then will the die be-
come a cubic inch, a cubic foot, yard
or mile. The weight of a cubic foot
of water is found, by experiment, to
be precifely equal to 1000 avoirdu-
pois ounces. Affuming then the

' ‘ weight
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weight of a cubic foot of water to be
1000 ounces, by a‘method, fufficient-
ly explained in books which treat of ¢
Hydroftatics, I calculated what would
be the weight of a cubic foot of each
of the Calcarequs fubftances, which
I converted into lime.

Weight of a cubic foot of

Water - - 1c00))
Purple-veined marble - 2750
Sienna marble © - . 2729
Statuary marble - 2728
Cryftallized fpar - 2701
Rhomboidal opaque fpar - 2700 '
Dove-coloured marble - 2604
Rhomboidal tranfparent’ fpar - 2693
Clitherae limeftone . - "~ 2686}
Purbeck ftone = - 2680 | §
Chalk, near Cambridge = | 265718
Portland fone = - ‘ 2461
Ketton ftone | - . 2456 |
Mediom of the 32 forts 2661
o

e
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It is unnecefliry to trouble the
reader with a particular detail of
each experiment, in which one or
other of thefe f.bftances was con-
verted into’ Hme; he will judge it
fufficient to 'be informed of the
general method of proceeding, and
't be made acquainttd with the
general refult,  The method con-
fifted in feleCting pure pieces of the
feveral fubftances, and putting fome-
times two, fometimes three of them
into a crucible filled. with fand;
care was taken that the pieces nei-
ther touched each other nor the fide
of the crucible; the crucible was
then expofed to a very ftrong fire
for four hours: none-of the pieces
weighed more than an ounce, fo
that the fire to whwh they were €x-
pofed, it is apprchended ‘was. quite
fuffi-
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fufficient to convert them into per-
fe& quicklimes; they were all dry,
and were weighed very accuratély
before and after calcinationy and in
the weighing after calcinatidn great
care was taken to free them from
every particle af fand, and to weigh
them before- they were quite cold,
The following table comprehends in
one view the different refults of the
feveral experiments; the firft columm
mentions the different forts of calca-
reous fubftances with which the Jex-
periments were made; the fcc@md
exprefles in hundred weights, q r-
ters, and pounds, the quantity} of
lime which a ton of each refped ive
fubftance would yield by cal¢fna-
tion; thefe numbers were deriizcd,
Ly the rule of proportnon, from the
Wnall wexghts ufed in the experi-
ments ;
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ments; the third column exhibits
the weight of the matter diffipated
from each calcareous fubftance dur-

ing the calcination.

Purple-veined marble
Purbeck flone - -
‘Clitheroc limeftone -
Dove-coloured maible
Chak - -
Sienna marble - -
Portland fone - -
Ketton flone -
Statuary marble -
Rhomboidal tranfp. fpar
Rhomboidal opaque fpar
Cryftallized fpar -

Med. of lime from a ton
Medium lofs of weight }

" inaton

C. g. Ib. C. q.lb.
1112482 4
Ir1 2282 6
1T 117 1(8 2 11
11318 2 13
1 924
11 78z
111 4182 24
1 2182 26
L1 182 29
11 ogz g
It 012 [§'3 1(
110 1(§3 2%
11 4]

82233

Havirg
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Having formed this table from
my own experiments, I was willing
to {ee what correfpondence it bore
with the experiments of others,
Authors feldom exprefs themfelves
on this fubje@t with fufficient preci
fion; T have met, however, with
fome experiments, which feem-+'to
have been made with great accuracy,
and I have from them calculated the
following table upon the fame prin=
ciple as the preceding,

Cour-
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* Courcelles limeftone

1 Calcarcous earth feparat-
ed from marle

J| Calc. earth from marle

4 Chalk - .

§ Viennalimeftone

*_Courcelles limeftone

q wedith Limeftonc

¢ Gothland coral -

-q Fihdhells - -

#, CourcelJes limeftone

¢ Chalk .-

§ Vienna limeftone

Med. of lime from a ton
Medium lofs of weight in}
a ton ’

C. q. Ib. | l.q.Tb.
112 2 (8126
-
irra3 B2 g
1112 [B2 §
1 g B2y
111 o (83 o
11024 |83 4
1moi18 |83 1e
Loz 316
11o 6 ‘13 P
tro 1 F327
1o o ho o
o214 |91 14

111 ¢ 209
83 7%z
From

* Paris is principally fupplied with lime from
the Courcelles limcftone, — the "three pieces
hiere - mentioncd ‘were burned in an ordinary

lime kila for 30 hours, Mem. delAcad. 747

P 62.

[§



¢ 193 )

From the bare infpeion of thefe
tables it is obvious, that calcareous
fubftances ®f different kinds and
countries, do not differ much from -
cach other in the quantity of lime
which a ton, or any other definite
weight of them would )xcld by cal-
cinatien.

Though I had every reafon to be-
lieve, that the experiments from
~which I calculbced thz tables werc
made with as much accuracy as thc
nature of thc fubje& would adrm: s
yet
I Philof. Tranf. 1793, p. 161, o
i Lden, EIL Vol. ILL p. 16.
4 Dr. Black, to wham we are isddbted
for our knowledge of the conttituent pa&s of
caleareous earth,  Eden. Eff, Val. I1,

§ Prof. Jreguin®s Exam. Chem. Doc. MC"
Vienna, 1969,

4| Wallerius, Swed. Mem. 176c.
Nvor, 1., N
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yet 1 thought it would add greatly
to their confirmation, if it could b
fhewn, that the quantity of lime
really procured from calcination
of aton of chalk or limeftone, was
not much different from the medium
‘quantity afcertained by the experi-
ments. 1 went, therefore, ‘to one
of the kilns of this country, where
they burn chalk into lime; and I
fixlt weighed four bufhels of chalk,
which had been dried by the heat
of a hot fummer ; the medium weight
of thefour bufhels was 863 pounds :
1 then weighcd»‘fohr bufhels of the
lime, warm from the kiln, the me-
dium  weight -of which was 661
pounds. Calculating, from thele
numbers, the weight of lime which
aton of chalk would yield, ir will
be found to amount to 15¢. 1q. 7ib.

~Tpis
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—This quantity of lime being fo
different. from what 1 expected,
brought a piece of the chalk to my
elaboratory. I then weighed it ac-
curately, "and found that 2 month
after, though the weather was "hc}t;
it had neither gained nor loﬂ'wéight.‘
I then’ converted it into lime, and
it gave after the rate of 11c. 1q. 191b.
of lime from a ton; or 3c. 3q. 16lb.
kefs than what the fame chalk when
burned in the kiln would yield. ' 1
take this difference to be who]ly
attributable to the fupcnor dcg;ec
of heat, with which the chalk in my
experiment was burned, * It'is to' 'be
- withed that more coal was ufed m?;xc
burning of Jimé 'in this country
ifa ton of chalk, when properly blgn-
ed,ought to-weigh anlyabnut 1L hyn-‘
dred Wexght, and it does’ os‘;,lmanly;‘

N2 weigh!
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weigh about 15 hundred weight, it
is obvious that the purchafer has
about 4 parts in 15 which are not
lime but chalk; and to this caufe
are to be referred the hard lumps, -
which are found in the lime of this
country, when it is_flacked ; thefe
lumps being nothing but chalk which
is not burned into lime for want of
a fufficient fire ; the expence alfo of
carrying 4 tons of chalk in every 13
_tons of lime, is a circumftance not
“to be neglected.

At Pénnybridge, in Lancafhire,
they burn a hard limeftone, a2 Win-
chefter buthel of this ftone weighed
1841b. The fame meafure of the
lime, when juft burned, weighed

“10glb.” Thefe numbers give 11 c.
3G, 11 J.b..jqf lime from a ton of
the ftone, -

' ' The
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The lime burned at Clitheroe, in
Lancafhire, is reckoned to be as good
as any in the kingdom, when appli-
ed either as a manure or as a cement :
a bufhel up heaped of the beft crude
flone weighed 347 pounds, zn equal
meafure of the fame ftone after cal-
cination weighed 71 pounds; from
this proportion it follows, that the.
Clitheroe limeftone would give only
9 ¢ 2 q. 17 Ib, of lime from a fon
of the ttone,—this conclufion xr;sght
be rendered more certain if the ‘me-
dium wmght of feveral bu{hels ‘was
taken. It may, h@wcvcr, be ex-
pc&cd that the Cllthcroe limeftone

fhould lofe ‘more weight thark the
Cambndgcﬂure chalk does, fér in
burning it thcy ufe at leaft mfe as
much coal, or ane meafure ot* coal
&0 two of limeftone. This propor-

v N3 ~ tion
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tion of caal is a very greatone. Ar
Knarefborough, where they burn a
kind of limeftone formed by petre-
fation, they ufe 1 bufhel of coal to
3 of lime,

From what has been faid, it muft
_be concluded, that calcareous fub-
ftances have a very great refemblance
to each other, as to the quantity of
that matter which-is difperfed from
equal weights of them during calci-
nation ;. and here a curious queftion
prefents itfelf, which cannor be eafily
decided :~Is the difference in the
quantity of lime, procurable from
equal ‘weighgs of different calcareous
fubftances, to -be accotnted for,
from the" different proportion ‘in
which the ‘earth remaining after cal-
cination” is "united, in the crude fub..
‘fance, with the volatile part difperfed,

during ¥
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during calcination ; or does it pro-
ceed from fome unavoidable inaccu-
racy in making the feveral experi-
ments {—It muft be acknowledged,
that it is difficult to fay whether the
bodies are equally dry before they
are fubmitted to calcination, unlefs.
we knew the precife degree of force
with which they imbibed and retain-
¢d the humidity of the atmofphere ;.
it is difficult alfo to give them ex-
aétly the fame degree of heat during
their calcination, and to weigh them
whilft they are equally warm é the
greateft attention, moreover, cjonot
always prevent 2 lofs of Fome
part of the fubftance to be weighed,.
nor a gain in. weight from t
-cretion of fome heterogeneous: mat-
ter ; vet, notwithftanding thefe, and,,
peshaps, other fources of ecror. in

N4 making
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making the experiments, I am rather
difpofed to think, that the propor-
tion in which the fixed earth is united
to the volarile fubftance, is not the
fame in all calcarcous bodies.

- A picce of dry chalk, and the
three Derbyfhire fpars were put into
the fame crucible, and expofed for
four hours to the fame fire; it ap-
peared, from the experiment, that a
ton of the chalk would have given
36 pounds more of lime than a ton
of the fpar which gavé the leaft
quantity of Jime, and that the fpar
which gave the moft lime from a
ton, exceeds that which gave the
leaft by 27 pounds.

I made another experiment with
the fame view. Six different calca-
reous fubfiances, which had been
kept in the fame room for a month,

1 «  or
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or more, were put into the fame
crucible, and expofedto a very ftrong:
fire for 24 hours. I weighed them
all whillt they were warm, and the
quantities of lime which a ton of
each would have given, with that
degree of heat, are exprefled in the
following table ;

C. q. Ib.
Chalk - - n oy ¢
Clitheroe limeftone {11 o 22
Stenna marble - frr o ¢
Statuary marble 10 3 31
Rhom, fpar - 10 3 2
Cryftallized fpar 10 12t

From this experiment it may be
inferred, that the difference bem;‘ce.ny
‘the quantities of lime earth, préml
rable, under fimilar circumfantes,
from a ton of chalk, and a ton of

hard tranfparent cryftallized fpan,’
. SRS
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is 92 pounds, or near ,';"of the whoie
weight.

Whether this difference be greater
than what might arife from different
fpecimens of the fame 4ind of cal-
eareous fubftance, is more than' I
dare pofitively afirm. One fpeci-
men of the Courcelles limeltone, we
have feen, gave after the rate of
11 ¢ 2q.2lb. from a ton of the
crude ftone ; another calcined in the
fame kiln gave only 11 ¢c. aq, 1 lb.
from a ton, the difference is 37
pounds, or about ;% of the whole
weight.  Different pieces” broken
even from the fame lump of chalk,
limeftore, marble, and almoft every
other calcareous fubftance, feldom
confift of precifely the fame mate-
rials ; this is.obvioufly feen in build-
mgs and pavements, made either

N ‘with
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»ith marble, Ketton, or Portland.
ftone ; there may generally be ob-
terved hard knobs, which do not
wear away fo faft as the other parts
of the {tone; and thofe who are ac-
cuftomed to faw any of thefe fub-
ftances -are fully fenfible of this
diverfity of ftruture in the fame
block of ftone, from the greater
difficulty of cutting fome parts of it
than others. 1 broke the fame {mall
lump of chalk into four different
pieces, and calcined them for aif-
rerent lengths of time, with a vjcw
of {eeing whether there was not fdmc
regular proportion with refbe
the time according to which %he
quantity of lime procurable féam
chalk would vary. I broke alfo’the
fame lump of Clitheroe limeftone
into four fimall pieces, and e¢alcined

. them
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them for different lengths of time
with the fame intention; the refult
of the experiments is exprcfled in
the annexed table.

Lime

froma

ton of

Chalk calcined 4 hours 1 3 B3
7 houis 11 2 18
10 hours I 2 14
24 hours tr 1 6
Clitheroe limeftone cale. 4 hours|rr 1 1y
7 hours Juroo 1
10hours o1 9

24 hours 11 0 22

Thegeader will perceive that thefe
experiments did not anfwer my in-
tentiop in making them, fince there
does not appear to be any regular
decreafe of lime with the increafe of
the time of calcination ; but they
probably point out to us a diffcrence

‘ ‘ in
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in the compofition of the difcrent
{pecimens ; and, indeed, in the chalk
which was burned for 7, as well as in
that which was burned for 10 hours,

could difcern, after calcination,
fome fmall fpecks of iron which were
whollj invifible before calcination,

Mr. Whitehurft * has favoured the
world with fome very interefting ob-
fervations concerning the jirats in
Derbyfhire ; the fellowing is his, 2c-
coumt of their refpective thlckncﬂes,
and of the order in which they j'uc.
ceed one another; No. 1. deantmg
the uppermoft ﬁratum.

* Se¢ his Appendix ‘to the Inquiry m‘o the
State ofthe Earth, v

1, Grit
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1. Grit - 120 yarz.
2. Shale - 120
3. Limeftone 50
4. Toadftone 6o
5. Limeftone R 1
6. Toadftcne 46
7. Limeftene 6o
8. Toadhtone 22

9. Limeftone not cut through.
Thefe feveral ftrata of limeftone,
are each of them divided into layers,
which have very different appear-
apces. Thus No, g.whichis 50 yards
in thicknefs, may be confidergd as
confifting of five diftiné layers, The
1ft layer, which is contiguous to the
thale, is the black Derbythire mar-
ble ; thefecondiscalled by the miners,
fhail horn marble, from its abound-
ing with {crew-ftones, and fifh fhells;;
the 3d is a compa& grey limeftone,
with feveral large cryftalline fpecks
e in
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in it, but with few fhells; the 4th
has rather lefs fpecks, and is whiter
than #he 3d; the sth layer, which
lics immediately over the toadftone,
is likewife a grey limeftone. I ex-
amined the relative weights of the
INaxk marble, and of the fecond, third
and fotrth layers of the ftratum, No.
3. with grear attention, and alfo the
quantities of lime which a ton of each
would yield; the feveral fpecimens
were calcined in the fame crucible,
for the fame length of time.

Weight of a cubic foot | Weight of lime from
of the crude ftone. aton. |
Ounces.| C. q. Ib. % -
Layer I, - ‘2690 1 2 7 %
v
2. - 26850 o1 7§
3. - 2540 11 o015 i
4 - 20650 11 1 4
'x\:ltdium 266611 1. 8%

- L
— St ————————

t

It
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"It appears from thefe experimenrs,
thet thefe 4 layers of the famg ftra-
tum of limeftone, do not lie in the
-earth according to thiir weights, the
-uppermeft layer being the heavieft,
‘and the third layer being lighter thar
.that either immediately above or be-
dowit. The quantity of lime, which
a ton of cach would yield, feems
«tp have fome. dependence on their
weights ; the heavielt layer yielding
the moft; and the lighteft layer yield-
_ing the leaft lime from the fame

weight of ftone *,

, I have

* This obfervation is not true, I think, con-
.rermng calcareous fubflances in general, for a
piece of Derbyfhire watricle, which was 30
‘ouncesin a cubic foot heavier than the Derby-
fhire black marble, being calcined in the fame
' crucxble with the marble, gave onlx 11 ¢ 0q.

11 b, of lune, which is §2 pounds in 2 ton lefs '
than the marble gave. \
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T have now given an account of
12 experiments made by other au-
thors, and of 32 made by myfelf, on
calcureous fubftances of different
kinds and countries, the medium
quantity of lime procurable from a
ton WS thele fubflances, will be found
to amdunt to 1tc. oq. 25lb. and
confequently the medium lofs &f
weight will be 8e. 3q. 31b. .

When compat mafies of any fors
of lime are expofed to the air, even
in 2 room fheliered from rain or deﬁw,
they foon begin to crack, and in ho
great kengzh of time they fall i mtow
powder, and receive a conﬁderatdt;
increafe of weight. | The time requi--
fite for efieCing this change, dcpcu%s
much upen the quantity of the figr-
face of the lime, which is expofed to
the air, partly, I believe, but.I am

voL. 1L 0 T oot

¥
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not certain, upon the degree of hu-
midity reigning in the atmofphere,
and . partly upon the nature of the
.bodys A piece of ftatuary marble
was coniverted into lime.on the 1oth
«of Febia779; before its calcmmpn
it weighed 540 grains, after cal{:ma-
tion and whilfl it was yet warm from
the fire, it welghed 304 grains; this
laft quantitywas laid upon a piece of
clean papet, put into a drawer of my
fludy. table, and weighed at differ-
ent ingérvals, till it had acquireddts
utmoft increafe of weight, which it
attained on the 4th of March, it then
‘weighing 515 grains.. I weighed
this life for two months afterwards,
" at different times, but it ftill weigh-
ed the fzme. Another quantity of
., Hmc frony ftatuary . marblc, .was €X-
m‘mned in the fame way, and it ac-
4 . quired
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quired its greateft increale of weight'
in twenty-two days, It did not
feem to me, that any other kind of
calcareous fubftance, when reduced
to lime and expofed to the air, ac-
Quired its greateft increafe of weight
fo Ypeedily as ftaruary marble; 1
make this obfervation with diffidence;
for 1 have neither tried all the forts
of calcareous fubftances, nor any of
them under precifely the fame cir-
cumftances. There is far greatér
trouble in making experiments, thén
thofe, who have not been accu,ﬁoﬁ;

«d to the bufinefs, can readily. co
ceive; many niceties are. to be
tended rto, the leaft of which beifly 3
omitted, the conclufion bccomts
doubtful ;' the mind, morcover, hav-
ing once acquired the' ftriking. out-
lines of knowledge, bas nog always
02 patience
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‘pzmcncc to attempt: the filling up the
minuter part of the defign, efpecially
if its Atrention can be but acciden-

rally employed upon the fubject. A
. Whoever undertakes to afcertain
the time in which lime, prepared
from dzﬁ'ucnt fub&ancus, acqmres
its greateft increafe of wemht by
\cxpofurc to the air, would do well
t0 take equal quantities of the limes,
whillt warm :from the fire in which
thcy were made, to reduce them im-
mediately to powders equally fine,
0 expufe the powders to the air, in
a room free from dufl, and to weigh
nthcm at i’cated mnervals. Or the
expenmcnt may be vaned by taking,
:mftcau 9( powders, equal in weight
‘apd, firenc’s, “folid:. pieces equal ‘in
bulk and furface,; fuppofe a cubic
Jheh Qf each fore,, 'mdl queftion not
Lt
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but fome intereRing conclufions, re=
lative to the attraétive powers of the
different fubftances, might be de-
1ived from experiments of this fort
carefylly and repeatedly made.

Jhe powders into which the limes
of difkrent {ubftances are refolved by
expofure to the air, have not all the
latne appearance ; thofe of flatuary
marble, dove marbje, Portland ftone,
Ketton ﬂcone, and, probably, {‘cveral
otlter forts, are compofed of h fle
¢lobules vifible to the naked eyfe;
whilft thoft of*chalk,"Sichpa marbfe,
and fpar, havé no appearance of gp-
Bules, nogydo they fe¢l o harfh 2hd
gritty to the touch, as the others do.
The whiteft of all 'the limes, which I
have ever {een, Is that which may be
obtained from the cryftallized fpar
before mentioned ; ftatuary-marble,

s 03 and
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and Portland ftone, give very white
limes, but they are many degrees lefs
white, than that from cryftallized
fpar. The limes from Sienna mar-
ble, chalk, - rhomboidal fpar, and
Ketton ftone, have a yellowifh cafts~
Severalfexperiments were made in
order to afcertain the utmoft increafe
of weight, which different forts of
lime can acquire by expofure to the
air. The limes were. all loofely
folded up in clean paper, laid insthe
- clofet of a rcom where there was a
conftant fire, and weighed at different
intérvals, till they had acquired their
greateft increafe of weight, which
.fome of them'did not do’ in lefs than
 three quarters of a year. The gene-
ra} refult-of the expcnmcnts is €x-
prefed in the following table; where
the firft column contains the names
of
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of the fubftances, from’ which the
limes were prepared, the fecond ex~
prefles the height to which a ton gf
each fort of lime would increafe by
expofure to the air, and the third
"thews the quantity of the increafe in

a ton.

Sienna marble - -

Dove marble - <

Portland ftone - -
Statuary marble" -
Rhonmboid, tranf, fpar
Purbeck ftone - -
Crylallized fpar -
Rhomb, opague fpar
Clitheroe limeftone

Kctton flone - &

Chalk . -

"y ??’
C. q.lb.
35 .0 12
3509

343 21
b3z o0
34016

340 8

~Cs q.lb.
15012

130 9

‘14 3 21

14 2,0
14%16

&4.&‘"*3
331251
g3 raryi ¥
32 LI§
31313
© 302 9‘#

Il g 1%

mﬁg

Hence it is evident, that the gre’at-
eft increafe of weight which a tonof

04

v lime,
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hmc, of tht feveral forts here men-
tioned, would acquire by cxpofure
to the air, amounts w rather more
than three quarters of a ton, and the

leaft amounts to abave half a ten
This obfervation is werthy of n(yuf’
in a practieal view, Time is foruetinies
fold by weight, and it is obvious,
that the {cMer will be a very confi-
derable gainer, if, after having drawn
“his ki ln, he lets his lime remain ex-
' pofcd to the air for 2 few days before
it is fold.’ T have frequently obferved
_pieces of new-burned lime, daily in-
creafing at the rate of one hundred
weight per toh, for'the firft five or
fix days. "The farmier too, in liming
his land, fhould congrive to carry
out his ?mc as'fooh 25 poffible after
i is bumed he mnay otherw:fe for
. - 3 svery
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every ton, have the trouble of carrye
ing a ton and a half, or more.

Lirne which has once acquired its
greateft increafe of weight, docs net
lofe any part of what it has acquired

" by fubfequent expofure to the air,
evem, during the heat of fummer.
Several forts of lime, which I ap-
prehended had gained their greateft
mcreafe of weight in April and May

779» were' weighed at. different
nmcs during the fummer of the
fame year which was . frequc tly
very hot, but I did not obferve ¢hat
any one of them was diminithed in’
weight by the a&ion of the _hq?t:q

let the' matter, therefore, whic}%"
attracted by the lime froqr the dair
be. what it may,-it'is a permanent
fubftance, and not fubjeét to evapo-
ration during fummer, Henee it
. €an-
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cannot be doubted, that the foil
upon which lime is fpread acquires
a great increafe of matter; every ton
of lime attrats above half a ton of
fome fort of matter or other fiom
the air, and adds it to the eargh;”
now this matter would not haye be-
come united with the earth without
the intervention of lime : but whe-
ther any part of the advantage of
liming, where she foil is bad or
fcanty, may: be attributed to this
increafe of the quantity of matter
which is derived from the air to the
earth, is 2 queftion which [ have
not {kill enough in agriculture to

decide. L
I bave been told by a gentleman
of fortune in Dérbyfhire,. that he
“has frequently, with great fuccefs,
fpread 1000 Winchefter buthels of
. . lime
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lime upon an acre of ground : let us
fuppofe a Winchefter buthel of Der-
bythire lime to weigh 100 pounds,
then will 1000 bufhels weigh 100000
pounds, or abovg 44 tons; and fup-
pofing one ton ‘of fuch lime to gain
onl\g4 hundred weight by expo-
fure to the air, then will the, wholg,
acre receive an increafe of foil, from
the lime whxch"xs fpread upon it, -
equal to above gaytons in weight
beyond th-c weight of thelime.

Having eftimated, the lofs of -
weight fuftained by. different calé-'
reous fubftances’ during their calgi-
nation, and alfo the gain of wcx%t'.
which the limes, procured from th
fubftances acquifc by cxpoﬁxre 3to
the air, it is natural .to inquire -
whether the gain is equal to the lofs. -
Upon the 6th of March 1 converred

‘into
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intolime 204 grains gf dove Maible ;
the lime weighed whilft hot, 116
grains; upon the §th of the follow-
ing November the lime weighed
203+ graing. This lime was fre-
‘quently weighed . from Mar? to
November, and if it thould be fup-
&Jofed that halfa grain was infenfibly
~ loft by ftequcnt weigliing, then ve
muft conclude that this Rind of lime
gains by qpoﬁﬁt to the air, jult ag
much ag #¥® marble jt is preparcd
from lofes bycaltination. Upon a
repetition, of *this gwperiment with
another fpecimen of the dove-marble
: lxmc, L foupd, the yefult o be, as
accorately s cah ﬂéﬂ‘éxp;&ed the
fame, 1f we mak&no allowance for
anylofs of weight by repeated weigh-
ings, then thg incregfi¥oFf weighe by
expofure to the air tiufl be efteemed |
lefs
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lefs than the lofs of weight by calcis
nation, by abour one four hun-
dredth part of the weight.of the
marble,

Sore dry chalk, weighing 120’
grains, was reduced by calcination
to &8 grains of lime; this quantity
of hific bicame, by expofure to the
air, when 't had acquired its utroft
mcxcam of weight, 104 grains ; that

, iv wanted 16 parts in 120, or hc~
tween one feventh “and pne cxghth
of the original wc;ght of the chald,

The dove marble and the chdlk
are the two extremes of all the fi
ftances 1 have nicd; no kind
lime régaiged fo much wcxght as that
from dové mhﬁbﬁa *and nane fo i
as that from chalk. FPhijlofo y
may be well employed in accountwg
for this diverfiry s T wm only ips
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- terefted at prefent in cftablithing the
fact, which feems not to have been
fufficiently underftood by chemifts
of defervedly great eminence. M.
Macquer fays ¢¢ quicklime combines
with the moifture of the air which
it feems capable of attrating, by the
moifture thus attratted, the weight
of the quicklime is doubled *,” M.
Baum¢é weighed fome lime very ac-
curately, and though he kept'it in

a cellar

* Chem. Di& by M. Macquer, artic.
Quicklime in the Englith tranflation :—The
original of this work is excellent in its kind,
and it is greatly improved by the very judici-

* ous notes.of the tranflator. In jullice to M.
Macquer, it ought to bg obferved, that in the
fecond Englifh edition of his Diionary, the
paflage quoted in the text is greatly altered ;
there is no mention made of the maiffure of the
air, and the quicklime is only faid to recover a
great part of its original weight, by expofure to
the air.
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a cellar for feveral years, yet it never
regained the weight of the calcare-
ous earth, from which it had been
prepared ; there was always a defici-
eacy of more than two ounces in a
pound *,
kdo not queflion the veracity of
either of thefe gentlemen, or their ac-
curacy in making their experiments;
but the propertics of the particular
limes which they examined fhould
not have been given as charaleriftic
properties of limes in géneral,  No
lime that I ever tried was doubled
in weight by attralting matter (
it moifture or other marceer) frdin
the air, yet if a hmeﬂ:opc could ¥
found,” which xsno.nmpolﬁble, thiat
loft half its wexglm by calcination, a
fpecimen of lime from fuch a lime»
C ftone
* Chymie par M. Baumé, Vol. I p. 179,
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ftone might, perfidps, be doubled in
its weight. On the other hand, I
only met with one fort of lime, that
from chalk, ‘which in its “intredfe
feemed to fall fo far fhort of the
ongmal wevght@f the fub"cance from
which it was made, as.to want more’
thanttwo eunces in a*pdund, or be-
tween “onb feventh and one. eighth
of the whole: weight, My experis
ment in this particylar ia"ﬂ'aacee, fuf-
fieiently coincides with' the too, gene-
ral obicrvaﬁon of M. Bauméy. -

. The chalk ot clunch of this coun~
try is not a pure calcareous earth,
it contains a portion of fand ; and
“hence, whenja definite weight of this
‘chalk. lime is expeféd to the"air, it
cannot acquire as much increafe.. of
wenght, as ‘the fame - quantity of
puer hmc would do: for thc fand,

whin wo . . which
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‘which is mixed. with the lime,- is of
a very different naturefrom the lime,
and does not attralt any thing from
the air. This obfervation may be
extended.to different forts of lime-
.ﬁone, and it-may fuggcl‘t one reafon
for the diverfity, in the Grength of
different forts. of lime, when wfed
either in bpxldmg or in-agriculture, -

The table. in. wluch the increafe
of wc\ght acquued by different forts
.of ltmc,m cqnfcqucnce oftheir expa-
fure to'the air, is ¢xprefled, was madc
with great accuracy; yet is it not
beconfidered ag yniyerfally. true, cv§
.of the fubﬁwcgamthem gv:nnone ‘
for there is- great “‘feafon to bcheyd,
that the, quanmy of matter, whxclx
the fame fort of lime can agtradk
from the air, depends very much
«ipon the degree of heat w:th whu;h .

VoL, 1, o P ‘ﬁz&‘
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the lime has been burned ; there is
a certain definite degree of heat re-
quifite to make the lime attra the
greateft poflible quantity from the
air. When the heat is not {ufficient .
to convert the whole of the fubftance
into lime, then that part which is
not changed into lime, will not con-
tribute any thing to the increafe of
the weight of the lime when cex-
pofed to the air, inafmuch as it
‘poffefles no quality of attradting
any thing from the air.  And, I be-
lieve, the obfervatioh is equally true,
when the heat has been more than
fufficicnt to convert the whole of the
fubftance into lime, It has been
before mentioned, that fix different
calcareous fubftances were changed
into lime, by being expofed to a
very fierce fire for 24 hours: this
.
eX-
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experiment was made in November,
17795 1 have frequently weighed
the limes fince that time; they have’
all of them acquired their greateft
increafe of weight ; for on weighing
them in January, 1781, I found that
they had not gained any increafe of
weight in an interval of three months,
The following table exprefles, in.
‘the fecond column, the increafe” of
‘weight which a ton of ‘thefe fub,
ftances would have gained, and’ thé
third column exprefies the increa(®
-which a ton of the fanie fubftarires’
would have gamcd had they been,
only-expoled to “hie’ fame! fite for #
hqurs.

p2z | Siehma
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' C. q. Ib.C. q. Ib)
Sienna marble - 8 1 15/15 o2
Rhomb, fpar - 8 1t ¢lig o016
Statuary marble 8 o olig 2 o
Chak - - |7 1 13)10 2 ¢
Clitheroe limeftone {6 2 gltz 1 1§
«Cryftallized fpar - 16 o -ofiz- 1 27

" Thefe experiments clearly prove
the great utility of turning lime
" with.a definite heat, for the excel-
lency of lime, -to ‘whatever purpofe
it be applied, depcnds. probably,
upon its d:fpoﬁuon to attra& that
matter from the' a:r, which it Ras
loft by calcmanon and We fee that
noneof thc Yimes, which were burn-
ed for 24 houts, attratted fo umuch
from the air, as thofe ‘did which
had been more moderately burded ;

~ the difference is very confiderible
in all the inftarices. Would not a
T greater
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gereater degre{e of heat have ftill fur-
rther deenved’ lime.of its property of
Lot a&mg matter from the air, and1
'thus have made it approa.ch nearer:
to the nature of glafs 2
We have feen, how grcatly calca-
recus- fubftances are diminifhed in
weight by being calcined,~=do, they
receive any alteration of bulk dur-
ing that operatnon? Havmg propofett
this gueftion to various lime-burnéts,.
in different parts of the kmcvdom, I
found fome were of opinion that the
chalk.or ftone lwellcd a lietle, othérs.
that: it fhruak a lictle during ca-li:x-
nation,. and a thxrd fer thought that
it underwent no fort of. almmon :
the moft, obvxqus mfcrcnco tmms
thefe dxﬂ"crcnt accounts feems to be,‘
that calcareous fub&anccs da in this.
perticular differ from cach ather..
P 3, "~ Ltook:
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I took a piece of blackith marble,.
four inches in length, half an inch
broad, and one quarter of an inch
thick, and having placed it in 2
proper veflel, and ‘covered it with
fand, it was expafed to a very fierce
fire for three hcurs; the marble
thereby became perfetly white and
friable as calcined bones, but I
could not obferve that it had under-
gone ‘the lealt changc in any of its
dxmcnﬁons

I cut a piece of ‘chalk till it was
an inch in length, half an inch in
breadth, and as much in thicknefs ;
after it was calcined, its dimcnﬂons
‘were not fenﬁb!y altered.

A piece of rhomboidal fpar from
Derbythire, and a piece of white
marble, were fcvcmlly meafured

before
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pefore and after calcination, bYf’
no difference could be obferved
in the dumenfions of ecither of
them. . .
I.thought the length of a piece of
Sienna mafblc, in one expcriment,

was  diminifhed . about one Hfticth
part by calcination, but I was pro-
bably miftaken ; for i inanother picce,
above two inches in length, I took,
with a pair of compaﬂ‘:s, thc dif—
tance between two points upon its
furface before calcinacion, and foupd
that aiftance precifely the f,amc,afgcr
calcination.

A piece of Clitheroe hmeﬁoqe,_
which had been galcined for four
hours, appea,rcd to be dnmmﬁcfl in
kngth one part in twclve, “another
piece, Whl(‘h had be?n calcined ten
hours, was unaltcred in length, and

P4 . thick-
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thicknefs ; and fo was a piece which
had been calcined 24 hours.

" I took a piece -of chalk, which
had been dried by the fun and air,.
and having fhaped it into-a fquare,,
each.fide of which was.four. inches,
the thicknefs being twa inches, I
put, it into a lime-kiln ; it was kept.
there as long as chalk which is
burned into lime ufually is; when.
it came out of the Kiln, I compared”
it with the_ftandards of its feveral.
dimenfions, which had’ been. accu-
rately taken before calcination, and’
could not difcover that it had fuffer--
ed. the leaft. change either .in length,
breadth,, or. thicknefs. This expe--
riment was repeated with wet chalk,.
but neither wagg.this altered in its
dimenfions by calcination. Lattly,,
I wok a flut picce of chalk, about.

' ‘ . one
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ane fourth of an inch in thicknefs;’
and calcined it “for 24 hours; the
fength of this chalk was three inches,
and it was-diminifhed by calcmatmn
one tenth of its-length.

Thereader is pofiefled'of all I'know
from my owh cxpeﬂsﬂcnts upon the
fubjet; but I will 1Bt conceal franr ..
him the opinion:of M. Baumé, who
elteems the diminution of the bulk
of calcareous fubftances ‘during cal-
cination,.as one of their tioft dxﬁ"uga-
guithing properties, HE does not;
1?deed - mention: any.’ expenmcnga, '
which he had exprefsly made, with '
view of deciding the quettios, bueT
cannot fuppole; that fo able achemlit ‘
would l'pesak from conjedture, wheh
he affirms, that calcareous fubftances.

are. fometpncs,dxmxmfhcd half them‘
bulk
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bulk during calcination #; and there- -
fore T fhould apprehend, that the
calcareous fubftances, which he ufed,
were different from any of thofe on
which I'made my experiments. Be
this as it may, his conclufion s, if =t
all, certainly not generally to be ad-
mitted. ‘

The expenments, by which the
nature of any particular fort of earth
is chemically inveftigated, are prin-
cipally of two kinds ; one confifts in
obferving its folubility or infolubility
in dlﬂ”crent menftruums, the other in

_noticing

" ¥ Le fecond pfxénommc que Ia terrc cale
caire préfente aprés fa calcination, cft fa di-
minution de volume~—Ia retraite de ces par-
tics, pendant leur calcination, cﬁ:‘quclquaﬁ)is
fi grande, qu'ellé va-jufqu’a la moitié de leur
volume. Chym. par M, Baumé, Vol. L. p.
1824 .
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noticing the changes produced inf
by the a&ion of various degrees of
heat. 'We may form a general idea.
of the operation of fire upon calca-
reous fubftances,. from the experi-
ments which have been before relat-
ed; 1did not fpare cither time or
labour, nor was I fenfible of any-wans
of care in making them; yetI can-
not helpapprehending, thata nume-
rous repetition of fimilar cxp:rlments
might lead to fome general concla-
fions, which have efcaped my obfes-
vation. The following experiments
can hardly fail of being acceptable
to- the reader, as they :cnd gready
to cofrpborate what has afready bcfn
inferred co,ncemmg the:npature of cal-
carcous earths, We hav: concluded,
that twenty hundred wei ight, or a top

of any calcareous fubftanee, -confifts °
of
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“&bctwccn eight and nine hundred
welght of fome matteror other, which
is diffipated durmg calcination, ' and.
of between eleven and twelve hun-
dred weight of earth, which cannot
be diffipated in that degree of heat :
now if it can be thewn, by a way
. wholly different from that of calci-
nation, that.a ton of any calcareous
body does really confitt of about
twelve hundred weight of earth, and
of about eight hundred weight of a
velatile fubftance; we cannot enter-
tain any furcther doubt concerning
the proportion of the conftituent
. parts of calcarcous fubftances.
If the reader has not: been acculs
- tomed to-the makmg ‘of chemical
expcrimen.s, and yet fhould be de-
firous « f ,\fcenammg, from his own
‘ obfcrvatxon, the .ruth of fuch as 1 am

going
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going to mention, he may do it at a-
very cafy rate ; he need only procure
from’his apothecary, a few ounces of
the acid of fea‘falt, and a Florence
‘flafk, and he will be furnithed with
the main part of the apparatus, ~
I took a Florence falk, and pour-
ed into it a fmall portion of theacid
of fea filt dilured with water; “the
flafk and its contents were then wcxgh-
ed in a pair of feales, which turned
‘with a quarter of a | graim; - the: weight
was noted down. 1 then droppcd
into the acxd, by a very little it a
time, 20 grains of a calcareous fitb-
Rance, ; and ftopping gently fbei’top
of thc ﬁaﬂ: with my, finger, till the
whole | was diﬂ'olved ‘the fafk was
weighed again. " Now it is obvious,
that if nothing had efcapcd during
the foluuon, thc weight of the fafk
and



( 238 ) |
and its contents, after the folution of
the calcareous fubftance, would have
" exceeded its weight before folution
by 20 grains. ' There was, however,
a very confiderable lofs of weight, in
.all the fubftances which I erfed. If
‘inftead of 20 grains, a ton, or 20
- hundred weight of each fubftance,
+had beendiffolved, and no notice had
‘been taken of any weigh'f; lefs than & .
of an hundred weight, the weight of
the earth, gr other matter remaining
in the bottle after folution, would
‘have been expreffcd by the fecond
columa of the following table, and
“the weight of the mutter loft during
Aolution by the third, - *

Namure
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C. q.Ib.

Namure black marble -

Clitheroe limeftone =

Chalk —
Ketton ftone —
Portland flone -—

Purbeck ftone —_
Mother of pearl  —
Dove marble —_
Blae-veined marble -
Purple-veined marble -
Statnary marble —
Rhomboidal fpar ~ —
- Cryflalliced fpar® e

13
13
12
12
12
12
12
12
12
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* Six out of the thirteen fubftances here ex-
amined, loft 8 parts in 20 during their folution,
which is the very proportion alligned by Dr.
Black, in his moft mgenious Lffay ( Edin. Ef.
Vol. 11. page 104), tor the lofs fuftained b
chalk ; it will appear, however, from what fol-
lows, that pure calcareous fubflances probably
lofe 9 partsin 20 ef their weight, by being dit-

folved in an acid.

3 .
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"TheNamure black marble and the
‘Clitheroe limeftone threw up an oily
fcum during folution, and left a large
portion of black fediment, which
probably was iron. The chalk had
a whitifh fandy fediment, the Ketton
ftone a yellowifh one, Portland, and
Purbeck ftone a -white -one, which
looked like particles of fand, and was
gritty between the teeth; mother of
pearl left feveral foft infoluble Aakes
“ﬁoatingq% the top of the acid : the
-other bodies either gave no fedi-
ments, or very minute ones.

‘When 1 firft began making thefe
experiments, I was accuftomed to
weigh the flafk as foon as the folu-
tion was ended, and this led me into
an error in eftimating the quantity
‘loft during folution for, upoa fur-
ther trial, I always found, that the

) weight
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weight of the flatk and its contents,
taken, as accurately as poffible, as
foon as the folution was finithed, was
diminifhed very fenfibly in the fpace
of three or four hours. 1 was at firft
inclined to attribute this diminution
to the evaporation of a part of the
fluid ; but the true caufe is this, the
weight of the air remaining in the
flafk after folution, is greater than
the weight of an equal bulk of at«
mofpherical air.  This is eafily prov-
ed, citheg by fucking through a pipe
the air contained in the flafk, or
blowing it out with a pair of bellows,
fo that the flalk may be filled with
common, air ; for the flatk will‘tbqn
be found to weigh lefs than it did
before. Sucking. out the air isia
n:oublefome opc@;tion, for the air
has a difagyeeable tafte in the mouth,

voL. 1. | Q. and
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and if fuffered to pafsinto the lungs,
might be noxious. This difagree-
able tafte is not to be attributed to
any fubtle particles of the acid, which
may be fuppofed to float in the in-
fide of the flafk, but to the air con-
tained in it; for after the air has
been thoroughly exhaufted, fo that
the Nafk becomes full of only com-
mon air, no further tafte is perceived.

I took a Florence flafk, which
would hold 26 ounces troy of water;
into this fAafk I poured a tygo-ounce
meafure of the acid of fea falt, and
diffolved flowly in the acid a quan-
tity of the pureft calcareous fpar,
the bottle was weighed as foon as the
folution was ended : I then permitted
it to ftand quiet for two hours, and
at the expiration of ghat time, I blew
into it with a pair of bellows, till

4 . the
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the air became taftelefs ; the bottle
was then weighed, and it had loft 4
grains. The weight of common air
flling a flafk, holding 24 ounces of
water, is about 14 grains ; the weight
of the fame quantity of the kind of
air which filled the flafk, immediately
after the folution of the calcareous
tubitance, was 7 grains more, or 21
zrains ; hence the weight of common
zir, 1s to that of the air which filled
the flafk after folution, as 14 to 21,
or as 1 to'1t, I do not offer this
conclufion to the reader as an accu-
rate one, but it is probably not far
from the truth,

The circumftance of the weight pf
the flafk being greater, immediately
after the folution was finifhed, than
itwould have been if filled only with
common air, was not negleted in

Q2 making
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making the experiments mentioned
in the table; it was not, however,
attended to with fuch a fcrupulous
exactnefs, as it ought to have been :
I made therefore the four following
experiments with the greateft care.
The feveral folutions were flowly
made, to prevent any lofs of the
acid, and the flafk was not weighed
till 20 hours after the folution was
finithed ; in which time the air in it
had become taftelefs ; nor did the
fafk and its contents {uffer any fur-
ther diminution of weight, by a
longer expofure to the air,

120 gr. of white marble loft by#olut.  §3%gr.
120 gr. of cryftal, fparloft by folut. 54 —

120 gr. of thomb. fpar loft by folut. 54 —
120 gr. of Matlock petrefadtion — 54 —

The lofs of weight fuftained by
thc marblc during_ folution is fo
nearly
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nearly the fame with that of the
other three bodies, that its difference
may probably be referred to fome
‘unavoidable inaccuracy in making
the experiment ; if this be admitted,
we may reafonably conclude that
equal weights of pure calcareous fub-
ftances, contain equal quantities of
a volatile matter, which is difperfed
during folution, and that this vola-
tile matter amounts to 54 parts in
120, or nine hundred weightina ton,
the earth amounting to 11 c. :

Since calcareous fubftances lafe
ncarly equal portions of their wexght,
whether they are calcined in the ﬁne,
or diffolved in acids, it may be prg-
fumed that the matter which is loft
is of the fame nature in both cafes;
this matter is a fpecies of air, The.
rcader may eafily convince himfelf of

Q3 this
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this by faftening a flaccid bladder
over the mouth of a Florence flafk,
or other veffel, in which any calca-
careous fubftance is in the a& of folu-
tion, for the bladder will prefently
be blown up, by the matter which
iffues through the neck of the flafk ;
and, if the neck of the inflazed blad-
der be tied, and the bladder be in
that fate removed from the flafk, it
will not become flaccid again, but
remain blown up, which isa fuffi-
cient . proof that it is filled with a
ipecies of air. The air thus feparated
from calcareous fubflances. is very
different from common air, in many
particulars. 'We have before feen,
that the weight of a given bylk of
this air, is as much greater than the
weight of the fame bulk of common
air, as 21 is greater than 14, or as 3

- . than
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than 2,—The air, it has alfo been
remarked, has a fingular tafte, and
common air has no tafte.—This air
extinguithes flame and animal life,
and commeon air fupports both.—
This air by being Thaken in contalt
with water, or otherwif@mixed with
ir, impregnates the water ‘with an
acidulous talte, but common air pro-
duces no fuch effeét on water.—TFhis
air is as much a conflituent part of
the atmofphere as comnon air is,
for a ton of lime will areraét halfa
ton of this air from the atmofphere,
The particles of matter conflituting
light, are fuppofed to be of diffefent
magnitudes : are the particles of r§at- -
ter which conftitute atmofphetical
air of different magnitudes >-~Hoss
the fmell of a room newly plattered,

proceed from particles of matier
. Q4 emitteds
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emicted by the plafter, or from the air
of the room having undergone a de-
compofition, in confequence of the
lime having abforbed one of its com-
ponent parts ?

When any calcarecous earth has
been diffol¥ed in an acid, it has loft
its air, and is much diminithed in
weight; it has undergone as great a
decompofition, as if ithad been cal-
cined. Calcined calcareous earth or
lime, may be reftored to the ftate of
crude calcareous earth or limeftone,
by expofure to the air; in confe-
quence of fuch an expofure, it, in a
greater or lefs fpace of time, attralts
from the air a part at leaft of the
principle which it had loft during
calcination; but when a calcareous
earth has been diffolved in an acid,
and is thereby deprived of its air, it

. may
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may be wholly reftored to the ftate
of a crude limeftone, by #n almoft
inftantaneous procefs. Suppofe 20
pennyweights of marble to have been
diffolved in a proper quantity of the
acid of fea falt, then will thefe'20
pennyweights have loft nine parts of
their weight; the earth remaining in
the acid will only weigh 11 penny-
weights.  Salt of tartar, pot afh, and
other fixed alkalies contain, in their
crude ftate, a great portion of fixed
air, of the fame nature with that
which conftitutes nine parts in 20 of
the fubftance of marble, and other
calcareous bodies. The acid of fea
fait, and all other acids, have a
ftronger tendency to unite themfelves
with the earthy part (if the expreflion
may be admitted) of fixed alkalies,
than to continue united with the

: earthy
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carthy part of marble, or any other
calcareous body. If then into the

“acid, in which 20 pennyweights of
marble have been diffolved, and
which really confifts of the acid
united with 11 pennyweights of
earth, we pour a folution of falc of
tartar, or pot-afh, the acid will quit
the carth of the marble, and unite
itlelf with one of the conftituent
parts of the alkali; the earth of the
marble is by this means fet at liber-
ty, and one of the conftituent parts
of the alkali is alfo fet at liberty,
nawaely, its fixed air ; ‘thefe two will
unite together, and by their union,
they will form an earth of the fame
nature as crude limeftgne, the weight
of which is found to be equal to the
original weight of the marble, or 20
pennyweighis, o

‘ From
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From the various experiments
which have been here aithfully
related, without any previous at-
tachment to fyftem, it feems as if
we might conclude, that pure cal-
careous fubftances are compofed of
9 parts in 20 of a volatile fubftance,
which is difperfed, not only during
the calcination, but during the fo-
lution of the fubflances in an acid,.
and of 11 parts in 20 of an earth
which is "generally known under the
name of lime, Several authors, of
diftinguithed reputation in Chemiﬁty
have thought, that water was,an
effential conftituent part of calca-
reaus fubftances, and from particalar
mﬁances they have endeavoured to
Sfcertain its quantity in gencral.—-
I'he experiments which I have made
do not tend to eftablifh this-opinion.

~—Into
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" ==Into a new glafs retort I put two
ounces of cryftalizéd fpar, and hav-
ing fitted a clean receiver of flint
glafs to it, I expofed it at firft to a
gentle fire, which was encreafed, by
degrees, till it became ftrong enough
to mele the retort; during the whole
of the operation I did not obferve
that any water was feparated from
the fpar, the tranfparency of the re-
ceiyer was not fo much as tarnithed
by a vapour. From this experiment
I would conclude, that this fpecies
of calcareous earth does not contain
any water which is feparable from
it in a degree of heat fufficient to
melt glafs. I took an earthen re-
tort, and put into it fix ounces ofs
cryftallized fpar, and expofed the
retort to a very ftrong fire till the
fpar had loft one third of its weight,

" ’ there
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there was not a drop of water found
in the receiver. The retort, when
taken out of the fire, appeared to be"
cracked, fo that this experiment
is not quite fo convincing as the
preceding, though, perhaps, fuffi-
ciently fo to make us doubt con-
cerning the exiftence of water as a
component part of this kind offpar.
—1I took 720 grains of Degbyfhire
watricle, which is the fubftance of
which the ornamental columns feen
on chimney pieces are generally form-
ed and diftilled them with a violent
fire in an earthen retort, till “they
were reduced to 400 grains (that is,
till they gave after the rate of 13 c.
0q. 12 lb. of lime from a ton of the
‘watricle), but I did not find any
fenfible portion of water in the re-
ceiver; it was indeed clouded with a
vapour,
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vapour, but this vapour I think
“arofe fromw the dampnefs of the re-
tort, or of the fubftance ufed in
faftening the recciyer to the retore,
ot from fomething or other uncon-
ne&ted with the watricle,.—

ESSAY
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OF CLAY, MARLE, AND GYPSEOUS
ALABASTER, OR PLASTER-STONE.

Rgillaceous earth, or clay, may

be diftinguithed from evéry =

other fort of-earth, by its tenacjty”

when wetted with water, and by 3its '

growing hard when expofed to the
fire. 'We may levigate fand, chalk,
or plafter-ftone ingp very fine pow-

der, but thefe powders when knead-
ed with water, will not form "a tena«
. cious
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cious du&ile mafs, capable of being
moulded and turned at the pottery
wheel, or of being hardened in the
fire like clay. Even clay itfelf lofes
its tenacity by being baked in a
gentle fire : a potter or a pipe-maker
will in vain attempt to fubftitute the
powder of potfherds, or of broken
-pipts, in the place of clay; thefe
f)owders may be ferviceable on fome
occafions, when mixed with clay,
but they cannot, on any, fupercede
its ufe*, '

The whiteft clays are efteemed the
pureft, but even thefe, bcﬁde other
nmpurmes, generally contain a very

con-

* Tpn the Mem, de I’Acad. des Scien. de
Pruffe, 1749, there are fome experiments
tending to prove, that®the tenacity of clay is
owing to fome: inflammable matter which is
mixed with it, and. which is eafily confumed
in the firc,
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confiderable portion. of fine fand. . 1
took 16 ounces of the fincft pipe
clay from Dorfetthire, and by re-
peatedly gwathing it in large quan-
tities, of water, and pouring ofF the
turbid water, I colletted a fandy fe-
diment, amounting, when well dried,
to three ounces. I have no doubrt that
this clay contained a much greater
proportion of fand, than what I had
been able to collet ; for the white
particles whigh had been fufpended
in the water, certainly confifted. in
part of a fand of a finer grain, @an
what had fettled to the bottom, for
they were very fenfibly grirty :be.
tween the teeth. It ‘may eafilyt be
conccived, that in wathing clays,-'; the
fneft part of the fand contained in
them will remain fufpended in the
water, and that on this account, the

voL. 11, ° R fedi-
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. fediment colle@ted at the bottom of
the veflel, in which the operation is
perf'ormed will not give the true
proportion of the fand which enters
into gheir compoﬁuon. 1 confirm-
ation of this idea, we have been
infiruéted by the experiments of a
very. able chemift, to confider fine
white clays, as confifting of about 3
parts in 8 of true argillaceous earth,
and of about § partsin 8 of fand, or
earth, refembling powdered flints *.
All forts of earthen wares, from
the coarfeft pots to the fineft pieces
of either Afiatic or European por-

celane, confift either wholly or prin-
cipally

* M. Marggraf’s Opuf. Chy. Vel IL
p- 171.—Is it poffible, by any artificial ur na-
tural ~omminution of its parts, to.reduce the
f:.d foud in clay into a trueargillaceous earth 2
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cipally of clay. There are a great
muny forts of clay, which differ from
each other in colour, in tenacity, in
the degree of contradtion which they
fuffer in being burned, in their power
of refifting the action of fire without
being melted, and in many other
properties ; and hence we need be
at no pains to prove, that the propet-
tics of earthen wares muft be very
various, according to the properties
of the clays from which they are
formed ; ard this variety be¢omes
ftill greater, when we take into con-
fideration the ingredients which are
purpofely mixed with the natural
clays. ;

The flint or white-flone ware is
made in Staffordfhire, and other
places, in the -following manner.—
Tobacco-pipe clay, which they have

*R 2 froma
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from Dorfetfhire, is beat much in wa-
ter ; by this procefs the finer parts of
the clay remain fufpended in the
water, whilft the coarfer fand and
other impurities fall to the bottom.
The thick liquid, confitting of water
and the finer parts of the clay, is
further purified by being paffed
through hair and lawn fieves of dif-
ferent degrees of finenefs : the clay
is' then fufficiently prepared-to be
.mixed with powdered flint, the other
ingredient in the ftone ware. They
ufe annually in Staffordfhire about
5000 tons of - fint, which they have
from Hull, They have a tradition
concerning the firft introduétion of
flint into their potteries, which is
.briefly this :—A Staffordfhire potter,
about 80 years ago, in. travelling to
London; met at an inn upon the

' \ road
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road with an oﬁlcr, who undcrtook
to cure a diforder in’his horfe’s eye.
The oftler took a flint-ftone, and
having calcined it for a fufficicnt
length of time in a hot fire, ‘it bca
came very white ; he pounded it
into a fing powder, and blcw fome
of it into the eye of the animdT the
potter took the hint, conceiving tfmt
as flints could be ca]cmcd and
pounded into ‘a fine white powder,
they might be ufed in conjynion
with clay, to make a whitef ware
than the clay would dd alone;, Fle
amaffed large quantities of {fliatg,
burned and pounded them in¥fecret, -
and found the evcnt-'anfwcrzélile to
his expetation. The difcovery foon
became general, and many livés were
loft from the powder of the flint
being inhaled by the men employcd

* R 3 .in
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in pounding it: horfes were after-
wards ufed for the fame purpofe,
and for fome time paft they have
been accuftomed to grind their
flint *.  If the flints are pounded,
or.ground by inftruments of iron,
the powder is not fo good 4s it ought
to bey.for the particles of the metal,
which are abraded during the bpera-
non, being mixed with the powder,
give the ware when burned, a bad
colour.

They formerly were accuftomed
to grind their flints with Moorfone,
or Granite ; but of late years a large
bed of Chert (a {pecies of flint) has

bcen

- T fufpelt the date afligned by this tradi-
Tfon to the potter’s difcovery, for the grinding
of fints is mcxdenfaﬂy mentipned as prallifed
at Brofely in the year !69‘7 —Phil. Tranf.
No. 228 .
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been difcovered near Bakewell in
Derbyfbire, and the Staffordthire and
Yorkihire potters prefer it to Moor-.
ftone for grinding their flints: it is
very hard, and being itfelf of the
nature of flint, the parts of it which
are worn off and mixed with the
flints in grinding, do not yigjate the
quality of the flint powder. It is’
fold at the quarries for 8s. a tom, of
which the Dukdof Rutland, as Jord
of the foil, has gs. and the work-
men the other 3s. for raifing . Juis
reckoned that they amnually raife.
between four and five hu LOns, .
befides che fimaller picces, wifich are,
thrown by as refufe ; buty which’
might be calcined upon the f{pot
inftead of flint, and“bgiqg‘ %lauhg'
there, might anfwer the purpole o€
ground flint ;,.though as' coals are.

» R 4 €O
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comparatively dear at Bekewell, and
as there is no.navigation from thence
into Staffordfhire, I am -not certain
whether the ground Cher? could be
,affbrdcd to the, potters at an eafier
rate chan they. .can prepare their
fipt,, However, Cher! is very com-
monly to be met with_in other parts:
ad well as at Bakewell, though not,
perbaps, in fuch large quantities,

- apd therefore the Mint of-ufing cal-
cmx.'d Chert, as a. fubﬂuuu; for cal-
cmgd_ﬂn.nt, may be of fervice. to
thofe who .afe better fituated with
sefpect. so fuel and water. carriage,

~than they are at Bakewcll,  +

' When the fints have. been: pro-

: perly calgined, and .ground, they are
tifeed: in water till the water. is, as
near -as .may. be, of the fame thick-
nets 5 that in, which: ﬁx& clay is ful-

- pended;
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pended; then the liquid:clay "and ~
flints are mixed together in various™
proportions, for various' wares, and’’
left to fet; the mixtareis then dried *

in a Kkiln, and being afterwards |

beaten to a proper temper, it- bes-
comes fit for being formed' at the
wheel, into difhes, plates, bovls, &‘é.“'
When this ware is to be put “into’
the furnace to be baked, the feveral”

. AT

z

pieces of itare placed in'cafes, made~

of clay, called” Seggars, which, are’’
piled upon one anosher, in the dome

of the furnace ; a fire fs then’ hgﬁted ‘

and when the ware is brcmgm to -
a proper temper, which happe§s i "

about 48 hours, itis glazed by-&om-

mon falt. The falt is throwniinto
the furnace (through holes in the -

upper part of it), by the hedt of -

which it is-inftantly convertéd into-

a thick
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a thick vabour, -which circulating
through 'the furnace, enters every
Seggir through holes made in its
fide (the top being covered, to pre-
vent the falt from falling uvpon the
ware), and attaching itfelf ro the fur-
face 'of the ware, it forms that vi-
treous coat upon the furface which
is called its glaze,

This very curious method of glaz-
ing . earthen ware, by the vapour of
common falt, was introduced into
Enoland from Holland, at Laﬂ it
was introddiced from theace Into
Staffordfhire, about 80 years ago, by
two Dutchmen., - An old man in-
formed the perfon from whom I had
the account, that he remembered,
when ‘he“was a boy, running with
others “to help o - extinguith what
from the fmoke: he apprehended

R C to
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to be a fire in the pottery where.
the Dutchmen were working, ‘buﬁ’i
that their entrance was oppofed by'.
the proprictors of the pottery, who

were unwilling that the caufe of the,
fmoke, which was the common falt

they were ufing in f‘r]azmg their ware,
thould be gcnerally known.

@rp—
The Yellow or Queen’s ware, 18

made of the fame materials as the
fint ware, but the proportion, in
which the materials are mixed, xs not
the fame, nor is the ware glazed in
the fame way. The flintware i$ ge;
nerally made of 4 meafures of liquid
fint, and of 18 of liquid clay ; | the
yellow ware has a greater, propostion
of clay in it; in fome manufattories -
they mix 20, and in others 24 mea-
fures of clay with 4 of flint. Thefe.
proportions, if eftimated by the.
. weight



( 268 )

weight of the -materials, would pro-
bably give for the flint ware, about
-3 hundred weight of clay to 1 hun-
dred weight of Bint, and for the yel-
low ware fomewhat more clay. The
proportion, however, for both forts
of ware;, depends¢very much upon
the nature of the clay, which is very
variable evenin the fame pit: hence
they cannot be certain of the exact
guantity of flint, which they ought
‘to mixiwith the clay, till shey have
nradé fome tial of the quality of the

clay by bi%mg a kiln of the ware.
If there is too much flint mixed with
the clay, the ware, when expofed to
the air after durning, is aprto crack ;
dnd if there*is t00 httle, the ware
will not receive the proper glaze
from the circutation of the fait va-
pour.  ‘'This glaze, ¢éven when it is
o “ moft
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moft perfect, is in appearance’ lefs
beautiful than the glaze on the yels
low ware. -~ This yellow glaze i§
made by mixing:together in water,
till it becomes as thick as cream, 112
pounds of white lead, 24 pounds of
ground flint, and 6 pounds of ground
flint glafs, Some manufalturers Jeave
out the glafs, and mijx only 8o
pounds of white lead with 20 pounds
of ground {lint, and others doubtlefs
obferve different rules, of whlcﬁ‘ i is
very difficult to obtain an acc&uu&.
The ware, before it. tﬁ\glaz@d, is
baked in the fire, by this meﬁns it
acquires a property of ﬁronglt Im- -
bibing moifture (we pegceive ?mc
thing of this in the force with which
a new pipe fticks to thelips, though
the pipe has received.a kind ofiglaze
by being rubbed with bees wax after
being
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being baked), it is therefore dipped
in the liquid glaze and fuddenly
taken out, the glaze is imbibed into
its pores, and the ware prefently be-
. comes dry : it is then expofed a fe-
cond time to the fire, by which
means the glaze, which it had im-
bibed,..is melted, and a thin glaffy
coat is formed upon its furface : the
colour of this coat is more or lefs
yellow, according as a greater or lefs
‘proportion of lead "has been ufed.
The lead is principally inftrumental
in producmg the glaze, as well as in
giving it the yellow colour; for lead,
of all the fubftances hitherto Iinown,'
has the greatelt power of promoting
the "vitrification of the fubftances
with which it is mixed. Fhe flint
férves'to give a confiftency to the.
lead durmg the tige of its vitrifica-
: : tion,
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tron, and to hinder it from becoming

too fluid, and runmng dowa the fides

of the ware, and thereby leaving thcm

unglazed. The yellowith colour,

which lead gives when vitrified with

flints, may be wholly changed by vcrjr“
fmall additions of other mineral fub-

ftances ; thus, to give one 1nf’tance,

the beawiful dlack glaze, Whith is

fixed on one fort of the ware made

at Nottingbam, is compofed of 21
parts by weight of white lcad of
5 of powdered flints, and ofg of"an

earthy, or metalhc mxggral qalled

Mangancfe.

The powdel mto whlch calqmed'd
flints are ground, is wh::grthan m-
mon fand, and of . a ﬁncr grain Y and
hence it con(’mutcs, when, rmxed
with clay, a fpccxts of carthen ware, .
fuperior to t_ha,t. u}_ whlch fang: xs,ufefi,

as
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as - an -ingredient; the coarfe flone
ware made at Briffol, is compofed of
tobacco-pip¢ clay and fand, and is
glazed by the vapour of falt, like
the Staffordthire fline ware, but it is
far-inferior. to it in beauty. As our
flint ware is fuperior to the ftone ware
here mentioned, becaufe it is made of
materials, which, though of the fame
kind, are of a finer quality, than
thofe which enter into the compofi-
.tion of ftone ware ; fo'is it inferior
gpféill the forts of porcelane in white-

" nefs and teanfparency ; becaufe pow-
~dered flints' apd' tobacco-pipe cla},
_ are neither of them fo-white and pure
;as the clays nand, flints of which all
porcelanes are made.  According to
shis notion, the, only difference be-
$ween porcelanes and many forts of
carthcn ware, conﬁﬁsxm the finench
1 , ard
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and proportion of the ingredients’s
and thefe caufes joined to the differ-
ent degrees of heat employed in bak-
ing different porcelanes, are abun.
dantly fufficient to account for all
the varieties obfervable in the grain,
colour, hardnefs, and tranfparency,
of different forts of china,

We are told that the component
parts of oriental porcelane, ¢ are (1)
a vitrefeent ftony fubftance, reduced
to an impalpable powder, Pemy‘e
(2) Anunzitrifiableun@uous cla.y, re-
duced to an impalpable frowder alfo,
Kaolin, Thefe are thoroughly nﬁxed’
the latter in as-'fmall proportin as .
poflible, and then moulded} and
buked, (3) A varnifh- compofed
of the fipeft -particles of a- foapy -
carth, diffolved in ~water to ‘the
confiftence of & -eream, in*which, -

¥oL, IT, o« 8§ ° .when
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when dry, the pieces are dipped be-
fore they are baked *.” The Chinefe
Petunfe differs from powdered flints,
ip being fufible in a ftrong degrce
of heat, whereas flints are not fufible
in a fire {ufficient for the baking of
porcelane, unlefs they are mixed with
fome hetcrogeneous matter ; and this
property of the Petunfe probabiy
gives to china, a degree of tranfpa-
rency not obfcrvable jnour flint ware;
for the vitrifiable Pesunfe, when mixed
with the unvitrifiable clay, may com-
_municate a degree of vitrioufnefs

.to the compound.
"Fhe mootftone or granite found in
Cornwiall is thought to refemblé the
" Chinefe Petunfe ; and the Soap-rock,
“swhich is. plentifully met with at the
Land's'End, s efteemed a fpecies of
’ Kaolin,

* Compbell’s Suer, of Brit, Vol. 1L p. £8.
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Kachn, and is much fought after by
the makers of porcelane. The gramte
is looked upon by mineralogifts as a
vitrifiable ftone ; at leaft, as to the
greateft part of it*; and there may,
probably, be difcovered other ftones
which poffefs the fame property.
“The lead mines in Derbyfhire 3bound
in two kinds of fpar, which are very
diffurent from each other in figure
(where the figure is difcernible), in
weight, and in the change which
they undergo from the action of fire.
The figure of one of the kipds of
fpar is that of a lozenge or ghomd .
the figure of. the other is thgt of a
die or cube : a cubic foot of th zhom-
$2 . boidal
¥ oo Expoft au feu, il dy vitrifie, 2 I’
exception du mica, et du pement qui foutfrent

la méme viokncé du feu fans en btre altéréym
Miner. par M, Val, de. Bomare, Vol L p.
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 Boidal fpar weighs 2700 ounces; a

cubic¥oot of the cubical fpar weighs
3219 ounces : the rbomboidal (par, in
being ealcined in a ftrong fire, lofes

-.pear 18 parts in 4o of its weight,

i

and is changed into quicklime ; the
cubical fpar in the fame degree of

heat lofes about 1 part in 40 of its

weight, and is not converted into
quicklime : the cubdical fpar may be
melted in a degree of heat, ih which

the rhomboidal {par remains unmelt-
‘ed; ‘and from this property, the cu-

bical fpar might, probably, be ufed
with advantage by the porcelane ma-

‘nufaturers.  Some mines, as thofe

near Critch in Derbyfbire, yield no

.*kind of fpar but the cubical ; whilft

others yield only the rhomboidal ;
and fome yield both : I have feen a
narrow. crack in a limeftone rock,

‘ coated
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coated on one fide with the cubical,
and on the other with' the rhome'
boidal fpar.

Having fallen into the mention of .
fpars, it may juft be obferved, that .
Blue-Jobn, which has, of late years,
been fabricuted into vafes, and other
ornamental figures, is of the fame
quality as the cubical fpar, with re-
{pect to its fufibility in the fire;. it~
lofes, moreover, its colour, and, be-
comes white in a moderate heat: the
weight of a cubic foot of the bluett
kind is 3180 ounces, and th’ar of a
cubic foot of the léaft blue s 3140 ‘
oupces. This fubﬁnncc s firfk.
difcovered (or more propcrlg {peak-
ing, it firt began to be api)hed to
fome  ule), about 16, years agn,at one
of the oldeft lead mines.in Dmﬁ;fe,
called the Odinmine (probarb!y from

© 83 , s
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.its being dedicated to Odin, the great
God of the northern hations), .at the:
foot of a high mountain.called Mam:
Tor near Cafleton.  Spars tinQured:
with the amerbyft colour have been:

difcovered in other mines; there is
great plenty_ of what they call the
¢hocolate coloured fpar, in a mine at
Critch (a'few miles from Jl/Iatlock),..
where I faw the laft year, a piece of
oak, whi:h had flood long in the
watér of that mine, t mrved with a.
deep purple cclour ; but the greatcft

. quantity of Blue- Jobu is ftill raifed
at Cgplleton ; the larget pieces are-
fold for ¢ pounds a ton, the middle-
fized for 6 pounds, and the leaft for
fifty ﬂnllmvs ~~But to return to the
conﬁdcranon of aporcelanc

cheral Europcan nations, -in par-
txcula; the. Germans, thé Englifh, the
. French,
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French, and ‘the 'Ttalians, have, finte -
the beginning of the prefeht century, /
applied themfelves with great in~
duftry and ing‘chuit);, to the making "
of porcelanb, and - they have all of
them arrived at great perfection i in"
the art; though none of -the Euro- )
pean porcelanes, unlefs, perhaps, ws
except the Drefden, can yet be faid to -
equal, both in firength and beauty,
the porcelanes which are 1mw:rted
from Chira and Fapan. TheDrefs)
den and the German porcelages, in
general, are as unvitrifiable &s the -
Afiatic 5 while mof} of the pthcrs
which are made in Europe, o y be
vitrified by a longer condnuagion gf
the heat, in which they are baked.
The being or the not being eonverti-
ble into glafs in a ftrong fire; Ts one
of the principal criterians by which
$4 . yon-
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connoiffeurs judge of the goodnefs of
porcelane, that being efteemed the
beft which is the leaft fufible. Porce-
lane being feldom expofed to a degree
of heat, greater than that of boiling
water, it feems to be an odd method
of judging of its worth, by inquiring
whether it is -capable of fuftaining,
unaltered in its form, a degree of
heat fufficicnt to convert many other
fubftances .into glafs; but probably
that fort of it is the moft hard, and
tough, and beft capable of bearing
the fudden tranfitions from heat ta
cold, which is baked with the
firongelt heac; and, if this be true,
tnen thereiis a good “reafon for
efteeming that china to be the beft,
which is the: moflt unfufible, inaf-
much as it has, probably, under-
gone a ftronger fire in being baked

e ‘ than
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than the more- fuﬁble kinds couh!
fupport.

There is fome reafon for thmkmg,‘ ‘

that the ftrength of porcelane has
fome dependence on its weight, for:
the more clofely its parts are com’

pacted together, the more- forcibly,
other circumftances being the fame,
‘will they refift the impulfe of a ftroke,
tending to difunite them. 1 have

eitimated the relative weights ofimgft

of our Englith porcelanes; buc I
forbear mentioning particulars; as I
fhould be forty to fay any thmg

which might have the moft diffant:
tendency to injure any individual ;-

efpecially as the great price of l4bour
in this country, and, indeed, in all
parts of Europe, compared with its
price in Aﬁa, muft ever render the

engaging ina porcelane manbfactory .

.

a hae .
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% hazardous undertaking whilft the
importation of Afiatic porcelane is
allowed. The beft mode of en-
couraging the European manufato-
ries of porcelane, would be théimpo-
fition of a heavy duty on that which
is brought from Afia. Itis,T be-
lieve, generally acknowledged, that
the yellow ware is far more brit-
tle than the flint ware; the rela-
tive weighns of 2 cubic foot of thefe
wares and of Eaft India china, were

Eatt India china - 2346
Flint ware - - 2188 ¢ punces avoir.
Yellow ware - 1088

Now fuppofing a plate'of the com-
mon yellow or Queen’s ware (for
there are very different forts of it).
#0:weigh 12 ounces; then will a
plate of the flint ware of exaétly the

' © fame
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fame fize and thicknefs weigh 133
ounces; and' an equal plate of china.
will weigh 14% ounces ;.and hence:
we need. not wonder. at the great
fragility of the common-yellow ware,,
when compared either with-china or.
flint ware, The coarfe Briftol ftbne--
ware has nearly the fame weight as
china, a. cubic foot of it weighing
2340 ounces,

The precife meaning of the tcrm
marle is not yet fully fixed ;. u;} is
moft- generally vfed to. denote fan
earthy or ftony- fubftance, conf!ﬁl-
ing principally of ¢/gy-and mlmre&m
earth, and fallmg into powder %y-
expofure to the air. There are fege.
ral folid ftrata of. ftones, fuch as the
Derbythire fbale and toadffine, which:
moulder into powder by expofure tg.
the air, andyet they are ot cftecmed

marles,.
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marles, becaufe they do not contain
any calcarcous earth; there are alfo
limeftones which contain portions of
clay, and clays which contain por-
tions of limeftone, but which not
falling into powder by the influence
of the air, are not claffed amonglt
the marles: and hence thefe two
properties, of containing calcarcous
earth, and of falling into powder
when expofed to the air, may be
cfteemed charaeriftic of marles;
and they are, perhaps, the charac-
teriftics which are moft to be relied
on, for as to colour and confiftency,
marles cannot by them alone be
dittinguithed from feveral other
bodies. L

As the ufe-of marle in agriculture,
depends in fome fort of foils upon
the quantity of chlcarepus earth

. which
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which it contains, and in others
upon the clay which enters into its
compofition, fome readers will with
to be acquainted with a general me-
thod of afcertaining the exaét pro-
portion of clay and calcareous earth,
contained in any particular kind of
marle.

Take an ounce of the propofed
marle, previoufly reduced into pow-
der, and well dried ; pour upon tHe
marle a diluted acid of fea fale; .an
effervefcence will enfue; this cﬂier-
vefcence arifes from the aftion of
the acid on the calcareous earth for
the acid has no fuch ation on pere
clay, nor even on clay and fand, as
may be feen by pouring a little of it
on pipe-clay; when fo much acid
has been added. to the marle that no

further effervefcence is obferved, we -
may
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:may ‘conclude that all the calcare-
‘ous earth contained in the marle is
now diffolved in the acid; put the
-whole ‘into a filter ; the calcareous
«earth being diffolved in the acid will
.pai‘s through the filter, whillt the
.clay will remain -upon the filter :
‘wath the clay, and the filtering
.paper, 'by pouring upon them hot
awater till they are freed from all
Jaline particles; the clay being after-
wards dried, as the ounce of marle
had been, will fhew, by its lofs of
weight, the quantity of calcarcous
«earth which the marleg contained. As
to the matter which remains upon the
filter, and which has beencalled clay,
it may chance either to be pure clay,
.or a mixture of clay and fand ; if it
s the [latter, the quantity of fand

- may
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may be known by wathing it and
colleting the fediment.

Tlhis method of examining how
much calcareous earth is contained
in any fpecies of marle, may be ufe-
fully adopted alfo when the clay or
marle is to be applied t¢ the making
of *brick. For if the quantity of
calcareous earth is large, the marle
in being burned will rather form
lime than brick, or the brick at leaft
will fdon moulder in the air, in con-
fequence of the calcareous Qarth
falling into a powder like lm'ge—-
The marle dug our of the famé pit
is often very different in its prdper-
ties, fome parts’of it cor tuning f
much calcareous earth, that they
may with advantage be burnéd ‘into
lime ; whilft other portions of it may
be made into 'good brick. -1 will

~ illuftrate
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Ziluftrate what has been faid con-
cerning the analyfis of marle, by an
inftance.

We have a ftratum of lead-colour-
ed clay, a lictle beyond Magdalen
College, on the road to Ely, which
burns to a whitith brick: I took
four ounces of this clay, moift as' it
was dug out of a pir, ten or twelve
feet deep; by being dried on a hot
fire-fhovel till no more vapour ap-
peared to rife from it, the weight
was reduced to three ounces. Thefe
three ounces, or 60 pennyweights,
were put iato a quantity of diluted
acid of {alt, till no more effervefcence
was_ obferved, the mixture was fil-
tercd and what remained upon the
filter, being dried, weighed 46 pen-
nyweights, the quantity of calca-

geous earth amountmg to 14 parts’
in
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i 60, or near % of the weight of the
clay when dried. What remained
upon the filter was wathed in much
water; [ obtained a fediment amount-
ing to about 1 pennyweight, but it
was not a fandy fediment, it refem-
bled an earthy falt, refuliing from an.
union of the acid of vitrjol with
calcareous earth, which is ufually
called Selenites; there was alfo fepa=
rated, by wafthing, a quamtity qf
greyith earth, whach was chieﬂy
wen, S
The moulds, - ufed in maRxng

bricks from this clay, are 10 me;hes «
in length and 5 in breadch, and’githe
bricks, when burned, ufually “ﬁ"‘ﬂf
fure g inches in length, and 44 in
breadth, fo that the clay fhrinks
about 1 inch in 1o. | But the degree
of contraétxon, which clays uidergo.
VoL. « T in
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in beirig burned, is very various, and
it does not folely depend upon the
purity of the clay; for 1 have been
informed by perfons employed in
'making coarfe’ earthen ‘ware from
fimple clay, that the fame clay juft
dug out of the earth, and put into
the fire, swill contra& lefs, than when
it has been fome time expofed to the
influence of the atmofphere; for
froft more perfe@tly divides its par-
ticles than any artificial procefs can
do: the Chinefe are faid to let their
clay remain expofed to the atmo-
fphere 20" or 3o years, before they
apply it to the making of porcelane :
and the goodnefs of common tiles,
“and bricks, is much increafed, by
fuffering the clay to lie mellowing

for a yeat or two before it is ufed.
; . The

*
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The clay here fpoken of, though
it does not contain fo much calca-
reous carth, as to render it a proper
manure for ftiff, loamy foils, yet it
might probably be ufed, with greit’
advantage, ‘on thofe which are light
and fandy; inafmuch as by its clayey
part (for clay is greatly resentive of
humidity) it would contribute to
keep the ground from being depriv-
ed of its moifture, by the alion of
the fun and wind during the héight
of fummer. The quantity of roif-
ture which is imbibed. by the ldaves
of vegetables from the atmofp@cré',
as well as that whichis fucked z? by
their roots, has"a grear dependénce
on the moiture of the ground on
which they grow; for ‘when: the
ground is dry, the air mcumbent
upon e will, comparatwcly fpcakmg,

‘Ta . be
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be dry alfo, and the vegetables which
grow in that dry air, will lack a
-part of that moifture which is necef-
fary to their well being, for whether
‘moifture be itfelf the food of vege-
tables, or only the webicle of food,
it is indi{penfably neceflary for the
promotion of yegctation‘%‘. \
From the confideration of marle
we pafs to that of alabafter, which is
Jeldom found :in beds, except-in
.conjunétion with marle. There is
fome confufion.both in the-philofo-
phical and in the.common accepta-
tion of the term aladafier ; 1 do not
anean merely with refpe@t to the
colour and tranfpartney of the fub-
ftance, but with 1elation to its con-
fticuent parzs.  This confufion may
) be
& Vc.gctabilia orania a liquoribus emnigo
ciclount.—Newton. )
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be greatly removed, by admiitting’
two forts of alabafter, which are
eflentially different from each other,.
calcareous and gypfeous-alabafter: to:
which fort any particular {pecimen
pelongs may be determined by the:
eafielt experiment.  Dip a featherin:
the acid of fea falt, touch- the fpeci-:
men of alabafter with the wet fea«
ther, and if an effervefcence enfues;
the alabafter is calcareous, it.isof the
nature of marble, and mnay be bupned
into lime ; if no effervefeence enfues,.
the alabafter is gypfeous, it is of-the-
nature of Plafler of Paris, and ¥ery-
different from every fort of magble.
This fubftance is. called in the gorsh”
of England allplafier, being a;;gconw_
ruption probably- of alabafter, and'.
it is alfo often called by the Ratin-
appellation gyp/fiim, efpecially by the-

T 3. French..
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Frenck. Gyp/um was applied by the
ancients to the very fame purpofes
to which it is applied by us; they
ufed it in archite&ture for the making
qf ceilings, medallions, and cernices;
and even the name of the perfon,
who firft invented the method of
taking off the imipreffion of a man’s
face in gypfum, has been preferved
by Pliny*.

There are fome forts of alabaffer
which differ fo widely in weight,
both from the fineft kinds of plafter-
ftone; and of caleareous ftone, that
I know not how theycan properly

' L be
* Ufus 2ypfi in albariis, figillis dificiorum,
et coronis gratiffimus. Plin. Hift.Nat. L. xxxvs.
{. $9.—Hominis autem imaginem gyp/o ¢ faric
ipfa primus omnium expreffit Lyfiflratus. Id.
L. xxxv. & 54. where it' is obferved that

the caff was ‘improved by pouung wax into
the gypfom mould.
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be confidered as being of the fame
nature with either of them. Mr.
Cotes has fixed the weight of a cubic
foot of alabafter at'1875 ounces®,
and two other authors have repre-
fented it as weighing 1872 ounces .
1 have tried feveral fp‘g:cimens of the
fineft Derbyfhire platter:ftone, and
find that a cubic foot of it weighs,
at a2 medium, 2286 ounces; a cubic
foot of the Derbythire watricle,
which is a fine calcareous flong, re-
fembling alabafter in colour; and
tranfparency, weighs 2720 ourjces. .
Two fubftances when com@med
together in different ways, or 1§1 dif-
ferent proportions, may conftigute a
great variety of- bodies dlﬂ'crm'r
: ' much

* Cotes’s Hydros,
+ Muflcheubrock—Wallerius.

. T4
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‘mnuch from each other in external
appearance, and fomewhat, probably,.
in their internal properties. We
have an inftance of this in the com-
bination of the acid of vitriol with
calcareaus earth, for this cambina-
tion conftitutes a great many fub-
ftances exceedingly different from
each othér in appearance. I will
mention fome of the moft remark-
abie. (1) A folid fubftance not fo.
hard nor fo heavy as marble, nor fo
capable of receiving a fine polifls,
but confifting of finer particles, and
having a greater degree of tranfpa-
rency —Gypfeous alabafier. (2) A
fubftance compofed of larger par-
“ticles than the prcceding, and hav-
ing a fcaly or granulated texture—
Plafier-flane. (3) A fubftance whofe
parts, inftead of being flat ar granu-

‘ " lated,
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iated, lie in longitudinal fibres, like
a parcel of geedles, or a fkein of
thread— Striated: gypfum:  (4) A
pellucid fubftance confifting of a’
number of tranfparent plates of "a
lozenge-like form, found in great
plenty and perfeétion atSkotover-bill,
near Oxford-—Rbomboidal felenites.
(5) Some take the /lapis Jpecularis:
which the ancients ufed inftead of
glafs, to have been compofed, like
all the preceding bodies, of the;L acid

of vitriol and calcareous earth s
whilft others look upon it as a fpecies
of tale, which differs from plhﬁcr-
flone in this, that it does not,gaftcr
being calcined and wetted with i;ater,
fwell and concrete into a hard'%’ﬂony
{ubltance. This lapis fpecularisicame
into ufe at Rome ih the age of Se--
neea 3
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neca ® 3 it was foon after its intro-
du&xon applied not only to lighten
apartments, but to prote& fruit trees
from the feverity of the weathert;
and it js recorded to have been prin-
clpally by its means, that the Em-
peror Tiberius was enabled to have
cucumbers at his table during almoit
every month in the year }. I be-
' lieve
* Quzdam noftra d¢mum prodiiflc me-
moria foimus, ut fpeculariorum ufum, perlu-
cent tefta, claram tranfmittentium lucem. Sen.
E. p.go. -
t Pallida ne Cilicum timeant poma.na bru-~
man,
Mordeat et tenerum fortior aura nemus 3
Hibernis obje@a notis ﬁmularxa puros
Admittunt {oles, et fine face diem.
- Mar. L. viil. epig. 14 et 68.
1: Nihilo minus fpecularibus integi debe-
bunt ut etiam frigoribus ferenis dicbus tuto
producantur ad folem. Hao ratiane fere toto
anno ‘Tiberio Cafari cucumis prebebatur. Co-~
lum, L, xi. c. 3. ' :

¢
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Keve it is ftill ufed in fome countries
in the place of glafs, and we certainly
know that it was fo. ufed in the time
of Agricola, for he mentions two-
churches in Saxony which were light-
ed by it ®, .

If the lapis fpecularis was a kind of
sran{parent plafter-fone, it muft kave
been fubje to one inconvenience; it
could not have long ftood the a&tion
of the weather: for gyp/eous alabafter,
plafier-flone,, felenites, and. all pther
combinations of the %¢id of '(gm;af‘
with calcareous earth, are folﬁglc, in
water, either wholly or in & grepe de-~
gree. Thefe fubftances requingy in-
deed, a greatér proportion of dyater
to diffolve them,, than any other fa-
line fubftances do, but thty ar@ ne-
vv.rthelefs, foluble in ‘water., 1‘ ‘

o * 1 took

% Agric, do Natura Fof. L v. pe2s7:
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- 1 took fome very white plafter-
ftone, and pounded-it into a fine
powder ; 1 pennyweight of this pow-
der was put into a pail, containing
10 quarts of water ; the powder was
entirely diffolved in it; from hence
we learn,. that this kind of plafter-
ftone is wholly foluble in-water; the
water was .pump water of 48 degrees.
of heat. I thought that this quan-
tixy; of water was perfeitly faturated-
with 4 pennyweights, or 96 grains of
the powder, and hence it feems as if
{pring water, which is ufually of the
temperature of 48 degrees, would
diffolve about one fourteen hun-
dredth part of its weight of plafters
flone. 'There are great beds of plaf-
ter-ftone in the environs of Paris,
and the hardnefs of the well - water of
that city is thought to arife from the

“ pat-
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particles of plafter-ftone which are
diffolved init.

Agricola efleemed the lapz; _/‘pmﬁ-
laris to have been a fpecies of plafter-
ftone, and in fpeaking of it he re-
matks, that though .t could bear,
without bcmg m}urcd, the heat of
fummer and the cold of winter, yet
the largeft maffes of it were wafted
by the rain®. I tied a lump -of
plafter-ftone, weighing two oynces,
to the end of a pair of fcalep, and
kept it fufpended in the rmddk ofa
pail of water for 48 hours, theﬁwatcr
having been changed two ox} three
times in the interval ; at the gnd of

" . % the

* Res gypfo cognata lapis fpesularis—fest
calores folis et hyemﬁ frigora, fed imbrium
adeo impatiens eft, ut fi vel magnz qus moles
ipfis fuerint cxpoﬁtae corrumpantuy " Agric,

de Nat, Foff, L. v. Ed. Baf. 1545
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the experiment, it appeared, that
the plafter-ftone had loft one thir-
-tieth of its weight.

There are many places inEngland,
where plafter-ftone is gotten in great
abundance; the principal of thofe
which I have feen, are at Chelafton,
a fmall village about four miles fouth
from Derby, and at Beacon-Hill near
Newark. ‘They -annnally raife at
Chelafton about 8oc tons of plafter-
ftone, which is fold upon the fpot for
5s.aton, It is chiefly ufed for the
‘making of floors in Derbythire, Lei-
cefterfhire, and Nottinghamthire :
that whichhas a blucifh caft is moft
efteemed for flooring; the very white
pieces are fold to the potters ; to the
polithers of fpargwho call it ala-
bafter (though they get their bett forc
of alabafter from Staffordthire); and

- ‘ to
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to the plafterers.. The plaftec-ftone
before it is ufed, either for floors or
ceilings, is calcined ; it lofes in that
operation, from 4 to 6 hundred
weight in a ton ; the lofs, however,
in the fame kind of ftone, depends
very much upon the degree of heat
with which it is calcined. I calcin~
ed, in the fame crucible, a piece of
Derbyfhire watricle, a piece of fine
grained plafter-ftone, and'a piece of
the ftriated kind from Chelatton.’
The watricle loft after the rate d‘f 8e.
3q. 171b.in a ton; the pla{ter-ﬁone
loft after the rate of 12c¢. 0qg. %3 1b.
and the ftriated kind aler ¢ at of .
10c. 0q, 21lb. in aton; When the
ftone is calcined, thofe ‘parxs%lof it
which are expofed to the gtcateﬂ:
heat, are fomeumes melted, and they
frcqucntly acquxrc a yellowith caft,

. I and
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and -emit a fulphureous exhalation,
and are.in both cafes thrown afide as
ufelefs, The flooring made from
the ftones, which are become fulphu-
reous by calcination, is apt to rile
in blifters ; this proceeds from the
plafter-flone {gaviné loft a portion
of the vitriolic acid, which enters in-
to its compofition, and being thereby
changed into a {pecies of lime. They
calcine the ftone ufually at night,
that they may be the better able to
“obferve when it becemes red hot, in
which ftate they judge it to have re-
ceived heat enough. After calcina-
tion they reduce it to 2 powder, by
thrething 4t with fails, or grinding it
in a mill; and when it is become of
a due finenefs, théy mix it with a
proper quantity of water, and {pread
it to the required thicknefs upon

7 S o reeds,
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reeds, where it immediately cancretes
into a folid floor ; 30 hundred weight
of the crude ftone will, when cal-
cined, make 20 fquare yards of floor-
ing of 2} inches in thicknefs. For
preparing the ftone, and fhooting
the fAoor, the bcrbyihirq mafons
charge gd. a fquare yard ; hence 20
fquare yards of plafter H,?)oril;g, in-
cluding the price of the ftone at the
pits, will coft 1l. 2s. 6d. ----Thc
add itional expence muft be vgrlous,
t depending upon the price.of the
conveyance of the crude ftong, from
the place where it is dug, to the
place where it is ufed. - Pla'tcr‘»&one,
however, is found in fo many garts of
the kingdoin, and the inland naviga-
tions are become fo commadious,
tnat plalter flooring might be intro-
duced into miany countries with a
VOL, It U con-
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confiderable faving of expence; =
circumftance efpecially to be attend-
ed to in the eretion of public infir-
maries, and houfes of induftry.

They have fawn out of the quarry
at Chelafton, {quare blocks of a yard
in breadth and thicknefs, and of two
yards in length ; and blocks of ftill
greater dimenfions have been raifed
at_a place called Red-bills, in the
county of Nottingham, about four
miles from Chelafton. The ftone from
the Red. bills 1s not fo good for floor=
ing, as that at Chelafton; it is, how-
ever, a very beautiful flone, Lord
Scarfdale having gotten from thence
thofe fuperb columns which adorn his
hall at Kedlefion. Thefe columns are
made of different blocks, from 2 or

3, to6 or 8 feet in height, which are
- fo artfully cemented together, that
v they
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they may be taken for one piece.
‘The blocks are raifed out of the
quarry, by being fawn to the proper
length on each fide, and to the depth
requifite for the thicknefs of the co-
lumn, the block ftill adhering by
its lower furface, to the quarry, is
broken off from thence by. being
ratfed on each fide with levers. It
is afterwards rounded into the pro-
per cylindric form by the maller and
chifel, and polifhed by being rubbed
with various kinds of ftoney, then’

with emery, and latt of ajl with

kind we are fpeaking of, -
happen to fuit - each other ;- i order
to make the Jun&ure lefs difcernis -
ble, and to give a greater appearance

L e U2 of
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-of confitence to the whole co-
“lumn, fmall pieces are here and
there cut out of the feparate blocks,
and others of a different colour in-
ferted, and cemented by a mixture
~ of rofin and bees-wax, tinged green,
ted, brawn, yellow, according to
the nature of the piece to be inferted.
Alabaffer columns, though they
“are much eafier to be wrought than
" marble, and when fincly polifhed
~ Yook very well, ver, I apprehend,
. their polifh mud be injured by a cir-
" cumftance whichdoes notafle& either
. anarble or calcarecus alaba_/}e{,, The
. dtmofphere is always my rgcd
- with humidity, upon the Weaklnv
"wpofa froft, and in other ftares of
- the weather, fo much water is dif-
<harged from the aif, that marble,
| | wain-
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wainfcot, and other fubftances upon
which it fettles, are faid to fweat,—
Now the water which thus fettles on
a gypfeous alabafler column, will dif-
folve part of the fubftance of the co-
lumn, and as fome parts-of the ala-
bafter are more foluble than others,
the uniformity of its furface will be
injured ; and the part, moreover, of
the alabafter which has been. d:ﬂ'olv-
ed, will, upon the evaporation of the
water, either not adhere at all to the'
column, or it will adhere in fuch a
way, as to render the poﬁfh ‘Fefs.
glofly. -But whether this’ acébum: of
the matter be admitred or aot the:
fadk, T believe, of the polith of gyp-
feous alabafter bemgm_yurtd ¥ moift
weather, is not to" be denied.’ "The-
alabafter columns in the Egyptian:
Hall at Holkam, were dug from the

‘v g quar-
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quarries in Staffordthire, and the late
Lord Leicefler was at the trouble of
contriving means to keep them dry
in moift weather, left their polith
fhould be 1mpa1rcd by the aétion of
the moifture.

They annually raife about 2000
tons of plaﬂer flone at the pits near
Newark ; it is fold on the fpot at
5s- 6d. and at Gainfborough at 8s. 6d.
a ton, from whence it is fent to
London and various other places.

It having been faid, that plafter-
ftone is a faline fubftance refulting
from an union of the acid of vi-
triol with a calcareous earth§ the
reader may expect fome proof of the
affertion.—— Boil together pot-ath
and plafter-ftone, and you will obtain
the fame kind of falt, which would
arife from uniting the acid of vitriol

3 : ©, . with

4
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with pot-ath ; and thence we con-
clude, that the acid of vitriol is one
of the component parts of plafter-
ttone : that calecarecus earth is the
other, is evident from this confidera-
tion, that the earth,. which remains
alter the acid of vitriol has been fe-
parated from the plafter-ftone, effer-
vefces with acids, and mesy be burn-
ed inro lime,

Having faid fo much concemting
vypfeous alabafter, which is an earthy
falt refulting from an union ‘of the
acid of vitriol with a calcareous earth ;
it may not be improper 10 add a
word or two concerning alumi whicn
is an earthy falt, compofed Jof the
acid of witriol ‘and an arg@laceous
earth. The acid of vitrioly when
united with any earth, may be {epa-
rated therefrom by a ﬁxed‘a..lkali; and

U4 if
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if we pour into a folution of alum
any fixed alkali, the earth cf alum
will be precipitated, and we fhall
obtain a falt, of the fame kind as
would refult fram 2 diret combina-
tion of that alkali with the acid of
vitriol ; and thence it is inferred,
that the «cid of vitriol is one of the
component parts of alum: upon
examining the earth, which is preci-
pitated by the alkali, it will be found
to be very white, and very tenacious,
and to be capable of being hardened
in the fire ; in fhort, it is one of the
purelt clays in nature: and thence
- it is coacluded that an anglilaceons
earth is the other component part of
alum. The conftituent parts of alum
may alfo be proved by its artificial
compefition, for though the vitriolic
acid, when poured upon pipe-clay,

does
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does not feem to a& upon it, syet if
it be boiled with it, a folution of the’
clay in the acid takes plfke, and an
alum may be obtained by flowly eva-’
porating the folution.

Being one day engaged i in evapo-
rating fomething or other, from a
faucer made of the Staffordfhire yel-
low ware, I was- furprifed to fee 2
white fubftance bubbling throuﬁh a
crack in the faucer; upon taltmg it
1 found itto bea falt; I collefted 2
fufficient quantity of it, and when it
was diffolved and cryRallized, it ap-
peared to. be a perfeét alum.g The
fire was a very hot ene, and §t was.
made of coal cinders; the faucer was
placed on the bar of the gratk, and
the alum, 1 conceive, was formed
from the fulpbureous acid of the cin-
ders uniring icfelf with the ebay, which

enters
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enters into the compofition of the
yellow ware. I have been informed
by a very mtelligent perfon, that the
vapousgvhich, in fome places, efcapes
from the coal-pits which are on fire
in Staffordfhire, forms analumwhere-
ever it meets with an argillaccous
earth. This is very conformable to
the manner of making aium on the
Solfatara near Naples, where they
plicelittlc heaps of argillaceous earths,
or ‘ftones, over the crevices from
whicli the fulphureous vapour iffues,
in order that they may colle&t 2

greater quantity of alum *.
In England we make alum from
a black flaty fubftance, called fbale;
this fubftance is a clay, hardened
into a ftony confiftence, and fo much
. im=
* Lett.-fur la Mincr. | par ‘M. Ferber,

French Tranf. p. 261, o
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mmpregnated with bitumen, that
burns fomewhat like ¢coal. We have'

feen, that coal emits, when it is in the

ftate of a red-hot cinder, a-fgphu-~
reous acid : many other bitumens,
probably, in the fame ftate emit the
famc‘acid, and the acid which is
emitted from fhale during its calci-
nation, uniting itfelf to the argillace-
ous earth of the fhale, forms alum.
About 120 tons of calcined .fiile
will make 1 ton of alum. The fhale,
after being calcined, is fteeped in
water, by which means the .au,m,
which is formed during the caain*a-
tion of the fhale, is diffolved f, this
diffolved alum undcrgoes v?nous
operations, before it is formeﬁ into
the alum of the thops. The gtcarcﬂ:
alum works, and I believe the only.
vones which now fubfift in the king-

+dom,
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dom,, are at WWhitdy ; a few years ago
there were fome in Lancathire; and
alum might be made in many other
partsggbut Whitby is fo conveniently
fituated for coal and water carriage,
‘that alum can be there afforded at
a cheaper rate than in moft other

places, and it cofts even there g or
1ol. a ton making,

ESSAY
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OF PIT-COAL.

3

¥ Took 96 ounces of Newesftle
coal, and putting them igto an
earthen retort, diftiled them with a
fire gradually augmented till ngthing
more could be ebtained from]them.
During the diftillation “thefe was
frequent occafion to give ven$ to an
claftic vapour, which wouldtother-
wife have burftihe veflels emiployed
in the operation. The weights of
% ' the

-



( 318 )
the liquid found in the receiver, and
-of the refiduum remaining in the re-
tort, after the-diftillation was finifbed,
were accurately taken, and are ex-
prefled in the following table.
Weight of Newcafle pit-coal dif-

tilled - -v - g6 ounces
‘Weights of the '{f{iquid T lz} ‘
produdts. efiduum - 56 pounces.
Lofs of weight 2§
o~ ' 76"

meeﬁbr Newmamz analyfed by
dxﬁlllatxon, the beft fort of the pit-
.coal found at Halle, in Germany. He
ufed only. 48 eunces in his analy(is,
-butI have expreffed the refle of his
.operation, .upon: the . fuppofition of
his having ‘ufed twice as much, or
96 eunces™®,.
- L . Weight

* Newmann’s Chem, by Lewis, P 245
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Weight of the [ialle pit-codl dif-
tilled - - 96 ounces

Liquid - 12
Weights of the 3
produs. Rcfiduum 83# ounces.

Lofs of weight e}

)

96

—

Dr. Venel,of Montpellier, analyfed,
by diftillatien, 64 ounces of the pit-
coal of Alais in Languedic; fuppofing
that inftead of 64 he had ufed- g6
ounces, the refult of his analyfis
would have been exprefled 'by the
following numbers* : {

Weight

“# Inftru@ions fur I'Ufage de laéHonme.
A Avignon, 1775 Pe 45
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Welght of A pit-coal difhi-
fed - - ' - gbounces

Eins——

Biguid - 10} +
Welglétsé:f the § Refiduum - 84’ ounces.
products Lofs of weight 1§~

ety et

96

" M. Sage, of the Academy of

Sciences at Paris, fays that he lias

diftilied "various fpecimens of pit-

coal, taken from different places, and

thix they generally yielded 2 cunces

of liquid from 16 ounces of coal *,

that is 12 ounces from g6 ; which is
the fame propostion as in the ana
1yfis of the Newcaftle and Flalle pue-

coal. He doés pot mention the

vmghts of the reﬁdum’hs, fo that

the

* Elgmens de Minttdlogie.t A Paris, 1778,
tomegwem. P, 94 5
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the loffes of weigh, in his Jittilla-:
tions, cannot be afcertained.

Thefe feveral analyfes correfpond
{o nearly, with refpect -to the quan-
tity of liquid procurable from dif-
ferent forts of codd, that they very-
much confirm one another; and
make it probable, that we fhall not
be far from the truth in geperally
aflerting, that pit-coal contains one-,
cighth part of its weight of liquid... -

With refpe to the naturg of thz
liquid, it may be- ebferved, ?,‘thatv
when poured out ‘of the receiver, it -
is feen to confift of -three different.
fubftances : (1)} The middle paft is-
an acid watery fluid, of a redilifh
colour, -it feems as if it was loaded
with oil, and it fmells of volgtile
alkalf ;. (2) On the furface ofithis:
watery fluid there floats a fmall pore-

voL. 11 » X - tion
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tion mog, mgre or Jefs liquid’ and
tranfparcnt, accordmg as the heat
-ufcd in condu&mw thc diftillation
has been lefsor greater: { 3) At the
bottom there is found a black ‘thick
‘tenacious oil, very much rcfcmblma
tar. The two oils together amounted
m the diftjlation of the Newcaftle
-coal to four ounces, or one-third
of the weight of the whole liquid; in
the analyfis of the Falle and Alais
coals, as well as in the experiments
of M. Sage, the two d;ﬂ"&rcnt forts
of oils were -obfervable, but they
bore a greater proportion to the
whole of the liquid, than in the
Newcaftle coal, amounting to one
half of the weight of the liquid.
Thisydifference makes me fufpe&
. that Krommitted fome error, in efti-
" mating -the :quantity of oil obtained
“ from '
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from the diftitlation of Newcaftle
coal, It is probable, however, that
the quantity of oil feparable from
the fame kind of coal, may be in-
fluenced, in fome degree, by the
manner of performing the operation;
and there is, moteover, fome reafon
to believe, that in different Kkinds
of coal the quantities of oil may be
very various; as we obferve thenwto
differ from each other both in their
pronenefs to catch fire, and in their
ability to fupporr it: though it muft
be owned, that both thefe effects
may as confiftently be explained,
from the difference of the mahner
in which the oil may be combined
with the other principles of the
coal, as from the difference of its
quantity. X
' ox2 + The
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.+ The correfpondence, with refpect
to the qua'ntity of liquid obtained
by thefeveral diftillations of Englifh,
German and French pit-coal, would
induce one to fuppofe that the expe-
riments had been refpetively made
with great accuracy; but the great
.difparity, 2s"t0 the quantity of the
reflidues remaining after the extrac-
_tion of ¢he liquid, feems to indicate
the contrary; for it is greater, I ap-
prehend, than can be accounted for
from the different natures of:the
coals. The German and Frehch
analyfes corroborate each other, and
the reader may thence feafonably be
dxfpofcd to queftion the truth of
mine. He will permit me, however,
to produce a teftimony in its fupport,
and whiéh is, perhaps, the more to
be
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be depended-on, as I was notaware
of it when the analyfis was made,
Dr. Hales?, by diftilling 15%
grains of Newcaﬁ:le coal, obtamccf
§1 grains of air. From 96 ounces
he would, according to  the fame pro-
portion, have obtained 3o ounces
of air; now the difference be-
tween 28 ounces of fome fort of
matter or other which was loﬁ dur-
ing my diftillation of g6 ounces of
coal, and 3o ounces of air, “which
might have been obtained from the
fame quantity of coal by Pr. Halcs
method, is fo fmall, that 1: may
cafily be accountcd for froxj) the’
different mod% of operatmg, or
from a flight dxﬁ'crcncc in the q'ualxu-
ties. of the coals.  Many namralnﬁs
have thought tha: pit-coa] has been
X 3 ) pro-»
» % Vegctab, Stase
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produced:from vegetables, and cfpe-
cially from forefts of refinous woods,
which have been buried in the bowels
of the earth ; without edtering into
all the reafons on which this opinion
is founded, I will lay before the
- reader an account of the produéts
obtainable frgm different woods by
diftiltation.

The woods which I diftilled were
heatt of Oak, Box, Mabogany, and
Sallrw, They were all dry and old,
and were cut into fmall picees, about
half an inch fquare, before they were
put into the earthen retort. The
annexed table fhews, at one view,

the refult of the gfpc&we diftil-
lations.

Heart
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Jleart of Qak. « {Box: {Mah.} Sallyd’
Weight diftilled, 96 oz. | 96 | 96 | 96

Liquid - - 373 4| 335 48,
Rc?"xduum - - 30 ‘ 262 272| 20}
Lofs of weight - 28% | 8| 35 | 271

96 96 | o6 :93

The liquids feparable from woods
by diftillation, ,conﬁfi’ct partly of oil,
but principally of water Impregnated
with an acid, from which alfo.a vo--
latile alkali may.be difengaged. The
oil varies in quantity according to-
the nature of the wood, the hardeit
woods, and the hardeft parts ;of the
fame wood abounding moft in oilg
thus both ozk and box ron;amcc
in the fame weight of the wood,
more oil than fallow did, T hat part
of the oil which is firlt feparated
from the wood is fo light as to float

‘ x4 . upon
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upon water, and of a yellowith co-
Jour; its quantity, haowever, is but
fmall, compared with that of the
thick, black, heavy oil, which fol-
lows it. It appears from this ac-
eount, that the quality of the liquid
feparablc from wood by diftillation,
is wholly the fame with that of the
lxqmd feparablc from pit-coal by the
fame means.

The matter which is loft during
the’ diftillation of both wood and
pit-coal has been called air, and it
certainly has one, at Jeaft, of the
moft diftinguifhing properties of air
——pérmanent e/a/»‘ic'i{y, for bladders
may be inflated with it as with com-
mon air. - It does not begin to be
feparated from either wood or coal
till the lighter of the two oils begins
10 appear ; it then rulhes out with

Joogreat
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,f_,;reat violence, and unlefs"a2proper
vent be given' te’it, the ftrongeft
veflels will be burft by it.

In diftilling heart of oak, during
the courfe of chemical leGtures which
I read in the univerfity- at Cama
bridge, in the year 1767, I remark-
ed to the audience, that the air
which iffued with great violened
from the o2k was inflammable, not
only at its firft exit from the diftii-
ling veffel, but after it had been
made to pafs through two' high
bended glafs.tubes, and three large
veflels of water. 1at firft fu?pdfed
the inflammability to proceed from
fome oily particles which hdd ac-
companied the air, and which 1
thdught would foon be condenfed
Ly the cold, though thcy had not

* been
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been condenfed in paffing through
the .water; but upon repeating the
experiment, and colleéting the air
in bladders, I found that it retained
its inflammability a long time, and
burned-like the air, feparable from

fome metals by folution in acids.
From the refearches which have
been lately made on this fubjedt, it
is now believed,, that this kind of
air may be feparated from all vege-
table, animal, and inflammable mi-
neral fubftanees by diftillation; and
the common burning of wood, coal,
paper, pitch, oil, ana other com-
buftible bodies, is nttnbuted to this
air, which being feparated from the
body by the heat, and inflamed by
the contadt of the fire, continues to
burn £ long as the .body continues
T . to
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to afford a propersupply, of ity Ty«
Sammable air, confidered in thisviewy
bears a great refemblance .to what
‘the chemifts have hitherto .upder<
ftood by their phlogifton, or foed of

fire. A
Diftillation is not the only means.
of {eparating inflammable air. from
vegetable and animal fubftantes, it
is found to be produced by putre=
faltion. Stagnant waters, whofe pot-
toms are covered with putfefying.
vegetables, yield an inﬂammab}c air ;.
the Thames water, in becoming pu-
trid, yields an'inflammable air: and
the famne obfervation may, pro%aably,
be true of other river waters which
are fub_]e& to putrefation. An in=
flammable air has been obferved alfo
in fwampy grounds, incellars, and in
privies. There are many inftances re-
~corded,
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corded, of a vapodt iffuing from the
ftomachs of dead perfons, which took
fire on the approach of a candle * ;.
the matter producing that vapour
could not, probably, become purrid
enough in the, ftomach, to generate
‘an inflammable vapour, whilft the
perfons were alive; for Van Helmont
has remarked, that the air difcharged
from the ftomach by eruttation, is
not *inflammable, but that it be-
comres fo in the lower inteflines 1.
From

* Collé@. Acad. Tom.III Part Etrang.
p. 6.

- 4 Rufus five ﬂatu& ‘originalis in fomache,
. prout et'flatus ilei extinguant flammam can-
dela,  Stercoreus autem flatus, quiin ultimis
'ﬁarmatur xnteﬂmm, atque per anum erumpit,

anfmiflus, pcr ‘flammam candele tranfvo-
&:do accendirar, ac flammam diverficolo-
rem, itidis infar cxprimit, - Van Helinont,
_Qper. p. 05,



( 333 )

From heart of oak moderately
dried, Dr. Hales got one-third of the
weight of the oak of the air here
fpoken of ; this proportion fuffici-
ently agrees with the quantity which
was loft during the forementioned
d]ftxllatxon of oak.

" A cubic foot of dry dox- waod
weighs, according to Mr. Cotes’ ta-
ble of fpecific gravities, 1030 ounces;
"hence, fuppofing that g6 ounees of
fuch wood had only given 61 ounces
of liquid, it may appear by an eafy
calculation, that a cubic foot. of dry
box-wood contains above 5 gallans
of liquid; fuppoling the liquid to be
no heavier than- water;: artéd if we
admit the oil ind the acid, when con-
. centered, to amount to two quarts,
the other 18 quarts may be Jooked
upon as pure water ; nayy the quane

N ttty
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tity of water may be confidered as
amounting to almoft the whole of
the liquid, fince both acids and oils
principally confift of water.

A cubié¢ foot of fellow weighs,
according to Mufchenbroek, 585
sounces, and fuppofing that g6 ouncgs
-of fuch wood would yield by diftil-
‘lition 48 ounces of liquid, then a
:cubxc foot would contain about g,
.quarts of liquid, which is not half
fo much as an equal bulk ‘of box-
wood contaips.

I put the matter in thefe dxﬁ'ercnt
lights, in order to excite thofe who
have leifure to: make fisnilar inqui~-
ries,. for. it-is undoubtedly a very
@ondzrful thing, that fuch large

ities of water, and air, fhould

bc combined with the earth of wood,
by fuch.a peculiar bond ‘of union as
o .
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to remain for ages without +lofing
any of their diftinguithing proper-
ties. And herel am fenfible is great
room for many phyfical inveftiga-
tions.~—Are the denfeft woods the
moft abundant in air and water? Is
~the air generated by the procefs of
diftillation, or only difengaged from
the wood, into the compofition of
which it had entered, together with
water, by vegetation? , Have the in-
flammable airs, {eparable from differ-
ent woods by diftillacion, the fame
{pecific gravity and the fame degree
of inflammability ! Or is the inflam+
mability influenced by the nature of
the 0/ contained in the wood? How
long will a given quantity efiair re-
taia its inflammability? Does:it lofe
itiin confequence of the:precipization’
of Sfome eily. particles, which are difv’
4 folved
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folved in it, when it is firft diftilled?
As no particle of matter can be an-
nihilated, what becomes of the in-
flammable air after it has been in-
flamed ? Is it reduced to an unelaftic
earth, or does it flill exift under the
form of wan uninflammable elaftic
Juid? Whence is it that no air begins
to be diftilled, till the moft volatile
part of the oil begins to be feparated
from the wood? Fraxinella is a very
odorous plant; when in full bloffom,
the air which furrounds it in a ftill
night, may be inflamed by the ap-
proach of a lighted candle : Does this
inflammability proceed from-an in-
flammableair, which is exhaled by the
plant,or from fome of the finerparticles
of the oil of the plant, being 4iffolved
in thecommon air of the atmofphere ?
Whence is it that the oils diftilled

' from
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from wood, during the fame “opera~
tion, are of different colours, con-
fiftencies, and fpecific gravities? Does
this variety depend upon the lofs of
the air, or upon the quantity of the
acid mized with the oils? Are the
oils and acids of different woods dif~
tingnifhable from one another, by '
any fpecitic differences, or do they
only differ from one another as to
~more or lefs? Suppofing the acids
obtained frem different woods to be
of the fume fort, and to be purified -
1o the greatefl depree, what kind of
talts would they form, when united
with ;alkali%s, earths, and metallic
fibftances ? Inwhat manner are the
relative proportions of the witer,
acid, oils, air and refidu eparéble“’f
from wood by diftillation, 1nfluenced

VOL. I, Y ' b')a
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by the. operation being conducted
with a quick or a flow fire ?

Thefe, and a great many f{imilar
qucitions, might be refolved with the
.greateft accuracy, and our know-
ledge be thereby much advanced.
But it falls to the lot of few to be
able to build commodious Elabora-
tories, to ;'mrchafc fuitable inftru-
ments, to fupply proper materials,
and €0 maintain operators to execute
the “infinite variety of experiments
~which might be devifed, for the re-
gular and fyftematic improvemcat
of every branch of Chemiftry.

The relidue remaining in the re-
tort, after the diftillation of the woo&
is a perfect charcoal, and that which
remains after the diftillation of pit-
coal, is. a¥khe {pungy mafs, in ap-

© pearance,
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pearance, and, indeed, in quality,
refembling a fubftance prepared from
pit-coal, as an article of trade, and
waich is ufually called coak or cinder.
At Newcaftle 24 barrows of coals
produced generally but 18 barrows of
cinders, and the price of a buthel, or
of any other meafure of cinders, is
commonly one third more than the
price ofthe fame meafure of coals *.
At Cemlridge, on the contrary, where
great quantities of cinders are-pre-
pared for the drying of malt in the
rown and neighbouring villages, the
price of cinders and of coals % the
fame. From this circumftande it
right probably be inferred, that the
coal was increafed in bulk by being
converted into cinder, otherwife the
merchant would have nd compenfa-
Ty 2 . tion

* Voy, Metal. par M. Jars, p. 211,
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tion for the expence attending the
procefs. Upon examining the fact,
I found that in one inftance 30
buthels of coal gave 39 bufhels of
cinders, and in another 28 bufhels of
coal gave 36 bulhels of cinders. The
quantity of cinders, being eftimated
by mesfure, depends much upon the
cinders being in rounder lumps than
the coals; and the real q\ﬁmity,
eftimated by weight, depends greatly
upon the degree of heat ro which the
cinder has been expofed. I take the
diffcrence in the bulks of the New-
caftle and Cambridge cinde?, pro-
curable from an equal quantity ofi"
eoals, to proceed from the different
degrees of heat to which they are ex-
pofed; the Cambridge coak ovens
being deawn once in 24 hoyrs, and
‘ thofe
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thofe at Newcaftle only oncg in 48
hours, or thereabouts.

In order to fee what effect a longer
continuation of fire would have up-
on the ordinary Cambridge cinder,
I took a large piece, and having
broken it, threw one part of it into
the middle of a fierce cinder fire, em-
ployed in the drying of malt. This
part became red hot in lefs than ten
minutes; after it had continged in
that fituation for above two hours, I
touk it out, and when it was.cold I
fourd it cqnﬁdcrably wafted 13 bulk,
but it appeared to be haldgr and
blacker than the other partjof the
fame piece, and its paris wefe cer-
tainly more condenfed; for Ij found
that a cubic footof the ordinarg cinder
weighed 1090 ounces, and a cubic
foot of that which had béen expofed

. Y3 ‘ 0
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to the fire for two hours, weighed
1208 ounces, This cinder was, pro-
bably, as niach changed in the fpace
- of two hours, by the firong draughe
of the fire in which it was pu, as it
would have been by a much longer
continuance in the coak oven, where
the dravght of air is very little: and
from this expcniment it may be in-
ferred, that the quantity of cinders
pracurable from a definite quantity
of coaly, depends very much upon,
the {trength and continuvance of the
fire, (ince the cinder, after it is {uliy
Aformed, is not only wafted in part by
a longer continuance in the oven, but
the part which remains is rendered
more denfe, and upon both accounts
the quantity, eftimated by meafure,
is lefiened. This obfervation mny,-zlgf‘;
- ofpfe to thofe wha aré employed in
- pre-
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preparing cinder for fale; and vpon
inquiry 1 find, that the quantity of
cinder procured from the fame quan-
tity of coal is very variable: when the
operation has been longer, or the heat
greater than ufual, inftead of gain-
ing of fix or cight bufhels from every
thirty buthels of coal, they fometimes
are not able to get even 30 ‘buthels
of cinder. ' ‘

The confumption of charcoal iw
fluxing iron from its ores, and in
manufa&urmo it into bar i 1ron, is fo
very confiderable, and the price of
charcoal, from the great fcali:lty of
under-wood in this kingdond, is fo-
great, that mgny attempts havg been.
made to fubftitute in thi¢- B{Iﬁncfs
charred pit-coal in the room of chafey
coal. Thefe attempts have inparg
fucceeded, and iron is.now

X4 gene~
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generally extrated from its ore by
-fires made with coak. But the iron
thus procured is very fragile and
coarfe, and cannot, witheut great dif-
ficulty, be rendered as malleable as
that which is fuxed with charcoal ;
it may anfwer nearly as well for calt-
ing, but it cannot be nuade into
good ‘bar iron by any art hitherto
known. Hence it became an object
worthy the eontemplation of the fo-
ciety for the encouragement of arts,
manufadtures, and commesce, to pro-
pofe premiums for the making of pig
iron, and converting pig iron into
bar iron with. coak. The pigs angd
bars'were required to be as good as
thofe made with charcoal ; but the
premiums, though propofed from
#7832 to 1766, were pever claimed .
Thofe

a2 . .
"% Memoirs of Agriculture, Vol, L. p. 220.
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Thofe who are interefted In iron
works, have motives, more prevalent
than the fociety’s premiums, to in-
duce them to perfeét the art of fmelt-
ing by means of charred pit-coal;
and it may not be an ufelefs hint to
them, to try the effect of coak, which
has undergone ,different degrees of
heat. 1 ordered a ton of coals to be
put into a coak oven, and when it
was in the ufual way converted into
a cindegg¥ found that it weighed
i1 hunﬁ’ weight ; had it ftayed
longer in the oven it woulc!' have
been reduced further, and it may

)

deferve to be inqu&red whether there
is not a definite weight to whl' h any
given quantity of coals ou:,ht:., to be
reduced, in order to produte the
beft poflible coak for the flusing of

' : iron
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iron ore.  The * Alais pit-coal is-
faid to lofe half of its weight by be-

ing reduced to coak, whilft another

fort of coal loft only 35 parts in an

hundred : this diverfity may depend
partly on the nature of the coal, but

principally, T conceive, on the de-

gree and continuance of the fire ufed

in the preparation of the coak.

“ What fhall I fay further of
coals, except I tell you of one 'Be-
cher,"in King Charles the: Second’s
time, who pretcnded toéhke pitch
and zar from them, but I think his
project came to nothingt.” This
is Houghton’s obfervation concerning
a projet of one of the greateft che-
'mifts. that ever lived. Whatever
fate his prote@ met with in his own.

age,.
&3 Tqiiruc. fur 'Ufage de la i'Iouillc, p. 81..
_ j'I{?ugllton’s Collec, Vol IL, No, 2420
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age, it has been realized in oursj
for a kind of tar has for feveral years
laft pafl been prepared from coal in
the bitkopric of Licge, and in other
parts of Germany; we alfo make
confiderable quantities in England,
efpecially near Brofeley, and at Brif-
tol%; a perfon at Briftol having ob-.
tained a patent for making tar from
pit-coal, the condition of which, if
I am rightly informed, is,, that eyery .
perfon who undertakes to progure
. tar

* TIn the Philof. Tran[.No, 228, year 697,
there is mention made of pitch and tar being
then feparated at Brofeley, in Skrop/biregfrom
the black bituminous ftone which lies ovér the
coal., It was {eparated, partly by Boiliég the
flone, and partly by diftilling it—The prefent
method of obtaining pitch from pit-coal is a
great improvement upon the former pradfice,
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tar from pit-coal muft pay a thilling
a barrel to the patentee.

The method of making #ar is thus
defcribed by Newmann.—¢¢ Tar is
prepared in different parts of Ger-
many, Norway, Sweden, &c. from
the pine and the fir-trees, and in
fome places from the larch and the
terebinth. ‘The wood is inclofed in
a large oven to the quantity of ten
or ‘more loads at a time: this ftands
within another oven called the man-
tle, the fpace between them receiv-
ing the fire. From the bottom of
the inner oven runs a guttegd by
which thefjtar is conveyed n
proportion as it melts out of the
wood #.” This plocefs is a kind of
diftillation, t‘ which the inner oven

o repre=~

* Newmann’s Chem. p. 288..



( 349 )
reprefents the body of the retort,
and the gutter its neck, The fluid
parts of refinous woods are probably
capable of being melted our of them
with a lefs degree of heat than what
is requifite for the dittillation of coal,
vet the procefs of procuring tar,
here mentioned, mighe, be applied,
with a few alterations, to the obtain-
ing the thick oil of coals,.—There
would in this plan be no lofs Of;ﬁJC],
the coal contained in the inner pven
would be converted into one of the
moft valuable kinds of coakj and
thg fire between the ovens wodld -
afford a cinder as good as the &om-
mon cincer. ‘

In the bithopric of Liege thé coal
is diftilled in a kind of ftill com-
pofed of two Jarge caft-iron pets. In
England the coal is put into %Ze.ns

ich
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whichr are heated by fires lighted
under their bottoms, and the liquid
matter is forced through an iron
pipe inferted into the top of the oven,
and which communicates with pro-
per condenfing veflels. As the pitchy
oil is very heavy, the diftillation, I
think, would be moft advantageoully
performed by making the fire on
the top of the oven conrtaining the
coal; fo that the liquid matter might
"be made to defcend through a pipe
inferted into the bottom of the oven,
‘and communicating with proper re-
‘ceiwers. )
‘ In the grear works they obtain
the very fame fubftances which we
got from the analyfis' of coal—a
c,orro'ﬁvé watery liquor,' and two
forts-ofoil. The two oils -are put
into anm iron ftill, "in order to their

7 - < . being
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being further purified from the wa-
tery liquor with which they are mix-
ved; 6 Dbarrcls of this oily matter
produce about 3 barrels of oil of a
thicker confiftence; of the oil thus
thickened one part is lighter than
the other, the lighter part is drawn
off from the other, and is not at pre-
fent applied to any ufe; the thicker
part is ufed as zzr, for the paying
the fides and bottoms of fhips, but
it is not found to anfwer fo well as
tar, cither for cordage, or to mix with
oakum. :
Thofe who are interefted ig the
preparation of coak would dé well
to remember, that every 96 of nces
of coal would furnith 4 ounges at
the leaft of oil, probably 6 oumnces
sight be obtained; but if we put
. the

.
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the produé fo low as 5 ounces from
too, and fuppofe a coak oven to
woork ffonly 100 tons of coal in a”
year, there would be a faving of §
tans of oil, which would vield above
4 tons of tar: the requifite alteration
in the ftrucure of the coak ovens,
{o as to make them a kind of diftil-
ling veflels, might be made at a very
trifling expence.

It has been_before obferved, that
wood and pit-coal wholly refemble
each other in the produ&s which
they'yield by diftillation, and as the
oil from pit-coal is found to anfwer
the purpofe of tar, it might furely
be a matter worthy the confideration
of thofe who are engaged in the
burning -of wood into charcoal, to
<contrive means which might eafily

be
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be done, of faving all the oil which
is feparated from the wood during
that operation. ‘

The acid liquor which is procured
from pit-coal, when it is diftilled for
tar, is at prefent thrown away, as [
have been inforthed by a perfon. wha
13 much engaged in this buflinefs..
Without entering intd the difpu\;f:‘_‘
concerning the origin of the vegc&’aé&.'
‘ble fixed alkali, we ray obferve, that
it is generally obtaiped froné' the.
combuftion of the vegetable,f and;
there is reafon to think, that, th acjd
of the vegetable contsibutes in fome
way or other towards' ~produdion .
thusthetmcrwa.“‘ ,. '.Wtary ‘ l.ds,;
by being burned, 3 great quantity of.
fixed alkali, Is it wholly 1mptbba.~ :
ble, that the acfd liquor which i%e-
parated from-the coal by diftillation,

VOL. g1 Z might
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might be converted into a fixed alkalé
by being boiled 'down and calcined,
either by itfelf, or in conjunétion
with ftraw, charcoal duft, or any
other fubftance, containing the in-
flammable pnnc1pie ?

“The making of *fixed alkali in
Great Britain, is a matter of fuch
great national concern, that the com-
mércial reader will excufe me, if [
give another hi;{t or two upon the
fubje&. Might not pot-ath be pre-
pared in the cyder countries, from
the calcination of the acid earthy
pulp, which remains after the juice
is prefled ou ?m the apple? The
brewery grains rg-at prefent applied
to fome ufe; would they not, if fuf-
fered to turn Jfour, yield more profit
by baing Lalcmcd for pat-ath 2 The
brewksy hops, whxch areimpregnated

l ' with
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with the {weet wort, would probably
rurn four, and as they are thrown
away as ufelefs, might it not be ad-
vifable to fee whcther they Would
not yield pot-ath by calcination ¥
The Jees and refufe from the makihg.
of vinegar, might be tried for the.
fame purpofe; and fomight all the
water which is impregnated with the-
wafhings of the floors, vcﬂ‘els, &c
in which any vcaetablc llquor Ts fer-
mented, either into ale or vigegar.
1 remember having cvaporatedgfe;e:
ral years ago, a large (iuanﬁty of
horfe’s urine, with a view of . ng
whether it would yield by ¢ (’tal’-
lization, the fame kind of phofbbo
falt, which may be ob%mncd_fw}n
- human urine ; { could not procurg
any falt of that kind from it; but”
when it was evaporated to drVncﬁ,

z 2 513
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it yielded, even without cclcination, a
great deal of fixed alkali 'The utine
of animals, which feed nupon vegeta-
“bles, arifes from the juices of the ve-
getables, which have been changed
in fome degree by the organs of di-
‘geltion ; may not a fimilar change
rake place by putrefation ? and mray
rot the putrefi&tion of wvegrtable
Juices be increpfed, by a fn.ull ad-
mixtyre of common falt ? and weuld
not the quantity of alkali be thereby
incweafed ? Is it not: pollible to de-
comptfe common fak, by mixing it
with vcgetables in a {tate of putre-
faétion 2 1If the acid of falt cuuld,
.any cheap meaps be feparated from
;&;s alkaline éé.ﬁs, it wou'ld undoubt-
:gdly be the intereft of government to
#xempt from the falt dugy, all fuch
aock or fea fale, as fhould bz con-

7 verted
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verted into a fixed alkali ; for by that
means, all the money might be kept
in 'the kingdom, which is now fert
out of i, for the purchafe of barilla,
and other forts of fixed alkali,

It has, with fome*men, been d:
fubJeEt of apprch?nﬁon, feft afl che
coal-pits, in England fhould foon bes
come exhaufted. The quantity of
coal which is annually raifed, is cer-
tainly very grear; and as coa] is no
found to grow again, the tllT&' muﬁr
come, when it will all be con mtd.z
That zra, however, 15 cert _nlyw
a great dittance,, fince i in ahof : cﬁpnh
ties where coal is found, t y at&
conftantly opening frefh pi
may for centuries to c,pri'xé”

I

bably, be dlfmvcred in manf cb‘un-g
ties, where none. s cx:ra&gd ar gca;egi

33 ﬁm
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fent. It will enable the reader to
form fome notion of .the great exca-
vations, which are annually made
in this ifland from the digging of
coal, if we calc¢ulate the extent of
‘that which isymade in one year, in
éonfequencc of the coal which is im-
'ported into London. The following
‘account may be reliedon:

An acc0unt of coals imported in-
to the port of London, in ten years,
endmg at Chﬂﬂ:mas, 1979.

Chnﬁxms 1776 - - 615,330 chalders.
1771 - - 694,003
i772 - - #ag5.c08
1773 - - 624,781
1774 - - 623,727
1775 - - 672,786
3776 - - 700,207
1777 - - 697:435
- 1778 - - 647,361
1779 - - 587,895

o

i. Apngl average 658,653
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No accounts are kept it the Cuf-
tom Houfe, diftinguithing the im-
portation from Newcaflle, Sundcr-
land, Blythe, Hartlepool, &s¢. or
from the feveral parts in Scotland
and Wales, the Crown revenue nat;
being affedted thereby. The duty is
8s. per chalder of 36 Winchefter
bulhels, on all coals fold by meafure,
and 6s. 4d. per ton, on .fuch as are.
fold by weight. It appears fram the
preceding account, that in the year
1777, there were imported &to the
port of London 697,435 cﬁalders,
and we learn from another}autho-,
rity #, that in the fame yedr there:
were imported from Neweafjle and’
Sunderland alone 692,093% cBalders;
by comparing thefe numbérs, we
may obferve how fmall a pottion of

- Z 4 . © the.
¥ Agn, Rege 1777, Ch 161
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‘the coal confumed in London, is
brought from any other quarter.
ti A chalder of ccals, Newcaftle mea-
fure, is allowed by A& of Parliament:
" to weigh §3 Hundred weight: and-
as 8 Ncwcaﬂzlc chalders are equal to
15 London chalders, reckoning 36
Winchefter bufhels to the london
chalder, it follows, that a chalder
of coals, London meafure, is equal.
to a“little more than 28 hupdred
weight. But fuppofing 28 hundred
wmght to be the weight of a Lon-
dpn shalder, then as the medium
quantxty of coal annually imported
into.London is 658,853 chalders, it
may be collected, that there are an-
‘bually imported 922,394 tons.

" The fo,llowmg table exprefles the-

. relative

L 6& 7W. & M. IlLc. 10. f. 2,
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relative weights of a few drﬂ’ercne’

forts of coals. .
We :ight of a cubic foot of
Wellh cunl - - = 139G cunces &

Yorkthire tonc-coal 1307 =
Laucath. cannel-cozl 1293 ———
Neweaftle upon Tyne 1271 ——
* Htafordfhire coal 1241 f——
t Coal de Graiffefac 1371 —
i Coaldes Carmaux 1333 ——
[ Coal d’Alis - - 1500 <
Medium weight 1336 ounces avéﬂ‘..

p——

k4
The Welh coal was of that kind
wiarch burns without giving -agy
finoke, tiey mix it here with gnder
for the drying of malt.  The ork;
faire ftone- coal was taken from! @ pit
' mm:

* Philof. Twanf. No. 169,
a
T The weights of the three French coals
were calentated ffom experiments thentioned in

Inflru&, fur I'Ufage de Houille, p. 2.
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near Wakefield, and is part of the
ﬂ'ratgm, which lies at the bottom of
the black coal. The cannel-coal
was from Wigan in Lancafhire : this
coal is commonly ufed by the coun-
try people to work by in winter
nights, inftead of candles, and its
name has been probably derived from
its ufe, candles being called in the
dialet of the northern counties,
canngls.,

" The Newcaftle coal was of a kind
which is much efteemed at Cam.
\b’rid‘;}c, and whichis called O/d Ducks.
Fhé medium weight of a cubic foor
of thefe feveral coals being 1336
avoirdupois ounces, a cubic yard or
a7, cubic feet of ceal, will weigh
2284} avoirdupois pounds; there are
2240 fuch pounds in a ton, hence we
may fay ip gencral, that s cubic yard

: of
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of pit-coal weighs a ton; fome forts
of coal weigh a few pounds ;‘norc,:
and other, a few pounds lefs than a
ton. From what has been befors *
obferved concerning the quantity of
coal annually imported into London,
we may now conclude that 922,394
cubic yards of coal are annually’ dug
out of the earth for the fuppiy of
the London market. This quantity ~
of coal, if fpread to the thicknefs
of an inch, would cover an ares of
above 10 fquare miles ; and no doubt .
the confumption of fo large a quan-
tity contributes very much bogf tq
the daily dirtinefs of the ﬂ'recg;s of .
TLondon, and to that elevanop of
foil which is fufficiently obvioys in
the city and its environs, when: dif-
tant periotly of time are compared

together, = # -
The
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The weight of a London chalder
of copls is here put equal to 28
r«huusﬁgcd weight, upon the (uppofi-

n of 8§ Newcaftle chalders being
eq\ial to 15 London chalders. Upon
vexghmv a bufhel of the middle
fﬁycd large, and fmall ofd ducks, at

“E“ﬁmbr!dcrc, I found the weights to
e

Middle f zed - 74
v, .. Largecoal - - 76
y e Small coal -+ - - 8o
pi e —_
oo Medlum - - 76%

E%ﬂf’hi edium does not give quite 25
‘wafidred weight-t6 a chalder. 1
found, by weighing coals at another
‘warchoufe in Cambridge, that 30
builhels made a ton, which is 747
‘pounds to a bufhel.
"1t is not certainly k.bwn how
,Iong c? has been dag in-Great
Bntum,

-
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Britain; the firft fort of fuel Which
all nations uf>d was probably Wyod,
and as that grew, icarce men Began
to fearch into the bowels of the earth
for foxething to fupply its place,
We have good reafen to believe that
th2Newcaille ceal-pits were w,ro?gh’q
i the time of the Romans, fol-coé'i
cin‘lers have been found at the bots
tom of the fuundation of a city buih
by the Romans in that coungﬁ"‘
but whether they were not wroghy
Ly the Britons before the Rdmak
invafion, 1s a qucttion which cagiry,
perhaps, be pofiuvely decided Lhcl
way. ' i

Anc:c'fon, in his Haﬁcry of Gom:
merce, fixes othe mtrodu&lon 0.
Neweaftles coal into Iondon at ft
caily ! pmx,d as the year 13053 anc

IT}CHUOH’
* Wa‘l*e s'I i, of No*mumberl'mdo
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‘menfions a complaint of the nobi-
lity ~nd gentry, which was preferred
to the King againft the ufe of fea-
,_"co,al, as a public nuifance. A fimi-
‘]ar p*ri')dire prevails at this day,
ooy thu’s who have not been ac-
cu{pr ¢ to pit-coal fires. T.e
~grear [offinan had given it as his
wpinion, that the peripneumony,
#he dry afthma, and the eonfump-
\ﬂet., were common maladies amongft
the inhabitants of Liege and Lon-
ﬁbn, and that they were occafioned
by t'e great ufe of pit-coal in thofe

places. M. Morand, in 1769, was
,at the trouble to inquire into this
~mattcr, and it appears from the at-
'seftations of the College of Phyfi-
.cians in London ; of the Faculty of
Mcdxcmc at Peris; of th: phyficians
.at Liege, at Lyons, and other places,

1 u that
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that the opinion concerning the,pe-(
culiar infalubrity of pit coal ‘ires 1&
utterly without foundation.

It has been remarked that coal,
in being diftilled, yields near & of .
its weight of air; in being confumed:
%: burning, it yiclds a greag deal -
I ore; for br-th the refidue reu,amw
ing in the retorr, and the .l ob-
rained by diftillation, yield much‘
i 1 ,.ag combuftion. I do not:
think that it would be an extrava-’
gant fuppoftion, if we fhould f.y,"
that the 922,394 tons ot'coill which:
arc annually confumed, Qlil,*'f’ed"
into the atmofphere incumbent ovdl"
London, 500000 tons of Jixr, and
this quantity may, probaivl,' be.
about ; of the whole quantity of air,
which 15 fpxred by the mhabltantg
of London’in the courfe of a year.:
chce,‘

‘v
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“%‘afhouwh it thould be grantd
fﬂ%w air from coal is not more

’-'h“iéﬁ)m > than tha tv”ll\.h.:\ n, =

!,‘Vja{l' quantuv of it with wiiich

'&Nﬁ'wan Air over great ciis g
- é&cd may contribute fun A)
the rende ring them, 1!
/u,JVé been jullly cuizd, "tiu

; f\nts quankmd
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