





























































































































































































































































































































94 ON GUNPOWDER.

mortar; and maintains a near equality with the English in the
ten-inch; but in all these trials, a deduction should be made for
its not being pressed and glazed. (130—132.)

209. In the 24-pounder iron gun with eight pounds of
powder, a sudden reverse takes place. The English powder
loses its superiority; it projects the shot no further than those
powders that ranged but-one quarter its distance in the first
trial. How is this to be accounted for? It seems an easy way
to get over the difficulty, by saying it would be a task of
supererogation to attempt an explanation; and yet it certainly
is true, for no dependence whatever is to be placed on a trial of
this nature, as a criterion whereby to judge of the relative
merits or quality of gunpowder. The best evidence of this
fact is an examination of the foregoing trials themselves, which
might prevent the necessity of further reasoning: but that
we may not dismiss the point too abruptly, perhaps the fol-
lowing extract from the eighth edition of Adye’s Pocket Gunner,
p. 182, may elucidate it. The following trials were made in a
twenty-four pounder brass gun at the several degrees of eleva-
tion specified. The range is taken to the first graze of the
shot.

yards, yards.
Point blank . . 6 Ibs. powder 480 10 Ibs. powder 480
2° elevation . . . ,, . . 1100 .« s« . 1100
2¢4. do.. . . . , . .1155 v« » . . 1158
2. do.. . . . , . .1210 .o . . 1216
83. do.. . . ., . .1496 . . . . . 1497
4 . do.. . . .o, . L1552 . . .. . .1552
4% . do.. . . . , . . 1599 e s« . 1599
43 . do.. . . . , . .1646 . . ., . . 1646
43 . do.. . . . , . .1690 . . , . .1693
5 do. . . . . , . .1746 e v ow . . 1740

210. Here, there are too many coincidences to be the effect
of accident ; and, therefore, we may conclude that in every trial
with. ten pounds of powder, four pounds of it. were blown out of
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the gun, unconsumed. The inference to be drawn is, that a
large portion of high charges explodes to no useful end; and
therefore, that high charges are unfit to be used in comparative
proof trials of gunpowder.

211. Further remarks on the proof of powder may be founded
on a long and laborious course of experiments made in Bengal
in 1828, and repeated with great care at Madras in 1829, for
the purpose of ascertaining the relative qualities of the gun-
powder manufactured at the three Presidencies, viz. Bengal,
Madras and Bombay. Some French gunpowder was tried in
Bengal, and some of His Majesty’s powder at Madras; these
may serve as standards of comparison. All the Indian powders
were of the manufacture of 1824-25; the French powder of
1820; and the English of 1813.—The whole course of the
experiments contains more trials than those that are here
inserted. I have selected and classified such of them only as I
thought best adapted to exhibit the characters and qualities of
the article experimented on.



BENGAL.

1828.
The medium range in yards is here given of the three nearest ranges out of five, the other two being rejected.

WEIGHT OF THE

g _g ISHAPORE. ALLAHABAD. MADRAS. BOMBAY,
GOMER IRON 5 REMARKS.
MORTARS. | powpeR. | SHELL. '5{
We. | oz, | toe. | oz, | = 1. 2 |.8{ 1 g 1's'| 1 2 [=#12(2|3
8-inch .. 214111 46 43 | 53 65 54| 57| 40 42 | 50/ 10{ 21| 15| No. 1. Cannon
Powder.
Do .l s .]165] 8 48 | 41 41 45 56 42 | 49| 43 43 | 43 12( 20 15
No. 2. Musket
Do. p .. | 68 8 76 | 57 59 | 59 76 64 | 63 53 59 | 51| 14| 20| 14| Powder.
10-inch .. 2|85 |13 & 33 28 32 40 26 40 28 27 34 5 15 9| No. 3. Cannon
‘ Powder that
8-inch ..| 1 41 | 11 681 | 318 604 | 415 557 685 | 440| 419 | 668 | 474| 97| 311 129| had been first
dried for two
D sullisesl weall BE 8| 612 | 358/ 651 | 403| 501 665 | 390, 449 | 623 | 410| 183 383| 113[ hours in the
sun ; after-
10-inch a6 .| 85| 13| 381 | 255 341 ( 263] 354 | 346 | 283| 253 | 359 | 282| 68| 114] 83| wards expos-
ed to the at-
8inch ..[ 1]12(41 |11 (1589 | 709 1341 |....| 1168 | 1387 |... | 1148 | 1410 |....]| 871| 677 «ess| mosphere for
12 days; and
Do. S (i 65 8 | 1464 | 721 1354 |....| 1042 | 1363 |....| 1135 | 1348 |....| 407] 610|....| then pn;ved.
10-inch .. 85| 13| 928 ( 461 779 |....| 671 | 804 |....| 558 | 82m|....| 154 373|....

‘HAGMOINND NO



MADRAS.

1829.
The undermentioned results, in yards, are medium ranges of three firings each.

REMARKS,

WEIGHT OF THE § 1
GOMER IRON 5% ISHAPORE. ALLAHABAD. ‘ MADRAS. BOM3AY.
MORTARS. | POWDER. | SHELL. ‘%9‘:
s, | os. | Bs. | os. 2 1 2 3 i 2 3 1 2 3{1]2]3
8inch .|., | 2|44 .- 40 34| 33 44 45 | 33 32 47| 32 14 19 8§
Do.. .|. 65| 8| 41| 26| 32| 20| 31| 36| 33 28| 31| 28 10 16
10-inch . 2187 cene 19 19 20 20 23| 19 16 19 18 7 9 5
8-inch .| 1 44 781 | 459 | 620 | 407| 396 | 665 | 305| 528 | 664 | 522 128 330| 119
Do.. 65 8| ....| 393! 520409 357 | 569 | 387 460 | 566 | 458 188| 362 110
10-inch . | 1 87 425 | 287 | 324|273 286 | 404 | 236 294 | 341 | 300, 84| 122 80
8inch.| 1|12 44 1499 | 1056 | 1412 {....| 1105 | 1428 .| 1500 | 1382 |....| 731] 800|....
Do. 65| 8 927 | 1210 {....| 903 { 1230 1204 | 1187 .| 513} 903|...
10-inch .| 1112 ( 87 902 | 581 | 786 {....] 535| 808 700 | 823 |....] 207| 416|. ...

No. 1. Cannon
Powder.

No. 2. Musket
Powder.

No. 3. Cannon
Powder that
had been first
dried for two
hours in the
sun; after-
wards expos-
ed to th?a.t-
mosphere for
12 days; and
then proved.

“HIAMOINND 40 J00dd

L6
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212. The relative densities of these powders are reported to
stand thus:

BENGAL REPORT. | MADRAS REPORT.

Caunon. | Musket. | Cannon. | Musket.
Bombay . . . 293 276 2954 280
Ishapore . . .| 290 251 284 273}
Allahabad. . .| 278 260 | 2853 | 273
Madras . . .| 260 224 | 256 246

being the number of drams weight contained by a cylinder 3.5
inches in diameter, and 3.5 in height.

213. The relative degrees of hardness were judged of by
‘“ mealing ” half a pound of each cannon powder of the same
sized grain for five minutes. At Madras, the mealing was
performed by passing a roller over the powder when spread
out, and the powder that was the least crushed was considered
to be the hardest. The experiment stands thus:

At Bengal. At Madras.
Ishapore, the hardest. Allahabad, the hardest.
Allahabad, ditto Ishapore, ditto
Madras, ditto Madras, ditto
Bombay, the softest. Bombay, the softest.

214. The quantity of moisture contained in the powders was
ascertained by exposing sixty pounds of each to the mid-day
sun for two hours, and re-weighing them. The weights after
this exposure are represented to be:—

At Bengal Loss. l At Madras, Loss.

ibs. o3, dr oz dr.| ibs. os. dr.| oa.dr.
Ishapore Cannon Powder | 59 8 12| 7 4 |59 11 8| 4 8

Allahabad do.. . .159 3 11112 5 59 13 3 2 13
Madras do.. . .|59 6 10 9 6 |59 10 14| 5§ 2

Bombay do.. . .159 1 015 0 159 12 11 3 5
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The difference between these several weights and sixty pounds,
represents the degree of moisture evaporated from each powder
respectively, and is here specified as loss.

215. Twenty pounds of each of these partially sun-dried
powders were then spread out on a plain surface, and freely
exposed to the atmosphere for twelve days. Their weights
after this exposure were as follows :—

— o
At Bengal. Gained. At Madras. Lost.

| b oz, dr. og. dr. e, os. dr. ox. dr.

Ishapore . . .| 20 1 8 1 8 19 15 0 1 0

Allahabad. . .| 20 1 14 | 1 14 |19 14 14} 1 2

Madras . . . 20 2 4 2 4 19 15 o 1 0

Bombay . . . 20 1 10 1 10 19 15 4 0 12

216. Before we proceed further, I may first notice how
completely these experiments on density, hardness, and hu-
midity, illustrate the remark made in paragraph 148.—The
variations in the results between the two Presidencies throw a
doubt upon them both, and make it hard to decide which of
them approximates the nearest to truth, and which, conse-
quently, is the one that may be the most safely depended on.

217. In density, the greatest difference between the two sets
of trials amounts to about nine per cent.; the Madras experi-
ment making the Ishapore and Madras musket-powders nine
per cent. more dense than the Bengal experiment. In each
case, however, the Bombay powder is shewn to possess the
greatest specific gravity, Ishapore and Allahabad to be inter-
mediate, and Madras to be the lightest.

218. The method employed for ascertaining the hardness of
the powder must, from its nature, be imperfect. —One would
think, that the powder possessing the greatest specific gravity

' H 2
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would of necessity have been the hardest, but both the trials
represent it to be the softest.

219. The experiments to ascertain the degree of humidity
are incomplete, from the want of hygroscopes, which could not
be obtained at either Presidency. An examination of these
trials will shew that the dryness or moisture of the atmosphere
should have been previously ascertained, particularly in the
experiment with twenty pounds of powder, which, at Bengal,
exhibits an increase of weight after exposure, but at Madras,
the reverse.—In the former case, the experiment turns out as
might naturally have been anticipated; but the latter exhibits a
result which, no doubt, is attributable to the superior dryness of
the air of the Carnatic at the time the experiment was made.

220. Had the results of the foregoing experiments at Madras
been corroborative of those made at Bengal, particularly those
relative to the humidity and density of the powders, they would
have been useful; but as they now stand, I fear the whole must
be considered as affording very little guidance towards forming
an opinion as to the respective qualities of the powders.

221. To these experiments, I shall take the liberty to add
some of my own on the same powders, but different in their
character. I extract them from my commonplace-book.

222. Memorandum of experiments made on the following
cannon powders.—

English . . . . . A.D.1813.
Allahabad . . . . . — 1825.
Ishapore . . . . . — 1825.
Madras . . . . . — 1825,
Bombay . . . . . — 1825

223. In these experiments I used rain-water, which was

not affected on being tested with the nitrate of silver or nitrate
~of baryta.
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224. Half an ounce of each powder was weighed and thrown
into a test-glass containing one fluid ounce of rain-water.
Each powder remained in the water for twelve hours, being
frequently stirred; it was then filtered, and the solution ob-
tained transparent.

225. The transparent solutions were transferred to test-tubes,
and first tested for alkali, by introducing into each tube a slip
of reddened litmus paper.  After twelve hours, the following
changes had taken place:—

English } A slight tinge, hardly distinguishable from the
Ishapore red colour of the test paper.

Allahabad
Bombay
Madras . Full bright purple.

}No change perceptible.

226. The same solutions were then tested for free acid, by
immersing in them slips of blue litmus paper. No action was
produced by the English, Ishapore, and Madras solutions, but
the Allahabad, in a few seconds, changed the paper to red, and
so did the Bombay, but less decidedly.

227. It is therefore presumed that the English and Ishapore
powders contained the slightest trace of alkali possible; that
the Madras powder contained it in much larger quantity, and
that the Allahabad and Bombay powders did not contain alkali,
but contained a free acid.

228. The next step in the experiment was'testing with nitrate
of baryta. To the English, Ishapore, and Madras solutions,
a few drops of pure nitric acid were added to neutralize any
free or carbonated alkali they might contain. No acid was
added to the Allahabad or Bombay powders, as the litmus test
shewed it to be unnecessary. On adding six drops of nitrate
of baryta to each solution, the appearances were:—
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English . Transparency barely tinged.
Ishapore . Reddish opalescency.
Madras . Opalescent.

Allahabad Both rendered turbid.
Bombay

229. After standing eighteen hours, the quantity of precipi-
tate in each solution was as follows :—

. Very small; a slight deposit on the bottom
English of the test-tube.

Ishapore ) About equal in quantity, but considerably

Madras more than the English powder.
Allahabad | More copious than any of the other precipi-
Bombay tates.

230. The whole of these precipitates were washed with the
same rain-water, and on the addition of dilute muriatic acid
were not dissolved.

231. From this test it would therefore appear that sulphuric
acid, either, free or in combination, or both, was present in all
the powders, but in the Allahabad and Bombay powders to a
greater extent than in the others.

232. Any alkali the solutions might contain having been sa-
turated with nitric acid, and the sulphuric acid having been
removed by the nitrate of baryta, I added to the same solutions
a few drops of nitrate of silver, and the indications that occurred
on the application of this test were as follow :—

English . . . . . . Slightly opaline.
Allahabad. . . . . . ditto

Ishapore . . . . . . ditto

Madras . . . . . . Turbid. o

Bombay . . . . . . Turbid, with an immediate

curdy precipitate on shaking the test-tube.

233. Being permitted to remain undjsturbed until they were
again limpid, the English solution had the smallest quantity
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of precipitate, Allahabad and Ishapore somewhat more in
quantity, the Madras still - greater, and the Bombay most
of any. The whole of these precipitates turned black on
exposure to the sun. We may therefore conclude that they
were caused by the presence of muriatic acid, and that they
_consisted of muriate or chloride of silver.

234. If we reduce the experiments into one view, they will
stand as in the following table.

POWDERS. ALEALI. | MURIATIC ACID. SULPHURIC ACID.
English. . . | A faint trace A trace A trace
Allahabad . None A trace Considerable
Ishapore. . | A slight trace A trace Somewhat more than

the English, but less
Somewhat more than the Allahabad
Madras. . . | Considerable | ¢ than the foregoing or Bombay.
Bombay . . None Abounds Considerable.

235. 1 would attach to these results no greater importance
than they merit; but they may be considered as useful auxiliaries
in forming an opinion as to the respective degrees of care with
which the ingredients had been prepared, and in some measure
also of the respective qualities of the powders with reference to
their durability, and their competency to withstand the influence
of damp climates.

236. Knowing the accuracy with which His Majesty’s pow-
der is manufactured, I was somewhat surprised to observe it
contaminated as the tests indicate. The alkali is in so minute
a quantity that it may be considered immaterial : other powder
which I have tested from the same manufactory indicates none.
And the sulphuric and muriatic acids I am disposed to consider
as adventitious, and as having been introduced (most probably
in combination with earths or alkalies,) with the water used in
the incorporation of the powder. The water formerly used
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for that purpose at Waltham Abbey was taken from the same
stream as that by which the mills are turned; and as river
waters are never pure,* but contain alkaline and earthy sul-
phates and muriates, the acids alluded to may, with reason,
be supposed to have originated in that source. Of late years
the mill-charges have been moistened with distilled water.

237. The same remarks may, in some measure, be applicable
to all the other powders; but the Bombay powder indicating so
large a quantity of muriatic acid, there appear to be very strong
grounds for suspecting the imperfect purification of the salt-
petre; and the free sulphuric or sulphurous acid in both that
and the Allahabad powder may probably have arisen by using
too great a heat in refining the sulphur.

238. I may add, that I dried one hundred grains’ weight of each
of the powders for half an hour in a heat of 175° Fahrenheit’s
thermometer, and on flashing them off at that temperature they
all exploded with a sharp sudden concussion, except the Bombay
powder, which exploded tardily, and generated a great number
of minute globules of alkaline residuum. The other powders
left nothing but streaks, or smoky traces behind them, and the
number of these marks was in the following order,—English
powder the fewest, then Ishapore, Allahabad, and Madras.—
The Bombay powder very foul.

239. 1 shall now proceed to offer a few remarks on the
foregoing experiments.

240. With reference to the proof reports, I think the trials,
though good in themselves, are too laborious, in comparison with
the degree of information to be derived from them. (See pages
96, 97.) Instead of four separate trials with two-ounce charges
each, if one only had been judiciously selected, the results

¢ It is a singular fact, that specimens of water taken out of a lake on the
Neilgherry hills and sent to Madras, were found so pure as not to be affected
by any test that was applied to them.
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given by it would have been as decisive as the whole of them:
and so with reference to the higher charges: the number of
trials might have been reduced, and the respective qualities of
the powders judged of with equal certainty. In fact, a multipli-
city of trials does but introduce embarrassment, and therefore a
few firings are preferable to many.

241. Tt will be observed how great a variation occurs in the
ranges between the coarse and the finer grained powders (116,
117). And how dissimilar some of the results of the Madras
proofs are in comparison with those of Bengal (148—155).
At Madras, the Ishapore, Madras and Bombay powders range
higher than they did at Bengal, but the Allahabad powder
ranges lower in the trials with charges of one pound and up-
wards. The Madras experiment represents the Allahabad
powder to be of greater specific gravity than the Bengal
experiment (212); taking for granted that each experiment was
correctly made, the smaller range of the Allahabad powder
may on this principle be accounted for.—In the two-ounce trials
the Allahabad maintains a superiority in both the proof reports,
as does the musket powder also with the larger charges, but
the cannon powder falls off, which it would do if its density
were greater.

242, It is both remarkable and curious that the ranges of
the Allahabad musket powder in the two-ounce trials, should,
according to the Bengal proof report, be lower than the ranges of
the cannon powder of the same manufactory. That coarse and
fine-grained gunpowders of the same ingredients and manufacture
should preserve, in these proofs, an equality of range is per-
fectly explicable; but that they should exhibit much variance
in cases where the manipulation may be considered to be good,
is a discrepancy not before noticed or touched upon, and not
easily to be accounted for. There seems to be no obvious
reason for fine-grained powder in these particular trials ranging
below the cannon powder; had it ranged a little above, perhaps
the general principle of its quicker ignition might account for
it; and it is still further worthy of notice that in the Madras

-
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experiments, the same Allahabad musket powder regains its
superiority, follows the general rule, and ranges further than
the powder of a coarser grain.—I cannot account for it.

243. The results of the Bombay powder with two-ounce
charges singularly differ, and seem to constitute an insuperable
objection to the asserted excellence of proof-trials by the eight
or ten-inch mortar, or, at least with reference to that part of the
assertion which states that those trials are not so much influ-
enced as others by the different sizes of the grain (187—192).
The fine-grained Bombay powder ranges some of it double,
some nearly double, and in one case treble the distance of the
large grain. But I do not consider this any solid objection to
the mode of trial ; it rather bears on the powder itself, and seems
to shew, that in the case of bad gunpowder no dependence can
be placed on its results. The reason why badly manipulated
powder ranges so low in these trials appears to be, that the tar-
diness of its explosion allows greater time for the escape of
the elastic fluids round the sides of the shell, and at the vent,
and occasions them a greater degree of condensation, or loss
of elasticity by cold, which greatly diminishes the propellent
power.—But although there are great discrepancies between
the Bombay musket and cannon powders in these trials, yet
their best and highest ranges are only half the distance of
the other Indian powders, which is a difference amply suffi-
cient to establish a discrimination of character, and by this
may be determined the absolute strength and quality of the
respective gunpowders without the possibility of error.

244. In speaking of the qualities of the Indian powders in
my original memoir, I adjudged the superiority to the Allaha-
bad manufactory, with only one reservation. The following is
the original paragraph.— Allahabad powder the best. Its
manipulation appears to be good, from the results yielded by
it in the two-ounce trials. It possesses also the good quality
of rapid ignition; and notwithstanding its density is greater
than the Madras powder, it ranges generally superior.
Great improvements must have taken place in the Allahabad
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manufactory since that kind of powder was made, the proof of
which is given in paragraph 203. There appears, however,
to be one defect in the Allahabad powder; it does not retain
its strength, but falls off materially on exposure to the air.
The whole of the other powders, except in two cases, shew
higher ranges after the twelve days’ exposure than they did
before; but the Allahabad exhibits a decrease of power equi-
valent to from one eighth to one sixth of the range. This may
indicate some oversight in the manufactory, most likely one
that has reference to the quality of the ingredients. These
observations refer more particularly to the Bengal proof report.

245. In no researches ought the principles of inductive phi-
losophy to be more rigidly followed than in researches into the
nature, qualities, and effects of gunpowder. No fact ought to
be stretched beyond its legitimate bearing; nor should any
general inference be drawn from particular experiments. I
could adduce many instances of error into which writers on
gunpowder have fallen in consequence of not observing this
necessary rule. But the thing itself is so evident, it is so
plainly illogical to attach a general conclusion to particular pre-
mises, that the case needs no illustration; and I would wish the
reader to correct any fault of this kind if he should observe
that I have fallen into it in any part of the present Essay.

246. 1 make these observations partly with reference to my
opinion on the Allahabad powder, not that my opinion is mate-
rially changed, but rather qualified, from facts that have subse-
quently come to my knowledge; for instance, the experiment
detailed in paragraph 226, by which it is shewn that the Alla-
habad powder contains free sulphuric acid, which may possibly
be the cause of its reduced range after exposure to a humid at-
mosphere ; but more particularly from my having since seen the
report of Colonel Galloway, written in 1822, wherein it would
appear that the Ishapore powder is made to a degree of hard-
ness which, before reading that report, I had no conception of.
The following is an extract from Colonel Galloway’s report.
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247. “ Since the powder has been so much better incorpo-
rated, and the new mode of pressing in thin cakes has been
adopted, the corning frame and sieve (119) are unable to make
the smallest impression upon the composition.”— I found
that the powder cut and tore the parchment to pieces.”—* I
therefore made the sieves with strong parchment without
holes. We put six pounds of powder into each sieve with the
disk over the grains, and instead of their falling through and
escaping the action of the disk as before, they are all kept
under it, till the prominent angles are broken off by the weight
and violence of the friction and motion of the disk.” The
operation continues twenty minutes; and the press cake is
broken up with “lignum vitee mallets,” on slabs made of an
alloy of tin and zine, because wood was found not to be hard
enough.

248. After having read Colonel Galloway’s report, which
the Honourable the Court of Directors have with great truth
and justice pronounced to be * able, candid, and satisfactory,”
and having observed the even supererogatory care with which
the operations of the Ishapore manufactory are conducted, I
cannot but think it a great pity the powder should be made of
such extraordinary hardness; for it must of necessity impair
its propellent force, and deprive it of a part of its legitimate
efficiency. The operation of pressing appears here to be
carried to excess. His Majesty’s gunpowder is firm enough
to bear all the rough usage and accidents of usual service; but
it is broken up in beech wood troughs, and not on metallic
slabs,—with beech wood mallets, not with instruments of
lignum vitee,—and does not cut and tear the granulating
sieves, as the Ishapore powder is represented to do. It
appears then from this fact rather too hasty to say that the
Allahabad powder is absolutely superior to the Ishapore, unless
the same system be adopted at Allahabad also; but of the ope-
rations of that manufactory I am ignorant. What has been
stated may therefore serve to explain the necessity of knowing
the manipulative history of gunpowder, as well as being
acquainted with its practical effect, before a judgment can be
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properly pronounced, either upon its absolute or its relative
character and quality.

249. The Madras powder produces, in comparison with the
other powders, a good range at both Presidencies; which, as it
is well mixed and unpressed, is what may be expected of it.
Butof the Bombay powder I still retain my former opinion, and
say it cannot be denominated other than barbarous.—I hope
the present official document may be the means of improving it.

250. Both the French and the English powders range with
the higher charges superior to the cannon powder of the
Honourable Company : the ranges of the French powder are
particularly brilliant (see the proof, paragraph 211). It would
have been satisfactory had the proof report noticed the size of
the grain of this powder ; but it was described simply as cannon
powder, from which I conclude the grain was large; and I
should apprehend, from the high ranges it gave, that it was an
unpressed powder. It was obtained from a French ship of war,
then lying in the Hoogly, off Calcutta: it may therefore be
presumed to have been French Government powder, and as
good as any manufactured in France. I am inclined, however,
to consider it inferior to the British powder, from a comparison
of its effects as detailed in the report under examination.
From this we find, that with a charge of two ounces it ranged
in one case below, and in another only equal to the Allahabad
powder ; whereas in the same kind of trial, the English powder
ranged one third above the Allahabad powder, as the followmg
statement will explain.

‘ WEIGHT OF | Prench |Allababad | .
GO:::T Al:.nN | Powder. Sheil. | powder. | powder, | English powder.
‘ | lts. | oz. | Ibs. | oz. | yards. yards. yards.
i 8-ineh, . . . 1 —| 2(65| 8 — 31 41 actual range.
> |
| Ditto . . . . | —|—|65| 8| 48 56 T4) preportivaste
|l Ditto |—=|—|6&| 8| 76 76 | 100) T"E%
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The trials being made in different eight-inch mortars, and in
different places, the French and English powders can be com-
pared only through the intervention of the Allahabad powder:
this, indeed, is not so satisfactory as if they had been directly
opposed to each other, and their comparative quality had been
deduced from trials out of the same mortar; yet as this particu-
lar instance embodies that mode of proof which appears to be the
best adapted to exhibit the real inherent strength of gunpowder,
I think we cannot greatly err.if we adjudge the English powder
to be superior to the French. Let it be observed that I place
no stress on the two trials in which the proportionate range
of the English powder is shewn, but on the first trial only: I
cannot, however, divest myself of the opinion that our conti-
nental neighbours, the French, can have no ground for boast-
ing® of their gunpowder, until they bring its range in the
eight-inch mortar (187) with a charge of two ounces, to an
equality with the range of the English Government powder,
fired from the same proof instrument, each powder being also
equal as to density, smoothness, and size of grain.

251. From a review and consideration of all that has been
advanced in this and the last section, it may safely be decided,
that many variations and irregularities which take place in
experiments on gunpowder, may be traced to those disturbing,
secondary, or accidental causes (162), some of which influence
the results of proof trials, without any reference to the quality
of the powder itself. All these accidental circumstances ought,
therefore, to be taken into consideration, in reporting upon
experiments made with powder in artillery; and, although it
may possibly be thought, that what has been written has tended
to throw doubt and embarrassment over the proof of gunpowder,
yet, it appeared to be indispensable to enter into the detail and

¢ “Depuis plusieurs années, les procédés qui servent a la fabrication de
Ia poudre se sont perfectionnés en Angleterre; cependant ces procédés sem-
blent en général inférieurs & ceux qu'on suit maintenant en France, et qui
réunissent, & la science des théories chimiques, la simplicité des appareils
méchaniques les plus efficaces.”—Baron Dupin.
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minutie of the question, in order to arrive at some satisfactory
and substantial conclusion. I shall endeavour to dispel both
doubt and embarrassment, and to shew, when I arrive at the
Eighth Section, containing observations on the proof of gun-
powder, that its quality may nevertheless be satisfactorily
ascertained.

SECTION VIIL
REMARKS ON THE MANUFACTURE.

252. No addition to the common ingredients of gunpowder
tends to improve it permanently.*  Urine, and spirits of wine
have by some been extolled; but the former contains too many
deliquescent salts to be efficacious, and the latter is not adapted
for the purpose of incorporation.

253. It seems to be immaterial whether nitre be fused or not,
so far as the quality of the gunpowder is thereon dependent.
Fusing makes it not more pure. The only advantage fused nitre
possesses appears to be, that no moisture can, by possibility,
be contained in it after the operation; therefore, the quantity
weighed in the manufactory as the proper proportion to mix with
the charcoal and sulphtir, must contain the quantity of oxygen
contemplated to be given out in combustion, whether the pro-
portions were determined by scientific data or had been fixed
on as the result of practical experiment. Dried crystals of
nitre may frequently contain 3, 4, or 6 per cent. of moisture;
and this could not be conveniently ascertainable in the bustling

¢ Good gunpowder is too strong for blasting and mining. The effect
produced is much greater, particularly in blasting rocks, when the explosion
is comparatively tardy. Charcoal in powder, or fine sawdust, may therefore
be mingled with good powder for either of these purposes. The quantity

to be added will be best ascertained (for blasting) by experiment. The hole
above the powder should be filled up with dry loose sand.
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operations of a large manufactory. However, if the crystals
can, by solar heat in this country, be perfectly dried, the labour
and expense of fusing might be saved; the operation being one
of conveniency rather than of necessity, and the quality of the
gunpowder would remain, in either case, unaltered.

254. In the preparation of charcoal, two points should be
attended to—not to char too much, yet sufficiently; and to
produce a char free from alkali. The most economical manner
in which these ends can be perfectly attained, may be considered
as the best. * But charring in cylinders must not be decided to
be the most expensive, unless the liquid products of the wood
are thrown away ; because in England there are manufactories
established that supply the London market with wood vinegar,
and concentrated acetic acid, which could not be, if the liquid
products were not adequate to repay the cost of the fuel and
incidental expenses. '

[Pyroligneous acid is a most admirable antiseptic. Applied
to fresh meat, it preserves it a great length of time. At home,
I have known the common empyreumatic acid in a charcoal
manufactory to have been used for curing hams, beef, herrings,
salmon,—to all of which, if they are not overdosed, it is said
to impart an excellent flavour. There is great probability that
it might be used with success in this country,* where antisep-
tics are a thousand-fold more required than in England, and
the difficulty of preserving fresh provisions is so much greater.]

255. The ingredients should be pure. Impure ingredients
produce injury in two ways: they interpose extraneous
matter between the atoms of the combustible substances, and
thereby impede rapidity of explosion; they are usually de-
liquescent ; they therefore imbibe moisture. Moisture induces
an incipient crystallization of the nitre; and thus gunpowder
of impure elementary parts includes within itself the germ of
its own destruction.

* Ipdia.
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256. Extremely minute comminution facilitates incorporation.
Perfect incorporation constitutes the grand art and secret in
making gunpowder: pure ingredients, and the best proportions
are inefficacious without it. Most particular attention ought to
be paid to this branch of the manufactory, though of course it
must not monopolize all, to the exclusion of other departments.
Rain water should be used in this process. An incorporating
mill ought always to be in good order: the machinery should
work smoothly and steadily, and the cylinders ought to travel
upon the bed in a perfectly perpendicular position. I prefer
stone to metal cylinders. Those formerly in use at the
King's powder mills were always brought from the black-
marble quarries in the neighbourhood of Namur;—but of late
years, beds and runners have been obtained of much better
quality from a marble quarry near Kidwelly, in Carmarthen-
shire. The stone of which they are formed is a black lime-
stone, or marble of the transition formation—the stinkstein of
Werner, (see Jameson’s Mineralogy, Vol. I. p. 521.) It is dis-
tinguished by the peculiar feetid odour emitted when two pieces
are rubbed together; and for gunpowder mills it should be
perfectly free from any admixture or specks of quartz.

257. Homogeneity of appearance characterizes well manipu-
lated gunpowder. On snapping a piece of mill cake it ought
to exhibit a fine ashen-grey colour throughout ; and the grain
or texture should be exceedingly close; it should not appear
granular, nor even look coarse. No white specks are admis-
sible. It is difficult to describe the appearance; but insuffi-
ciently incorporated gunpowder looks very differently from
that which has been well mixed and perfectly incorporated.

258. Daily checks are in use in His Majesty’s works.
At Waltham Abbey every mill-charge is proved separately,
so that negligence or accident cannot escape detection.
This check is commendable, and one easy to be adopted.
The instrument used is a good vertical éprouvette; and,
with two smart lads, fifty or sixty trials may be made in an
hour.

4

I
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259. In this country,® where every thing depends on the officer
in charge of a gunpowder manufactory, a constant and vigilant
superintendence over every department is necessary: but some
departments are more important than others. The saltpetre
refinery should not be neglected. Frequent testing of the
nitre should be resorted to: it constitutes a check at once easy
and efficacious. The charcoal should engage much attention
both with reference to the alkali it may contain, and with regard
to its selection, and the careful examination of it before it be
pulverized. We have already spoken of mixture and incor-
poration. If pressing and glazing constitute a part of the sys-
tem of manufacture, they should not be carried to excess; but
be regulated according to the nature of the service for which
the powder is required, and the climate it may be used in.
Superintendence, to be efficient, should of course include a
knowledge both of the rationale and practice of the several
operations, with an ability to rectify what is faulty.

260. To say of any gunpowder that its grain is as hard and
as durable as flint, would be to me no recommendation of its
quality ; on the contrary, I should marvel why such extraordi-
nary hardness had been imparted to it. With reference both to
high practical effect, and to economy in use, the softer a gun-
powder is, the better; but moderate density is very properly
given it, to obviate the inconveniences which attach to a soft and
porous-grained powder. As a gunpowder maker I should never
think of imparting a higher degree of hardness or density to
press-cake than what His Majesty’s gunpowder receives; and for
this climate, even less than that would probably be sufficient. If
the ingredients be pure, I should have no apprehension of glazed
gunpowder of moderate firmness keeping quite as well for any
number of years as powder of greater density. The only in-
gredient susceptible of attracting moisture is the charcoal, and
to prevent injury from this source, the powder ought to be kept,
if possible, in air-tight packages.

261. An ounce phial full of water in one experiment, of spirits

* India.
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of wine in a second, and of ether in a third, was placed in the
chamber of a ten-inch mortar, with a charge of two pounds of
powder, but on firing each respectively, there was neither in-
crease nor decrease observable in the range: a charge of plain
powder ranged an equal distance.

SECTION VIII.

OBSERVATIONS ON THE PROOF OF GUNPOWDER.

262. Under this head I propose speaking of what appear to
me to be the best methods of proving gunpowder: First, at the
manufactory; Secondly, at the artillery range, as a check upon
the manufacture ; and Thirdly, upon any special occasion, for
the purpose of ascertaining and comparing the qualities of
different gunpowders, either experimental or otherwise.

263. For the manufactory it does not occur to me that any
better system can be adopted than that established in His
Majesty’s works, viz. the daily check mentioned in paragraph
2568; daily flashing (197); and a monthly or weekly trial in the
eight-inch mortar (187), for the cannon powder; and in the
carbine or musket (196) for rifle and fine-grained powder,
together with the test by flashing for all powder tried by these
two methods.

264. Supposing the foregoing trials to be made merely for
the personal satisfaction of the officer in charge of the manu-
factory, the tests to which it would appear desirable to submit
the powders at the artillery range are the following:

For Cannon Powder.

. shell. powder,
8-inch gomer iron mortar. . 68 Ibs. . 2 ounces,
Ditto ditto 42 1bs. . 1 pound.
Ditto ditto 42 1bs. . 2 pounds,

12
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For Musket Powder.

shell. powder.
4% inchmortar . . . . . 81lbs.. . 2 ounces.

Or by trial in the carbine (196), and examination by flashing
for both cannon and musket powders.

265. The same instruments ought to be always used for these
trials, and be used for no other purpose; the range distance
should be fixed by ascertaining the actual range of the best
powder that can be procured, (and that we conceive to be, for
purposes of war, His Majesty’s powder); and the quality of the
powder under examination may then be judged of by compa-
rison with the range of the powder chosen for the standard. I
know of no better or more simple practical means of fixing the
range distance than this, for I have before shewn the uncer-
tainty that attaches to specifying any precise limit for it, without
regard to the nature or state of the ordnance in which trials
may be made (152 to 155). Once or twice a year an experi-
ment should take place with the standard powder, to ascertain
that no accidental variation occurs in the proof instrument.
And if the standard powder were to be exposed to the sun a
day or two before comparative trials, it would give it no other
advantage than what is fair and proper; for it will always have
to sustain comparison with powder newly manufactured.

266. For any special and minute examination of different
gunpowders I would recommend attention to the following
particulars,

1 Proof instruments. 4 Flashing. 7 Humidity.
2 Trials. 5 Density. 8 Testing, and
3 Proof report. 6 Size of grain. 9 Manufacture.

267, With reference to the instruments of proof, select
them with care, both the ordnance and the shells. The gauge
of the shells is of great importance (152 to 155). The only
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instruments required I think are the eight-inch mortar, the
43-inch mortar, and the carbine or musket (196).

268. The trials to which the powder should be submitted in
these instruments, are

For Cannon Powder.

8-inch gomer iron mortar. . Ball 68 1bs.*. . .Powder 1 ounce.
Do. . . . . do. . . . 4 « + « + .+ 4 .2ounces.
Do. . . . . do. . Shel421lbs®*. . . , .8 ounces.
Do. . . . .do. . . . 4% . « « « « 4 .1 pound.

Do. . . . . do. . . .4 « « + « « 4 .ljpound
Do. . . . .do. . . . 4+ « « « + » «2pounds.
For Musket Powder.
42 inch mortar . . Shell 8 1bs.* . . Powder 2 ounces.
Carbine (196). . . Steelball . . . .do. 4 drams.

269. From an attentive consideration of all the facts and ex-
periments to which I have at any time had access relative to
the proof of gunpowder, I am inclined to think the above
trials constitute as satisfactory a test as any at present known,
And the above number of firings appear to be sufficient; for if
the scope and compass of the experiments be increased, it is
more than probable that difficulty and embarrassment will be
increased in the same proportion. Three firings of each charge
would be enough ; but in case of any unusual discrepancy oc-
curring, the range that varies should be set aside, and another
made in substitution.

270. I apprehend that the results from the lower charges
may be depended on as indicative of the real strength and qua-
lity of cannon gunpowder, and those from the higher charges,
as exhibiting (but not with precision) its practical force or avail-
able effects with service-charges.

¢ The weight of the shells I should consider to be of much less importance
than their gauge and sphericity. The gauge should be as high as posaible:
the less windage the better: and the shells should also be perfectly globular.
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271. With reference to the trials recommended for the
musket powder, I have simply to remark, that inferior gun-
powder will always be found to range below that which is
good in either of them. They are both good trials for fine-
grained gunpowder.

272. The whole of the foregoing trials should be repeated
after exposing samples of each gunpowder to a damp atmo-
sphere for twenty days. Exposure in this part of India, ¢. e. in
the Carnatic, during the land wind season, is not the kind of
exposure intended. The atmosphere should be humid; and
the degree of its humidity should be noted by some hygroscopic
measure, which, as hygrometers differ, should be described.

273. The proof report of these trials ought to contain intelli-
gence of every particular that may appear requisite to be known
with reference to the piece of ordnance used, the manner of
loading, the appearance of the powder, and the state of the
shells. It does not appear to be supererogatory that even the
gauge and shape of every shell should be noticed in the proof
report: it would by no means be unnecessary, were a column
opened for that purpose, and remarks made as to the globosity,
oxidation, asperities, or inequalities on the surface of each
shell. And if irregularity be found to occur in the roundness
of a shell in that part of it which touches the bore when the
mortar is loaded, it should be especially noticed, because it
occasions a variable degree of windage, which probably con-
stitutes one of the main causes of discrepant range in practice.
If all the shells are selected with great care, and as nearly alike
as practicable, a simple remark in the report to that effect
would be sufficient. The length of the bore of the piece and
of the chamber should be inserted ; their horizontal and verti-
cal diameters, and whether the bore be larger at the seat of the
shell than at the mouth. Mortars that have been used are
sometimes larger in the bore just above the chamber than in
any other part. The weight of the mortar should be given ;
and perhaps the nature, strength, and condition of the mortar-
bed, and of the platform on which the mortar is placed. Such
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nicety I fear may appear needless to some of my readers, and it
may be said that I have not observed it myself; but my object
all along has been simply to give comparative results from the
same piece of ordnance, so that the advantages or disadvantages
were equal on either side. But in proof reports, which may
perchance have to be repeated elsewhere, or from which a
third party is to judge of the quality of gunpowder, attention
to the particulars that have been suggested, as well as to any
other, however minute, that may occur to the officer making
the proof trial, is by no means unnecessary, but proper.

274. Flashing. I consider this to be a good auxiliary test.
If no beads or globules of alkaline residuum be seen after
explosion, compare the appearance and number of smoky
marks or traces that each powder may leave; observe the
sparks that may fly off; and the relative sharpness of explo-
sion (53, 197, 198).

275. Density. Hardness would appear to be dependent on
density ; but I believe that exposure to the sun will make both
mill-cake and press-cake harder, and the grain of the resulting
powder firmer, than that produced from the same mill-cake or
press-cake, if granulated, without having been so exposed. For
further guidance, see -paragraphs 146 to 150. Specify the
number of meshes to the square inch of the sieves by which
the grains of the powder may be sized prior to the experiment
for ascertaining its density. Two sieves of course will be re-
quired; one to prevent the larger grain from passing, and the
other to allow the fine grain to escape, so that a medium size
may be retained. -~

276. Nothing further appears necessary to be added with
reference to the shape and size of the grain than what is con-
tained in paragraph 151, and the paragraphs therein referred
to. But I do not recommend the equalization of the grain of
cannon powder as I have there seemed to intimate (151); for I
consider the powder to be now under trial as it is issued from
the manufactory, and to stand or fall by its own merits.
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277. Humidity. Vide paragraphs 157, 158. A neat and satis-
factory method of ascertaining the dampness of gunpowder is to
expose a thousand grains weight of it in a common white plate
for two hours to the heat of a sand bath kept as nearly as prac-
ticable at the temperature of from 140° to 150° of Fahrenheit's
thermometer. The loss after drying indicates the degree of
dampness. I have observed gunpowder of different manufac-
tures to lose by this experiment from § to 1} per cent. The
powder should be covered during the operation. A sheet of
paper rolled up conically will answer for this purpose. It
ought to have a small hole at the apex to allow the escape of
vapour.

278. The examination of gunpowder auxiliary to proof
trials may here terminate; and a knowledge of its relative
qualities and adaptability for the requirements of actual service
may, by the foregoing means, be satisfactorily acquired. The
actual comparative ranges it may give, in connexion with a just
regard to the manner in which those ranges may be qualified
or affected by secondary causes, will constitute a safe criterion
by which a judgment may be formed as to its practical and
useful effect.

279. But where conveniences are at command, I would also
recommend trial by the tests detailed in paragraphs 228 to 238,
as well as attention to the system of manufacture (246 to 248).
The whole of these points combined together appear to include
all that can reasonably be required in any familiar, practi-
cable examination of the quality, efficiency, and goodness of

gunpowder.

280. To report judiciously and ably on an experimental
comparative proof trial requires sound discrimination, arising
from that particular acquaintance with gunpowder derivable
only from a knowledge of principles; from familiarity with its
manipulative history; from observation of the general effect
produced by bad and good gunpowder when fired in large and
small quantities in different ordnance, and from diversified
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experiments made with the design of fixing the system of manu-
facture on the surest and most approved data, as well ‘as of
ascertaining in what cases deviation is of no material conse-
quence, and where departure from principles, or failure in fol-
lowing them, would prove fatal to the quality of the article
manufactured. I make no pretension to such perfect and inti-
mate knowledge myself; the means and opportunities of ac-
quiring it have not fallen to my lot. The opinion I express, is
simply the conviction of twenty years' acquaintance with the
subject of gunpowder generally, and of its manipulation in
particular ; coupled with the persuasion I feel, that much
misapprehension has existed in India with reference to the
true principles, both of its manufacture and proof; and that
none of the papers or documents that I have seen, voluminous
as they are, have set the matter on a firm basis. If, what has
been advanced in the foregoing paragraphs, shall have tended
to place the subject in a fairer light, and on a firmer foun-
dation, the design I had in view has been fulfilled, and the
task suggested to me, accomplished.

SECTION IX.—APPENDIX.
TO REFINE SALTPETRE.

281. Place a false bottom of wood, pierced with holes, in the
copper boiler. Throw in twenty-eight hundred weight of
grough saltpetre; add three hundred and ninety-two gallons of
the purest spring or river water that can be obtained.* Raise
quickly to a boiling heat. Boil three, four, or five hours, or
until free from scum. At intervals, during the boiling, throw
in small quantities of cold water; they are supposed to assist in
separating the impurities. Skim off the impurities that rise
to the surface. After sufficient boiling, let the fire decrease,
and allow the solution to remain quiet, to cool and subside for
two hours more.

® The proportion is a pound of water %0 a pound of nitre.
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282. Then pump or lade it out gently into the filtering
trough @, (see the annexed sketch). The filtering bags c are of
close wove canvass, doubled. Before the cocks 4 are turned
to let the solution into the filters ¢, a handful of pure, fine, dry,
river sand should be sprinkled round their insides, to assist in
filling up the meshes and pores of the canvass, and thereby
forming a more perfect filter. On turning the cocks b, the first
filtered portions of the solution will be received in the carrying
pans d, foul and not transparent; these must be returned into
the trough a, until the liquid filters through clear. When this
occurs, the filtered liquid is to be carried to the crystallizing-
pans, in which it should be suffered to remain about thirty-six
hours to crystallize. These pans are of copper, and of about
two feet six inches diameter, and twelve inches deep. They
stand on stills or broad wooden troughs, having at one end an
opening in the bottom, through which the mother-water escapes
when poured off; and falling thence into proper channels, is
conveyed into a general reservoir sunk below the floor of the
refinery. Crystallizing-pans of this size are preferable to larger
pans, because they are more convenient, and better adapted for
the purposes to be accomplished.

283. At the end of thirty-six hours pour off the water of
crystallization by raising the pans on edge,—the liquid will
escape as before mentioned; lower the pans again, and, with
a common gardener’s watering-pot, sprinkle the crystals, but
not too copiously, with water. Then set every two adjoining
pans on edge again, face to face to drain, block them up with
pieces of wood, and let them remain an hour or two, or until
wanted to be carried on in further process.

284. The nitre will require a second purification. This is
precisely similar to the first, only the proportion of water to be
used is three hundred gallons to thirty hundred weight of
crystals of the first refining. The filtering bags in this second
purification are used double, that is, one bag is placed in
another, so that the canvass is fourfold, for each single filter is
made of double cloth. After the mother-water is poured off,
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the nitre should be rinced or sprinkled as before, while in the
crystallizing-pans, (but with rain water,) and then the pans may
be set on edge to drain for six hours, or as much longer as
may be convenient.

285. After each process the filtering bags should be washed
clean, and be kept in that state ready for use. Wooden covers
should be placed over the pans during crystallization :- the
design is simply to preserve the solution from accidental con-
tamination. A little verdigris will be seen around the sides of
the crystallizing-pans at the surface where the crystals touch
the copper. It should be removed before the mother-liquor
is poured off.

286. In manufactories where much greater,labour and trouble
are bestowed on the purification of saltpetre than the foregoing,
it may perhaps be thought that the manual operations here
detailed can never effect the complete purification of nitre. It
is a fact, however, if they are properly performed, that they
do; and that nitre so purified will be delicately white in
appearance, and not indicate the slightest trace of muriatic
acid on the application of the proper test.* The filters un-
questionably constitute a most important feature of the process;
and some dexterity and experience are required in the art of
using them before the solution can be * run off well,” as the
workmen term it, thereby meaning that the liquid should be
obtained perfectly clear and transparent. And though it may
be not limpid like water, but somewhat coloured, in the first
purification, it will flow as clear as crystal in the second.

287. To assist in making the filters properly, I have given
in the sketch a figure x, shewing the shape of the canvass
before it be sewed together to form the bag. The scale of feet
and inches at the bottom of the plate will indicate the proper
size. Each bag is suspended by four loops of strong twine,
or small cord sewed on its upper edge at equal distances.

¢ I suppose the nitre to yield 80 per cent. of pure crystals, and not to be
less clean than that.
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288. If the purified nitre is required to be fused instead of
being sun-dried, let the water be well drained off before it be
thrown into the melting-pot, which should not be suffered to
acquire a red heat. As for the remainder, the process is so
simple that it requires no explanation. If the fused nitre be
laded into close moulds with covers, it should be allowed to
remain cooling before it is laded out of the melting-pot, until a
small icy-like ring be formed round the inside of the vessel on
the surface of the nitre;—lose no time in then removing it,
or it will become solid, and the whole will have to be melted
over again.

ON BURNING WOOD FOR CHARCOAL.

289. Sundry useful remarks relative to charcoal may be
found in paragraphs 47, 49, 53, and 54.

290. The cylinders used for charring wood in His Majesty’s
works are of cast iron, about six feet long, and two feet six
inches in diameter, fitted up in brick work, and accompanied
with conducting-pipes, and having reservoirs for the reception
of the liquid products of the wood. Such cylinders for the
purposes of a manufactory are the best, and perhaps the most
economical eventually: good charcoal may, however, be made
by a much more simple apparatus.

291. The powder alluded to in paragraphs 31 and 44 was
made of charcoal prepared in earthenware pipes about nine
inches in diameter, and two feet long, arranged in a small fur-
nace built with clay and a few bricks. The gas as it escaped
was set on fire, merely to get rid of its offensive pungency, and
it continued to burn like a gas-light, which in fact it was, as
long as the wood supplied what was necessary for supporting
combustion. When this ceased, the fire was allowed to go
out, and the atmosphere was prevented from having access to
the charcoal. When the pipes had cooled, the char was with-
drawn, and the process repeated until coal enough for the
experiment had been prepared.
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"~ 292. In charring in the large way, the only points to be
attended to are to keep the wood clean, to strip it of its bark,
and remove all decayed parts, not to overburn it, but to check
the process as soon as the last portions of the acid cease to
drip, or of gas to escape. After the cylinders have in some
degree cooled, and the charcoal is withdrawn, it should be
placed in air-tight iron receivers, in which it ought to remain
two or three days, or until it has become perfectly cold. One
or two repetitions of the process will, with what has already
been advanced on the subject, be sufficient to enable any
intelligent individual to conduct the operation satisfactorily.

ON REFINING SULPHUR.

293. A gun-metal or bell-metal melting-pot, two feet six
inches diameter, and one foot eight inches deep, is used in the
King's works for this process. It is desirable either not to
exceed this size, or to refine at one time no more sulphur when
melted than is equal to the cubic contents of this vessel, if
a larger melting pot should be already in use in a manufactory.
The reason is, that with a larger quantity of brimstone, the fire
is not so easily governed. Suppose a melting-pot of double
the capacity of the foregoing to be employed, it would evidently,
when nearly filled, require a higher temperature to conduct the
process : this higher temperature would either have an inju-
rious effect on the sulphur, by perhaps causing the production
of sulphurous acid, or occasioning waste by evaporation. There
is also more danger of the sulphur igniting.

294. I shall now describe the refining process ; but paragraph
61 may also be consulted. The brimstone is first coarsely
pounded, the impurest parts being rejected, and thrown aside
for another operation. Use a gentle fire, and add only small
quantities of sulphur at a time; and before more is added, let
what has been previously thrown into the melting-pot be com-
pletely fused. In His Majesty’s works, four hours are occupied
in melting as much sulphur as the fusing vessel will contain;
and when this has been effected, the fire is suffered to go out,
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and the sulphur to remain undisturbed to cool and subside for
about three hours longer. The scum or dross that arises
during the operation must of course be removed. How the’
sulphur is then treated may be seen in paragraph 61. The
appearance on its surface at the time it should be laded out of
the melting-pot, is perhaps more like the appearance of dust
upon water than regular crystallization (61), though that
appearance, if closely examined, will be found to consist of
minute ingipient crystals.

295. The bottom part of the brimstone of the first purifica-
tion is generally very impure. The upper portions are there-
fore to be gently and carefully laded out of the melting-pot ;
the subsidence or dross being stirred up and well mixed
together and put into a tub by itself; the purer portions of
it, when cold, are considered to be equal in quality to crude or
unrefined brimstone, and are to be carried forward in process
with it.

296. The sulphur must be refined a second time, but the
operation is exactly similar to the first, except that there will
be found no impurities like those just noticed at the bottom of
the melting vessel.

297. The foul scum and subsidence of the first purification,
and the very impure portions of the original sulphur, are
thrown together, and after being coarsely pounded are sub-
mitted to fusion, which, in the technicality of the manufactory,
is termed * The black pot.” A considerable quantity of brim-
stone is obtainable from it. The manual operations are the
same as before, until the melting-pot be full, when the filth
and scum will rise and bubble up in frothy incrustations,
which are to be removed with a gridiron skimmer, and
piled up round the pot to prevent the liquid sulphur from
flowing over. By constantly stirring the brimstone, the
ebullition will eventually cease, and a foul scum arise,
which must be removed and thrown aside; but the em-
bankment of skimmings may gradually be remelted. This
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operation occupies about eight hours, and when no further
scum arises, the whole of it may be stirred about and mixed
up together and laded out into the cooling tubs.

208. The purer part of this brimstone may be considered as
impure sulphur: but the subsidence and the foul skimmings
may be preserved for the process of sublimation, if it should
be thought necessary to continue the operation to that extent.

THE END.

I-. CLAY, PRINTER, BREAD-STREET-HILL.




















