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A. INTRODUCTORY HISTORY.

THE investigations which form the subject of this memoir have occupied our attention
for a considerable time, having been commenced in 1868. They have been made
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650 CAPTAIN NOBLE AND MR. F. A. ABEL ON FIRED GUNPOWDER.

collaterally with a series of experiments carried on by a Committee appointed by
the Secretary of State for War, with the view, among other objects, of determining
the most suitable description of powder for use in heavy ordnance, which is still con-
tinually increasing in size; indeed our main object has been to endeavour to throw
additional light upon the intricate and difficult subject under investigation by that
Committee.

There are perhaps few questions upon which, till within quite a recent date, such
discordant opinions have been entertained as upon the phenomena and results which
attend the combustion of gunpowder. As regards the question alone of the pressure
developed, the estimates are most discordant, varying from the 1000 atmospheres of
Ropins to the 100,000 atmospheres of RUMFORD; or even, discarding these extreme
opinions in favour of views which have been accepted in modern text-books as more
reliablé, the difference between an estimate of 2200* and of 29,000 atmospheres is
sufficiently startling as regards a physical fact of so much importance. The views
regarding the decomposition of gunpowder are nearly as various; and we therefore think
that a description and discussion of our own researches may be usefully preceded by a
short account of the labours of the previous investigators of this subject and of the
grounds upon which their conclusions were based.

In the year 1702, Dk 1A HigE, who, according to RoBiNs, was the first writer on the
force of fired gunpowder, supposed that it was due to the increased elasticity of the air
contained in and between the grains, the function of the powder itself being merely
that of a heating agent. RoBINs (who, however, greatly underrated the temperature of
explosion) pointed out that the elasticity so acquired would not exceed 5 atmospheres,
and that such a pressure was not the two-hundredth part of the effort necessary to
produce the observed effects.

RoBinst, in 1743, read before the Royal Society a paper in which he described expe-
riments tending to show that gunpowder, when fired, generated permanent gases which,
at ordinary temperatures and atmospheric pressure, occupied a volume 236 times greater
than that of the unexploded powder. He made further experiments to show that, at
the temperature which he conceived to be that of explosion, the elasticity of the per-
manent gases would be increased fourfold, and hence the maximum pressure due to
fired gunpowder would be about 1000 atmospheres.

Rozins considered that the whole of the powder (such as he employed) was fired before
the bullet was sensibly moved from its seat. He argued that, were such not the case,
a much greater effect would be realized from the powder when the weight of the bullet
was doubled, trebled, &c.; but his experiments showed that in all these cases the work
done by the powder was nearly the same.

# Broxawm, C. L., ¢ Chemistry, Inorganic and Organic,’ 1867, p. 427. Owzn, Lieut.-Col., R.A., ¢ Principles
and Practice of Modern Artillery,” 1871, p. 155.

t Proserr, G, ¢ Traité d’Artillerie Théorique et Expérimentale,” 1859, pp. 854-360.

T New Principles of Guunery, 1805, pp. 59-74.
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In 1778 Dr. Hurrox*, of Newcastle-on-Tyne, read before the Royal Society an
account of his celebrated researches in Gunnery; and in his 37th tract are detailed the
experiments from which he deduced the maximum pressure of gunpowder to be about
twice that given by RoBINs, or a little more than 2000 atmospheres.

Hurron, like Rosing, saw that the moving force of gunpowder was due to the elas-
ticity of the highly heated gases produced by explosion; and, upon the assumption that
the powder was instantaneously ignited, he gave formule for deducing the pressure of
the gas and velocity of the projectile at any point of the bore. These formule, the
principles of thermodynamics being then unknown, are erroneous, no account being
taken of the loss of temperature due to work performed ; but we shall have occasion to
point out that the error arising from this cause is not nearly so great as might be at
first supposed .

In 1797 Count RuMrorD f communicated to the Royal Society his experimental deter-
minations of the pressure of fired gunpowder; his results, although conjecturally
corrected by more than one writer, have retained up to the present time their position
as the standard, if not the only, series of experiments in which the pressure has been
obtained by direct observation.

In prosecuting his remarkable experiments Count RumMrorD had two objects in view:
first to ascertain the force exerted by exploded powder when it completely filled the
space in which it was exploded; secondly, to determine the relation between the
density of the gases and the tension.

The apparatus used by RuMFORD consisted of a small strong wrought-iron vessel or
chamber 025 inch (63 millims.) in diameter, and containing a volume of ‘0897 cubic
inch (147 cub. centim.). It was terminated at one end by a small closed vent filled
with powder, so arranged that the charge could be fired by the application of a red-hot
ball; at the other end it was closed by a hemisphere upon which any required weight
could be placed.

When an experiment was to be made, a given charge was plced in thie vessel, and a
weight, considered equivalent to the resulting gaseous pressure, was applied to the
hemisphere. If, on firing, the weight was lifted, it was gradually increased until it was
just sufficient to confine the products of explosion, and the gaseous pressure was calcu-
lated from the weight found necessary.

The powder experimented with was sporting, of very fine grain; and as it contained
only 67 per cent. nitre, it differed considerably from ordinary powder. Its specific gra-
vity (1-868) and gravimetric density (1:08) were also very high; but in his experiments
Count RuMFORD appears to have arranged so that the weight of a given volume of gun-

# Mathematical Tracts, 1812, vol. iii. pp. 209-316.

+ Hurrow, in a note to the new edition of Rosins’s ¢ Gunnery,” published in 1805, mentions that the elastic
force of gunpowder was considered by Joux BrrxouLLr to be that of 100 atmospheres, while DaNten BrrNovrrx
considered it to be equal to about 10,000 atmospheres.—Ros1ns, loc. cit. p. 57.

T Philosophical Transactions, 1797, p. 222.
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powder was nearly exactly equal to that of the same volume of water,—that is to say,
the gravimetric density was about equal to unity.

The curve drawn on Plate 13 exhibits the results of the first and most reliable series
of Count RUMFORD’s observations. It shows the relation he believed to exist between
the density of the gas and its pressure, and is expressed by the empirical formula
p=1-841g'"""" p being the tension and & the density of the gas.

The charges with which RUMFORD experimented were very small; the largest, with
one exception (by which his vessel was destroyed), was 18 grains (117 grm.). The total
quantity of powder required to fill the vessel was about 28 grains (1-81 grm.). It will
be observed that, if the curve (Plate 13) were supposed to be true up to the point when the
chamber is completely filled, the pressure exhibited would be about 29,000 atmospheres.
But, high as this result is, RuMFoRD considered it much below the truth. In addition to
the series the results of which are graphically represented, a second series was made,
the results of which were very discordant.

From Plate 13 it will be observed that, with a charge of 12 grains (0-78 grm)
(equivalent to a mean density in the products of combustion of 0:428), the tension of
the gas was in the first experiment about 2700 atmospheres; but in this second series
the tension with the same charge was repeatedly found higher than 9000 atmospheres.

The discrepancies between the two series of experiments are not explained ; but, relying
upon the second series, and on the experiment by which the cylinder was destroyed,
Rumrorp calculated that the tension of exploded gunpowder, such as that employed by
him, when filling completely the space in which it is confined, is 101,021 atmospheres
(662 tons on the square inch)*. He accounts for this enormous pressure by ascribing
it to the elasticity of the steam contained in the gunpowder, the tension of which he
estimates as being doubled by every addition of temperature equal to 30°F. e further
considers the combustion of powder in artillery and small arms to be comparatively slow,
and that hence the initial tension he assumes is, in their case, not realized.

In 1823 Gay-Lussac appears to have communicated to the *Comité des Poudres et
Salpétres” a report of his experiments upon the decomposition of gunpowderf. Gay-
Lussac’s products were obtained by allowing small quantities of gunpowder to fall into
a tube arranged to receive the gases, and heated to redness.  The collected permanent
gases, when analyzed, gave in 100 volumes 52:6 volumes of carbonic anhydride, 5 of
carbonic oxide, and 42-4 of nitrogen. Gay-Lussac gave the volume of these gases, at
a temperature of 0° C. and 760 millims. barometric pressure, as occupying 450 times
the space filled by the powder, the gravimetric density of which was ‘9. " PloBErr,
however, points out that Gay-Lussac’s results, thus stated, are not possible, and suggests
that, by an error, the quantity of gas actually found has been doubled.

ProBERT’S suggestion is, from various corroborative circumstances, exceedingly pro-

#* Rouwmrorp, loc. cit. p. 280.
+ We have been unable to obtain the original of this report; see, however, Proserr, loc. cit. p. 293.
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bable, and is confirmed by the fact that Gav-Lussac himself estimated the permanent
gases at about 2560 volumes.

In 1825 CrEvREUL¥*, after drawing attention to the difference in the decomposition
of gunpowder when occurring explosively, as in the bore of a gun, and when taking
place slowly, as by ignition in open air, supposes the decomposition in the former case
to be represented by the equation .

2K NO;+S+C,=K, S+N,+3CO,.

He points out that the actual constituents of gunpowder are employed in proportions
almost in exact accordance with this formula; and the same view appears to have been
taken by GranaM{, who further supposes that the potassium sulphide is converted into
sulphate on coming into contact with the air.

CHEVREUL gives potassium sulphide, sulphate, carbonate, cyanide, nitrate or hypo-
nitrite, and carbon as composing the solid residue of gunpowder when burnt slowly ; and
gives further, as the result of some experiments of his own, for the gaseous products in
100 volumes :—

Carbonic anhydride . . . . 4541 vols.

Nitrogen . . . . . . . 3783 ,,
Nitrous oxide . . . . . . 810
Sulph. hydrogen . . . . . 0489 ,,
Marsh-gas . . . . . . . 3880

Carbonic oxide . . . . . 487

bh)

Between the years 1831-36 a great number of very important experiments, chiefly
upon the combustion and inflammation of gunpowder, were made by General P10oBERT.
The results of these experiments, together with PI0OBERT’S theoretical views, are contained
in his work on the properties and effects of gunpowder.

P1oBERT considered that the velocity of inflammation of gunpowder, that is the trans-
mission of the ignition from one grain to another, when the charge was contained in a
close vessel or tube offering a high resistance, was very great; but he did not{ consider
that the influence of the high temperature and great tension of the gases exercised a
sensible effect in increasing the rapidity of combustion of the individual grains.

It is somewhat difficult to collect his views upon the subject of the decomposition of
gunpowder; and his work on this point must be taken more as a résumé of the views of
chemists on the subject than as an expression of his own. He seems, however, to have
ascribed a great influence to the mode of ignition, even on the quantity of permanent
gases, and quotes results varying from 200 volumes to 650 volumes ||, all taken at atmo-
spheric temperatures and pressure.

# Dictionnaire des Sciences Naturelles, tom. xxxv. p. 58.

t Encyclopedia Britannica, Art. ¢ Gunpowder.”

% Prosrrr, G, ¢ Traité d’Artillerie, Propriétés et Effets de la Poudre,” 1859.
§ Loc. cit. pp. 158-162. I Loc. eit. p. 292,



64 CAPTAIN NOBLE AND MR. F. A. ABEL ON FIRED GUNPOWDER.

He states that, from theory*, the quantity of gas should be comprised between 330
and 350 volumes, and should amount in weight to three fifths of that of the powder.

As regards the tension of the products at the moment of explosion, he accepts as
tolerably correct the first series of RUMFORD’S experiments, and makes the pressure of
gunpowder, when fired in its own space, about 23,000 atmospheres.

He further considers it possible that the presencef of the vapour of water may add
to the explosive force of gunpowder. He shares RUMFORD'S views as to the solid
products being in the state of vapour at the moment of explosion; he ascribes the high
tension he assumes to the difference in the behaviour of vapours and permanent gases
when highly heated, and divides the phenomenon of explosion into two very distinct
epochs :—the first when the solid products are in the state of elastic vapours, adding
their tension to that of the permanent gases; the second epoch being when the perma-
nent gases act alone, the vapours being condensed.

In 1843 General CavaLrLi§ proposed to apply to an experimental gun, at various
distances from the bottom of the bore, a series of small barrels of wrought iron, arranged
to throw a spherical bullet which would be acted upon by the charge of the gun while
giving motion to its projectile. By ascertaining the velocities of these bullets, CAVALLI
considered that the tensions in the bore would be ascertained. This arrangement was
carried out with a “ canon de 16,” under his own superintendence, in 1845; and from
these experiments was deduced the theoretical thickness of the metal at various points
along the bore.

General CavaLLr appears to have estimated at a very high rate the tensions realized
in the bores of guns. He]|| considered that, with the Belgian ¢ brisante” powder of
1850, a tension of 24,000 atmospheres (158 tons per square inch) was actually realized,
while in the less inflammable powders the tension was, he considered, under 4000
atmospheres.

In 1854 a Prussian Artillery Committee made a series of experiments9 to determine
the pressure exerted by the powder in the bores of the 6- and 12-pounder smooth-bored
guns.

The plan adopted was a great improvement on that suggested by CavALLI, and was
as follows :— :

In the powder-chamber a hole was drilled, and in this hole was fitted a small gun-
barrel of a length of, say, 8 inches. Now, if the gun be loaded, and if in the small side
barrel we place a cylinder whose longitudinal section is the same as that of the projec-
tile, when the gun is fired, on the assumption that the pressure in the powder-chamber is
uniform, the cylinder and the projectile will in equal times describe equal spaces, and

* ProBERT, loc. ¢it. p. 291, + Loc. cit. p. 359. 1 Loc. cit. p. 316.

§ Revue de Technologie Militaire, tom. ii. p. 147.

| Cavarrr, Gen., ¢ Mémoire sur les Eclatements des Canons &c.,” 1867, p. 83.

9 Archiv fiir die Offiziere der Koniglich Preussischen Artillerie- und Ingenieur-Corps, tom. xxxiv. p. 2.
Revue de Technologie Militaire, tom, i, p. 9, tom. ii. p. 152.
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after the cylinder has travelled 8 inches it will be withdrawn from the action of the
charge. If, then, we know the velocity of the cylinder, we know that of the projectile
when it has travelled 8 inches. Again, if we make the section of the cylinder half that
of the projectile, it will describe in the same time double the space and have acquired
double the velocity, and so on; so that, for example, if the section of the cylinder be
one eighth of that of the projectile, we shall, if we know the cylinder’s velocity, know
that of the projectile when it has travelled 1 inch. -

The general results at which the Prussian Committee arrived were, that in the
6-pounders the maximum pressure realized was about 1100 atmospheres (7'2 tons per
square inch), and in the 12-pounders about 1300 atmospheres (8:5 tons per square inch).
They further found that, with every charge with which they experimented, two maxima
of tension were distinctly perceptible. ’

These experiments were made the subject of an elaborate memoir by the dlstmgulbhed
Russian Artillerist General MaYEvski*, who confirmed generally the results arrived at
by the Prussian Committee.

Between the years 1857 and 1859 Major RopmaN{ made an extensive series of
experiments on gunpowder for the United States Government.

The chief objects of RoDMAN’S experiments were:—1st, to ascertain the pressure
exerted on the bores of their then Service Guns; 2nd, to determine the pressures in
guns of different calibres, the charges and projectiles in each calibre being so arranged
that an equal column or weight of powder was behind an equal column or weight of
shot; 3rd, to investigate the effect produced on the gaseous tension in the bore of a
gun by an increment in the size of the grains of the powder; and 4th, to determine
the ratio which the tension of fired gunpowder bore to its density.

In carrying out these experiments, RopMAN made use of an instrument devised by
himself, and since extensively used on the Continent. It is represented in Plate 14.
fig. 1, and consists of a cylinder, A, communicating by a passage, B, with the bore
of the gun or interior of the vessel, the pressure existing in which it is desired to
measure.

In the cylinder is fitted the indicating-apparatus, consisting of a piece of copper, C,
against which is placed the knife D, shown in elevation and section. The pressure
of the gas acting on the base of the piston E causes the indenting-tool to make a cut
on the soft copper, and, by mechanical means, the pressure necessary to make a similar
cut in the copper can be determined. :

A small cup at F prevents any gas passing the indenting-tool, while the little channel
G allows escape should any, by chance, pass.

RopMaN considered that his experiments showed that the velocities obtained in lalge
guns with the service small-grained powder might be obtained, with a greatly diminished

# Revue de Technologie Militaire, tom. ii. p. 174.
+ Experiments on Metal for Cannon and qualities of Cannon Powder. Boston, 1861,
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strain on the gun, by the use of powder properly adapted in size of grain to the calibre
and length of bore proposed to be used.

RopMAN’S conclusions on this head are extremely valuable, although, as has been
elsewhere pointed out*, some of his experimental results are open to grave criticism.
His experiments on the relation between the tension and density of powder (the powder
being placed in a strong shell and fired through a small vent) were not carried far enough
to be of much value ; but on Plate 13. fig. 2 we have represented his results in comparison
with those of RUMFORD.

RopumAN also made an attempt to determine the pressure that would be exerted when
powder was exploded in its own space. He fired the charges, as before, through a vent
in a strong shell, and considered that the maximum pressure would be realized before
the shell burst. IHis results were very various, ranging from 4900 to 12,400 atmo-
spheres, the highest tension being obtained with the smallest charge. These anomalous
results were probably due to the distance from the charge at which his instrument was
placed, the products of combustion doubtless attaining a very high velocity before acting
on the piston.-

In 1857 BunsEN and ScHISCHKOFF publishedf their very important researches on
gunpowder. Their experiments were directed, first, to determine the nature and pro-
portions of the permanent gases generated by the explosion of gunpowder; secondly,
to determine the amount of heat generated by the transformation. - With the aid of
these experimental data they deduced, from theoretical considerations, the temperature
of explosion, the maximum pressure in a close chamber, and the total theoretical work
which gunpowder is capable of performing on a projectile.

The powder in these experiments was not exploded, but deflagrated, by being allowed
to fall in an attenuated stream into a heated bulb in which, and in the tubes connected
with it, the products were collected. v

The transformation, according to these experimenters, experienced by gunpowder in
exploding, is shown in the following scheme. It will be observed that the permanent
gases represented only about 31 per cent. of the weight of the powder, and occupied at
0° C. and 760 millims. only 193 cubic centims.—that is, approximately, 193 times the
volume occupied by the unexploded powder.

* Nosrg, “Tension of Fired Gunpowder,” Proc. Royal Institution, vol. vi. p. 282.

+ PocerNDORFr’s ¢ Annalen,’ vol. cii. p. 325, A translation of Bunsuy and ScHISCEEKOFF’S memoir appeared
in the occasional papers of the Royal Artillery Institution, vol. i. p. 297; see also, at p. 8312 of the same
volume, Mr. Aper’s remarks on Bunsex and ScaIscExorr’s results.
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TaBLe I.—Showing the transformation experienced by Gunpowder after BUNSEN
and SCHISCHKOFF.
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In Table III. a comparative statement is given of the foregoing results with those of
other recent experimenters and with those furnished by our investigations.

Bunsen and ScHISCHEOFF  determined the number of units of heat generated by
combustion, by exploding a small charge of powder in a tube immersed in water. They
found that the combustion of a gramme of powder gave rise to 620 gramme-units of
heat; and hence they calculated that the temperature of explosion, in a close chamber
impervious to heat, was 8340° C (5980° F.).

From the above data the pressure in a close vessel is deducible; and they computed
that the maximum pressure which the gas can attain, which it may approximate to but
can never reach, is about 4374 atmospheres, or 29 tons on the square inch. '

BunseN and ScuiscHROFF further computed the total theoretical work which a kilo-
gramme of gunpowder is capable of producing on a projectile at 67,400 kilogrammetres.

In the course of our paper we shall have frequent occasion to refer to these very
important researches.

In 1858 Dr. J. LiNck* repeated, with Wiirtemburg war-powder, BuNsEN and
ScHISCHKOFF'S analysis of the products of combustion, which were obtained by the same
method. The composition of the powder used is given in Table II.

Linck’s results, which we have placed in the same Table as those of BUNSEN and
ScuIscHEOFF, differed in several points from the results of the latter chemists, but chiefly
in the much smaller quantity of potassium sulphate found. LiNck considered that 1
gramme of the powder used generated 2183 cub. centims. of,gas.

In 1863 M. vox KARroLYI} examined the products of combustion of Austrian musket-
and ordnance-powder.

# Annalen der Chemie, vol. cix. p. 53.
+ PoeeENDORFF’s ¢ Annalen,” April 1863, Philosophical Magazine, ser, 4, vol. xxvi. p. 266.

MDCCCLXXY. I
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M. voy KaroLv’s method of obtaining the products of combustion consisted in
suspending in a spherical shell a small case containing a charge of the powder to be
experimented with. Before firing the charge, the air contained in the shell was
exhausted ; the powder was fired by electricity.

The arrangement will readily be understood from the sketch shown in fig. 3, Plate 15.

After combustion, the gases were obtained for examination by means of the stop-
cock, while the solid residue remaining in the shell was removed with water and filtered.

The composition of the powders used is given in Table II., and the results of analysis
in Table III. Vox KARroLYI computed that the gases resulting from I gramme of small-
arm powder generated 2266 cubic centims., and from 1 gramme of ordnance-powder
2009 cub. centims.

The Astronomer Royal, Sir G. B. ARy, in a paper*® published in 1863, “On the
Numerical Expression of the Destructive Energy in the Explosions of Steam-boilers,
and on its comparison with the Destructive Energy of Gunpowder,” considers that “the
destructive energy of 1 cubic foot of water (6223 1b.=2823 kilos.) at the temperature
which produces the pressure of 60 1b. to the square inch is equal to that of 1 pound of

_gunpowder, and that the destructive energy of 1 cubic foot of water at the temperature
which produces the pressure of 60 1b. to the square inch, surrounded by hot iron, is
precisely equal to the destructive energy of 2 lb. of gunpowder as fired in a cannon.”

AIRY takes the energy of a kilogramme of powder as fired from a gun at 56,656
kilogrammetres==82'894 foot-tons per lb. of powder; so that the total energy of
gunpowder would be somewhat less than double the above value. e states, however,
that this estimate does not pretend to be very accurate.

In 1869 were published, in the ¢Zeitschrift fiir Chemie’, the results of some
experiments made by Colonel Frporow to determine whether the products varied
materially with the mode of combustion.

FEpOROW experimented (1) by firing a pistol with a blank charge into a glass tube
4 feet long, (2) and by firing a shotted 9-pounder bronze gun with 3 lb. of powder; the
residues were in each case dissolved in water and analyzed.

The composition of the powder employed by FEDOROW is given in Table IL., and his
analytical results are shown in Table 1IL.

From the experiments with the gun, FEpoROW calculated that the gaseous products
were 82:6 cub. centims. N, 1621 cub. centims. CO,, and 14 cub. centims. SO, and O.
He considers that several successive reactions take place during combustion, that
potassium sulphate and carbonic anhydride are first formed, while the excess of carbon
reduces the sulphate to carbonate, hyposulphite, and carbonic anhydride.

In 1871 Captain NoBwE{, one of the present writers, in detailing to the Royal
Institution his earlier researches on the tension of fired gunpowder, stated that the
conclusion at which he had arrived from the results of his experiments, where the

# Philosophical Magazine, ser. 4, vol. xxvi. p. 329, + Vol. v. p. 12.
t Proceedings of Royal Institution, vol. vi, p. 282. Revue Scientifique, No. 48, p. 1125.
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products of combustion were entirely or partially confined, was, that the maximum
pressure of fired gunpowder, of the usual gravimetric density, when unrelieved by
expansion, did not greatly exceed 6100 atmospheres (40 tons to the square inch).
Upon the same occasion a curve was exhibited, showing the relation between the
tension and the density of the exploded products. These results have been confirmed by
our present more extensive and exact investigations.

Captain NoBLE also stated that, by means of a special apparatus, which was fully
described at the time, he had not only determined the tension of the gases at various
densities, but had exploded considerable charges filling entirely the chambers of close.
vessels, and had altogether retained and at pleasure discharged the gaseous and other
products of combustion *. |

BerraELoTT published, in 1872, a collection of theoretical papers upon the force of
powder and other explosive substances.

BerrueLoT does not attempt to evaluate the force of fired gunpowder, but evidently
accepts as tolerably correct] the tensions assigned by RumMrorp and P1oBERT, and accounts
for the discrepancy between their conclusions and those of the modern chemists by
assuming that the laws of Martorre and Gay-Lussac lose all physicai significance for
pressures so enormous as those developed in the combustion of gunpowder.

BerTaELOT is disposed § to think that dissociation plays a considerable role during the
expansion of the products in the bore of a gun. He supposes that the phenomena of
dissociation do not exercise their influence only during the period of maximum effect,
but that, during the expansion of the gases, a cooling effect is produced, by which a
more complete combination is effected and more heat disengaged. ‘

Taking BuNseEN and SCHISCHKOFEF’S experiments as a basis, BERTHELOT expresses the
decomposition experienced by gunpowder by the equation ||

16KNO,+6S+18C=>5K, S0,+2K, CO, + K, S+16N+11C0,,

which he considers represents their results with sufficient exactness.

In 1873 M. pE TroMENECY communicated to the Academy of Sciences a short memoir
on the means of comparing the absolute force of varieties of powder. His method was
based upon the principle that, when a body is exploded without producing mechanical
effect, the «force disponible” is converted into heat, and that it is only necessary to
explode a given weight in a close vessel and determine the heat produced.

The apparatus used by DE TROMENEC was closed in much the same manner as was

* In the present paper, in Section K, the results of some of Capt. NopLe’s earlier experiments are given.
They accord, as will be seen, exceedingly well with the series we have discussed at length; but a few experi-
ments made with a fine-grained powder are excluded, both because the powder, being sporting, was not com-
parable with the fine-grain used in the present researches, and because the differences in their composition are
unknown, the sporting-powder not having been analyzed.

+ Sur la Force de la Poudre. Paris, 1872, 1 Loe. cit. p. 80. § Loc. cit. p. 83.

I Loe. cit. p. 91. 4 Comptes Rendus de I’Académie des Sciences, tom. lxxvii, p. 126,

12
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that employed by Captain NoBLE in his earlier experiments already alluded to. The
three kinds of powder experimented with gave results varying between 729 and 891
calories generated by the combustion of 1 kilogramme of powder.

In the same * number of the ¢ Comptes Rendus’ in which DE TROMENEC’S memoir is
given, appears a note by MM. Roux and SARRAU, in which, and in a subsequent notef,
are determined, with small charges, some of the points to which our own investigations
have been specially directed.

MM. Roux and SARrRAU have given, for five species of powder, the number of
calories and volume of gas generated by a given weight of powder, and have from these
data calculated the temperature of combustion and tension of the gas. -

With one of the powders, representing closely the composition of those chiefly
experimented with by us, the number of calories and volume of the gas agree nearly
exactly with the numbers found by ourselves. There is, however, a considerable differ-
ence in our determinations (both theoretical and experimental) of the tension of the gas
and also of the temperature of explosion, the temperature being estimated by Roux and
SARRAU at about 4200° C. and the tension at about 4700 atmospheres.

We shall return, however, to these points when discussing our own experiments.

B. OBJECTS OF EXPERIMENTS.

The chief objects which we had in view in making these investigations were :—

First. To ascertain the products of combustion of gunpowder fired under circum-
stances similar to those which exist when it is exploded in guns or mines.

Second. To ascertain the tension of the products of combustion at the moment of
explosion, and to determine the law according to which thé tension varies with the
gravimetric density of the powder.

Third. To ascertain Whgther' any, and, if so, what well-defined variation in the nature
or proportions of the products accompanies a change in the density or size of grains
of the powder.

. Fourth. To determine whether any, and, if so, what influence is exerted on the
nature of the metamorphosis by the pressure under-which the gunpowder is fired.

Fifth. To determine the volume of permanent gases liberated by the explosion.

Siazth. To compare the éxplosion of gunpowder fired in a close vessel with that of
similar gunpowder when fired in the bore of a gun. ‘

Seventh. To determine the heat generated by the combustion of gunpowder, and
thence to deduce the temperature at the instant of explosion.

EBighth. To determine the work which gunpowder is capable of performing on a shot

in the bore of a gun, and thence to ascertain the total theoretical work, if the bore be
supposed of indefinite length.

# Comptes Rendus, tom, Ixxvii, p. 138, + Ibid. p. 478.



CAPTAIN NOBLE AND MR. F. A. ABEL ON FIRED ‘GUNPOWDER. 61

C. METHODS OF EXPERIMENT.

1. Explosion-apparatus.

‘We propose, in the first place, to describe the principal apparatus used in these
investigations, and shall commence with that portion which is of primary importance,
viz. the vessel in which the explosions were produced. Two sizes of vessels were used,
the larger being capable of holding about 2} Ib. (1 kilogramme) of powder, the other
being about half that capacity. '

Both vessels were of the same general construction, and similar to that described in
Captain NoBLE’s Lecture at the Royal Institution already referred to. A drawing of
the apparatus is given in Plate 14. figs. 2 & 8.

A (see figs. 2 & 3) is a mild steel vessel of great strength, carefully tempered in oil,
in the chamber of which (B) the charge to be exploded is placed.

The main orifice of the chamber is closed by a screwed plug (C), called the firing-
plug, which is fitted and ground into its place with great exactness.

In the firing-plug itself is a conical hole, which is stopped by the plug D, also ground
into its place with great accuracy. As the firing-plug is generally placed on the top of
the cylinder, and as, before firing, the conical plug would drop into the chamber if not
held, it is retained in position by means of the set-screw S, between which and the
cylinder a small washer (W) of ebonite is placed. After firing, the cone is, of course,
firmly held, and the only effect of internal pressure is more completely to seal the
aperture. At E is the arrangement for letting the gases escape; the small hole F
communicates with the chamber where the powder is fired, and perfect tightness is
secured by means of the mitred surface (G). When it is wished to let the gases escape,
the screw E is slightly withdrawn, and the gas passes into the passage H.

At K isplaced the * crusher-apparatus ” for determining the tension at the moment of
explosion.

‘When it is desired to explode a charge, the crusher-apparatus, after due preparation,
is first carefully screwed into its place, and the hole F closed. =The cone in the firing-
plug is covered with the finest tissue-paper, to act as an insulator.

The two wires LL, one in the insulated cone, the other in the cylinder, are connected
by a very fine platinum wire passing through a small glass tube filled with mealed
powder. Upon completing connexion with a DANIELL’S battery the charge is fired.

The only audible indication of the explosion is a slight click; but frequently, upon
approaching the nose to the apparatus, a faint smell of sulphuretted hydrogen is
perceptible.

The difficulties we have met with in using this apparatus are more serious than migh
at first sight appear.

In the first place, the dangerous nature of these experiments rendered the greatest
caution necessary, while, as regards the retention of the products, the application of
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contrivances of well-known efficacy for closing the joints, such as papier-mdché wads
between disks of metal (a method which has been successfully employed with guns), are
inadmissible, because the destruction of the closing or cementing material used, by
the heat, would obviously affect the composition of the gas. Every operation con-
nected with the preparation of the apparatus for an experiment has to be con-
ducted with the most scrupulous care. Should any of the screws not be perfectly
home, so that no appreciable amount of gas can escape, the gases, instantly upon their
generation, will either cut a way out for themselves, escaping with the violence of an
explosion, or will blow out the part improperly secured, in either case destroying the
apparatus.

The effect produced upon the apparatus, when the gas has escaped by cutting a
passage for itself, is very curious. If, for example, one of the plugs has not been
sufficiently screwed home, so that the products of combustion escape between the male
and female threads, the whole of these threads at the point of escape present the
appearance of being washed away, the metal having been evidently in a state of fusion,
and carried over the surface of the plug by the rush of the highly heated products.

Again, the difficulty of opening the vessel after explosion, when large charges have
been used, is very great. This will be readily understood when the temperature and
pressure of explosion are considered.  The exploding-chamber being filled with products
intensely heated and under an enormous pressure, there is an expansion of the interior
surface of the cylinder. Hence small portions of the fluid products become forced in
between the threads of the screws. These solidify into a substance of intense hardness,
which cements together the metal surfaces, and, on cooling, the contraction of the
cylinder puts such a pressure on the screw, that, in attempting to open it, seizure is
very difficult to avoid. In one or two cases it was found impossible to open the
cylinder until melted iron had been run round it, so as to cause it to expand.

This difficulty has been in a great measure avoided, in the more recent experiments,
by making the screws conical, so that when once started clearance is rapidly given, and
they are removed with comparative ease.

2. Measurement of Pressure.

The apparatus used for the measurement of the tension of the gas was precisely
similar to that which has been used by the Committee on Explosives, and consists of a
screw-plug of steel (Plate 14. figs. 4 & 5), which admits of a cylinder of copper or other
material (A) being placed in the small chamber (B). The entrance to the chamber is
closed by the movable piston (C), and the admission of the gas is prevented by the use
of the gas-check, D. 'When the powder is fired, the gas acts upon the base of the piston
and compresses the cylinder. The amount of compression of the cylinder serves as an
index to the force exerted, the relation between the amount of crush and the pressure
necessary to produce it being previously carefully determined.
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8. Measurement of the Volume of the Permanent Gases.

The apparatus used for the measurement of the permanent gases is shown in Plate
15. figs. 1 & 2. A is a vessel the annular space (B) of which is filled with water; on
the surface of this a thin film"of oil is floated, to prevent any slight absorption of the
gas which might otherwise take place.

Immediately after the explosion of a charge, the gas from which it is desired to
measure, the cylinder (C) containing the produects is placed on the table (D), and the
gasometer (E)is placed over the cylinder; the height of the water on the glass scale (F)
being then registered, the escape-screw (G) of the cylinder is turned, by means of a
turncock passing through the stuffing-box (M).

When the gas has all escaped, the height indicated on the glass scale being again
registered, the cubic contents are known, and the thermometer (H) and height of
barometer being noted, the necessary data are available for reducing the volume of
the gas to a temperature of 0°C. and a barometric pressure of 760 millims.

4. Measurement of Heat.

‘To determine the heat generated by explosion, a charge of powder was weighed and
placed in one of the smaller cylinders described, which was kept for some hours in a
room of very uniform temperature. 'When the apparatus was throughout of the same
temperature, the thermometer was read, the cylinder closed, and the charge exploded.

Immediately after explosion the cylinder was placed in a calorimeter containing a
given weight of water at a measured temperature, the vessel being carefully protected
from radiation, and its calorific value in water having been previously determined.

The uniform transmission of heat through the entire volume of water was maintained
by agitation of the liquid, and the thermometer was read every five minutes until the
maximum was reached. The observations were then continued for an equal time to
determine the loss of heat in the calorimeter due to radiation, &c.; the amount so
determined was added to the maximum temperature.

In this method there is a possible source of error; the walls of the cylinder being of
very considerable thickness, it is obvious that, although the outer surface of the cylinder
must be of the same temperature as the water, it by no means follows that this is true
of the internal surface; consequently the loss of heat due to radiation, &c. may be in
some degree compensated by a flow of heat from the interior.

We had reason, from some experiments we made, to believe that the error due to this
cause was very small ; and our views were confirmed by finding no appreciable rise of

temperature on placing some water from the calorimeter into the chamber of the
cylinder immediately after an experiment.

6. Collection of Gaseous Products.

To collect the gases for analysis, a small pipe was screwed into the escape-passage (H)
of the cylinder (Plate 14. figs. 2 & 8), and an india-rubber tube, terminating in a glass
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nozzle, was led to a mercurial trough. Before the gas was taken, a sufficient quantity
was allowed to escape to clear the tubes of air; the gas was then collected in tubes
over mercury, and confined in the usual manner by sealing them with the blowpipe.

The gas was generally collected in from five to fifteen minutes from the time of
explosion. Owing to the dangerous nature of the experiments, and the precautions
necessary to be adopted in exploding such considerable charges of powder, it was not
generally possible to collect the gases more rapidly; but a comparison of the analysis
of different tubes taken from the same experiment has shown that, at all events within
moderate limits, no change takes place in the composition of the gas by its continued
contact with the solid products.

6. Collection of Solid Products.

The collection of the solid products presented much more difficulty than that of
the gaseous products. On opening the cylinder, the whole of the solid products were
found collected at the bottom, there being generally an exceedingly thin (in fact, with
large charges, quite an inappreciable) deposit on the sides. Upon the firing-plug there
was usually a button of deposit, which differed considerably both in appearance and
in chemical composition from the rest. In the button a crystalline structure was
quite apparent, some of the crystals being large and transparent. The surface of the
deposit was generally perfectly smooth and of a very dark grey, almost black, colour.
This colour, however, was only superficial, and through the black could be perceived
what was probably the real colour of the surface, a dark olive-green. The surface of
the deposit, and the sides of the cylinders, had a somewhat greasy appearance, and were
indeed greasy to the touch. On the smooth surface were frequently observed very
minute particles, in appearance like soot, but of the greasy texture to which we have
alluded.

The removal of the deposit was generally attended with great difficulty, as it formed
an exceedingly hard and compact mass, which always had to be cut out with steel
chisels. Lumps would frequently break off, but a considerable portion flew off before
the chisel in fine dust. In various experiments, on examining the fracture as exhibited
by the lumps, the variation in physical appearance was very striking, there being
marked differences in colour, and also, frequently, a marked absence of homogeneity,
patches of differenit colours being interspersed with the more uniform shade of the
fracture. There was no appearance of general crystalline structure in the deposit; but,
on examination with a microscope and sometimes with the naked eye, shining crystals
of metallic lustre (sulphide of iron) were observed. On the whole, the general appear-
ance of the deposit was attended with such considerable variations, that, for minute
details, we must refer to the account of the experiments themselves. The deposit
always smelt powerfully of sulphuretted hydrogen, and frequently strongly of ammonia.
It was always exceedingly deliquescent, and after a short exposure to the air became
black on the surface, gradually passing over into an inky-looking pasty mass. As in



CAPTAIN NOBLE AND MR. F. A. ABEL ON FIRED GUNPOWDER. 65

physical appearance, so in behaviour of the solid, when removed from the cylinder, there
were considerable differences between the experiments. The deposit was transferred
to thoroughly dried and warm bottles, and sealed up as rapidly as possible. In most
cases, during the very short time that elapsed while the transference was being made, no
apparent change took place; but in some a gréat tendency to development of heat was
apparent; and in one instance, in which a portion of the deposit (exhibiting this
tendency in a high degree) was kept exposed to the action of the air, the rise of tempe-
rature was so great that the paper on which it was placed became charred, and the
deposit itself changed colour with great rapidity, becoming a bright orange-yellow on
the surface.

This tendency to heating always disappeared when the deposit was confined in a bottle
and fresh access of air excluded.

The portion of the residue which could not be removed from the cylinder in a dry
state was dissolved out with water, the solution being reserved for examination in well-
closed bottles.

D. ANALYSIS OF THE PRODUCTS OF EXPLOSION.

1. Gaseous Products.

The method pursued for the analysis of the gaseous products of explosion presented
only one important point of difference from that pursued by BuNSEN and SCHISCHKOFE.
The volume of gas at command being more considerable than was the case in the inves-
tigations of those chemists, it was found more convenient to have recourse to methods
for determining the sulphuretted hydrogen differing from that which they adopted—
namely, its estimation by oxidation of the sulphur in the ball of potassium hydrate
employed for absorbing the carbonic anhydride and sulphuretted hydrogen together.
In some instances the volume of this gas was ascertained by absorption with manganese
balls, but generally the following indirect method was pursued. The combined volume"
of carbonic anhydride and sulphuretted hydrogen was determined in one portion of the
gas by means of potassium hydrate; another portion of gas was then treated with a
small quantity of cupric sulphate, and the volume of carbonic anhydride determined in
the gas thus freed from sulphuretted hydrogen.

The following numerical data relating to the analysis of the gases obtained by the
explosion of 190'56 grms. of R.L.G. gunpowder (of Waltham-Abbey manufacture) in
five times its own space are given in illustration of the detailed result obtained :—

L
Volume. Tempe- Pressure.  Volume corrected
rature. for temperature
o and pressure.
1. Original volumeof gas . . . . 1444 133 0-7243 99-80
2. After absorption of CO, and SH, . 782 13-3 0-6727 50-16
8. After absorption of oxygen . . . 769 144 0-6795 49-64

MDCCCLXXYV. K
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1.
Volume. Tempe- Pressure.  Volume corrected
rature. for temperature
. 1 " b ° and pressure.
4. Volumeof original gas aftera sorp-}
. 144 . . .
tion of sulphuretted hydrogen . 42 142 07293 99-97
5. After absorption of CO, . . . . 822 16-3 0:6672 51-76
6. After absorption of oxygen . . . 806 188 06735 50-79
IIT.
7. POl‘f'JIOIl of 8 transferred to eu-} 174-8 154 01983 39-81
diometer _ Coe e e
8%  After addition ofair . . . . . 2484 155 02712 6375
9. After addition of oxygen . . . . 3199 156 0-3427 103-58
10. Aft(;rs explosion with oxyhydrogen} 3108 158 03302 97-02
11. After absorption of CO, . . . . 2916 18-3 0-3271 89-39
12. Portlo.n of 11 transferred to clean} 3015 18+6 0-3141 8866
eudiometer- e
13. After addition of hydrogen . . . 5508 189 0:-5642 290-85
14. After explosion (dry) . . . . . 4160 18-8 0-4295 167-16

By calculation from the above data, the composition’of this gas, in volumes per
cent., was found to be as follows :—

Carbonic anhydride . . . . . . . 4617
Sulphuretted hydrogen . . . . . . 391
Oxygen . . . . . . . . . . . 052
Carbonic oxide . . . . . ., . . . 1146
Marsh-gas . . . . . . . . . . 003
Hydrogen . . . . . . . . . . 272
Nitrogen. . . . . . . . . . . 3518

The gas in each experiment was generally collected in three or four large tubes.
The contents in one tube sufficed, in most instances, for the complete analysis; but the
results obtained were always controlled by determinations of several, if not of the
whole, of the constituents in the contents of another tube. Only in one instance were
the contents of different tubes, collected from one and the same experiment, found to
differ materially in composition; in this particular instance the proportion of sulphu-
retted hydrogen in the different tubes was discordant. The mean of the results fur-
nished by the contents of the three tubes was taken to represent the composition of
the gas.

# Air was added to dilute the gas in this and one or two subsequent explosion experiments ; but this precau-
tion was found to be unnecessary, and was therefore not continued.
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2. Solid Residue.—Preparation of the Residue for Analysis.

The residue, as collected for analysis, consisted of one or more large masses, besides
a quantity in a more or less fine state of division which had been detached from the
sides of the vessel. The appearance presented by the large pieces themselves indicated
that they were by no means homogeneous, and they evidently differed in some respects
from the 'smaller particles just referred to; moreover the foreign matters (metal and
glass) could not be expected to be uniformly distributed throughout the mass, and a
chemical examination of the latter clearly indicated that certain constituents existed in
different proportions in the upper and lower parts of the residue. For these reasons,
in order to insure the attainment of results correctly representing the composition of

“the residue, it appeared indispensable to operate upon the entire quantity at one time,
with the view of determining the total amount of matter insoluble in water, and of
preparing a solution of uniform composition in which the several components of the
residue could be estimated. As the investigation proceeded, much inconvenience and
delay were experienced from the necessity of working with very large quantities (from
400 to 100 grms.), which rendered the filtrations and washings protracted operations,
and necessitated dealing with very large volumes of liquid. It was therefore attempted
to expedite the examination of the residues by so preparing them that only portions
might be operated upon at one time in conducting the individual determinations of
the constituents. The impossibility of pulverizing and mixing the residue by any ordi-
nary mode of proceeding, on account of the rapidity with which oxygen and water were
absorbed from the air, was demonstrated by two or three attempts. An arrangement
was therefore devised for performing the operation in an atmosphere of pure nitrogen.
The gas employed was prepared in the following manner :—

A gasometer filled with air was submitted to a gentle pressure, causing the air to
flow very slowly through a delivery-pipe to a porcelain tube filled with copper turnings
and raised to a red heat. To remove any traces of oxygen, the nitrogen passed from
the tube through two WouLFE’s bottles containing pyrogallic acid dissolved in a solu-
tion of potassium hydrate; and, finally, to remove moisture, it passed through two
U-tubes filled with pumicestone moistened with sulphuric acid. The nitrogen thus
obtained was collected in india-rubber bags; the residue was placed in a closed mill,
connected by an india-rubber tube with the gas-bag, which was subjected to a consider-
able pressure to establish a plenum in the mill. The substance was then ground, and
allowed to fall into bottles, which were at once sealed. By this treatment a sufficient
degree of uniformity in different samples of any particular residue was generally
attained ; in some cases, however, the state of division of the substance was not suffi-
ciently fine to secure such intimacy of mixture as would preclude the occurrence of
discrepancies in the analytical results furnished by different samples. It was therefore
found necessary to return occasionally to the employment of the entire residue obtained
in one experiment for determining its composition.

X 2
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3. Analysis of the Solid Residue.

Qualitative analysis indicated that the proportions of the following substances had
to be determined in the solid residue.

a. Portion insoluble in water.—This consisted of steel (unavoidably detached from
the interior of the vessel during removal of the residue) and of small quantities of other
metals, besides glass, which were used in the construction of the electric igniting
arrangement. The weight of these substances was deducted from the residue, as foreign
to the research. ‘

In addition to these substances, the residue insoluble in water contained generally
traces of charcoal, besides sulphur, which was combined with iron and portions of the
other metals, and the amount of which is included in the statement of results as free
sulphur, together with the proportion which was found, in combination with potassium,
in excess of the amount required to form the monosulphide.

b. Portion soluble in water—In this, the chief portion of the residue, there existed
the potassium sulphide, sulphocyanate, hyposulphite, sulphate, carbonate, and nitrate,
besides ammonium carbonate, and, in very exceptional cases, potassium hydrate. The
estimation of the proportions in which these several constituents existed in the residue
was conducted as follows :—

c. Water contained in the residue.—It is obvious that the highly hygroscopic nature
of the powder-residue rendered it impossible to transfer the product of an explosion
from the iron cylinder to suitable receptacles for its preservation out of contact with
the atmosphere without some absorption of moisture, however expeditiously the opera-
tion was performed. Moreover any water produced during the explosion, or preexist-
ing in the powder, would necessarily be retained by the solid residue after explosion,
as the gas remained in contact with a large surface of this powerful desiccating agent
for some time before it could be collected. In some instances the water was expelled
from the residue by exposing it for some time to a slow current of hydrogen at 300° C.,
the gas and volatile matters being passed into solution of lead acetate, for the purpose
of retaining sulphur, and the weight of the dried residue determined. The amount of
residue, however, was generally too considerable for this operation to be satisfactorily
performed ; there was therefore no alternative in such cases but to assume that the
difference between the total weight of the residue and the combined weights of its
several solid constituents, ascertained in almost every instance by duplicate and check
determinations, represented the amount of water present in the substance*.

d. Separation of the portion insoluble in water, and determination of Sulphur in it.—
The separation was accomplished by thoroughly washing the entire residue, or about
7 grammes of the ground residue, with well-boiled water until no discoloration was
produced in the washings by lead acetate. Boiled water was employed to avoid oxi-

# Tf discrepancies existed between the results of determination of the several constituents and the check-
determinations, the water was estimated, as described, in a portion of the residue.
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dation of any of the constituents. After drying and washing the residue, it was intro-
duced, with its filter, into a small flask ; a little potassium bichromate was added before
addition of nitric acid, to guard against violent reaction and the possibility of minute
quantities of sulphur escaping as sulphuretted hydrogen. The oxidation was completed
by the addition of potassium chlorate; the liquid, after sufficient dilution, was filtered
and evaporated, the residue redissolved in water, with addition of chlorhydric acid, and
the sulphuric acid determined in the solution by the usual method.

The proportion of charcoal contained in the insoluble residue was, in most instances,
so small that no importance could be attached to any attempt to determine the quantity.
In a few cases its amount was determined by combustion.

e. Potassium monosulphide.—The method pursued differed but very slightly from
that adopted by Bunseny and Scuiscukorr. The aqueous solution, separated from the
insoluble portion, was digested with pure ignited cupric oxide in a well-closed flask,
with occasional agitation, until it became colourless. The oxide containing sulphide
was then filtered off, thoroughly washed, and the sulphur was determined in it by oxi-
dation according to the method just described (d).

f. Potassium sulphate.—The filtrate obtained after the treatment with cupric oxide
just described (or a measured quantity of it, if the entire residue was operated upon at
one time) was mixed with chlorhydric acid and boiled to expel the sulphurous acid
resulting from the decomposition of hyposulphite; the liquid was then separated by
filtration from liberated sulphur, and the sulphuric acid determined as barium sulphate.

g. Potassium hyposulphite.—The solution obtained by treatment, as above described,
-of about 4 grammes of the residue (or a sufficient volume prepared from the entire
residue) was acidulated with acetic acid; 3 or 4 cub. centims. of starch solution were
added, and the hyposulphurous acid determined by means of a standard iodine solution.

h. Potassium sulphocyanate.—A solution of the residue, after separation of the
insoluble portion and the soluble sulphide, was carefully acidified with a measured
quantity of dilute chlorhydric acid, so as to avoid separation of sulphur. The oxida-
tion of the hyposulphite was then effected by the gradual addition of a very dilute
solution of ferric chloride until the liquid exhibited a permanent pink tint. A mea-
sured quantity of the ferric solution was afterwards gradually added until the greatest
attainable depth of colour was produced. To determine what was the amount of
sulphocyanate thus arrived at, a volume of water corresponding to that of the original
solution tested was mixed with equal volumes of the dilute chlorhydric acid and ferric
chloride to those used in the previous experiments. A solution of potassium sulpho-
cyanate of known strength was then gradually added until a depth of colour cor-
responding to that of the actual assay was produced.

i. Potassium carbonate.—After the usual treatment of a solution of the residue with
cupric oxide, pure manganous sulphate or chloride was added to the liquid in excess;
the resulting precipitate might generally be washed by decantation in the first instance ;
after complete washing it was transferred to a small flask suitably fitted for the libera-
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tion of carbonic anhydride from it, by addition of sulphuric acid, and for the transmis-
sion of the gas through small weighed absorption-tubes containing respectively sulphuric
acid, calcium chloride, and solution of potassium hydrate. The increase in weight of
the latter corresponded to the proportion of carbonic anhydride in the solid residue.

j. Potassivm sulphide, potassium carbonate, and potassivm hydrate—Pure man-
ganous chloride or sulphate was added in excess to the aqueous solution of the residue,
and the amount of manganese, in the thoroughly washed precipitate, determined as
red oxide. If the amount obtained exceeded those which would be furnished by the
potassium sulphide and carbonate (deduced from the previous determinations), the excess
was taken to correspond to potassium hydrate existing in the residue. If it was less,
the sulphur existing as monosulphide of potassium was calculated from the weight of
the manganous oxide, and the difference between it and the sulphur found in the cupric
oxide (in determination e) was taken to represent excess of sulphur, or free sulphur,
and was added to the result of determination d, the necessary correction being made in
the number furnished by determination e.

k. Total amount of potassiwm.—The solution of the residue, after treatment with
cupric oxide, was evaporated with excess of sulphuric acid, and the residue repeatedly
treated with ammonium carbonate and ignited, until the weight of potassium sulphate
was constant. Or water and sulphuric acid were added to about 4 grms. of the residue,
and after boiling to expel sulphurous acid, two or three drops of nitric acid were added
to peroxidize the little iron in solution and excess of ammonia to precipitate the latter.
The precipitate and insoluble matters (glass &c.) were then filtered off, and the solu-
tion evaporated, the weight of potassium sulphate being ascertained by treatment of
the residue as already described. In this way the amount of potassium arrived at
indirectly, by the determinations of the several substances with which it existed in com-
bination, was controlled by direct estimation.

L. Ammoniwm sesquicarbonate.—The solution of about 12 grms. of the residue was
diluted to one litre; the liquid was then carefully distilled until about 250 cub. centims.
remained in the retort, the distillate being allowed to pass into dilute chlorhydric acid.
As some minute quantities of potassium salt might have passed over, the distillate was
returned to a retort, mixed with excess of sodium carbonate and again distilled, the
product passing into dilute chlorhydric acid. This second distillate was evaporated,
and the ammonium determined as platinum salt with the usual precautions, the weight
of the latter being controlled by ignition and determination of the weight of the
platinum. :

m. Potassium nitrate.—The portion of solution remaining in the retort, after the
first distillation above described, was acidified with sulphuric acid; a piece of thin
sheet zinc was then placed in the liquid and allowed to remain for a week, a small
quantity of sulphuric acid being occasionally added. After the lapse of that time the
zinc was removed, and the ammonia produced from any nitrate existing in the liquid
was determined exactly as at L '
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E. COMPOSITION OF THE GUNPOWDERS EMPLOYED.

The method pursued in determining the proportions of proximate constituents in the
samples of gunpowder present but very few points of difference from those ordinarily
adopted, and need therefore not be detailed.

It may be mentioned, however, with reference to the determination of the proportion
of saltpetre, that a very appreciable amount of the most finely divided particles of the
charcoal generally passes through the filter during the final washings, however care-
fully the operation be conducted.

These last washings, which contain-only a very small proportion of the saltpetre, were
therefore evaporated separately, and the residue was carefully heated until the small
quantity of charcoal was. completely oxidized. The resulting carbonate was then con-
verted into nitrate by careful treatment with dilute nitric acid, and the product added
to the remainder of the saltpetre previously extracted.

The composition of the charcoal contained in the powders was determined by com-
bustion, after as complete a separation of the other constituents as possible. There
was, of course, no difficulty in completely extracting the saltpetre; but the sulphur
cannot be entirely removed from the charcoal by digestion and repeated washings with
pure carbon disulphide. The amount remaining was therefore always determined by
oxidation of the charcoal, and estimation of sulphuric acid produced; the necessary
correction thus arrived at was made in the amount of charcoal used for analysis.
The latter was dried by exposing it for some time (in the platinnm boat in which it
was to be burned) to a temperature of about 170° in a current of pure dry hydrogen; it
was allowed nearly to cool in this gas, and dry air was then passed over for. some time,
the boat being afterwards rapidly transferred to a well-stoppered tube for weighing.
The dried charcoal was burned in a very slow current of pure dry oxygen, the resulting
products being allowed to pass over the red-hot cupric oxide, and finally over a layer of
about 8 inches of lead chromate, heated to incipient redness. The efficiency of this layer
in retaining all sulphurous acid was fully established by preliminary test experiments.

The following tabular statement (Table Il.) gives the percentage composition of
the five samples® of gunpowder employed in these investigations as deduced from the
analytical results.

In every instance at least two determinations were made of each constituent, the
means of closely concordant results being given in the Table.

This Table also includes the results of analysis by BuxseN and ScHISCHEOFF, KAROLYT,
T.inck, and FEDEROW, of the gunpowders employed in their experiments.

# The authors are indebted to Colonel C. W. Younemuseiaxp, R.A., F.R.S., the Superintendent of the
Waltham-Abbey Gunpowder Works, for having sclected and furnished to them the samples of English gun-
powder employed in their investigations.
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TaBLE II.—Results of Analysis of Gunpowders employed in these Investigations and of
those used by other Investigators.

Description of Grunpowders employed in experilhents.
Components per cent.
Pebble powder. | Rifle Large-grain. | Rifle Fine-grain. Fine-grain. Spanish Spherical
Waltham Abbey. | Waltham Abbey. | Waltham Abbey. | Waltham Abbey. | Pebble powder.
Saltpetre ..........co.ceee. 74:67 7495 75-04 7355 75:30°
Potassium sulphate ......... 009 015 014 036 027
Potassium chloride .........] ..o | e | s b 0-02
Sulphur...o.coooiin, 1007 1027 993 1002 1242
Carbon ...... 12-12 10-86° 1067 11:36 8:65
| Hydrogen ... 0-42 . 042 | ,. 0:52 i 049 . 038 4.
Charcoal ... Okyger ...... 1-45 [ 1422 199 [ 1852 9.6 (1409 957 i 1459 1-68 1134
Ash ... 0-23 025 024 017 063
Water ...ooooeeiiiiiiiinn 0-95 111 0-80 148 0-65
Guupowders employed by other Investigators.
Bunsen and Karolyi. Karolyi. Linck. Federow*
Schischkoff. Austrian cannon- | Austrian small- Wiirtemburg | ¢ ederow Jer
Sporting-powder. powder. arm powder, cannon-powder. ussian powaer.
Saltpetre .......cooeeivnenne. 7799 7378 7715 7466 7418
Sulphur....cooovveiiiiniiinn., 9-84 12:80 8:63 12-49 9-89
Carbon ...... 7:69 10-88 11-78 12:31 1075
N Hydrogen ... 041 . 038 . 0-42 . . . 043 i
Charcoal ... Oxygert ...... 307 11-17 182 [ 1839 179 14-27 0-54 | 1285 331 [ 1483
Ash ... traces 0-31 0-28 0-34
Water...coooovviiiieinninin] v | i | e | 1-10

Tt will be seen that the several English service-powders of Waltham-Abbey manu-
facture did not differ from each other very importantly in composition; the most note-
worthy points of difference are the somewhat low proportion of saltpetre in the F. G.
powder and the slightly higher proportion of carbon in the pebble powder.

The charcoals contained in these powders presented some decided differences in com-
position, as is shown by the following comparative statement :—

Pebble. R.L.G. R.F.G. F.G.
Carbon . . 8526 80-32 7572 7788
Hydrogen . 2:98 3:08 3:70 3:37
Oxygen . 10-16 14-75 18-84 17-60
Ash . . . . 160 1-85 1-74 115

The charcoal in the P. powder is somewhat more highly burned than that in the
R. L. G., and decidedly more than the F.G. charcoal; that contained in the R.F.G.
powder is prepared from a different wood to the others, which is known to furnish a
comparatively quick-burning charcoal. Although, however, the charcoals themselves
differ very decidedly from each other, it will be seen that the percentages of carbon in
the gunpowders do not present great differences, the widest being between the P. and

R. F. G. powders.
The Spanish spherical pebble powder was specially selected from various other foreign

* This is the only analysis of powder, by foreign investigators of the subject, in which the proportion of
water, existing as a constituent of the powder experimented with, is given.
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powders for purposes of experiment, on account of the comparatively wide differ-
ence presented in composition between it and the English powders, the proportion
of sulphur being high, and that of carbon being low. The charcoal in this powder
(made from hemp) had the following percentage composition :—

Carbon . . . . . . 7629

Hydrogen. . . . . . 331
Oxygen . . . . . . 1487
Ash . . . . . . . 5483

The proportions of carbon and hydrogen are therefore similar to those existing in the
F. G. powder; but the amount of ash in the hemp-charcoal is very high compared to
that contained in the charcoals from light woods used generally in the manufacture of
gunpowder.

All the powders used by the recent foreign experimenters differed very decidedly
both from each other and from the powders employed by us. The sporting-powder of
BunseN and ScHISCHKOFF, and KaRoLYr's small-arm powder, were of very exceptional
composition, while the Russian powder used by FEDERoW was the only one resembling
our service-powders in composition.

F. EXAMINATION OF THE ANALYTICAL RESULITS.

Table ITI. gives the composition in volumes per cent. of the gases, and the percentage
composition of the -solid products furnished by a number of experiments with the
different gunpowders, the .charges exploded having occupied various spaces in the
explosion-chambers. This Table also includes the results obtained by other recent
experimenters in the analytical examination of the products of explosion of gunpowder.

Table IV. shows the composition by weights of the products of combustion furnished
by 1 gramme of gunpowder under the different circumstances of our experiments.
The complicated nature of the analysis of these products has rendered it impossible to
complete the examination of the entire series furnished by our experiments; we trust,
however, at a future time to fill up the blanks * remaining in this tabular statement.]

* The majority of these blanks have been now filled up.—February 1875.

MDCCCLXXYV. L
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76 CAPTAIN NOBLE AND MR. ¥, A. ABEL ON FIRED GUNPOWDER.

A comparison of the analytical data furnished by our examination of the products of
explosion of gunpowder with those obtained by BUNSEN and ScHiscHKOFF and other
recent investigators of this subject, points to the following principal differences in the
results arrived at :—

As regards the gaseous products: the proportion of carbonic oxide is considerably
lower in BuxseN and ScHISCHKOFF's analysis and in one of KARoLYI's than in the results
obtained by us; this might, in the case of BuNsEN and ScHISHKOFF’S results, be ascribed
to the fact that the proportion which the saltpetre bears to the carbon in the English
powder is lower than in the powder used by them, and that the proportion of sulphur
is also lower. The Austrian cannon-powder employed by KarowLy, which is not widely
different from the English cannon (R. L. G.) powder, as regards the proportion of salt-
petre and carbon, though containing a higher proportion of sulphur, furnished amounts
of carbonic anhydride and carbonic oxide more nearly approaching those obtained with
the English powder at a low pressure. But the other (small-arms) powder used by him
furnished almost as low an amount of carbonic oxide as obtained by BuNseN and ScHIsCH-
KOFF, although the proportion of saltpetre to the carbon in this powder was about the
same as in the other used by him. This result may be ascribable to the smaller propor-
tion of sulphur existing in the former. The Wiirtemburg powder used by LiNck, which
was made apparently with a very highly burned charcoal, but contained a similar propor-
tion of saltpetre to the English powder and a high proportion of sulphur, also furnished
a comparatively very small quantity of carbonic oxide. The proportions of this gas and
of carbonic anhydride which it yielded were very similar to those obtained by Bunsen
and ScHISCHKOFF with a gunpowder of widely different composition, though the method
of experiment pursued in the two instances was the same. Although the proportion of
hydrogen contained in the powder with which LiNck experimented was very low, the
amount of sulphuretted hydrogen which it furnished was remarkably high; and in this
respect again the analysis differs greatly from that of the products similarly obtained by
Bunsen and ScuiscERoFF.  The proportions of water existing in the gunpowders used
by these several experimenters is not stated, but it must probably have been very con-
siderable in LiNck’s powder.

The solid products of explosion obtained by BUNSEN and ScHiscHKOFF, LINCEK, and
Karorvi differ remarkably from those furnished by our experiments.. The potassium
sulphate obtained by them was in Linck’s analysis about double, and in those of
the other chemists more than double the highest amount we found*. The potassium
carbonate furnished in the German experiments was about half that produced in ours;
and the proportion of potassium sulphide found in the greater number of powder-
residues which we examined was very greatly in excess of the results obtained by the
German experimenters. Linck found a large proportion of potassium hyposulphite in
the solid products obtained by him, while the other chemists found comparatively

# Excepting in the case of a Spanish powder, which differed widely in composition from the other experi-
mented with by us.—February 1875.
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small amounts of this constituent; in our results (which will presently be compared
among themselves) the hyposulphite was also found to vary in amount very greatly.
These fluctuations were found by us, in most cases, to bear definite relation to those of
the sulphide ; but this is not observed to be the case in the analyses of LiNck and BUNSEN
and SCHISCHKOFF on comparing them with ours.

The method pursued by these chemists for obtaining the products of decomposition
of powder was of a nature calculated to furnish very variable results, which can scarcely
be accepted as corresponding to those produced when gunpowder is exploded in an
absolutely closed space or in the bore of a gun.

By allowing the powder-grains to drop gradually into a heated open bulb, not only is
their decomposition accomplished under very different conditions to those attending the
explosion of a confined charge of powder, but the solid products are necessarily subjected
to further changes during their continued exposure to a high temperature and to the
action of fresh quantities of powder deflagrated in contact with them. An imperfect
metamorphosis of the powder-grains themselves and further secondary changes in the
composition of the residue deposited (which will vary in extent with the duration of the
experiment), the amount of heat applied externally, and the rate at which the powder-
grains are successively deflagrated appear to be inevitable results of this mode of opera-
tion. A comparison of BuNSEN and ScHISCHKOFF’S results with those shortly afterwards
obtained by LiNck in BUNSEN’S laboratory, the same method being pursued for effecting
the decomposition of the powder, appears to demonstrate this conclusively.

The differences in the composition of the powders operated upon in the two investi-
gations would certainly not suffice to account for the important differences exhibited by
the results of analysis of the residues. The comparatively large proportion of potassium
sulphide, the much larger proportion of hyposulphite, and the considerably smaller pro-
portion of sulphate found by Linck appear to indicate that the operation of burning
the powder was conducted much more rapidly by him, a view which is supported by the
fact that, while he found a considerable proportion of ammonium carbonate in the
residue, none existed in the product obtained by BunseN and ScHiscHKOFF, who, however,
found this constituent in the so-ca