

















































































































































































































































































































































































































































































































































































































































































































































































































































































































280 ON BLACK POWDER FACTORIES IN GENERAL

horse-powers. A rope-transmission system has the further dis-
advantage that in the case of a rope breaking whole sections of
the factory are rendered idle.

Under these circumstances it is in most cases only a question
of calculation whether it is not advantageous to carry the steam
to a greater distance in suitably lagged and covered pipes, and
to place in each building a small steam-engine, or to provide a
common engine of medium size for separate groups of buildings.

The protection of steam-pipe lines can now be effected by
means of non-conducting compositions, such as *fossil-meal”
in such a perfect manner that the loss of steam and pressure
becomes comparatively very small; and small engines can also
be obtained, giving very good results, so that they can be used
with advantage instead of large engincs. The opinions as to
the best way of distributing steam are fairly divided. Very
frequently steam-pipes of an internal diameter of 6 inches and
more are used, while others prefer several pipes of smaller diameter,
about 1} to 2 inches. It is necessary to carry large pipes in
subterranean brick channels, and to provide special expansion
Jjoints, chiefly with stuffing-boxes, for compensating the expansion
of the pipes; and the pipes must of course rest on rolls to allow
free movement. Such large pipes are not easily accessible if any
joint is leaking, and the condensation also is not inconsiderable.
They have, moreover, the disadvantage that, in the case of breakage
or leakage, whole sections of the factory are brought to a stand-
still, and when such buildings are not working, the condensation
in the pipes is the same as if all of them were in work. It
is consequently often advantageous to substitute a number of
smaller pipes carried on wooden poles or iron columns, which
start from a common steam-distributor in the boiler-house,
each pipe having its own valve on the steam-distributor, so
that they can be cut out of work separately. If the diameter
of these pipes is not more than two inches, they can be carried
in a simple way in rings or iron hooks, so that the expansion
is taken up by their giving sideways. If a long line of piping
18 run in a straight line, it is also possible to provide a loop,
or a U-piece, to take up the expansion, such U-pieces, or loops,
being of course provided with a steam-trap at their lowest point.

Since the protecting composition easily becomes moist in
spite of its being covered with cloth and repeatedly tarred, and
thereby gives rise to loss of heat, it is best to cover it over either
with waterproof paper or waterproof cloth. Of course a piece
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of suitable length must remain uncovered at the points where
the pipe is suspended, to leave room for expansion.

Special attention must be given to the shafting inside the
buildings; at the points where they pass through the wall, sheep-
skin or felt is, as a rule, put round to prevent dust getting through
the openings. Cog-wheels, unless they have wooden teeth, should,
as far as possible, be placed outside the buildings; or, if this
cannot be done, they should be enclosed in a tight box. It is
of advantage to place the whole of the shaftings in a little annex,
and to let only the belts pass through the wall. Of course the
floors must be perfectly tight.

Other necessary precautions in erecting buildings for powder
factories will be dealt with in a subsequent chapter.

The power required for driving the various machines is,
according to Désortiaux, as follows :—

HORSE-POWER.
Iron binary drum, 264 lbs. of balls, 20 to 28 revolu-

tions per minute—France ... 175
Ternary leather drum, 220 lbs, chnroe, 220 lbs ba.lls,

20 to 25 revolutions per minute—France ‘e 1-30
Stamp-mill with stamps of 88 lbs. weight, 55 to 60

blows per minute—France . . 030

Pair of incorporating-mills, each between and 6 tons
weight, 44 to 50 lbs. charge, 10 revolutions per

minute—France ... 6to7
Granulating machine, eight siev e'x, 75 to 80 rev oluhons

per minute—Germany 15
Granulating machine, 12 sieves, 70 to 75 revolutions

per minute—France . 2:5
Roller granulating machme, of Waltham Abbey—

Great Britain . 3to4
Granulating-drum—France 08
Granulating-drum and mechanical meve—France 2
Glazing-drum, with two compartments, 12 cwt, charge,

12 to 14 revolutions per minute—France . 25t03
Glazing-drum, with two compartments, 440 lbs, charge,

16 revolutions per minute—Germany ... 15
Glazing-drum, 484 lbs. charge, 12 revolutions per

minute—Italy . 1'5to 2
Sorting-frame—Germany, Russm, ete. 1
Fan for drying-house, 108 tv 166 square feet aurface

of the table—France 2
Dustmg-reel 12 revolutions per mmute, 16 cwt

charge in 10 hours—Italy 1

The cost of production varies with the kind of powder, the
prices of materials, the wages, and the other items usually taken



282 ON BLACK POWDER FACTORIES IN GENERAL

into account in making such calculations. Since they differ in
various countries, it is not necessary to consider them at length.
In modern times the cost of manufacture has been considerably
reduced by increasing the output of the machines and the size
of the plants,

Exact data on the consumption of gunpowder cannot be given,
as the statistics available are very small; but the following on
the consumption of ammunition in the wars of 1815, 1864, 1866,
and 1870-71, may be of interest :—

In the war of 1815 the Prussian grtillery had 285 guns, and
the maximum number of shots made by any one gun during
the whole war was 160-83. The total number of shots was 18,018,
and they required 1480 (German) cwt. 96'4 lbs. of shot, and
431 cwt. 345 lbs. of powder.

In the war of 1864, in the Elbe duchy, Prussia fired a total
of 543,484 cartridges.

In the war of 1866, in Bohemia and on the Main, 268,000
men (infantry) used altogether, including lost and spoiled ones,
only 1,843,536 cartridges, so that the average consumption in the
whole army was only seven cartridges per rifle.

According to official statistics, the Prussian artillery, including
the 14th Baden Regiment and the Hessian contingent, in the
war of 1870-71, with 1344 guns, fired altogether 267,975 shots—
the average for a gun was therefore 199 shots. The Bavarian
artillery made 56,211 shots with 216 guns—an average of 260
shots per gun. Saxony had 16 batteries, and made 15,521 shots.

It cannot be estimated, even approximately, how large the
consumption of ammunition will be in a future war. The Maxim
machine-gun fires 600 shots per minute, and magazine rifles 20
and more ; and although such a great consumption of ammunition
will only take place in case of need, yet with the long range of
modern weapons the tendency to fire at long ranges has to be
reckoned with, and much ammunition will probably be wasted.

It cannot be ascertained for want of reliable data what
quantities of powder are used in civil engineering and privately,
or in those countries where there are no powder factories.

The importation and exportation of Great Britain in the year
1893 was as follows :—

QUANTITY, VALUE.

Importation .. ... 1836 cwt. £13,590
Exportation .., ... 68,593 £194,403



CHAPTER VII
PROPERTIES OF BLACK POWDER

IMMEDIATELY after the finished powder has been blended, an
examination of its properties is usually made, and from time to
time the stocks are also re-examined. The examination includes
both the physical and chemical properties of the powder.

1. PHYSICAL PROPERTIES.
(z) EXTERNAL CONDITION.

Good black powder should have a perfectly uniform slate
colour. If the colour is bluish or quite black, the powder contains
too much charcoal or is too damp.

To the naked eye, or through a magnifying-glass, the powder
should not show any difference of colour when crushed; and it
should not be possible to feel any sharp particles. The diversity
of colour indicates unequal mixture, and the presence of sharp
particles insufficient pulverization of the ingredients. Single
bright points, or bluish-white spots, show that the saltpetre has
effloresced during drying, which will have also disturbed the
uniform mixture. Powders made with red charcoal are of a
brownish-black colour. The powder must not give off colour
when allowed to run over the hand or a sheet of paper, which
would indicate that the powder contained too much moisture
or a certain amount of meal powder. The presence of the latter
can be detected by sifting the powder on a dusting-reel.

Prismatic powder should have a smooth surface; all the
angles should be sharp and complete, and the prisms should not
crumble or give off much colour when rubbed.
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(0) SoLIDITY OF GRAIN.

On pressing powder by hand it should not crackle, and it
should not be easily crushed on the hand by the pressure of a
finger. At the same time, it should not fall to dust at once, but
should first split up into angular splinters.

In Germany, in order to test the solidity of the grain, 1-1 lbs.
of powder are put into a leather bag, and this is put into a glazing-
drum which is rotated for a quarter of an hour at 15 revolutions
per minute, after which the loss of weight must be not more than
1'55 per cent. In France, an average of various samples is taken,
and after this has been dusted exactly 8 kilogrammes (176 1bs.) are
weighed, and put into a barrel holding 12 kilogrammes (264 1bs.).
This barrel is placed in a second corresponding barrel, and the
whole is then allowed to run down an incline of 15 degrees
and 5 metres (16 feet 4§ inches) in length. The incline is made
of planks, and, at a distance of a metre apart, there are cross-
strips, 1} inches high, of hard-wood. At the end of the incline a
mattress of hay is placed to stop the barrel. At the side of it
there is a second incline made in the same way, but falling in
the opposite direction. The barrel is allowed to roll down one
incline and then back again on the other, and this is repeated
a hundred times on each incline, so that the barrel has altogether
travelled 1000 metres. The powder is then dusted. The re-
maining grains are weighed, when the loss in weight should not
exceed (0'20 per cent.

(¢) SIZE OF GRAINS,

The grains must be of the prescribed size and, as far as
possible, of the same thickness. In France, it is further specified
that the number of grains per gramme should be within certain
definite limits separately fixed for each kind of powder.

The examination for size in Prussia is done on the classifying
apparatus described on p. 234. Two and a half kilogrammes (5%
Ibs.) of powder are put on the sieve, and 100 double strokes given
to it. Altogether the sorting apparatus contains six frames, the
uppermost of which has a cover, and the lowest one a tray
underneath. The first sieve has holes of 1'3 millimetres (5% inch),
the second 12 millimetres (5 inch), and the third 0-68 millimetre
(3% inch) wide, and the fourth one is a hair-sieve. The grains
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beld in the meshes of the sieve are considered as having fallen
on to the sieve immediately below. With cannon powder no hair-
sieve is used. Large-grained powder is examined in a sorting-reel
covered with wire gauze of 4 and 10 millimetres (#; and % inch)
mesh. With rifle powder none must remain on the first sieve,
5 per cent. at most on the eecond, 65 per cent, on the third, 50
per cent. on the fourth, and 8 per cent. at most on the lowest one.
With cannon powder no powder must be retained on the first
sieve, not more than 5 per cent. on the second, and not more
than 10 per cent. on the lowest one. With large-grained powder
not more than 1 per cent. must fall through the 4 millimetre
(#% inch) sieve, and not more than 4 per cent. fall out at the
end over the 10 millimetre (} inch) sieve.

Prismatic powder is measured for exact size by standard
gauges, the holes being measured in the same way. The prisms
are put into a frame equal in size and shape to the boxes in which
they are packed, in order to see whether the proper number can be
packed in the ordinary-sized case. The examination of the size of
grains is conducted in a similar manner in all other countries.

(d) DENsITY.

Three kinds of density of black powder are recognized—

(1) The gravimetric density, or volumetric weight in air.

(2) The relative density, or real specific gravity.

(3) The absolute specific gravity.

The gravimetric density is the weight of the grains of powder,
including the air between them contained in unit volume. The
relative or true density is the weight of the grains excluding
the air contained between them, but including that contained
in the pores of the grains, The absolute density is the weight
of powder with the exclusion of all atmospheric air.

(a) The Gravimetric Density.

The gravimetric density of powder is found by determining the
space which a quantity of powder of a certain weight occupies; or
inversely, by determining the weight of a given quantity of powder
filling a certain space. In practice, the latter method is used.

The various apparatus for determining the gravimetric density
do not give uniform results. The exactitude of measuring
depends both on the shape of the vessel and the height from
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litre measure (Fig. 137). . It consists of a measuring vessel (a),
made of brass or copper, 77 millimetres (34 inches) wide and 215
millimetres (10¢% inches) high, which is provided with a handle,
and holds exactly one litre. On this is placed a funnel (B), the
cylindrical part of which is 77 millimetres (3¢ inches) diameter
and 205 millimetres (1044 inches) high. The conical part is 90
millimetres (3% inches) high, its upper diameter 77 millimetres
(35 inches), and its lower one 14 millimetres (3} inch), this
being also the diameter of the discharging-hole. The funnel rests
on a stand consisting of a perforated plate with three feet (g)
riveted on to a ring (f). The ring is placed on to the litre measure,
and has a slot fitting over the handle. The stand is provided
with a cut-off plate (¢) turning round a pin, and has on one
side a circular opening 14 millimetres (3§ inch) diameter. The
distance between the discharging-hole and the upper edge of the
litre measure is exactly 40 millimetres (1% inches). To determine
the gravimetric density, the empty litre measure is first weighed
exactly, then placed on a horizontal table and the funnel filled
with powder, the cut-off plate having been previously closed.
The latter is then carefully opened and the powder allowed to
run slowly into the litre measure until the grains begin to run
over the edge of the ring. This is then closed, the funnel
carefully lifted off, and the powder slowly smoothed off by means
of a brass straight-edge. A few light blows are struck on to the
litre measure to cause the powder to settle a little, and the grains
adhering to the edge of the measure brushed off with a soft brush.
The whole vessel is then weighed. The difference between the
two weighings is the weight of the powder contained in one litre.
As a rule, three determinations are made and the average
taken. ,
The cubical weight must be—

In Germany—For rifle powder ... ... between 0905 and 0'925
For cannon powder » 0915 ,, 0935

For large-grained powder ... » 0960 ,, 0980

Austria—For large-grained powder... » 0907 ,, 0951

France—Muzzle-loading guns and
musket powder ...
M. C. 30 powder (muzzle-
loading guns and shells) » 0900 ,, 0920
C. 1 powder (field-guns), S.
P. 1,8 P 2 8 P 3
(siege and fortification
guns) s 0900 ,, 0920

. 0830, 0870
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France—Mine powder ... between 0940 and 0950
Fuse powder 0825
Exportation powder ... between 0'870 and 0-970
Sporting powder ... ... atJeast 0860

Switzerland—No. 4 powder (rifle powder) between 0'955 ,, 0975
No. 5 powder (for lead-

coated bullets and shells) » 0980 ,, 1000

Cannon powder ... »” 0860 ,, 0970

(B) The Relative and Absolule Density.

A great many systems have been tried for determining the
relative density. One of the oldest methods seems to have
been filling the interstices between the grains with lycopodium.
A graduated cylinder was filled to a certain height with finely-
powdered lycopodium. After the required volume had been noted,
this was carefully poured out of the cylinder and then replaced
with an exactly-weighed quantity of powder in such a way thata
layer of lycopodium was placed on the top of a small layer of
powder, and so on alternately. The density was determined from
the increase of volume. This method is necessarily mot very
exact, since its accuracy depends chiefly on whether the lLycopodium
is finely grained or in the form of dust, and because there are
always losses on filling and emptying the cylinder, whilst the
least shaking causes an alteration of the volume. Experiments
made with one and the same kind of powder gave differences
of density of between 130 and 1°92. Results differing still more
were obtained when weighing instead of measuring was resorted
to, and similar inaccurate results were obtained when other solid
substances were used in the place of lycopodium.

In France, the determination of the density was attempted ib
a saturated solution of saltpetre, but such a solution is not with-
out a dissolving action on the powder itself, the amount varying
with the temperature. Liquids, in which the ingredients of the
powder were insoluble, were therefore sought for, and a suitable
one was found in absolute alcohol. Two methods were used with it

According to one, alcohol free from_water, which was allowed
to stand for some time before using in the room in which the
determination of weight was to be made, was put into a glass tube
provided with a cast-glass base and exactly calibrated and divided
into tenths of a cubic centimetre. As a rule, the tube was filled
up to 33 cubic centimetres, and after a few minutes’ rest, to allo¥
the drops adhering to the side of the tube torun down, the volume
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of the alcohol was read off; then about 16 grammes of the powder
were poured into the alcohol by means of a glass funnel having
as long and wide a neck as possible, and as soon as the last grain
had fallen the new volume was read, which gave all data required
for calculating the density. The powder examined was previously
dried in a water-bath, and placed in a desiccator over sulphuric
acid until it had acquired the temperature of the room, and then
weighed. '

According to another method, which is due to Timmerhans, a
cylindrical glass with a ground edge was filled with powder by
means of a funnel, the top of the vessel smoothed off with a glass
rod, and the weight again determined. The density of the
powder could be calculated from the quantity of alcohol displaced
after its specific gravity had becen taken into account. As this
method always required more time than the simple reading in a
glass tube, the alcohol had time to drive out air from the pores of
the powder, and hence the determination was not accurate ; but, on
the other hand, the value of the first method—namely, the mere
pouring of the powder into a graduated glass tube containing
alcohol—is doubtful, since when the powder falls into the alcohol,
the latter may splash up on the sides of the glass tube ; and, more-
over, the soaking of the alcohol into the powder can hardly be
avoided. Heeren made experiments in this direction, and found
that if the quantity of alcohol used was about 7 per cent. of the
weight of the powder, it was completely absorbed within three or
four seconds, and consequently the reading of the quantity of
alcohol displaced was always too low. If the specific gravity of the
powder taken was 1559, then the 7 per cent. by weight would
take almost exactly 14 per cent. of the space, since the specific
gravity of alcohol at 15° C. is 07939 ; consequently the quantity of
alcohol displaced would have to be increased by one-sixth, and the
density of the powder would be less,

A necessary consequence of the alcohol entering the powder
will be that air-bubbles will escape from the grains, and this will
be quicker with porous and unglazed powders than with tough
and glazed ones. The latter will, therefore, displace compara-
tively more alcohol than the former, and the difference between
tough and porous, and between glazed and unglazed, powders will
appear smaller than they are in reality. With non-porous and
unglazed powders the absorption of alcohol, according to Heeren,
takes place with such rapidity that the pores are already filled to

a great extent with alcohol during the short time of filling,
VOL. I. \3
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and that instead of an extremely low density, an extremely high
one is obtained, as will be seen from the following experiments :—

Finely-crushed cannon powder was moistened with 8 per cent.
of water and made into a cake by a slight pressure. The real
density of this cake was found by Heeren's method, which is
described below, to be 1'-32. When the cake was examined by the
ordinary method of filling described above, the density was found
to be 1'81. Another cake, which was more highly pressed and
had a real density of 153, gave, according to the above method of
filling, the density of 1'75. It will be seen, therefore, that in both
determinations the density found by this method deviates con-
siderably from the true one, but more so with a very porous
powder than with a less porous one; and that the more porous
powder even showed a greater density (1'81) than the tougher
powder (1'75). The looser, therefore, the powder is in texture, the
more nearly will the relative density approach to the absolute
density, which, on an average, can be taken to be 2:00.

With regard to this method a very peculiar property, which
was observed by Heeren and General Otto, may be mentioned. If
powder is poured into alcohol, the alcohol rises after a few
seconds, according to Heeren, up to one-third of the volume of the
powder, and after an hour it will fall again—without, however,
reaching the former level. During the rise of alcohol a quantity
of bubbles form, and, according to Otto, at the same time an
increase of the temperature of the alcohol of nearly 2}° F. takes
place. Experiments made by Dr. Upmann with large-grained
powder show that the increase of temperature differs according to
whether the ball of the thermometer only touches the surface of
the powder or is entirely surrounded by it. In the first case, an
increase of temperature of 1}° F. takes place after one or two
minutes ; whilst, in the latter case, the thermometer rose 23° F., and
fell again 14° F. after twenty minutes.

However interesting this phenomenon may be, it is difficult to
find a correct explanation in the facts so far observed. The
appearance of a quantity of bubbles on pouring the powder into
the alcohol is very peculiar. It is more than improbable that
they escape from the alcohol, and therefore only the powder can
be considered as their source. If these bubbles consisted of
ordinary air adhering cxternally to the grains, then the level of
alcohol ought to fall and not to rise, and the same would take
place if the alcohol entered the pores of the powder and displaced
the air which it contained. If, therefore, ordinary atmospheric air



RELATIVE AND ABSOLUTE DENSITY 291

is excluded, the question arises whether these bubbles do not
consist of compressed air; since charcoal, as is well known, has the
property of absorbing gases and condensing atmospheric air in its
pores. On adding alcohol, the condensed air would be gradually
displaced by it, and after some time air of ordinary density would
remain in the pores. Against this supposition must be put the
circumstance that, according to Heeren, this peculiar effect also
occurs in quite as marked a way when the powder has been freed
from enclosed air by being exposed while warm under the receiver
of a vacuum pump, and as the condensation of gases by charcoal is
only gradual, the powder could not in the short interval between
its removal from the air-pump and the making of the experiment
immediately afterwards absorb any considerable quantity of air.
Similar results would be obtained if the bubbles escaping were
considered as hydrogen gas. The increase of volume could be
explained by the increase of temperature which takes place on the
contact of alcohol with charcoal and sulphur. If charcoal, or
sulphur, is moistened with alcohol, a rise of temperature takes
place. According to Pouillet, it is 1-270° C. for charcoal, and
0-173° C. for sulphur; so that if both exist in equal weights in the
powder, an increase of temperature of 1-443° C. would take place.
This behaviour of charcoal and sulphur with alcohol does not yet
give a sufficient explanation for the considerable rise of the
alcohol, since alcohol of 080 specific gravity (at 12:5° C.) only
expands between 10° and 15° C. for every 1-25° C. increase by
0-001313 of the volume occupied by the alcohol at 10° C.
That the volume of the alcohol always remains a little higher
than at the beginning may be caused by absorption of moisture.
As previously mentioned, the method of pouring powder into
alcohol is not free from errors, and Heeren therefore tried to
improve upon it. A glass capable of holding 33 grammes of water,
and fitted with a ground-in stopper provided with a groove on one
side, is taken, and its weight when filled with absolute alcohol at
21'25° C., determined once for all. The powder is heated in a
short, wide glass tube, or in a small porcelain crucible, for some
time on a sand-bath at between 50° and 62° C. This is then put
for some time into a basin filled with hot sand under an air-pump,
then rapidly weighed, and poured into the above-mentioned glass,
which is half filled with alcohol. This is now put under the
receiver of the air-pump, and the pumping continued as long as
the air-bubbles continue to escape from the grains. The alcohol
boils under this process, and consequently large bubbles are formed
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by it, but they can be easily distinguished from the small air-
bubbles. When all air has been eliminated from the powder, it is
left to itself for about another hour, so that the alcohol can enter
the pores from all sides; then the glass is filled up to the top with
alcohol, the stopper inserted, and the glass is placed or hung for
about an hour in a vessel filled with water at a temperature of
21-25° C. After this the glass is taken out, and should there still
be some air-bubbles in it, a little alcohol is added; then after its
surface has been quickly wiped the glass is weighed. The alcohol
is now poured off as completely as possible, and the powder put on
to a double piece of filter paper, on which it is turned by means of
a knife until it is no longer wet, but still very moist. Then it is
emptied into a small cylindrical glass, the upper edge of which is
ground, so that it can be closed by means of a glass plate. In
order to remove the alcohol still adhering externally to the powder,
a strip of filter paper is cut of such a width that it can be
comfortably brought into the glass; this is then closed with the
thumb—or better, with a glass plate—and shaken until the powder
appears to be just dry externally. This can be recognized partly
by a magnifying-glass and partly by the grains no longer adhering
to the sides of the glass or to the paper. As soon as this occurs
the powder, which is still permeated with alcohol, is weighed, and
all data for calculating the specific gravity of the powder with and
without regard to the pores are obtained. Let

(a) be the weight of the glass filled with alcohol ;

() the weight of the dried powder;

(¢) the weight of the powder saturated with alcohol ; and

(d) the weight of the glass with alcohol and saturated powder;
then the density in relation to the alcohol (z) is found by the

formula 5 = - and the specific gravity in relation to water

a+c—¢
(x,) is found by the formula x,:%i, wherein ¢ is the specific
gravity of the alcohol.
According to experiments carried out by Heeren himself, one
particular kind of powder gave the following results .—

SPECIFIC GRAVITY OF GRAINS OF THE MASS OF POWDER WITH
INCLUDING THE PORES. EXCLUSION OF THE PORES.
) 1523 © 1969
) 1526 1983
3 1524 1972
) 1529 1:969
(5) 1.531 1986

Average 1527 1976
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therefore the pores occupied 22:7 per cent. of the space of the
grains.

The same kind of powder, examined by a careful and clever
manipulator at Spandau, gave an average relative density from
five determinations of 1-5592.

Since this method takes a good deal of time, Heeren proposed
a shorter method, which can be used where the same proportions
are always maintained, as, for instance, in Government factories.

The absolute density will always be the same; therefore, when
it has been determined once for all, the method becomes very
simple, it being only necessary to saturate a weighed quantity
of powder with alcohol by Heeren's method described above,
and then to determine the increase in weight so caused.

The relative density X, of the powder is given by the formula

b.e.

I=b.e+y:(_,/' !
when & will be the weight of the dry powder; ¢, the specific
gravity of alcohol; f, the increase in weight of the powder by satu-
rating it with alcohol ; g, the absolute density of the powder which
is supposed to be known. Suppose the weight of the dried sample
powder (b), 5 grammes; its weight, after saturation with alcohol
(b+f), 594 grammes; thus the increase of weight (f), 094
gramme ; the density of the powder (g), 2:01 grammes; and the
specific gravity of alcohol (¢), 0794 gramme; then the relative
density of the powder is

5x0794%201 __ a0

K= o794+ 201 x 081~
In order to test the accuracy of this method, Heeren made
the following experiment :—Cannon powder was finely crushed,
moistened with 8 per cent. of water, compressed in an iron mould,
and then dried. A piece of this was weighed, and, after having
been heated gently, it was brushed over with melted stearine.
The gravimetric density determined.in the usual way in water
was 1'470. Another piece of the same cake was then broken
to the size of cannon powder, freed from dust, and the density
determined by the saturation method. It was found to be 1480
in one case, and 1435 in another; or an average of 1467. With
a more highly-compressed powder-cake, the density in water when
its surface was coated with shellac varnish was found to be 1°579 ;
by the saturation method in one determination, 1'572; and, in

another, 1'580; giving an average of 1:576.
If these figures are compared with those mentioned on page 292,
it 1s evident that a near approach has been made to solving the
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problem of exactly determining the density. Heeren himself
demonstrated how much more trustworthy his method is than
that of quickly filling by subjecting the cake just mentioned (the
density of which after coating with stearine was 1'470, and by the
saturation method 1467) to the method of quick-filling, with
which be obtained a density of 1-657. The other cake, with a
density of 1:579, gave, in two determinations by the saturation
method, 1'580 and 1'372; and, by the method of quick-filling,
1:746. Its superiority is further proved by the following figures:—

SATURATION QUICK-FILLING

METHOD, METHOD.

Cannon powder, from Waltham Abbey, made

28th February, 1850 . 1:556 1715
The same, but of older manufacture ... 1524 1-617
Cannon powder, from Bomlitz in Hanover ... 1-401 1-568
Cannon powder, from Aerzen in Hanover ... 1-470 1-320
Cannon powder, made by Champys method,

from an unknown factory .. 1-440 1-568

In order to make clear the degree of density of these powders,
Heeren calculated the ratio of the volume of the pores filled
with air to the total volume of the grains. Assuming the latter
to be 100, he found the following values :—

For cannon powder of Waltham Abbey, made 28th

February, 1850 . . 226 : 100
The same, but of older nmnufﬂcture 241 : 100
Cannon powder, from Bomlitz in Hanover ... 303 : 100
Cannon powder, from Aerzen in Hanover ... 269 : 100
Chainpy’s powder 28-3 : 100

The differences are still more apparent if the ratio between
air space and solid substance is considered. This is shown in the
following table :—

Cannon powder, from Waltham Abhey, made 28th Feb-

ruary, 1850 ... . 292 : 100

The same, older manufacture ... .. 318 :100
Cannon powder, from Bomlitz in H'mO\ er .. 134 : 100
Cannon powder, from Aerzen ... 368 : 100

#  Champy’s powder vt eee eee e e 394 :100

Besides this method, replacing the alcohol by oil of turpentine
and fine oils has also been tried, but without, however, obtaining
the same accuracy as with Heeren's method.

Another process proposed by General Otto for determining the
relative specific gravity of powder-cake is notable on account of
its giving results still more accurate than Heeren’s method. It
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consists essentially in coating the cake with a material which does
not wet the powder-cake, on the one hand, and which, on the
other, allows an exact determination of the weight and volume of
the cake. After a series of experiments, collodion was found to be
the most suitable material to use as a coating. A determination
by this method is made as follows : — ,

The piece of cake about to be examined is carefully weighed
and then coated with collodion. If the coated cake is then
weighed in air, the weight of the collodion coating is given by
the difference between the two weights. After weighing the
cake in water, the density of the uncoated piece of cake can be
found. The following points in the manipulations should be noted :—

In order to cover the cake with a waterproof coating, the
former should be quite dry when weighed, then warmed and
brushed over twenty times with collodion, to which a little varnish
has been added; 10 drops of varnish to 8 grammes of collodion
as sold by chemists are the proportions. Each coating must be
allowed to dry before a second one is applied, but the cake must
on no account be warmed to facilitate drying, because the air,
being prevented from escaping by the coating, would expand by
the heat and swell the coating, and also cause blisters in it, which
would quite destroy the accuracy of the method. Varnish is
added to cause the coating to adhere more intimately, and to
prevent the formation of cracks which would allow water to find
its way in the pores when weighing under water. As soon as the
cake is in this manner properly coated with collodion, it is again
weighed in air and then in water. If P be the weight before
coating is applied, P, the weight in air after coating, Q, the weight
under water, then, if the unknown weight under water of the
uncoated cake be Q, the unknown loss of weight which the
uncoated cake would have undergone on weighing under water
will be P—Q, and

P-Q=Pi-q- D1 T
in which 8 is the specific gravity of the collodion coating. The
density (G) of the cake will therefore be

G=_F_
P-

To determine the specific gravity of the collodion coating, Otto
took a dull-ground glass plate and weighed it carefully in the air
and under water. The plate was then carefully dried, and, as
described above for the powder-cake, was coated twenty times with
collodion. When the coating was sufficiently dry, the glass plate
was again weighed in air and under water. Calling the weighta
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of the uncoated plate in air and water L and W respectively, and
those of the coated plate L, and W,, then L, — L will be the weight
of the collodion coating, and L,—L—~(W,—W) will be the
apparent loss in weight of collodion on weighing under water;
the specific gravity of the collodion coating will therefore be
-L
5= LW W

A few examples are given below to show the accuracy of this
method. The experiments were made with a carefully-selected
piece of cake, which was divided into twelve parts.

E o ‘WEIGHT Loss or

B ‘WEIGHT UNDEH]

3« WATER OF [ —

] E Not coated. Coated, Of the Coated, | THE CoaTED

Eg g In air, In air, coating. |Under water.| POWDERCARE] o _

ENRE

g . Grammes.
1 13695 13974 0279 5-393 8-581 1-63930
2 15-056 15374 0-318 5-939 9-435 164072
3 14393 14-676 0-283 5672 9-004 164043
4 14358 14-666 0-308 5-639 9027 163594
5 14-167 14-571 0-404 5590 8-981 1-63732
6 15-076 15397 0-321 5955 9-442 164208

Average 1-63930

The specific gravity of the collodion coating was 1:23. The
experiments were carried out on November 5, 1857, and repeated
on December 2, 1857, with the same pieces. After the weighing
in water the pieces were carefully dried, their density determined
in a graduated tube by dipping them into alcohol, and after
the collodion coating had been carefully removed the density
was again determined in alcohol. The results of these experiments
are given in the following table, and, for comparison, the results
obtained on November 5 are put in the first column:—

SPECIFIC GRAVITY FOUND
DEsioNATION By hydrostatic weighing in distilled By using the uated glass-tube
OF THE water by applying a collodion coating with alcohol
PowbEacats
- On the ot | Simple repenting withthe | after taking off the
November, 1857, December, 1857, collodion coating.

1 | 139 163923 165862 16418

2 164072 T 164179 162437 1-6945

3 1-64043 164133 1-62835 1877

4 163594 1.63670 163980 1-6284

5 163732 1-63888 163315 17225

6 164208 1-64298 1-62695 16574
Average .| 163930 | 164015 163487 167032
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As will be seen from the table, the average densities as found
on the two days weighing under water differ from each other
by 0:00085—a difference which is so insignificant that, as far
as the powder-cake is concerned, this method can be considered
as perfectly trustworthy and accurate. The fact that the density
is a little less than that found by the method of filling (third
column) may be due to adhesion of the alcohol to the walls of the
glass—at least no other plausible explanation can be readily found.

Fic. 138.

On account of its great accuracy, this method could well be used
to determine the demsity of prismatic powder if, apart from the
difficulty of carrying it out, the whole method did not occasion
s0 much loss of time.

Quicker results are obtained by apparatus with mercury as
the liquid. Such apparatus are :—

1. MARCHAND'S DENSIMETER (Fig. 138).

A cylinder (A) which holds the powder to be examined is
closed at its lower end with a fine iron sieve, the holes in which
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are too small for the powder to fall through. The sieve is firmly
screwed to A, and has a fine ivory point going downwards into
the small cylinder (B), which is screwed on to A. B is con-
nected with a graduated cylinder (D) by means of the tube (c),
which is fitted with a steel tap (c;). A calibrated glass tube (),
divided into tenths of a cubic centimetre in such a manner that
one-fiftieth of a cubic centimetre can still be comfortably read off,
is screwed on to the upper part of . The upper part of A
has a fitting screwed on, in which the short cylinder (E) is fixed.
This communicates with A by means of the glass tube (¥), which
is wide at the bottom and very narrow at the top. It has a
fine horizontal line as an index. A thin plate of box-wood, or
a disc of soft leather, is fixed between the tube (F) and the
cylinder (4). A hand air-pump screws on to the cylinder (E),
and all screw-joints should be air-tight. Mercury is poured into
B through the tube (G) until its surface just touches the ivory
point; more mercury is then run from an exactly-measured
quantity through G until the cylinder (a) is filled by the suction
of the air-pump exactly to the index-line in the tube (F) and
the mercury in ¢ occupies the same level as when first filled
up to the ivory point. In this way the capacity of A, and
that part of B which is above the ivory point, is determined.
After this the tap (c,) is closed, and exactly the same quantity
of mercury poured through G into D. D, being smaller than
A, cannot take the whole quantity of mercury, so that a small
part remains in G. The level of mercury in G is carefully noted.
After this E is screwed off from A, and after the mercury has
been poured out, so much powder is put on to the sieve that the
whole of the cylinder (A) is nearly full; then the apparatus is
screwed together, mercury is poured through G exactly up to
the ivory point, and on to this the necessary quantity of mercury,
which has been previously determined to fill the cylinder (a).
The mercury is then drawn up slowly, by means of the air-pump,
to the index-mark in F, and the difference between the then
level of the mercury in G, and that previously noted, is taken.
This gives the difference between the volume of the powder and
the volume of the mercury used.

This method was not used for long, because the apparatus
1s composed of so many parts, and is too fragile on account of the
length of the tube (c). If the difference of level in the mercury
is to be at all easily distinguishable, then at least 33 grammes of
powder must be examined. The accuracy of the results depends
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upon twice bringing the mercury in each determination exactly
to the level of the ivory point in B, and upon twice measuring
the same quantity of mercury into a vessel independent of the
apparatus. These difficulties of manipulation are increased by
the fact that the mercury does not by any means fill all the
interstices between the grains. This is explained by the viscosity
of the mercury and by the air being only eliminated by rarefaction,
and that at the same time the air in the pores of the grains is
also subjected to the same rarefaction. If the mercury rapidly
enters the interstices between the grains, then, after the least
rarefaction, it may happen that, in consequence of this, air may
get out of the pores of the lowest layers of powder, only after
the grains have already been surrounded by mercury. Since
the air cannot then escape entirely, on account of the mercury
column over it, the mercury will pass afterwards round those
grains.

Quite erroneous results were obtained when, in order to
determine the volume of powder, Boyle’s law was made use of,
and Kopp's “Volumenometer” and Say's * Stereometer” tried
for the purpose. The two apparatus are well known, and it
may be sufficient to refer to the original papers, ‘ Annalen der
Chemie und Pharmacie,’ vol. xxxv., and ‘ Annales de Chimie par
Guyton-Lavoisier,” vol. xxiii., 1797. According to Kopp’s method,
1t is intended to find the volume from the compressed air;
according to Say’s method, from rarefied air; but the density of
the powder cannot be determined, because air also has to be
considered which unavoidably fills the pores of the grains, and
therefore the pores cannot be taken as existing, so that the
results obtained with this apparatus only show the atomic weight
of the proportions of the various kinds of powder. Thus, for
instance, powders of the same composition, showing a specific
gravity in alcohol of 1'56, 177, 1'67, 1'82, respectively, gave
always the same density in these apparatus, in Kopp’s “ Volume-
nometer,” 2'704 or 2499 ; in Say's “ Stereometer,” 2'441. Similar
results were obtained when Regnault’s “ Volumenometer” and
Leslie’s “Stereometer” were used.

2. HOFFMANN'S DENSIMETER.

In order to avoid the difficulties of direct determination,
Captain Hoffmann constructed an apparatus for measuring the
porosity, and thus determining the density of the powder.
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with D and D, so that the hollow steel cylinder (G) penetrates
into D and D', whilst the part (B) projecting above (D and
D) closes them air-tight. The perforation through H, continued
through the thick part (c) of these steel fittings, is closed at
h by a piece of very fine wire gauze. At the same time, this
thicker part (c) is perforated horizontally, and the plug (d) can
move air-tight in the perforation. According to whether, there-
fore, the vertical perforation (e) is connected with or shut off from
the inside of D and D’ (for which purpose the small lever (f)
serves), the admission of air into D and D" can be brought
about or prevented. G is only held by the friction of its upper
ring in b, which is slotted in four places, and can be easily fixed
or removed. Mercury is poured into the glass tubes up to
about a—a. The two cylinders (G) have in their pointed ends
fine holes which allow the mercury to enter, but prevent even
the smallest grains of powder from falling through. They are

R

Fic. 140.

filled with two different kinds of powder, and then the quantity
taken up by each is weighed, after which the two fittings
(2, E) are screwed into D and D. An india-rubber tube (R,
Fig. 140) is in connection with the interior of D and D’ by
means of a steel point (T), inserted air-tight into H, and by
means of plates (z) with an air-pump. The air is exhausted
from above the mercury, and the latter rises into D and D/, filling
the interstices between the powder grains in G. As soon as
this is effected—that is to say, as soon as the mercury comes up
in the small glass tube (U, Fig. 140)—the air is shut off by
means of the tap (d), the india-rubber tube removed from =,
the apparatus placed under the bell-glass of an air-pump, and
the air exhausted from the long glass tubes. The air contained
in the pores of the grains in G expands out of them, and again
drives the mercury out of G; this passes back into the short
arms of the glass tube, and causes a rise of the mercury in the
long arm. If, then, the level of the mercury is read off after the
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interstices between the grains in G have been filled with
mercury, and again after the mercury has completely receded,
then the pressure against the mercury or the quantity of air
enclosed in the pores of the grains is shown. In this manner
the porosity of two kinds of powder can be determined, at least
comparatively if not in absolute measure. If the difference of
level of the mercury readings with powder No. 1, of which (g)
grammes were weighed, is=r, and that of powder No. 2 of which
(g1) grammes were taken=t, then the porosity of No. 1, in

relation to that of No. 2, is
r .t
p: —

E &

In this case mercury is the agent used for filling the interstices
between the powder grains. The inapplicability of mercury for
this purpose was already pointed out wher Marchand’s method
was described. A further disadvantage is that the mercury, on
rising, only partially fills the interstices between the grains, and
does not completely recede, so that the results become unequal.

In general the method, even when allowance is made for all
possible sources of error, is not suitable for determining the
density of powder, because only relative figures are obtained,
which show that one of the powders examined is more porous than
the other; but the principal information required, namely, how
much greater the porosity of one kind is than that of the other, is
not given.

3. BODE'S DENSIMETER (Fig. 141).

This is chiefly used for determining the density of larg®
grained and prismatic powder. The apparatus consists of a b=
plate (a) with standard (8), and a movable bracket (c), carry~ %%
a glass vessel (D), into which the framework of a scale (c) déﬁ
The upper rim of D is ground off, and it is made of stout glasesss
order to stand the pressure of mercury in it. The scale is made=*
steel, the three arms are connected on the top by a horizom—
triangular frame (£, the central boss of which is perforated. Th- -
steel pins (G) are screwed firmly on to the boss. A disc w- —
three perforations, through which the steel pins pass, carrie==="~
vertical graduated scale (F), which goes through the hole of %
boss, the reading being taken on the upper edge of the boss. ™
disc is made sufficiently heavy to just float on the mercury. -
apparatus is set up perfectly horizontal on a table by measss1
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After the specific gravity of the mercury has been determined,
the prismatic powder, which has been carefully freed from all
dust by a camel-hair brush, is first weighed on a balance, and
then put on to the surface of the mercury. The balance of the
apparatus is then carefully placed on it in such a manner that
its three suspension rods hang quite free from the glass and
the ring of the frame. Care must also be taken that the powder
does not touch the walls of the glass. Weights are then put on
the balance until all three pins dip into the mercury. Then
enough weights are taken off the balance to allow the disc to
rise, until it just touches the surface of the mercury. Of course
the connecting piece (E) must be horizontal, which can be easily
arranged by properly placing the weights on the balance. When
equilibrium is established, all the factors are known for calculating
the specific gravity of the powder. If the specific gravity of mercury
at the temperature of observation is P, the absolute weight of
the powder S, the weight of the balance W, and the weights
put on to the balance (single grammes are read off on the
rod F) G, then the weight of the mass of mercury displaced is

Q=G+ W48, the weight of an equal volume of water M =?,.
and the density of the powder
8

8
MTG+W+8 T G+W+§
P

4. BODE'S DENSIMETER WITH 4 MERCURY
AIR-PUMP (Fig. 142).

This apparatus consists of a cylindrical steel vessel (a), which
can be closed at the top and bottom by taps (B, and B,). The
vessel is fixed on to a frame (c), and is connected at its lower
end by means of an india-rubber tube (c) with the mercury
vessel (D). In order that it may be carried more comfortably
and safely, the mercury vessel is fitted with small handles @
The upper frame and the mercury vessel (D) are connected by
means of a rope passing over pulleys (e), and thence ove™ ?
central pulley (f) fitted with a handle and a ratchet and pﬂw\’
so that by simply turning the handle the mercury vessel cam» be
lowered, and at the same time, the steel vessel lifted, or :”W
versd, and the steel vessel filled with mercury, or emptied, at w

In order to determine the specific gravity by this apparss- U5
the steel cylinder is screwed in position, filled with merc=27
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hen taken out again, and accurately weighed. The steel cylinder

Fic. 142,

then put back in the upper frame, the mercury discharged,
Ld a weighed quantity of powder passed in through a funnel.
VOL, I X

i

N
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The upper tap is next closed and the lower one opened, the
cylinder is filled with mercury, and again weighed. The difference
between the two weighings of the cylinder—.e. with and without
powder—enables the density of the powder to be calculated.
Thus—
Let P be the weight of the powder used ;
T the weight of the steel cylinder with the mercury ;
T, the weight of the steel cylinder with the mercury and
powder;
t° the temperature of the mercury; and

S the density of the powder; then
g = P 13:59. (1-0-00018. t°)
T-T+P

5. RICQ'S DENSIMETER (Fig. 143).

With this apparatus the volume of the powder is determined
by comparing it with that of 10 glass balls, which is already
accurately known, and which is verified from time to time. The
apparatus consists of a cast-iron vessel (A), the upper part of
which is a wide cylinder, and the lower part a narrower one.
The lower end of the cylinder is closed by a flange (B), which
carries a short shaft (b), on to which a bevel-wheel (c), with
square boss, carrying a hand-wheel (D), is put. A second bevel-
wheel (c,) is attached to a nut (E) fitted in the flange (B), which
can thus be rotated in either direction by the hand-wheel. The
nut gears with a long screw (F), the upper end of which is fitted
to a piston (f). This screw is perforated along its axis, and
carries an iron pin (G), which on its upper part is also formed
into a peculiarly-shaped piston (g), and on the lower end has a
short thread. The pin is perforated through its whole length
with a fine hole. India-rubber rings (h) are placed between the
upper and the lower piston. The lower screw of the pin is
provided with a nut (i); by turning this the india-rubber rings
are pressed between the pistons, and a tight joint made against
the wall of the cylinder. The lowest end of the pin has a knob
(1), for the purpose of discharging the mercury from the apparatus.
The upper cylinder of the apparatus is closed by means of the
disc (J), the joint being made with an india-rubber ring. A screw
cover (K), provided with two handles, presses this disc tightly
down. A tube passes fram the disc through the cover (K), to
which a thick graduated glass tube (L) is fixed by means of
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matter. The whole apparatus is screwed on to a strong table,
and the manner of using it is as follows :—

The piston is screwed down to its lowest level, and after the
apparatus has been filled with the requisite quantity of mercury,
10 glass balls of known volume are introduced, and the disc
with the tube screwed in. Then the piston is screwed up until
it stops at the rib below the larger cylinder. The level of the
mercury in the graduated glass tube is then noted, or it is brought
to a round number of cubic centimetres by removing some by
means of a pipette. Then the wooden rod is pushed down the
glass tube on to the mercury, and the wing-nut is tightened, thus
fixing the rod. The piston is then screwed down until, on shaking
the table, the glass balls are heard to knock against each other.
This shows that the air which may have remained in the vessel
is quite rarefied. Then the piston is screwed up again until a
little below the original position, the wooden bar is taken out, and
the piston allowed to go right up to the rib, and the level of the
mercury, which may be called N, read off. If it is desired to
be perfectly sure that no air remains in the mercury, the operation
is repeated until no differences of level occur. The piston is again
screwed down until the level of the mercury is below the disc.
The apparatus is opened, the glass balls are carefully removed,
and the piston screwed down to its lowest position. The powder
is then put in, and the whole process repeated in order to expel
all air. The level then obtained, which on at least two readings
must be equal, is noted and called N,. The volume of the powder
1s then given by the formula V+N — N, and its density by the

P . .
formula, D=y y-w In which

P is the weight of the powder;
V, the volume of the glass balls in cubic centimetres;
N, the number of cubic centimetres displaced by the glass
balls; and,
N,, the number of cubic centimetres displaced by the powder.
The densimeter illustrated here is suitable for making deter-
minations with 1200 grammes of powder.

6. BIANCHI'S DENSIMETER.

In Bianchi’s densimeter a vacuum is produced, which allows
the absolute density of powder to be determined. There are
two forms of this apparatus—one with a glass vessel for holding
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the mercury and the powder, which is used for fine-grained
powders, and the other, a larger one, with a cast-iron vessel of
much larger dimensions, which is used for large-grained powders.
The apparatus for large-grained powders, illustrated in Fig. 144,
is made by A. and R. Hahn, of Cassel. The densimeter proper
consists of a small four-wheeled trolley (A) carrying the bearings
(a), in which the oval measuring vessel (B) can be turned on
cast-iron trunnions. The upper end of the measuring vessel
has a socket with a tap (b), into which a gauge-tube (c) is
screwed. The upper end has a screwed thread on to which an
india-rubber hose is fixed. By means of a small glass tube put
through a perforated cork, this tube is connected with a small
glass vessel (E), and another india-rubber tube goes from a second
hole in this cork into a vacuum-gauge (F), the other end of which
is connected with an air-pump (G). After having screwed off
the gauge-tube, the measuring vessel can be brought on the
trolley to a small decimal balance, which, when the weights
are put on, lifts the trolley so that it can be weighed.

The manipulation is as follows :—First of all the density of the
mercury used is determined, which is done by means of a specific
gravity bottle. This is weighed exactly, filled with water, weighed
again, emptied and dried, then filled with mercury and again
weighed. The density of the mercury (Dr) is then

Weight of mercury x Density of water at the temperature of the room.

Weight of water.
The density of mercury at 0° C. is then Do=Dr (14 .’E;T))’ and

the density of the mercury at the temperature of the room is
D = Do

In order to determine the density of the powder, a certain
quantity is first weighed out. The measuring vessel is filled with
mercury, and the apparatus fitted together. The tap of the
measuring vessel is opened, and also the two taps of the vacuum-
gauge, and the air is pumped out until the vacuum-gauge gives
a steady reading. In this way any excess of mercury in the
measuring vessel is carried to the overflow vessel, whilst the
mercury in the barometric tube stands at the height corresponding
to the vacuum obtained. After this the tap of the pressure-gauge’
is closed, and then the tap of the measuring vessel, the baro-
metric tube is then screwed off, and the measuring vessel weighed
on the decimal balance. The measuring vessel is then turned over
on its trunnions so that the tap points downwards, the mercury
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discharged, the tap screwed off, and the vessel brought back into
position in order to introduce the weighed quantity of powder.
After this is done the apparatus is again screwed together, the
connection with the air-pump is made, and a vacuum produced.
As soon as the mercury reaches its normal level, air is allowed to
go back into the apparatus, and the whole operation is repeated.
Then the tap of the measuring vessel is closed, the barometric
tube taken off, and the apparatus again weighed.
The density of the powder will then be given by the formula
P. d
S=r-mp
in which P is the weight of the powder examined ;
d, the specific gravity of the mercury at the temperature
of the room;
T, the weight of the measuring vessel filled with mercury ;
T,, the weight of the measuring vessel filled with
mercury and powder.
As a rule, three determinations are made, and the average taken.
The apparatus for fine-grained powder is illustrated in Fig. 145.
It has a glass vessel instead of a cast-iron one, and this has a tap
(r) at the bottom and one (D) at the top, which are fixed by means
of suitable fittings (B and ¢). The lower tap is continued in a small
tube (a), and the barometric tube is closed by a tap (F). The whole
apparatus rests on a cast-iron stand. The measuring vessel is
filled by producing a vacuum after having closed the tap r and
opened the taps D and F, then closing the tap D and opening r.
For weighing the vessel the two screws (B and ¢) must be taken
off, but the vessel must not be touched by hand.
The following is a comparison of various kinds of powder with
regard to gravimetric and real density :

DENOM]INATION OF THE POWDER. DENSITY,
GURAVIMETRIC. REAL,
Large-grained ( Dutch ordinary 0912 1-87
powder { Austrian ... 0975 172
- Le Bouchet, angular powder ... 0-856 1-56
Ettlingen ... 0856 1-56
Hounslow, angular powder 0863 1-63
Cannon Denmark ... . e 0871 172
1 Bern, No. 6 ... . 0B84 167
pofrw er T Neisse, ordinary 0909 1-77
om Berlin, new manufacture 0-909 163
Neisse, new manufacture 0-909 167
Russia, ordinary powder .. 0914 156

\ Denmark, round powder 0953 1-72
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D BOMDMATIOK OF THE POWDER. Gn"lltf:l?m. REAL
Denmark, angular powder .. 0863 197

Rifle [ Hounslow ... 0894 172
powder Berlin, new manufacture .. 09038 163
from Bern, No. 4 ... 0-919 167
Munich . .- . 0939 182

SPorting (L Bouchet .. .. .. 0898 187
Pg:;r Berlin, old manufacture 0939 197

b

It will be seen from the above table that powders having the
same real density do not always have the same gravimetric density.
Therefore, to properly judge a powder, it is necessary to determine
both densities.

The density gives a geueral idea as to the kind of materials
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used, the mixture, and compression. The gravimetric density
depends also on the size and shape of the grains, on the glazing,
and on the percentage of dust in the powder. The gravimetric
density has an influence on the rapidity of combustion, whilst the
real density influences both the rate of combustion of the single
grain, and the keeping quality of the powder during carriage
and use.

(¢) HyGcroscoPIic PROPERTIES OF POWDER.

All kinds of black powder are liable to absorb more or less
moisture from the air. This is due both to the saltpetre and
charcoal contained in them. We have seen before, when con-
sidering the properties of saltpetre, the amount of moisture it
can absorb. In powder an increase of moisture due to the
saltpetre is only caused when the latter contains impurities.

According to Professor A. Werner Cronquist, the hygroscopic
properties of powder chiefly depend on the percentage of chlorine
and calcium. He found the percentage of chlorine in various
powders to be as follows :—

PER CENT.

Swedish, 5 millimetres powder ... 0010
, 6to10 N . v e e . 0020

» 156 » » 0007

. o3 . N VUV 1% 1) |

. 35 . N U 13 ) £
Norwegian, 114 » " 0020
7 » 0023

Damsh “F.K.K.” powder 0009
” prismatic powder from Frlednchsvs erk 0009

» ditto, 5 millimetres 0-009
Rottweil, large-grained 0002
" brown prismatic ... e 0009
Diineberg, 50 millimetres, prismatic (made 1880) 0002
Hamm, large-grained ... 0015
»  prismatic . 0005
English powder, P. 3, 8 mllhmetms 0018
. » P. 2,1880 ... .- 0002

» » P. 1,23 mllllmetres 0018

s  Curtis and Harvey s P. 0006

»  Waltham Abbey P. ... . 0003

»  Pigou, Wilks and Laurence P 0010

w “RLG” 0007

»  Pprismatic, with 1 hole, No 1 D 0-005

” " ” » R ... ... .. 0002

" " " " IR ... .. .. 0006

» 5 s 7 holes 0013
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PER CENT.

English, for Nordenfeldt guns 0004
French, 8. P, No.3 ... 0005
» from SLvmn-lery, 30 to 40 mthmetm 0007
Belgian, 15 millimetres .. . 0007
American, Du Pont cannon powder ... 0016
» hexagonal powder ... . 0002

»  powder of pnvute manufacture 0074

Cronquist further showed the percentage of calcium oxide in
the following powders:—

PER CENT.
Swedish, 5 millimetres ... «.e 00070
, 6tol0 e e e e e 0/0062
” 15 » ... 00081
" 23 O ¢ ¢ ¢
" B, e e e e e 00084
English, 8 5 P. .. 00097
23 s P11 .. «. 00063
Be]man, 15 o 00055
American powder of pnvate manufncture .. 00101
English, for Nordenfeldt guns ... 00006
American, Du Pont cannon powder ... e 00005
» hexagonal powder ... ...  traces
English powder P, ... .o 00011
»  Pprismatic, with 7 holes 00007
French powder, from Sévran-Livry, 30 to 40 mxlhmetres 00012
Diineberg, prismatic powder, 50 millimetres e 00004

Cronquist says that sodium chloride is attacked by calcium
salts (CaSo,, ete.), especially in the presence of saltpetre, whereby
calcium chloride is formed which is extremely hygroscopic. The
calcium chloride on the surface becomes liquid by the moisture
in the air, and dissolves some saltpetre, and the solution is dis-
tributed through the whole grain by the capillary action of the
component particles. In this way the molecular cohesion of part
of the saltpetre is destroyed, and it is no longer evenly distributed
in the grain,

The charcoal also considerably influences the hygroscopic
properties; as a rule, the more charcoal a powder contains, the
more hygroscopic it is. Further, we have seen on page 66 that
the lower the temperature at which it was manufactured, the
more water can charcoal take up. Red charcoal will consequently
absorb more water than black charcoal.

Damp powder can be restored by exposing it either to the sun,
or in a dry, well-ventilated room. As a rule, powder will not have
suffered by moisture, as long as an efflorescence of white crystals of
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saltpetre does not appear. Moist powder gives a lower muzzle
velocity and a shorter range. Green charges absorb more moisture
than granulated powder, and fine-grained powder more than
large-grained. On the other hand, it is more difficult to restore
the properties of large-grained powder. Powder of a smaller
gravimetric density absorbs more moisture than a powder with a
greater one, and a glazed powder less than an unglazed onme. It
would seem that powder, after being dried, gives a greater velocity
than before, evidently because it becomes porous. Experiments
made at Spandau with powder which had absorbed 275 per
cent. of moisture, and was then dried, showed with the ballistic
pendulum 333 metres velocity before and 337 metres after the
second drying. Similar results have been obtained in other
places,

Powder that has become moist can be recognized by its
unequal colour, by being more difficult to ignite, and giving
greater residue, and also by the grains crushing more easily in
the fingers. If it contain a large amount of moisture, the
powder forms black hard lumps, in which state it i3, as a rule,
unserviceable.

In order to determine the tendency any particular kind of
powder has for absorbing moisture, it is put, together with a
standard powder, in a damp cellar, or over a layer of water in
a tub, which can be closed air-tight, and is left for a shorter or
longer period, according to the existing temperature. According
to regulations made in Sweden in the year 1831, powder treated
in such a way should not absorb, at most, more than 50 per cent.
more moisture than the standard powder. In England it is
specified that the powder shall be put into a double box, the outer
one of which is made of wood and the inner one of copper, the
space between the two being filled with an insulating material,
This double box is closed by a double lid with a hole for inserting
a thermometer. The powders to be examined are placed upon a
small wire gauze tray about half-way up the inner box, and round
the box at about the height of the tray a flat gutter is arranged
containing a saturated solution of saltpetre, with which the
bottom of the box is also covered. Two hundred grains of the
powder to be examined are placed on a small tray with a wire gauze
bottom, which is put into the box. On closing the lid the tem-
perature is noted, and the sample left in the box for twenty-four
hours for fine-grained powder, and forty-eight hours for large-
grained. After this time the temperature in the interior of the
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box is again noted, the powder taken out and weighed, when the
increase of weight, of course, shows the quantity of moisture
absorbed. '

The following experiments made in Sweden with standard
powder show how little reliance can be placed on such tests.
Five samples of 100 grammes each were put into a tub at
the same time, and they had increased in moisture:

ABBORPTION OF MOISTURE IN
DarE T:;Pznunu: Pzz Cesta.
iN Decrees C.

Avenge, | St
27May . . . . 109 240 | 036
14 June . . . . 166 670 319
18 July . . . . o214 511 i 111
1 August . . . . 181 G99 1-53
26 . . . . 219 372 104
7 October. . . 13'6 643 118
17 5, . ... 102 693 104
3 75 ! 663 \ 076

This can easily be explained if it is considered that steam has
a greater density at a high temperature than at a low one. If the
temperature of the tub falls, part of the steam in the saturated air
is condensed and moistens the samples. If the temperature rises
again, the moisture thrown down is evaporated either in part or
wholly, so that it really depends upon chance whether a powder
appears more or less hygroscopic. For this reason it would be
more advantageous to compare a damp powder with a less damp
one by drying them simultancously on a water-bath. The
difference in weight would give the quantity of moisture

evaporated, from which the hygroscopic properties of the powder
could be deduced.

(f) DETERMINATION OF MOISTURE.

In England, the sample of powder is roughly crushed in a
mortar, and 100 grains accurately weighed on a watch-glass. A
second watch-glass, together with the one containing the powder,
are dried in o water-oven at 160° F. for an hour, and are then
allowed to cool in a desiccator for about twenty minutes.

In Germany five samples are taken from each supply and mixed
together. Fifty grammes of this are then taken and dried in a
porcelain dish by Fresenius' drying-stove in an air-bath for an
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hour, at a temperature of between 185° and 194° F. The dish is
then cooled under the dessicator and again weighed. The
moisture should not be more than 1 per cent.

In France 100 grammes of powder are weighed and dried in a
drying-stove on a copper plate at 158° F. until constant weight is
obtained. All other countries proceed with this examination in a
similar manner.

2. CHEMICAL EXAMINATION.
(a) QUALITATIVE EXAMINATION.

If the ingredients contained in the powder to be examined are
not known from the outset, it is advisable to first make a
qualitative examination, the object of which is to determine what
kind of nitrate is contained in the powder. A small quantity
of powder is put on to a filter, hot water poured over it, the
filtrate concentrated a little, and examined as described on
page 38.

In order to determine whether the powder contains sulphur, a
small quantity is placed in a beaker, and carbon disulphide poured
over it. It is then allowed to stand for some time, and the
solution carefully poured off into a porcelain dish. On evapor-
ating, sulphur, if present, will crystallize out.

In order to separate the charcoal it is best to first extract a
small quantity of the powder for some hours by means of carbon
disulphide, then filter and wash with hot water, and finally dry the
filter. By examining the residue under the microscope, it will be
seen whether the carbonaceous ingredients consist of charcoal,
wood pulp, bark, or other matter.

If other ingredients are supposed to be existing in the powder,
they can be found qualitatively in the residue by the well-known
methods.

(6) QUANTITATIVE ANALYSIS.

The object of the quantitative analysis is to find the
composition of the powder as it was intended to be in the
manufacture, Therefore, the percentage of moisture is usually
determined only in a cursory way, and the composition of the
powder calculated on the dry weight.
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1. DRYING THE POIVDER.

In England, drying is done at 160° F.; in Germany, the
regulation is that about 2 grammes of finely-crushed powder
should be dried in an air-bath at 90° C. until constant weight is
obtained ; in Switzerland, it is dried on a water-bath at between
70° and 80° C.; and in France, the powder is put into a glass tube,
and a current of dry air at 60° C. is passed through it. The latter
method is preferable, because at a temperature above 60° C. sulphur
begins to partially volatilize.

2. DETERMINATION OF SALTPETRE.

A method frequently employed is to put a weighed quantity of
powder (as a rule, 5 grammes) on to a moist filter and to dissolve
out the saltpetre by repeated washings with hot water. The
solution of saltpetre first running off is collected in a weighed
platinum dish and the subsequent wash-water in a beaker. The
solution of saltpetre is then carefully evaporated, from time to
time some of the wash-water added, and finally the remaining
saltpetre is heated to 280° C.

Werther collects the solution of saltpetre and the wash-water
in a large platinum dish, evaporates them to dryness, and transfers
the residue with a platinum spatula into a small weighed platinum
dish. This he closes with a cover, puts into a larger dish, and
then heats to 280° C. It has to be noted that on lixiviating
saltpetre it is hardly possible to avoid fine particles of charcoal
passing through the filter; and this is the case to a greater
degree with hot water, which expands the pores of the filter, than
when cold water is used. If the saltpetre has been dissolved by
hot water it will for this. reason always show a brownish colour
after evaporating. It would not be then advisable to melt the
saltpetre, because small quantities of saltpetre would decompose,
in which case the fused matter when dissolved in water would
always show an alkaline reaction.

Marchand tried to determine the saltpetre contained in powder
from the percentage of potassium by putting the powder into a
platinum crucible, pouring an excess of sulphuric acid over it, and
keeping it at a temperature below 200° C., when after a few hours
all the nitrate was decomposed. It was then evaporated com-
pletely to drymess, calcined, and the acid potassium sulphate

i



CHEMICAL EXAMINATION 319

transformed into the neutral salt. One hundred parts of potassium
sulphate correspond to 116 parts of saltpetre. When this method
was carefully tested, it was found to be unsuitable, because,
although all the nitrate seemed to have been decomposed, yet
the mass almost invariably exploded.

If one does not like to rely on the direct determination of the
saltpetre, it will be much better to find its percentage of nitrogen
by one of the many volumetric methods, of which Lunge’s
nitrometer method is specially suitable.

In order to determine quickly the percentage of saltpetre,
Captain Becker, of the Austrian Artillery, proposed a method
based on the specific gravity of saltpetre.

Four hundred grammes of powder are dissolved in 500 grammes
of hot well or rain-water, the specific gravity of which has been pre-
viously determined, and then cooled down to 174° C., the loss in
weight having been made up by adding fresh water. The filtrate
is then examined by means of a powder hydrometer, which is so
graduated that each degree corresponds to 4 per cent. of saltpetre
in the powder dissolved in the above quantity of water, so that
it is only necessary to multiply the reading of the hydrometer
by 20 to find the percentage of saltpetre contained in the powder.
According to experiments made with this method by Marchand,
it is not trustworthy, because the temperature influences it, and
also because the variations in the specific gravity are so small
(even with a difference of 2 per cent. in the percentage of
saltpetre) that they cannot be determined with exactitude.

A method given by Uchatius is based on the same principle.
Twenty grammes of powder are placed in a bottle with about 50
grammes of lead shot; 200 grammes of well-water are added to
it by means of a graduated pipette, the bottle corked, and then
shaken for eight minutes. After this the solution is filtrated and
172 grammes of the filtrate are put into a beaker, and raised to
a standard temperature corresponding to the water employed.
Into this is dipped a glass float, which is so constructed that when
the powder contains 75 per cent. of saltpetre, the float just rises
to the surface at the normal temperature, but sinks to the bottom
if the liqaid be diluted with four or five drops of water only. A
sufficient quantity of a test liquid, of smaller or larger specific
gravity, according to whether the saltpetre contains more or less
than 75 per cent., is added from a graduated pipette until the
float shows equilibrium.

For each quantity of water used the normal temperature has
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to be found at which the float and a solution of 15 grammes of
saltpetre in 200 grammes of that water have an equal specific
gravity; that is to say, a temperature at which the float just
rises in the solution, but sinks when three or four drops of the water
are added. The test liquid of higher specific ‘gravity is made by
dissolving 20 grammes of saltpetre in 200 grammes of water;
7017 grammes of it, filling one unit volume in the graduated
pipette, must contain 0160 gramme of pure saltpetre and 6857
grammes of a solution as it would form on treating 20 grammes of
powder of 75 per cent. with 200 grammes of water. Each unit
volume added shows, therefore, that the powder examined contains
1 per cent. of saltpetre less than 75 per cent.

The test liquid of lower specific gravity is made by dissolving
10184 grammes of saltpetre in 200 grammes of water.. If 7-017
grammes of it, which are also taken as one unit volume, are added,
they show 1 per cent. over 75 per cent. saltpetre in the powder
examined.

According to a Swedish regulation of the year 1831, 625
grammes of distilled water were to be poured over 15 grammes of
powder, and in a similar manner equal quantities of water were
poured over quantities of pure saltpetre corresponding to 70,
75, and 80 per cent. of the powder, and the weight which is
necessary to sink a hollow glass ball into these solutions on to
a mark made on the thin stem determined.

Since the Government of Sweden is partly supplied with
powder by private manufacturers, the saltpetre is at the same
time tested for sodium chloride in the following manner:—30
grammes of powder are extracted with water and nitrate of silver
added. The silver chloride precipitate is dried and weighed,
and the weight, after deducting that of the filter, is multiplied
by 410, which gives the amount of sodium chloride contained
in 50 kilogrammes of powder. This should not be more than
15 grammes,

8. DETERMINATION OF SULPHUR.

The amount of sulphur contained in a powder may'be ascer-
tained in different ways; it may either be determined directly as
sulphur, or first transformed into sulphuric acid. If it be desired
to weigh the sulphur as such, the following process according to
Berzelius is used :—The mixture of sulphur and charcoal after the
saltpetre has been extracted is dried on the filter and weighed; it
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is then transferred to one of the bulbs of a double-bulbed tube. A
current of dry hydrogen is passed over the mixture whilst the
latter is heated until all sulphur has been distilled over into the
second bulb. The tube and its contents are then allowed to cool
down, the current of hydrogen being continued during the cooling.
The tube between the two bulbs is cut by means of a file, and the
bulbs weighed separately. Their contents are then removed, and
the bulbs again weighed, when the relative proportion of the two
substances can be calculated from the two weighings.

In this process some sulphur is always carried away by the
current of hydrogen—a defect in the method which Wohler
proposed to remedy by using a long tube in place of the second
bulb. The tube was filled with a weighed quantity of copper
borings, which, on being strongly heated, would combine with all
the sulphur distilling over. The increase in weight of the copper
gave the quantity of sulphur present.

In this method, as in all others, the mixture of sulphur and
charcoal is weighed after the saltpetre has been dissolved out.
It should be noted that it is extremely difficult to determine
exactly the weight of the material put into the bulb, as, on account
of the hygroscopic properties of charcoal, appreciable quantities of
water are always condensed whilst filling. In order to avoid this
error, Marchand proposed that the mixture should be dried in a
vacuum over sulphuric acid until on repeated weighing no
difference in weight was found, that as much as possible of the
dried mixture should then be poured into a weighed bulb-tube,
and the quantity remaining on the filter again dried in a vacuum
and weighed. By this method the influence of the atmosphere is
excluded as far as possible, but another circumstance is overlooked
which may cause considerable errors. On dissolving out the
saltpetre, the charcoal, on account of its lower specific gravity, has
the peculiar property of creeping up on the filter and settling
above the sulphur, so that the latter fills the point of the filter. If,
therefore, before being placed in the bulb-tube the mixture be not
intimately mixed (during which a loss of charcoal dust has to be
guarded against), a substance of a different composition to the
remainder will be analyzed. A further error with this method is
that the sulphur cannot be completely separated from the charcoal,
as Proust has shown, although his hypothesis that a special hypo-
sulphite is formed cannot be proved. Marchand’s opinion that the
sulphur is combined with the potassium in the ashes of the

charcoal is open to question, and it is much more probable that
VOL. I Y
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the sulphur forms combinations with metal particles which are
found in powders, especially in those that have been incorporated
in drums with bronze balls—a process in which, as has been
previously shown, a considerable wear of the bronze balls takes
place.

In France sulphur was formerly always extracted by means of
carbon di-sulphide. For this purpose the finely-crushed powder
was put on to a filter moistened with alcohol in a glass funnel
with a ground edge. The point of the funnel was closed by
means of a cork. Carbon di-sulphide was poured over the filter
and a ground-glass lid laid over the funnel. After two houry
digestion the cork was taken away, the liquid drawn off, and the
digesting process repeated until a few drops of the liquid when
evaporated on a sheet of platinum left no residue. The solution
was collected in a weighed flask and evaporated in a water-bath at
between 70° and 80° C. The residue was then carefully heated
until it just began to melt. The carbon di-sulphide vapours were
driven out by a current of dry air and the flask again weighed.
This method i3 no longer used, since, in spite of repeated extraction,
the powder always contains small quantities of the allotropic
modification of sulphur which is insoluble in carbon di-sulphide.

In Switzerland, the filter containing the sulphur and charcoal
after the extraction of saltpetre is moistened with warm water and
the sulphur extracted by repeated infusions with ammonium
sulphide, and finally washed out with a dilute solution of ammonium
sulphide and hot water. The filter is dried and weighed, when
the weight after deducting that of the filter gives the weight of
the charcoal, and the loss, the weight of the sulphur.

One of the oldest processes, in which the sulphur is converted
into sulphuric acid, is due to Hermbstidt. It consists in mixing
the finely-ground powder with an equal weight of pure saltpetre,
melting double the quantity of saltpetre used in a platinum
crucible, and adding the mixture of saltpetre and powder in small
quantities. After all has thus been deflagrated, the residue is
dissolved in water, neutralized with nitric acid, and the sulphuric
acid formed precipitated by means of barium nitrate. From the
resulting barium sulphate the quantity of sulphur contained in the
powder can be calculated. It is difficult to avoid loss with this
method, since the powder falling on to the melting saltpetre will
always cause spurting, and consequently a loss of material.

The method now chiefly used is that of Gay-Lussac, in which
3 grammes of finely-ground powder are mixed with an equal
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quantity of pure potassium or sodium carbonate that has been
previously slightly calcined in order to drive off all moisture, 5
grammes of saltpetre and 20 grammes of sodium chloride, both
of which must be free from sulphates and previously dried, then
being added.

According to the German regulations, sodium carbonate is used,
and for each part of powder one part of saltpetre and six parts of
sodium chloride are added. After the whole has been intimately
mixed in a mortar, the mixture is heated for a prolonged period in
a platinum crucible until it becomes white. After cooling, the
molten mass is dissolved in water, acidified with a few drops of
hydrochloric acid, and the sulphuric acid produced precipitated by
means of barium chloride. The barium sulphate precipitated is
collected on a weighed filter, carefully washed, dried, and weighed,
and it gives the data required for calculating the percentage of
sulphur.

It is also possible to add a barium chloride solution of known
strength to the acidified liquid until no more precipitate is formed,
and to calculate the sulphur from the quantity of barium chloride
used, 152:63 parts of crystallized barium chloride corresponding to
20 parts of sulphur.

This method is one of the best if the substances are intimately
mixed and the crucible is not too rapidly heated. Nearly the
whole of the true percentage of sulphur will then be found.

If it is intended to combine the sulphuric acid produced by
the oxidation of sulphur with barium during the heating, then,
according to Lowig, one part of powder should be mixed with twelve
times its quantity of a mixture consisting of one part of barium
nitrate and three parts of barium carbonate. The mixture is
put into a combustion tube and a layer of the mixture without
powder, 8 or 9 centimetres thick, added. The tube is heated in a
combustion furnace whereby the mass bakes together without
melting, so that it can be easily taken out after cooling. The
contents of the tube are boiled with dilute hydrochloric acid, and
the barium sulphate formed is collected on a filter.

Another process has been proposed by Millon :—3 grammes of
dried powder are put into a flask, 33 grammes of pure concentrated
nitric acid poured over it, and 6 grammes of pure potassium
chlorate added. The flask is heated, and after the development
of gases has ceased, another small quantity of potassium chlorate
is added, this being repeated until the liquid has become perfectly
clear and yellow. Care has to be taken to add fresh nitric acid
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to make up for the liquid lost by evaporation. The contents of
the flask are then poured into a warm beaker, and the flask
rinsed with hot water until no opaqueness appears on the addition
of barium chloride. Barium chloride is then added to the liquid,
and the analysis completed in the usual manner.

The disadvantage of this method is that sulphur can only be
oxidized very slowly, as it soon begins to melt in the flask, and is
then thrown to the top of the liquid in small globules, so that the
potassium chlorate finds only very few points of attack. A further
disadvantage is that besides barium sulphate, barium nitrate and
potassium chlorate also remain on the filter, and are difficult to
remove by washing. It is, therefore, best to proceed in the
following way :—The residue is dried, and the filter burned and
calcined, whereby all the potassium chlorate is transformed into
potassium chloride. The residue is then digested with hydro-
chloric acid, well washed on a small filter, and again calcined with
the filter.

Ure takes nitric acid instead of hydrochloric acid; but this is
not to be recommended, as, on account of the stormy development
of gases and swelling of the mass, very large flasks have to be used,
and also because the oxidation proceeds much more slowly.

The process of Bottée and Riffault is based on the same
principle as that of Millon. After having lixiviated the saltpetre
with hot water, the mixture of sulphur and charcoal remaining on
the weighed filter is carefully dried at a low heat, weighed whilst
still warm, and then introduced into a flask by means of an ivory
spatula, and a potassium hydrate solution of 5° B. poured over it.
After boiling for some time it is filtered whilst boiling hot. It is
then washed with double thc volume of the potassium solution used,
and finally the residue remaining on the filter is washed with hot
water.  Chlorine gas is conducted into the diluted solution of salt-
petre and potassium hydrate in order to convert the sulphur into
sulphuric acid, the latter being precipitated by means of barium
chloride.

This method has not been largely used, since the potassium
sulphide formed decomposes quickly in contact with air, and a
small quantity of sulphur is lost in the shape of hydrogen
sulphide; and also because charcoal is partly soluble in potassium
hydrate solution, so that the sulphur will always come out too
high. It has the further disadvantage that by weighing the
mixture in a hot state exactitude cannot be obtained.

Finully, the process of S. Cloéz and Er. Guignet should be
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mentioned, in which potassium permanganate is used for oxidizing
the sulphur. One gramme of dry powder is boiled in a flask with
a concentrated solution of potassium permanganate, and pure
potassium permanganate added from time to time until the liquid
has assumed a permanent violet colour. The sulphur is oxidized
to sulphuric acid and the charcoal to carbonic acid. Potassium
permanganate being suspended in the liquid, concentrated hydro-
chloric acid is added, and the whole boiled until all permanganate
is dissolved and the chlorine developed driven off. The liquid is
then diluted and barium chloride added. This method gives
satisfactory results.

4. DETERMINATION OF CHARCOAL,

The oldest and rather primitive method for determining the
percentage of charcoal in powder is due to Baumé (1780). The
powder i8 put on to a dried and weighed filter, the saltpetre
extracted, and the residue dried on the filter and weighed. The
sulphur is then eliminated by burning, and the remaining charcoal
weighed. From the weight -'; is deducted, since it is said that
the charcoal retains that proportion of sulphur.

Another method, known already in 1821, was to boil the
residue of sulphur and charcoal with a potassium hydrate solution,
After this it was washed until no precipitate was produced by lead
acetate in the washing-water, after which the charcoal was dried
and weighed. This method cannot be recommended, since, as
mentioned already on page 67, part of the red charcoal dissolves
with a brown coloration in the potassium solution, and also because
the solvent is only eliminated with difficulty from the charcoal,
which always retains small quantities of sulphur. For the same
reason another method, in which the sulphur is extracted by
boiling the powder with sodium, potassium, or ammonium sulphide,
cannot be recommended.

If the sulphur is washed out with carbon di-sulphide, absolutely °
exact results cannot be obtained, because some sulphur will always
remain in the charcoal. The error becomes still larger when,
according to the original proposal of Marchand, it is afterwards
washed with absolute alcohol ; for, according to Werther's observa~
tions, hot alcohol extracts some constituents from charcoal,
especially that of 28 per cent. yield, and this, of course, causes the
weight of the charcoal to come out too low.

Bolley’s attempt to replace the carbon di-sulphide by sodium
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sulphite, which in the presence of sulphur is transformed into
a thiosulphate, did not give much better results. According to
Bolley, the residue containing sulphur and charcoal, after being
dried and weighed, is boiled for from one to two hours with 20 to
24 parts of sodium sulphite, the water lost by evaporation being
constantly replaced by fresh quantities. After filtering, the char-
coal is washed, dried, and weighed. The charcoal, however, always
retains considerable quantities of the salt, which cannot be
eliminated by washing.

Oil of turpentme, used by Ure, has proved to be quite unsuit-
able, since it is retained by the charcoal in large quantities.

Bromeis’s process is said to give better results. He fixes a
small funnel air-tight into the neck of a flask by means of a cork,
puts the mixture of sulphur and charcoal on to the filter, and
pours over it petroleum-ether heated to from 120° to 140° C., and
then covers the funnel with a glass plate. At this temperature the
sulphur melts, and at once dissolves in the petroleum-ether. By
removing the cork after five minutes, the liquid hitherto retained on
the filter runs into the flask; it is then washed several times with
petroleum-ether, the filter pressed out between blotting-paper and
dried in a water-bath at 100° C., which causes it to lose all smell
of petroleum-ether in about half-an-hour. The charcoal remaining
on the filter, which is then perfectly free from sulphur, is weighed.

In order to obtain exact results, the charcoal obtained by any
of the above-mentioned processes should always be examined for
sulphur by one of the methods just described.

Instead of weighing the charcoal directly as such, it can also
be transformed into carbonie acid, from the amount of which the
quantity of charcoal can be calculated. The process used in this
case is the same as that for determining carbon in organic
compounds containing sulphur.

If copper oxide is used for the initial development of oxygen,
the insertion of a tube containing lead peroxide between the
calcium chloride tube and the potassium apparatus, in order to
retain the sulphurous acid, must not be omitted.

Weltzien recommends filling 10 centimetres in front of the
oxide with copper turnings. If powder that has been dried at
100° C. be examined, the determination by the carbonic-acid
method always comes out too low, as potassium carbonate is
formed during combustion, and remains in the combustion tube.
It is, therefore, better to free the charcoal as much as possible
from sulphur before drying, and to burn it with lead chromate,



CHEMICAL EXAMINATION 327

a current of oxygen being passed through the tube towards the
end of the combustion. By this method the oxygen and hydrogen
contained can also be determined.

The percentage of ash is determined by simply calcining one
gramme of the dry charcoal from the powder in a platinum crucible
until constant weight is obtained.

According to the German regulation, the filter containing the
sulphur and charcoal is put into a funnel, which in turn is placed
in a metal funnel heated with warm water to between 30° and
40° C. Pure carbon di-sulphide, to which about one-quarter of its
volume of alcohol has been added, is poured on to the filter, which
is then well washed with pure alcohol, and finally dried at 90° C.
and weighed. The weight obtained, less the weight of the filter,
gives the percentage of charcoal, and the sulphur is found by
difference.

5. DETERMINING ALL COMPONENTS SIMULTANEOUSLY.

In order to determine all the components of powder, Linck has
proposed the following process :—A glass tube with a long point (a,
Fig. 146) is connected with a weighed flask (c) by means of the
cork (b). The dried powder is put into the tube, and over it is
poured carefully-rectified carbon di-sulphide, which runs through
the point of the tube (a) into c¢. As soon as by repeated washing
the flask is filled with about 8 cubic centimetres of liquid, it is
heated in a water-bath to between 70° and 80° C., when the carbon
di-sulphide distils over into the dry tube (d). The distillate is
used for repeating the extraction. After extracting about six
times with 8 cubic centimetres of carbon di-sulphide, all the
sulphur which can be extracted from the powder will have been
removed. The sulphur remaining in the flask (c) is carefully
heated until it just fuses, and after cooling it is weighed.

In order to ascertain whether the powder still contains sulphur
which cannot be extracted, the tube (a) is connected with an
aspirator, and dry air at 100° C. is sucked through until constant
weight is obtained. The difference between the weight obtained
and the weight of the tube containing the dry powder is equal to
the weight of sulphur extracted, including the small quantity of
water which powder dried at 100° C. may retain. This small
quantity can be found by deducting from the difference above
mentioned the quantity of sulphur found by direct determination.

In order to find the small quantity of sulphur still contained in
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the residue after extracting, about 06 gramme is taken out.
The powder taken out is oxidized by aqua-regia, evaporated with
hydrochloric acid, and the sulphuric acid formed is determined by
barium chloride. The sulphur is calculated, from the barium
sulphate formed, for the whole of the mass, and this is added to
the quantity of sulphur found by direct determination. In this
manner Linck found an additional 011 per cent. of sulphur.

Fic. 146.

The powder retained in the tube is then used for determining
the percentage of saltpetre. For this purpose the tube (a, Fig. 147)
and the vessel (d) are fixed air-tight under the bell-jar (b) of an
air-pump by means of the india-rubber connection (¢). The flask
(c) is put under the bell-jar. Cold water is poured over the mass
contained in the tube (a), and by very slowly pumping out the air
from the bell-jar, the water is sucked out, so that it comes drop
by drop into the flask (c). In order to avoid crystallization of
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the saltpetre on the point of the tube (e), this operation is
repeated with water of gradually increased temperature ; for this
the vessel (d) has, of course, to be filled with warm water. In
this way two grammes of powder can be completely freed from
saltpetre by means of 18 to 24 cubic centimetres of water, and
by this means all the errors which may occur by using large
quantities of water through the extraction of appreciable quantities
of organic matter from the charcoal are avoided.

The solution of saltpetre is evaporated in a platinum crucible,
the residue dried at 120° C. and then weighed. The asbestos plug
is then pushed up by means of a piece of wire so as to loosen it,
and the charcoal retained by it dried at 100° C. in a current of dry
air, If the weight of the charcoal is a little more than the
difference between the weight of saltpetre and charcoal, less that
of the saltpetre found, then this difference is accounted for by the
fact that pure charcoal retains water more easily than when mixed
with saltpetre. This small difference (between 1 and 1} milli-
grammes) has therefore to be considered as water adhering to the
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charcoal, and has to be deducted from the water obtainable in the
combustion of the charcoal.

For the combustion of charcoal, it is mixed in the tube with a
little lead chromate, the drawn-out point is cut off, and the asbestos
plug pushed up and mixed with the contents until a current of
air can pass over the mass freely; then the whole is put into the
combustion tube filled with oxidized copper borings, and the
whole burnt in the usual manner in a current of oxygen.

3. MECHANICAL PROPERTIES OF BLACK POWDER.
(a) INFLAMMABILITY,

Black powder can be ignited by a blow, by increase of temper-
ature, or by contact with burning or incandescent bodies.

Aubert, Lingke, and Lampadius have ascertained that black
powder can be ignited by a blow with iron on iron, iron on brass,
brass on brass, and less easily by a blow of iron on copper, or
copper on copper. According to English experiments black powder
is also ignited by a blow with brass on copper, iron on marble,
quartz on quartz, lead on lead, and lead on wood—that is to say,
if a leaden bullet is shot against a wooden pendulum covered
with powder.

Under ordinary circumstances, a blow of copper on wood rarely
produces an explosion, and one of wood on wood never. The
reports of the Inspectors of Explosives, which now cover a peried
of many years, show nevertheless that every year there are
accidents in mines resulting from explosions produced by blows of
copper on stone, and even wood on stone. Very many accidents
happen in mines through the workmen forcing cartridges of
compressed black powder into bore-holes which in some parts
are smaller than the diameter of the cartridge, or which are not
quite round, when they use the rammer and sometimes even a
hammer to drive it in. In such cases explosions may happen,
even when wooden rammers are used. It cannot be assumed
that the explosion in such a case is due to iron nails or similar
foreign matter contained in the cartridge, because the presence of
such articles is almost everywhere most carefully avoided, and
they would have been already noticed when the powder was
compressed. It is much more probable that small particles of
powder detached by the breaking of the cartridge adhere to the
sides of the bore-hole, and that the hard blow of the hammer on
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to the tamper is transmitted to the rock, producing vibrations so
violent that the powder explodes. This is the more probable
since Dr. Dupré has shown that a blow struck in a slanting
direction (glancing blow) produces the strongest vibrations and
develops the most force, since the whole of the force of the blow
1s concentrated in one point, and for a single moment only, by the
instrument producing it. Dr. Dupré has also shown that there is
hardly any explosive which, when laid in a thin layer on a wooden
floor, will not explode, when it receives a glancing blow with a
wooden broom-stick.

Experiments made at Bouchet in 1852 have shown that the
presence of finely-powdered quartz, glass, etc., when powder is
being worked in incorporating-mills, soon produces explosion.

The temperature of ignition of black powder varies with the
nature of the powder. Horsley found it to be 600° F. The
apparatus he used for making the determination was a small
saucer heated on an oil-bath, the temperature of the oil in which
was taken by a thermometer dipped into it.

Leygue and Champion proposed another method in 1871 for
determining the temperature of ignition. This was based on the
well-known distribution of temperature in a metal rod which is
heated at one end. They used a copper rod, 0:025 metre diameter
and 0600 metre long. Cavities situated at equal distances
along the rod were filled with oil, or Darcé’s alloy, in order to
determine the temperature of the interior of the rod. Ther-
mometers were placed at every 100 millimetres from the cold end
of the rod in these cavities. The temperature indicated by the
thermometers was noted, and the substances to be examined were
put on to the rod and gradually pushed nearer and nearer to the
source of the heat until they reached a point where they either
decomposed or ignited. In order to avoid the influence of radiant
heat, a screen was put between the apparatus and the source of heat.
By this method the point of ignition of sporting powder was found
to be 550° F. (288° C.), and that of cannon powder 563° F. (205° C.).

According to Leygue and Champion, the grains cake together
on account of the sulphur they contain, and at the same time the
sulphur begins to volatilize as soon as the temperature of the
powder is increased beyond 212° F. The volatilization of sulphur
increases rapidly with the temperature, and if this is not increased
up to the boiling-point, the sulphur can be completely driven out
of the powder without inflammation taking place. If the sulphur
is finally eliminated, the temperature can be further increased, so
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that even the saltpetre melts, and is finally decomposed by the
charcoal floating on the top of it. If, on the other hand, the
temperature is rapidly increased before the sulphur is completely
volatilized, then the sulphur vapour is ignited and brings about
the explosion of the powder.

Violette determined the temperature of ignition of various
kinds of powder by throwing them on to molten tin which was
heated to different temperatures. His experiments gave the
following results:—

ORANULATED
ANGULAR POWDER. MEAL POWDER.
Blasting powder ... 270° C. 265° C.
Rifle powder 276° ,, 266° ,,
Fine sporting powder ... 280° ,, 268° ,,
Extra fine sporting powder 320° ,, 70° 4

It seems to be clear from these figures that the temperature of
ignition of meal powder of all kinds is about the same, and that
very little depends on the composition of the powder. On the
other hand, the shape and size of the grains and the more or less
intimate mixture of the powder have, no doubt, considerable
influence on the temperature of ignition.

Burning bodies only ignite gunpowder when they are very hot.
This is well shown in attempting to ignite blasting powder by a
match. As long as there is an ordinary flame the powder will not
ignite, but as soon as there is a narrow-pointed one coming out, it
ignites instantly. A gas flame will only ignite powder after it has
acted upon it for a few seconds. Gun-cotton burned over black
powder leaves it perfectly unaltered, because the combustion of
the latter takes place so rapidly that the powder is not heated
sufficiently to ignite. German tinder ignites powder only after
having become incandescent, but if there is the least ash on
the point no inflammation takes place. Sparks from steel and
stone ignite the powder easily, if produced by a hard blow.
Experiments made by the author with flint and steel have shown
that the inflammation depends on the hardness of the blow, and
whether only a small particle of the stone has been hit or not.
It is possible to produce sparks of longer or shorter duration and
larger or smaller intensity, and that under special conditions
quite a shower of sparks may fall upon the powder without
igniting it, whereas a single spark of great intensity at once starts
combustion.

Colonel Hess has investigated the suitability of various kinds
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of stone for constructional work in gunpowder factories, more
especially for incorporating-mills. He found that quartz easily
produces sparks, feldspar and apatite fairly easily, tough fluor spar
very easily indeed, whilst calcareous spar never gives sparks. He
concluded, therefore, that tough lime-stones, fine-grained marble,
tough dolomites and homogeneous stones of equal hardness can,
as a rule, be used without objection for parts of a machine subject
to a friction on metal, provided the stones be free from sand.
It is nevertheless advisable to examine such stones before using
them by striking an edge of the same with the edge of a well-
hardened steel hammer, because in these kinds of stones there are
also varying degrees of hardness.

An electric spark ignites powder only when the discharge is
delayed by the interposition of a bad conductor, which can be
shown in small experiments by introducing a wet piece of twine
into the circuits. For mililtary and mining purposes special
electric detonators are used for the explosion of powder charges.
They are either high-tension detonators in which the electricity
generated by a frictional machine jumps a gap in a wire, and
through the resistance of air at the gap produces a spark which
ignites some easily-inflammable substances placed round the gap;
or they may be low-tension detonators, in which a continuous current
of electricity produced in some convenient way renders a fine
platinum wire incandescent, which inflames the igniting com-
position placed round it. Detailed information on such detonators,
and the machines used for firing them, are fully described in the
author’s handbook on * Blasting.’

(b) RAPIDITY OF COMBUSTION.

If small quantities of black powder are ignited in the open air,
combustion only takes place, whilst if larger quantities are ignited
they explode. The latter is sure to occur if the powder is ignited
under high air-pressure, or, what is the same thing, in a closed
space. If ignited in the open air, powder behaves differently
according to the size of the grains. Piobert studied this subject
carefully, and found that meal powder burns most slowly, and that,
on the other hand, the larger the grains the slower the combustion.
This is explained by the fact that the combustion of the powder
progresses from the surface towards the interior, and that, there-
fore,-when meal powder is in a heap, the flame finds its way
through the heap with difficulty; and also that, with large-
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grained powder, the outer layer at first burns away and presents
less surface in relation to the volume at the beginning than
do comparatively small grains. ‘When °considering the rapidity
of combustion, the composition of the powder, the quality of the
charcoal, and the density of the grains have also to be taken into
account. The less the charcoal is burned the more rapidly it
will take fire; on the other hand, red charcoal is less inflammable
than black charcoal, on account of its higher percentage of hydrogen.
In a closed space the inflammation takes place much more rapidly,
but on account of the space being filled with gases of combustion,
the rate of inflammation differs. With combustion in a -closed
space the decomposition takes place without a report, since air is
wanting. In a vacuum, powder, as we shall see later on, does not
ignite at all.

In order to test the rapidity of combustion of powders, special
apparatus have been employed which will be described later.

(¢) COMBUSTION.

If good black powder be ignited on white paper, it burns away
rapidly, the smoke ascending vertically, and leaves no residue
on the paper. If black spots be found, they indicate, either that
the powder contains too much charcoal, or that it has been badly
mixed ; the same can be said of the sulphur, if yellow spots be left
behind. If unburned grains be found, they indicate an imperfect
or impure saltpetre. The powder should not burn any holes into
the paper, as only moist or ctherwise bad powder does so.

Professor Charles E. Munroe has suggested a pyrographic
method for examining the quality of black powder. He uses paper
sensitized with cyanide of iron, the blue colour of which is
destroyed by the sulphites and thiosulphates formed by the combus-
tion of the powder, with the formation of yellow and white spots.
A piece of such paper about 8 inches square is moistened and laid
on a glass or copper plate. A hollow blunt lead cone holding about
3 cubic centimetres is filled with powder by closing its point with
the finger, and then it is reversed on the paper. A small conical
heap is thus formed, which is then ignited by an incandescent
wire. If the paper be allowed to stand for half a minute, and
afterwards washed in running water, only small and uniformly
distributed spots will be seen with well-mixed powder; whereas
a badly-mixed powder gives large spots of unequal form and
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division. Powder-cake from incorporating-mills will, according to
the perfection of the mixture, show residual particles thrown about
nearer or further from the centre of ignition.

In a closed space the combustion of powders of equal composi-
tion, but varying in size of grains, gives the same quantity of gases
and the same temperature; whilst with combustion in the open
air and under ordinary pressure sporting powder burns away much
more violently than blasting powder, although both may have the
same composition. That this is not the case with combustion in
a closed space has been proved by experiments with the author’s
power-gauge, of which more will be said later on.

Papacino d’Antoni found in 1765 that the more rarefied the
air in which it burns the more difficult is the ignition of black
powder ; that it will melt in the highest vacuum obtainable; and
that it will only ignite when the saltpetre is heated up to its
temperature of decomposition.

In 1817 Munke found that gunpowder does not explode in a
vacuum-tube by rapid heating. Very soon afterwards Hearder
observed that powder could not be exploded in'a vacuum by a
platinum wire made incandescent by an electric battery, and all
that occurs when it is so treated is, that part of the sulphur melts
and sublimes. As soon as he re-admitted part of the air, however,
an explosion at once took place.

Slightly different results were obtained by Bianchi, who filled a
small basket made of platinum wire with powder and put it under
the bell-jar of an air-pump, and after having exhausted the air,
heated the basket to incandescence by an electric current. The
powder burned away slowly, but without deflagration. Bianchi
states that the temperature was at least 2000° C.

These experiments were repeated by Heeren at a congress of
natural philosophers in Hanover, and he came to the conclusion
that when platinum wire was placed below the powder and kept
incandescent for a prolonged time, Bianchi’s results were confirmed,
but that if the platinum wire merely dipped into the powder and
was only incandescent for a short time, the grains near it melted
without burning. If the incandescence was kept up for a longer
time, those grains immediately touching the wire burned away
slowly, whilst the remainder of the powder was not affected.

Heeren tried to explain this phenomenon by suggesting that
the gas escaping from the exploding body, which, by its high
temperature, would otherwise communicate the flame to the
neighbouring particles, expands so rapidly on account of the lack
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of resistance of the surrounding air, that it cools down below—
the temperature of ignition of the neighbouring particles.

Similar observations were made by Sir Frederick Abel. He -
found that if small quantities of powder were touched with an
incandescent platinum wire under the bell-jar of an air-pump at -
from 150 to 510 millimetres pressure, the grains in the imme-
diate neighbourhood of the wire melted, sulphur vapours were
developed, and the grains were finally ignited, throwing about the
unignited remainder of the powder. At 760 millimetres pressure
complete inflammation took place after a few seconds. The same
results were obtained with nitrogen, carbonic acid, and other gases
which do not support combustion.

(d) ProbUCTS OF COMBUSTION.

On burning gunpowder under ordinary or high pressure, the
transformation always takes place in such a way that, on the one
hand, gaseous products, and on the other a solid residue, are
formed. This was observed at a very early date, and at the be-
ginning of the eighteenth century experiments had already been
made to determine the quantity of gases produced. Hawksbee
(1702) found that 1 cubic centimetre of black powder gives 232,
Robin (1743) 244, Saluces (1761) 264, and Brianchon 400 cubic
centimetres of gases, all reduced to 0° C. and 760 millimetres. On
account of the primitive state in which chemistry was at that
time, they could not then determine whether the products of
combustion consisted of one or several gases. This led to much
speculation ; for instance, Newton, in 1705, thought that the sul-
phuric acid formed by the combustion of the sulphur drove out the
spirit of nitre from the saltpetre and burned it. The same view,
though with a slight modification, was still held in 1771 by Majow,
who thought that phlogiston combined with the nitric acid. Ingen-
house (1782) is somewhat clearer in saying that the action of the
powder is produced by the combination of the charcoal with the
oxygen.

It was left for Gay-Lussac to give an approximately correct
idea of the composition of the gases. He dropped powder, grain
by grain, into a red-hot glass tube fitted with an arrangement for
collecting the gases evolved. In this way he obtained from
1 litre of sporting powder weighing 900 grammes—
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LITRES,
Carbonic acid 238
Carbonic oxide ... 2250
Nitrogen ... 189

44950

According to Gay-Lussac and Chevreul, 100 parts of the
gaseous products of combustion contained—

GAY-LUSSAC. CHEVREUL.

Carbonic acid ... 454 53
Nitrogen 375 42
Carbonic oxide . e e — 5
Nitric oxide . 81 —
Carburetted hyd.rogen . 06 —
A peculiar gas consisting of carbon

hydrogen, and oxygen ... 83 —

999 10000

In the solid residue, the nature of which was until then quite
unknown, Gay-Lussac and Chevreul found potassium sulphate
and carbonate, and also potassium sulphide and higher “ sulphurets.”

The experiments made by Bunsen and Schischkoff on sporting
powder were epoch-marking. They have since been repeated by
Linck with Wiirtemberg rifle powder. For more easy comparison,
the two results are placed side by side in the following table :—

COMPOSITION OF THE POWDER§ EXAMINED.

BUNBEN AND BCHIBCHKOFF. LINCK.
SPORTING POWDER. RIFLE POWDER.

Saltpetre ... ... 1899 7470
Salphur ... .. 984 12+45
Carbon .. 169 9-05

Hydrogen ... . e 041 041

Charcoal Oxygen . 307 278
Ashes ... ... trace —

C Water ... e e e e — 060
10000 99°99

Bunsen and Schischkoff used for the combustion of the sporting
powder a bulb-tube bent at a right angle on one end. Into
this part of the tube reached another glass tube, 25 millimetres
wide and 1 metre long, and provided at its upper end with
a brass fitting, through the centre of which there was a small

circular opening. The other straight part of the bulb was con-
VOL. I, zZ
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nected with a tube 2:5 millimetres wide and between 1'5 and
2 metres long, through which a thin aspirating tube passed
nearly up to the bulb. Small collecting tubes were connected
with the aspirating tube which had their ends drawn out to a
fine point and were connected to an aspirator. On making the
experiment the bulb tube was heated, and an india-rubber tube
put over the glass tube of 1 metre length. The india-rubber
tube contained about 20 grammes of sporting powder, and as it
was lifted grains of powder fell through the circular opening of
the brass fitting into the hot bulb, where they burned away. The
solid residue remained, almost completely, in the bulb and its
tubular prolongation, whilst the gases settled in the tube of
15 to 2 metres in length, and were finally carried, by means
of aspirators, into the collecting tubes closed by means of pinch-
cocks, which then were fused under the blow-pipe.

The residue deposited in the bulb had the following com-
position :—

PER CENT,
Potassium sulphate ... 5662
Potassium carbonate 27-02
Potassium thio-sulphate ... 7:87
Saltpetre ... .. .. .. . 519
Potassium hydrate ... 1-26
Potassium sulphide ... 1-06
Carbon vee 097
Potassium sulphocyamde 086
Sulphur ane ver  ete aee trace

100-55

The methods by which the various substances were determined
may be briefly mentioned.

To determine the unconsumed charcoal, 7 grammes of the
substance were dissolved in hot water, and the charcoal collected
on a weighed filter. The filtrate was brought into contact with
copper oxide, and after two days the oxide, which then contained
copper sulphide, was dissolved in fuming nitric acid and the
sulphuric acid formed precipitated by barium chloride. The
potassium thiosulphate was determined by titration with iodine
solution. The potassium sulphate was determined by precipitation
with barium chloride, and the potassium carbonate, by adding
manganese chloride to the solution, and treating the residue
after drying with diluted sulphuric acid in an apparatus for the
determination of carbonic acid. The oxide of manganese which
remained in the solution was precipitated by sodium carbonate,
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and -the percentage of potassium hydrate calculated on the
supposition that when the potassium sulphide was determined
all the potassium had been transformed into potassium hydrate.
The potassium sulphocyanide was determined colorimetrically by
a solution of iron chloride and a titrated solution of potassium
sulphocyanide The nitric acid of the saltpetre was transformed
into ammonia by means of zinc and sulphuric acid, and the
Jpoercentage of saltpetre calculated from this.
The vapour had the following composition :—

PER CENT.
Potassium sulphate ... .. 6529
Potassium carbonate 23'48
Potassium thiosulphate ... 4:90
Potassium nitrate ... 2-48
Carbon . e 1-86
Potassium hydrate ... 1-33
Potassium sulphocyanide ... 0'55
Ammonium sesqui-carbonate 011

10000

Side by side with these experiments, Bunsen and Schischkoff
xnade another set, in order to determine the quality of products
<Of combustion, solid and gaseous, given off by a certain quantity
<Of powder on combustion. They obtained 0:6806 gramme of solid
wesidue and 0-3138 gramme, or 1931 cubic centimetres of gases
for 1 gramme of powder.

Linck obtained in the same way 0'6415 gramme of residue
aand 0'3581 gramme, or 218'35 cubic centimetres of gases at 0° C.
#;nd 760 millimetres pressure. The solid residue had the following

<omposition :—

BUNSEN AND

SCHISCHKOFY LINCK.
Potassium sulphate 6210 4508
Potassium carbonate ... 18-58 23-96
Potassium disulphide ... — 14-94
Potassium monosulphide 313 —
Potassium thiosulphate 4'80 583
Ammonijum sesqui-carbonate ... 420 318
Charcoal ... ve 1-07 2:85
Potassium nitrate 5:47 1-87
Potassium sulphocyamde 045 1-81
Sulphur ... 020 048

10000 10000
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About the same time as Vignotti, Craig pointed out that th¢

products of combustion are totally different, according to whether
the explosion be produced under.a high or a low pressure.- By
examining the residue, he found that if powder-be burned under &
low pressure, potassium sulphate remains, whereas with a high
pressure the potassium sulphate is reduced to potassium sulphide,
and thus the latter is chiefly formed. This theory has been still
further confirmed by experiments made by Fedorow.

Fedorow obtained his powder residue by firing a pistol which
he put into a glass tube 4 feet long, and also by firing a copper 9-lbsa.
gun, using with the latter three Russian pounds of powder for
each shot. The composition of the powder and the charcoal was
as follows :—

PER CENT. ' PER CENT.
Saltpetre ... 74175 Carbon ... 725
Charconl ... 14835 Hydrogen 29
Sulphur ... 9890 Oxygen ... 223
Water «.. 1100 Ashes ... 23

100000 10000

The residue was dissolved in water, filtered, and the filtrate
shaken for several days with cadmium carbonate. The percentage
of sulphur in the potassium sulphide was calculated from the
cadmium sulphide formed. This gives much more exact results
than the copper-oxide method used by Bunsen and Schischkoff.
The potassium thiosulphate was determined by precipitating it
with silver nitrate. The potassium sulphocyanide was found
colorimetrically (according to Bunsen's method), and the potassium
carbonate by adding manganese chloride and weighing the Mn,0O,
precipitated.  The percentage of saltpetre was found from the
difference.

The following analysis is the average of several results agreeing
well with each other :— '

COMPORITION OF THE RERIDUE CALCULATED UPON 100 PARTS
OF DRY POWDER.

Riaxn CHAR 1 o7 Caxxox FIRED WITH
T amaae 1'h grammes. 8 1Bs. CHARGE.
——— ——— P ey
KRN0, - I LB 456l 4033 43N 1500 15-15
K0, . 3 2% N 3w FTw BN
K80, - B (NN 17 - 1774 ]-23 T4
KX wag (U 40 147 3x°13 39-55
RNQy, . AR Y AR 27 TR — —
RONS (LAY (LD} M (U ) 33 "'-"{;
8 . (U w2 (G LY 0
e A St 102

¢ . (ALY —
Rand. Cad - — -- — o2 022
(NHaa, Trae  Trace Trace  Trace — —

L omab
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However interesting these experiments are from a scientific
point of view, their results cannot be applied to military practice,
because, in the latter, combustion always takes place under high
pressure. Kadrolyi made experiments in this direction with rifle
and cannon powder. The quantitative composition he obtained
was— '

POR CANNON POWDER. FOR RIFLE POWDER.
Saltpetre ... ... 7378 Saltpetre ... v 7715
Sulphur ... .. 1280 Sulphur ... .. 863

Carbon ... 1088 Carbon ... 11'78
Hydrogen 038 Hydrogen 042

Charcoal Oxygen 182 Charcoal Oxygen... 179
Ashes ... 031 Ashes ... 028

10000 100-00

Karolyi used for his experiments a 60-lbs. shell from which
the air was exhausted; into this a cast-iron cylinder holding the
powder to be examined was screwed. Means were provided at one
end of the cylinder for electric igmition. The strength of the
cylinder and its cubical capacity were so proportioned that the
gases from the explosion in the shell had a pressure of half
an atmosphere, so that they could be transferred into the
measuring vessels for further examination. The determination of
the gases and of the solid residue was done according to Bunsen’s
methods.

36'8366 grammes of powder were used; they gave 25'49
grammes of solid residue and 11-34 grammes of gases, correspond-
ing to 76219 cubic centimetres at 0° C. and 760 millimetres pressure.
Therefore, for each gramme of powder 0°692 gramme of solid
residue and 0'307 gramme, or 206'91 cubic centimetres of gases
were obtained. The 25'49 grammes of solid residue had the
following composition :—

GRAMMES, PER CENT. BY WEIGHT.
Potassium sulphate ... 1361 53-39
Potassium carbonate ... 714 2801
Sulphur . 1-73 679
Potassium thiosulphate 1-04 4:08
Ammonium sesqui-carbonate 0-99 388
Charcoal 094 369
Potassium sulphide ... 004 016

2549 100-00
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The composition of the 1134 grammes of gases was as follows :—

GRAMMES, PER CENT. BY VOLUNE.

Carbonic acid ... 6-40 4274
Nitrogen ... 3:60 37-58
Carbonic oxide ... 097 10-19
Hydrogen 004 593
Marsh gas . 015 270
Sulphuretted hydrogen 010 0-86
Loss 008 —

1134 100-00

34-153 grammes of rifle powder were used for combustion,
giving 22:247 grammes of solid residue and 11906 grammes of
gases, or 7738 cubic centimetres at 0° C. and 760 millimetres
pressure, therefore 1 gramme of powder gave 0651 gramme of
residue, and 0'348 gramme or 226 cubic centimetres of gases.
The analysis of the residue gave the following results :—

GRAMMES. PER CENT. BY WEIGHT.

Potassium sulphate ... 12354 5553
Potassinm carbonate . . 7:096 3190
Ammoninm sesqui- carbonnte 0908 408
Charcoal . . - 0887 399
Potassium thlosulphate 0605 272
Sulphur 0397 1-78

22:247 100-00

The analysis of the gases showed the following figures —

GRAMMES, PER CENT. BY VOLUME.

Carbonic acid ... 7°442 4890
Nitrogen e 3432 3533
Carbonic oxide 0504 518
Hydrogen 0047 690
Marsh gas . 0167 302
Sulphuretted hydrogen 0079 067
Loss ... . 0235 —_
11-906 10000

Kirolyi concluded from these experiments that the products
of combustion of the powder depend very little on the way in
which combustion takes place, but the composition of the powder
has an influence. Considerable opposition has been offered to this
conclusion ; amongst others by Vignotti, who, in his paper, ‘De
I'analyse des produits de la combustion de la poudre,’ Paris 1861,
contended that the temperature of combustion of the powder must



PRODUCTS OF COMBUSTION 343

bear some relation to the products of combustion. As a proof, he
gave the results of the examination of three kinds of powder of
the same composition (75 per cent. of saltpetre, 12:5 per cent. of
sulphur, and 12'5 per cent. of charcoal), of which No. 1 was made
~with charcoal of 22 per cent. yield, No. 2 with one of 32 per cent.,
aand No. 3 with one of 39 per cent. Twenty grammes of each kind
~were burned in an apparatus differing only from that of Karolyi’s
mn that the powder was burned in a small mortar in the presence
«of air. The result was—

Pre GrAMME. No. 1. No. 2. No. 8.
Cubic centimetres, | Cubic centimet: Cublc centimetres.
Gas developed 243'96 23162 237°14
Carbonie acid (gas) ... 119°33 136765 145
Grammes. Gr G
Solid residue 1-1475 06500 05604
Insoluble parts—

Unconsumed carbon 0834 0543 0'4019

” sulphur ... 02135 0107 01585
Sulg}:ur in K,80, developed 1116 1-836 217
Carbon in K,CO, » 01868 03765 0443

Firing experiments with the ballistic pendulum showed that

“®&he muzzle-velocity of powder No. 1 was larger than that of No. 3;
“Wout that, on the other hand, when fired from a 24-lbs. gun, the
<charge being equal to one-third of the weight of the projectile,
Wo. 3 gave the highest, No. 2 the smallest, and No. 1 a velocity
TWoetween the other two.

Considering the quantities of gases obtained, Vignotti concludes
®hat, with the small charges used in the ballistic pendulum experi-
ments, the larger quantity of gas was the determining factor in the
<case of No. 1 powder; whilst in the 24-lbs. gun, where lower ballistic
effects were observed, the temperature of the gas must have
weutralized the effect of the larger quantity of gases developed,
giving an advantage to powder No. 3. Therefore, with small
<harges of powder No. 8, the loss of pressure is not counterbalanced
by the temperature of combustion on account of the small volume
of gas; but with larger charges, where comparatively less heat is
abeorbed by the sides of the gun, greater velocity and pressure are
produced. The quantity of carbonic acid present confirms this
supposition. It has, therefore, also been said, Vignotti’s experi-
ments show that the more carbonic acid and the more potassium
carbonate are present, the more carbonate will in general be
formed, and the higher will be the temperature of combustion.
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About the same time as Vignotti, Craig pointed out that the
products of combustion are totally different, according to whether
the explosion be produced under.a high or a low pressure.- By
examining the residue, he found that if powder-be burned under a
low pressure, potassium sulphate remains, whereas with a high
pressure the potassium sulphate is reduced to potassium sulphide,
and thus the latter is chiefly formed. This theory has been still
further confirmed by experiments made by Fedorow.

Fedorow obtained his powder residue by firing a pistol which
he put into a glass tube 4 feet long, and also by firing a copper 9-lbs.
gun, using with the latter three Russian pounds of powder for
each shot. The composition of the powder and the charcoal was
ag follows : —

PER CENT. ' PER CENT.
Saltpetre ... 74175 Carbon ... 725
Charcoal ... 14835 ‘Hydrogen 29
Sulphur ... 9890 Oxygen ... 223
Water ... 1100 Ashes . 23

100-000 100-00

The residue was dissolved in water, filtered, and the filtrate
shaken for several days with cadmium carbonate. The percentage
of sulphur in the potassium sulphide was calculated from the
cadmium sulphide formed. This gives much more exact results
than the copper-oxide method used by Bunsen and Schischkoff.
The potassium thiosulphate was determined by precipitating it
with silver nitrate. The potassium sulphocyanide was found
colorimetrically (according to Bunsen’s method), and the potassium
carbonate by adding manganese chloride and weighing the Mn,O,
precipitated. The percentage of saltpetre was found from the
difference.

The following analysis is the average of several results agreeing
well with each other:—

COMPOSITION OF THE RESIDUE CALCULATED UPON 100 PARTS
OF DRY POWDER.

BLaNK CHARGE OF CaxxoN FIRED WITH
0°75 gramme 15 grammes. 8 Lrs. CUMARGE,
—r— —r— e,
K.S0; ... . 4825 4761 4083 43-28 15-00 15°15
K.CO,... e 2344 2413 30-06 31-90 3700 36-20
K.8,04 ... 16-53 1703 19-32 17-74 828 744
. 097 0-34 2-49 1-67 38-18 3955
0, ... 581 566 279 173 — -
KCNS .. 051 034 056 056 093 033
038, . = 022 009
408; 449 305 {2.90 — 102
8and, CuO — — - — 0-82 022
(NH, xCO, Trace Trace Trace Trace —_ —_
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3-__ -+ $¢ %1l Je seen from this interesting table that on increasing the

‘charge and the pressure of combustion, a more thorough decom-

» ‘pogition of the powder takes place, the percentage of potassium

. sulphide and carbonate in the residue increases in the same
“proportion as it decreases in potassium sulphate and potassium
thxosulphate

+- :Finally, experiments made by Dr. Poleck at Neisse in August
and September 1865 require notice. In order to find the com-
poglhon .of mine-gases, he made an experimental mine for the

~ *spyrpose, and led through the mound a long wrought-iron pipe
'c’o fed with an aspirator for collecting the gases. The

colledting-tubes were fused by a blow-pipe immediately-after each

. collecﬁon of gases; these were subsequently a.na.lyzed by Bunsen’s’
. metho& .The powder used for blasting the mines contained—

.* A PFER CENT.
) Saltpetre 7200
o . Sulphur O B &
) * - Charcoal 1612

> N 10000

The,results are given in the following table :—

- T * Iinmediately
§ * Composition in 100 parts. after the -} hour after. 8 hours after. | &} hours after.
@ . o. . explosion.

Carbonjpacid .| 449 | 3w 2:28 292
w0 ., ¥ oxide .. 298 | 339 326 272

Marshrgas ... ... — 020 015 —
«'Hydregen ... — 1-09 058 0-88
IR — — — 058

- %Oxygen” , ... ... 488 ; 1273 1715 16:48
. Niﬁﬁn 8765! ' 7914 76-58 712
L) S incl. Hydrogen. :

. /A Total..| 10000 | 10000 100-00 100:00
.' ‘ Therefore in 100 parts

Powd gases 7672 3927 18'18 2138
'Atmosphel‘ic air ... 2328 60-73 81-82 7862
‘. ‘\‘_ et

1 The eudiometric part of this analysis was spoiled.
‘e

.o On"'looklnrr over this table, it will be at once noticed that the

quanmﬁ of ca.rbomc acid found is small. The explanation for this
is to”'bé found in the fact that the tamping material absorbs
cuqumc acid more largely than the other gases present. In order
to examipe the influence of the tamping material on the absorption
of the- -gases, on the sixth day, when the mine had been cleared,
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the gases absorbed were recovered by boiling the tamping material
in vacuo with water free from air. The tamping material in this
way was found to contain in 100 parts—

PARTS. b

Carbonic acid 7332
Hydrogen ... 1'11
Nitrogen probomde 081 ’ .
Nitrogen ... .. .. .. .. 2476 o
'I.
100-00

This also explains why the gases issuing into the mine-gallery’s
immediately after the explosion had a different composmﬂ to’
those devaloped later on from the tamping material. It cAnnot s
be seen why later the quantity of carbonic acid is larger thap ib is
immediately after the explosion, and this so much the less.because .
no carbonic oxide could be found in the tamping material,.and it
is out of question that the carbonic acid should have been reduéed '
_ afterwards to carbonic oxide.

As regards the presence of marsh-gas, this may well have been
formed, at the high temperature set up, from the charred onganic
components of the tamping material, although if sulphuretted
hydrogen and carbon disulphide were present, as Poleck seems to .
assume, then any other mode of formation is impossible Polecka
especially mentions that sulphates were not to be found in thé?
tamping material ; they mlght well, however, have been ox!d.xzei.-
during the six days the air had access to it. )

However carefully these experiments may have been made, "t
cannot be said that a perfect idea of the quantity of the ptéducts’®
of combustion can be obtained from them. On account* of thet
great absorption of carbonic acid by the tamping materigl, the®
quantltatlve proportions could not well be considered, so t t the
table gives only an idea of the qualitative compositiof o }\ha
products of combustion from' blasting powder. The solid resi
was also left unconsidered, although 1t must be admltted that in
this case it was difficult to examine it. .

Noble and Abel have made very extensive and minute. egpeti-
ments on the combustion of black powder, and have publisieéd, thelr
resultsin the ‘ Proceedings of the Royal Society ' for 1874 and 1880..
They used two cylindrical explosion vessels made of mdh \steel,, o
holding one and half a litre respectively. The vessels had "three
openings, one of which was closed by means of a screw-plug, fitted
with a contrivance for electrically igniting the mixture. Igjto the’
second a piece of pipe connected with an india-rubber tube for
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carrying away the gases of combustion was screwed, while the

. third was provided with a crusher-gauge for measuring the pressure

set up. The permanent gases were collected in a special gas-

holder, and in from five to fifteen minutes after the explosion were

transferred to tubes, which were at once sealed in the blow-pipe.

As it adhered firmly to the cylinder, the solid residue had to be

chipped off with a chisel, and was kept in a dry bottle until

.- analyzed.

On account of objections raised, especially by Berthelot, against

fhe results published in 1874, Noble and Abel experimented in

* 1880 gpon a larger number of powders. The powders used and
their a.palysls are shown in the following table :—

|
|
|

c i« e | &
f - ﬂAR(.jAL I 52 g-g
Kixp o PowpER. :!; i:' o \ E. & g% 55 :§
7 | s | o 2 | 5| &| §|28(25] =
° & & 5; ] = & £ | = -7 =
w -~ S [(H)lo|=s| | |
Pebble powder, W. A. ...|7467|1007 [14:22|1212|0+42| 145|023/ 008 | — | 095
R. L G.,, W, A, . | 74431009 | 14°29 1'3'4{)"]'40 127(022(0°13| — [106
F.G.,W. A 7855|1002 1459|1136 |0-49| 257|017 0-36 | — | 148
Curt.u and Hane\ s No. 6]74-40|10-37 |1378 1066 [ 0°52|2-20 | 0-31 | 0-20 |Trace | 117
ish cylindrical puvuler 75°30|12:42 11'34| 8-65/0°38 168|063 |0-27|0-02 [ 0-65
. Bmling powder ., . | 61-66 l‘5'U(5“3['4l 17 9"'0'66 2:23(0°59|0°12(0-14 | 161

B Large numbers of experiments were made with these powders
upder varying proportions (D) between the volume of the powder
and capacity of the explosion vessel. The volume of the per-
manent gases, reduced to 0° C. and 760 millimetres pressure per
gramme ‘of dried powder of the various kinds examined, was as

follows ;—

¢ CUBIO CENTIMETRES.
Pebble powder, W. A. .. 2783
R.L. G, W. A e e e e e 2742

* F. G, W A . 2631
Curtxs and Harveys, No 6 .. 2410
*Spanish cylindrical powder .. 2342
Blasting powder ... .. 3603

. In the table on p. 348 the maximum and minimum of the
_single components of the products of combustion, as found by
Noble and Abel, are given.

The tables originally calculated by Noble and Abel were based
upon “the supposition that no potassium di-sulphide had been
formed by the combustion of the powder. Experiments made by
Débus in 1882 have convinced Noble and Abel that potassium
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st \pLG, WAl FRo,wal S |58
% rs e e
PRODUCTS OF g 5 | 8 2 2] E ;f Lzé .:'_.;
COMBUSTION, 2 2 z | 8 s | g% |55 | 58
=] 8 = B g g > =< - 2
¥ | 2|3 |&8|%| &8 |55|38 %"
A | A== A|E B |&&
: 0, 2785|2505 27-60 | 24-80 | 28-92| 24-90] 2593 | 24-57 | 2270
Co... 572| 867| 581| 309] 580 2-59] 247| 1:36|15-22
G | N ... 11-76{11-03|12-26 |10-51 | 1171 | 1065|1132 11-08| 8-58
Products 1 HB. 183 071] 1-77| 0-62| 1-53| 0°82| 083 097| 3-89
“"“"“lc,,n 014| — | 027 0-01] 010, — | 046 — | 070
1 : i 0-09( 0-04] 0-40| 0:03] 0-10{ 0-05f 0-08| 0:03| 017
(0 ... ..l —=1|—=1022 —]o010 —] — | 007 —
Total of 8“"0““} 448443184360 | 4215|4372 | 41°47[41-09| 38-08 | 5135 °
products
( KO.CO, |[37-11|29°77|38-02|28-77|34-34 | 25-08)34°13 (2186|1945 *
KO.80, | 8-58| 528]|14:08| 2-76]14-01 10-42|12:50 2076 | 028
KS... .. [|1249| 666[10-83| 620)12-14| 473] 7-17| 473|1745
solia | KCyS .| 0:38) 003) 021| — | 015| — | — | 02| 1:39
iarrs KNO; .| 027| — | 033] — | 016] 0-05] 0:17| 0-38| 004
Erpipetaitgen ™ T = =1 =1 =396} =] —l=71 =
NH,0.c0, | 009 003] 008| 002| 008| o-01| 005 002 084
8 .. ..|617| 2:34| 718| 2:72| 579| 2:33| 372| 4:31| 64
IRt Riay Ry b Bay (g Rbay ol Tchd B >+
Total of solid R0 | mx. =, [ R | 6K y Wwa
products J |7682| 5513|5786 56:31 (6853 56:24 5891 | 6192 4863

di-sulphide is actually formed, and therefore the table given above
was re-calculated by them with due regard to Débus’s work.
Débus considered the combustion of the powder to be effected
in two processes, which take place one after the other. The first
is an oxidation, when potassium sulphate and carbonate, carbonic
acid, free nitrogen, and perhaps also carbonic oxide are formed;
and the second a reduction, where untransformed carbon reduces
the potassium sulphate formed by the oxidation, and at the same
time free sulphur decomposes the potassium carbonate. He is of
. opinion that potassium di-sulphide is formed in the second process.
Those wishing to obtain more information in this matter will
find it in the original publications of these authors.! .

1 Noble and Abel, ‘Researches on Explosives, II. Fired Gunpowder.
Philosophical Transactions of the Royal Society, 1874 and 1880 ; also Débus,
Liebig’s ¢ Annalen,’ 1882, vol. cexii., p. 257 ; vol. cexiii., p. 15 ; vol. eelxv., p.
857; compare also Nickel, ¢Zeitschrift fiir physikalische Chemie,’ 1892,
p. 454. .
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