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DICTIONARY :

OF

APPLIED CHEMISTRY.

EXPLOSIVES. Explosives are solid, liquid,
or gaseous mixtures or chemical compounds,
which by chemical action (set up in them
locally by flame, by a blow, or by other means)
generate suddenly large volumes of heated gas.

The rate at which the expansive force, which
characterises an explosive reaction, is developed,
varies considerably, and determines whether the
reaction is a combustion, explosion, or detona-
tion. These terms are purely relative, and
there is no definite line of demarcation between
them.

The factors determining the rapidity of an
explosive reaction are the chemical nature of the
explosive, its physical condition, the conditions
under which it is exploded, and the method of
firing.
'_Ighe energetic action of an explosive largely
depends on its rate of chemical change; in
chemical compounds (like nitroglycerin and
guncotton) the reacting atoms are in much
greater proximity than are those of a mechani-
cal mixture of solids (such as gunpowder), and
in the former class the rapidity of the chemical
action will be greater than in those of the latter
class, composed of constituents by themselves
non-explosive.

Nearly all the explosives in actual use are
instances of oxidation, oxygen being supplied
by a nitrate, by nitric acid, by an NO, group, or
by a chlorate or perchlorate.

The oxidising compounds used in explosive
mixtures and explosive compounds are fre-
quently endothermic substances, the heat of
decomposition contributing towards the ex-

ansion of the gaseous products of the explosion.

he conditions for complete combustion of the
combustible elements do not always give the
maximum explosive effect ; carbon burning to
monoxide gives a larger evolution of gas, but
less evolution of heat than on complete com-
bustion, and the best composition for any given
explosive effect has to be determined by experi-
ment.

The physical condition of an explosive has
a marked effect on its explosibility and the
character of the explosion ; frozen nitroglycerin

Vor. IIL.—7.

is much less sensitive than the same explosive
in the liquid state, nitro explosives ¢hat have been
fused and cast are less sensitive to detonation
than the same explosives in the crystalline or
powdered condition, and the same gunpowder
mixture gives various effects according to the
size of the grain.

Confinement increases the effect of all ex-
plosives ; the more rapid the explosive the less
the confinement necessary to obtain its maxi-
mum effect. The power of mercury fulminate
is but little increased by confinement, but ex-
plosives of the gunpowder type require to be
strongly confined to produce disruptive effects.

An explosive reaction may be mitiated by a
heated solid, a flame, by friction, by percussion,
an electric spark or currens, or {y the con-
cussion from another explosion. The nature of
the reaction is largely conditioned by the method
of firing adopted; nitroglycerin or guncotton
in contact with a flame burns quite quietly in the
open, but when fired by the detonation of a
small initial charge of mercury fulminate, the
whole mass of the explosive decomposes
practically instantaneously, and detonation
results.

The various explosive reactions differ con-
siderably in the amount of impulse necessary
for their initiation. To have value as an
explosive, a compound or mixture must not be
too sensitive to impulse. Substances like
nitrogen iodide and diazobenzene nitrate are
too sensitive to have practical value.. The
most sensitive explosives in use, such as mercury
fulminate and its mixtures, are used in small
quantities in caps and detonators to initiate the
explosion of larger masses of less sensitive
explosives, propellants or high explosives.

The value of an explosive as a propellant or
high explosive depends on its density, on the
quantity of gas and heat liberated, and on the
velocity of the explosive reaction. For a pro-
pellant the gas and heat evolution must be
high : for a high explosive it is necessary that
all the factors should have a high value.

Explosives may be classified either according
to their chemical composition, into explosive
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mixtures or explosive compounds ; according to
their effect and the purpose for which they are
employed, into ‘high’ or ‘low’ explosives or
¢ disruptives > and ° propellants’; or according
to the danger in bandling, transporting, and
storing them. :

Tn. this article, the chemical classificatiaon is
adopted, as far as possible. All the substances
having exlillosive properties are not included,
but only those that have, or may have, value
for practical purposes.

ExpLOSIVE MIXTURES.

In explosiwe mixtures, the combustible and
supporter of combustion are present in separate
ingredients, which are usually not in themselves
explosive. The necessary speed of reaction is
ensured by extremely fine subdivision and very
thorough ‘incorporation of the ingredients, and
by the oxygen being in a highly concentrated
and more or less easily liberated form. An
important characteristic of this class of ex-
plosives is that their effect may be varied by
varying the proportions of the ingredients.

Explosive mixtures may be grouped, accord-
ing to the sotrce of their oxygen, into nitrate,
chlorate, perchlorate, &c., mixtures. Only the

*  mixtures of these oxidising substances with
combustible ingredients, in themselves non-
explosive, and those containing only a small
proportion of an explosive compound added to
imll)rove the explosive properties of the mixture,
will be considered under “this heading. The
mixtures of oxidising substances with explosive
compounds, where the former are only of
secondary importance, will be considered under
the respective explosive compounds.

Nitrate Mixtures.

In the nitrates, the oxygen is in sufficiently
strong combination to need a somewhat power-
ful disturbing agency to liberate it, so that the
nitrate mixtures are not very .sensitive and
their action is comparatively slow.

Potassium nitrate mixtures.—Of the various
nitrates used in explosive mixtures, the potas-
sium salt is by far the best adapted for the
purpose, and black powder, or gunpowder, is
the most important member of this class of
explosives.

Gunpowder,

Since the introduction of smokeless powders,

gunpowder has been gradually superseded for

COMPOSITION OF BrAck PowpER USED ¥OR MILITARY PURPOSES.

EXPLOSIVES.

most military purposes : both as a propellant
and a disruptive it is obsolescent. It is still
however, very largely used in industrial mining
operations, as a propellant for sporting purposes,
as a bursting or opening charge for shrapnel shell,
and, the smaller sizes, for subsidiary military
purposes, such as for primers and igniters for
large smokeless-powder charges, for fuses, and
as an ingredient in certain compositions.

Ordinary black gunpowder consists of an
intimate mixture of potassium nitrate, sulphur,
and charcoal. The composition of the black
powder used for military purposes in different
countries is given in the table below.

English black gunpowders contain about 1 to
1-3 p.c. moisture.

Manufacture—A short account only of the
process of manufacture will be given, mainly
that used at the Royal Gunpowder Factory,
Waltham Abbey.

The Ingredients.

The nitre employed at Waltham Abbey is
wholly Indian nitre.  As imported, the * grough ’
saltpetre, as it is called, has been partially
purified, but contains potassium and sodium
chlorides, potassium, sodium, and calcium
sulphates, sand, and organic matter; the
total impurities averaging about 4% p.c. It is
submitted to a simple refining process, being
first dissolved by heat in the water used for
washing the purified nitre of a previous opera-
tion. The liquid is heated to boiling in large
refining coppers, the scum on the surface being
carefully skimmed off ; the temperature of the
liquid is allowed to fall to 104°, and it is then
filtered through bags of coarse cloth into the
crystallising vessels. The temperature of the
solution on entering the crystallising vessels is
about 88° to 82° the liquid is kept in constant
agitation with wooden hoes, whereby, as the
liquid cools, fine crystals are formed. The solu-
tion is not stirred when its temperature is lower
than 32°. If the solution were left to crystallise
undisturbed, large crystals would form, and
would enclose mother liquor. The crystals are
drawn to the side of the crystalliser, and trans-
ferred to draining frames. The drained nitre
flour then receives three washings with distilled
water in quantities insufficient to dissolve the
nitre, each washing is succeeded by draining ;
after the last washing the nitre is drained all
night, and is removed (except the bottom part,
which is very moist) to the store bins. After
about three days in store it is ready for the

France, Belgium, Spain, Persia

Germany v - > . .
Austria-Hungary s .

Portugal : 3 s 2
Switzerland . . . :

Holland . v . v

China ’ . . . . . s

England, Russia, Sweden, Italy, Turkey, Ijﬁited States

Per 100 dry gunpowder
P%ti%let‘ém Sulphur Charcoal
750 10:0 150
750 125 125
¥ 740 100 16-0
756 100 145
757 10-7 136
76-0 100 14-0
. 70-0 14-0 16-0
615 1556 230
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powder manufacture, and contains from 3 to
5 p.o. of moisture, according to the season; the
water is estimated and allowed for in weighing
the charges. 3

The waters used for washing the crystals are
employed for the solution of the crude nitre ;
the nitre is recovered from the crystallisation
mother liquors by evaporation, and 1s treated as
crude nitre.

From Désortiaux, it appears that the agita-
tion of the solution of nitre during crystallisa-
tion in order to obtain fine crystals is in general
use on the Continent ; at least, he mentions it
as in use at Lille, Wetteren, and Spandau. At
the refineries at Lille, Wetteren, and Spandau,
he states that glue is added to the boiling solu-
“tion of the crude nitre (the weight of glue being
about i that of the crude nitre); the glue
coagulating and carrying down organic colouring
matters. The process of purification was the
invention of Béaume and Lavoisier, and existing
processes follow theirs with slight modifications.

On the Continent, and by most private
manufacturers in this country, °artificial’ or
‘ conversion ’ saltpetre, or ‘ German saltpetre,’
as it is frequently called, is almost exclusively
used. Ttis made by dissolving 10 parts of sodium
nitrate, ‘ Chile saltpetre,” and 9 parts of potas-
sium chloride, obtained from Stassfurth ¢ car-
nallite,” in mother liquors from previous opera-
tions, concentrating and crystallisation. It is
refined as above. ’

In 1894 Hellick discovered that °German
saltpetre* frequently contained notable quan-
tities of perchlorate, and it was stated that
sevéral accidents in powder factories coincided
with the presence of a considerable percentage
of perchlorate in the powder. It was subse-
quently shown that “powder containing per-
chlorate was not unduly sensitive. The per-
chlorate is, however, not uniformly distributed
in nitre, but tends to agglomerate, and the
irregular shooting obtained with some foreign
sporting -powders,* as compared with English
ones, has been attributed to the contained
perchlorate.

The sulphur employed at Waltham Abbey is
native Sicilian sulphur, of the best quality. ~In
Sicily, the sulphur mineral is subjected to a
liquation process, to separate the sulphur from
the gangue. It still contains 3 to 4 p.c. gangue,
from which it is freed by distillation. It is
distilled from a large iron retort, provided with
two tubes placed at right angles to each other ;
one tube (15 inches wide) communicates with a
large dome-shaped subliming chamber, the other
tube (5 inches wide) enters an iron pot which
receives the distilled sulphur; this tube is
jacketed for cooling with water. The tubes can
be connected with the distilling vessel or cut
off from it by means of valves. The distilling
vessel receives ifts charge of sulphur, which is
heated to boiling ; during the earlier stages of
the distillation the vapours are sent into the
subliming chamber, where the sulphur condenses
as- ‘ flowers of sulphur’; later on the sulphur
vapour is sent through the condenser, from which
it runs into the receiver in the liquid form. It is
allowed to cool somewhat, but not to its solidi-
fying point, and is ladled into moist wooden
moulds. Sulphur, of sufficient purity to be
used in explosives without further treatment,

.

is now obtained in large quantities, by "the
¢ Chance-Claus ’ process, from the calcium-sul-
phide, which is the chief constituent of the
residue formed in the manufacture of soda.
Much of the sulphur used by private firms and
abroad is also obtained from pyrites. The
¢ flowers of sulphur’ are not used in the manu-
facture of the gunpowder, as they usually contain
considerable quantities of sulphurous and sul-
phuric acids, but are redistilled.

The sulphur igm’ting in air at a low tempera-
ture—about 250°—renders the gunpowder in-
flammable, and, experience has shown, improves
the keeping qualities of the powd®r. TUnder the
influence of pressure in the manufacturing

processes the sulphur flows and becomes *

colloidal, and cements the particles of the
ingredients together. Sulphurless gunpowder
is comparatively friable.

*  The charcoal. For making the charcoal for
gunpowder, soft and light woods are chosen, as
the charcoals they yield are more readily ignit-
able, of an average growth of from two to ten
years. The wood should be cut in the spring,
when it is in full vegetation, as then its bark can
readily be removed ; in the spring the tree is in
fullest sap, but the sap is very watery, and
contains but little salts in solution.

At Waltham Abbey, the woods used are :
the alder buckthorn (Rhamnus frangula, L., im-
properly called dogwood), alder, and willow
(Saliz alba, L.). Dogwood charcoal is preferable
for small-grain quick-burning powders; for
powders of larger grain the slower alder and
willow charcoals are used. The woods are
grown in England, and are cut about four inches
in diameter.

Désortiaux states that in France the so-
called dogwood (Rhammnus frangula) is exclu-
sively employed for making the charcoal for
military and sporting powders ; he states, how-
ever, that it is becoming increasingly difficult to
procure, and ghat they are trying to replace it
by willow, or by the wood of the spindle tree.
In Germany, ¢ dogwood’ (R. frangula), willow,
and alder are used; in Russia, alder; in
Austria, alder and hazel.

At Waltham Abbey, wood is usually kept for
about three years, dogwood in thatched stacks,
and willow and alder piled by cords in the open.
By the method of carbonisation there followed,
25 p.c. of black charcoal should be obtained
from the wood, rather more from dogwood.
The wood is cut into three-feet lengths, which
are split if differing much in thickness, and
is packed into iron cylindrical cases called slips,
3 feet 6 inches long, and 2 feet 4 inches in
diameter. The lid is fastened on, two openings
(each about 4 inches in diameter) being left in
the bottom of the slip. The slips are then
placed in horizontal cylinders, the end of the
slip with the openings going to the further end
of the cylinder, in w ic}gl end there are openings
corresponding with those in the slips.

The cylinders are closed by tightly fitting
iron, doors, and are built into the wall, with fur.
naces underneath, so arranged as to admit of
the accurate regulation of the heat throughout
the operation of charring ; this occupies with
dogwood about 4 hours for R.F.(., and 8 hours
for R.F.G* gunpowders. The flames surround
the cylinder, the heat acting as nearly as possible
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on its whole surface. The gases and volatilised
tar from the wood pass out through the openings
in the slip and the corresponding holes in the
retort, into pipes communicating with the fur-
nace in which they are burnt ; this saves a con-
When the wood has
been sufficiently charred, which is known by the
violet colour of the flame from the burning gas,

indicating the formation of carbonic oxide, the

slip is withdrawn by means of tackling, placed
in a large iron case or cooler, covered with a
olosely fitting lid, and allowed to remain until
all the fire is extinguished, which takes about
4 hours; the*charcoal is then emptied into
smaller coolers, and sent to store. The char-

“coal is carefully picked over by hand, to ascer-

tain that it all is properly and evenly burnt,
and that no rivets from the slips have broken
off. It is then kept from ten days to a fortnight
in store before being ground, to obviate the®
danger from spontaneous combustion (caused by
absorption of oxygen from the air) to which char-
coal is liable when ground directly after burning.

The smaller the cylinders used, the more
uniform is the composition of the charcoal pro-
duced, since so high a temperature is not needed
to carry the heat to the centre of the charge ; in
the English powder mills, the tendency has been
to use small cylinders, some of which hold only
77 1bs. of wood. The use of small cylinders, how-
ever, raises the cost of production (Désortiaux).

Violette states that, for the same tempera-
ture, a slow carbonisation gives a much higher
yield of charcoal than a quick carbonisation ;
the percentage of carbon being also a little
higher in the former case.

Instead of fixed carbonising cylinders,
movable cylinders are now used in most black-
powder factories. No “slip’ is used,. but two
cylinders are provided for each furnace, one
being charged while a carbonisation is pro-
ceeding in the other. The charged cylinders
are run into the furnace on rails, grhich support
them over the fire. An elaborate arrangement
for the regular distribution of the gases and
products of distillation of the wood is used, by
means of which they can at will be directed into
any one of the furnaces or allowed partially to
escape by the chimney.

The principal advantages claimed for this
system are homogeneity of the charcoal, the
ready regulation of the combustion of the gases
by means of the distribution apparatus, and the
cooling down of the charcoal out of contact with
the air, which does away with the possibility of
the charcoal taking fire.

In some English factories, vertical movable
cylinders are used, the advantages being that a
larger number can be fired at the same time, and
the moving of the cylinders into the cooling
room s greatly facilitated.

Bockmann mentions that some years ago
the use of rotating cylinders was introduced in
Sweden ; the cylinders being turned 90° about
their horizontal axes every half-hour during
carbonisation. It is stated that a more uni-
form carbonisation is obtained, and fuel saved.

Violette, in 1848, introduced the carbonisa-
tion of wood by means of superheated steam.
The stcam was used at a pressure of 4 to 1 atmo-
sphere, and was raised to the required tem-
perature by being passed through a worm of

wrought-iron heated by a fire. For the produc-
tion (from dogwood) of charbon roux containing
70 p.c. carbon, the temperature of the steam
had to be about 280° ; by using steam heated to
about 350°, charcoal containing 77 p.c. carbon
was produced, and by heating both cylinder and
steam to a temperature not exceeding 450°, char-
coal of 89 p.c. carbon was obtained. The char-
coal produced by means of superheated steam
is remarkably uniform in composition. The
method, however, was abandoned, because it
gave a larger yield of charbon rouz, but not of
black charcoal, than the ordinary method of
carbonisation in cylinders ; and the lightly-burnt
charcoal was then only required for sporting
powder. Also, the cost of production of the
charcoal by the superheated steam apparatus
was greater.

Giittler, in 1887, invented a process for
carbonising wood, especially cuttings and pulp,
straw, peat, &c., in heated CO,. Carbon
dioxide is stated to be preferable to super-
heated steam, on account of the moist state
of the charcoal when cooled in the steam.
Gases of combustion, as free as possible from
oxygen, are actually used. A producer-furnace
is arranged by the side of the charring furnace,
in which the CO, is produced by blowing air
through burning coke by means of a fan. The
carbonic acid gas is then blown through a tube
into the carbonising cylinder during the carbon-
ising of the wood, &c., and the flow of CO, is
maintained during the cooling, which in con-
sequence of the presence of the gas may be very
rapid.

Composition, &c., of the charcoal.—Carbon-
ising the wood raises the percentage of carbon,
diminishing the percentages of hydrogen and
oxygen.

Désortiaux states that woods recently cut
have almost the same percentage composition ;
the mean composition of the dried wood being

49:37 p.c. C, 6:14 p.c. H, 4342 p.c. O and N,
1:07 p.c. ash, .

Heintz gives the composition of alder wood
minus ash, as 4863 p.c. C, 594 p.c. H, 44'75
p-c. 0, 0:68 p.c. N. Peterson and Schodler give
alder wood minus ash as 49-20 p.c. C, 6-22 p.c.
H, 44-58 p.c. O and N.

On heating, water, carbon monoxide, carbon
dioxide, hydrogen, acetic acid, methyl alcohol,
and tar are produced.

Violette found that dogwood was converted
into slack-baked charcoal (charbon roux) at a
temperature of 280°-300° ; at 300° the yield (on
the small scale) was about 34 p.c. and the com-
position of the charcoal was 7324 p.c. C, 425
| p.c. H, 2194 p.c. O and N, 0'57 p.c. ash. Be-
| tween 350° and 400°, black charcoals are pro-
| duced, the yield being from 31 p.c. to 28 p.c., the
| composition ranging from about 77 p.c. to 81
p.c. C. Between 1000° and 1250°, the charcoal
obtained was very black and hard, the yield was
about 18 p.c., and the composition of the char-
coal 82:0 p.c. C, 2:30 p.c. H, 14°10 p.c. O and N,
1-60 p.c. ash, at the lower temperature, and 88:14
p-c. C, 142 p.c. H, 924 p.c. O and N, 1-20 p.c.
ash, at the higher temperature.

Experiments made at the Chemical Depart-
ment of the War Department showed no great
difference in the specific gravity of charcoals
prepared from willow and alder at 394°-558° ;
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their specific gravity at 15:6° was 1-41 to 1-44.
Willow charred at the maximum temperature
 of 394° for 9} hours had the composition of 7922
p.c. C, 402 p.c. H, 15:32 p.c. O and N, 144 p.c.
ash, and specific gravity (at 15:6°) 1-414.
The higher the temperature of carbonisation,
the less is the inflammability of the charcoal in
air, and the greater the thermal conductivity.
Violette states that the charcoals prepared from
any kind of wood at 300° take fire when heated
in the air to 360°~380° ; the charcoals from Mght
and porous woods burning more easily than those
" from hard and close woods. For the same wood
he makes the following statement as to the
relation between temperature of charring and
that of inflammation in air :—

Temperature of Temperature of

charring inflammation
260°-280° 340°-360°
290°-350° 360°-370°
432° about 400°
1000°-1500° 600°-800°

The lightly-burnt charcoals are much more
absorbent of water than those charred at a high
temperature.

The charcoals used for the various kinds of
Service black gunpowder range in composition
from about 75 p.c. C to 86 p.c. C, according to
the nature of the powder. All other conditions
being the same (viz. proportion of KNO,, S, and
charcoal, size of powder, denSity, and mois-
ture), the charcoal burnt at lower temperatures
(having lower percentage of carbon) gives higher
muzzle-velocities and pressures than charcoal
burnt at higher temperatures and having
_higher percentage of carbon; that is, for gun-
powder of the composition 75 p.c. nitre, 10 p.c.
sulphur, and 15 p.c. charcoal. The greater in-
flammability of the lighter-burnt charcoal makes
the gunpowder, of which it forms part, quicker-
burning.

The wood is charred to expel moisture, which
would lower the,temperature of the explosion
products of gunpowder, and to obtain a char-
coal of suitable inflammability. ~Charcoal for
large-grained powders should be jet-black in
colour; for small-grained powders a more
slacKly burnt charcoal of brown-black colour is
used. Before use the charcoal is hand-picked
to remove any impurities and any portions
insufficiently ‘ burned.’

Appended is a table of the percentage com-
position of some charcoals from gunpowders of
Waltham Abbey make, and of a sporting powder,
which will serve as types of the charcoal used in
the different kinds of black gunpowder :—

g =l g B

2 o s & 2
2 O .5 ‘ < & 6
gl & <g | <g | g | HE
< |ES | BE | B | 3%

B 2 ‘ gl g | 8
G, . | 85:26 | 80-32 | 75-72 | 77-88 | 77-36
s 4 298| 3:08| 370 | 3:37| 3:77
O (and N) , | 1016 | 14-75 | 18:84 | 17-60 | 16-62
Ash . A 1'60| 185 | 174 } 1116 | 2:25

| "

(Noble and Abelg Phil. Trans. 1880, 171, 218).

Pulverising, mizing, and incorporaling the
ingredients—At Waltham Abbey, the refined
nitre is used for gunpowder without being pre-
viously dried or ground, but the moisture is
estimated and allowed for. The charcoal is
ground in a mill ; the grinding is done by a cone
working in a cylinder, both being suitably
toothed. The ground charcoal is made to pass
through a spout into a revolying reel of 32-mesh
copper-wire gauze, 8} feet long and 3 feet in
diameter, inclined at an angle of about 4° to the
horizontal, and making 38 revolutions per
minute. The charcoal which passes through
the gauze is fit for use, and is collected in a
closed reel case ; the charcoal too coarse to pass
through the gauze falls through the further end
of the reel into a vessel, and is reground. The
sulphur is ground under a pair of iron edge
runners, a smaller-sized incorporating mill, and
is sifted through a reel similar to that used for
the charcoal. Precautions are taken to connect
the sulphur mill to earth, in order to allow the
electricity generated by the rubbing of the
sulphur to escape, and the machinery is not
run rapidly. In some works the sulphur is
mixed with a little nitre before grinding to
prevent electrification. Besides the danger of
ignition by a spark, the electrical charge causes
the sulphur to ball together and interferes with
the grinding. ;

The ground ingredients are carefully weighed
out in their proper proportions; the largest
charge worked in the incorporating mill is 80 1bs.
The charge receives a preliminary mixing in the
mixing machine, a cylindrical drum of gun-
metal or copper, about 2 feet 9 inches in diameter
and 1 foot 6 inches wide. An axle bearing 8
rows of gunmetal ‘ flyers * or fork-shaped arms
passes through the centre of the drum; the
drum and arms are made to revolve in opposite
directions, the former making about 40 revolu-
tions per minute, the latter 120. The mixing
occupies five minutes, the mixture being then
hand-sifted through an 8-mesh copper-wire
sieve over a hopper, to remove foreign sub-
stances, which otherwise are liable to cause an
ignition in the incorporating mill; the °green
charge ’ is then tied up in a bag ready for the
incorporating mill. ;

The incorporating mill consists of a circular
iron bed, about 7 feet in diameter, very firmly
fixed in the floor of the building, on which two
iron cylindrical edge runners revolve. The
iron runners are 6% feet in diameter, 15 inches
wide, and weigh about four tons. They have a
common axle resting in a solid cross-head
attached to a vertical shaft, which passes
through a bearing in the centre of the bed, and
is in gear with the machinery.

The bed has a sloping outside rim. The
runners are at an unequal distance from the axis,
the eccentricity being equal to half the thickness
of a runner; they thus work the charge in
the inner and the outer part of the bed, their
paths overlapping. The runners are followed
by two * ploug]gs " of wood, covered with leather,
attached to the cross-head by arms ; one plough
works near the vertical shaft, the other near the
rim of the bed, throwing the composition under
the runners.

The green charge is spread evenly on the bed
of the mill by means of a wooden rake; it is

-
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damp with the moisture of the nitre, but an
additional quantity of distilled water (2 to 7
pints) is added from time to time, according to
the state of the atmosphere; the moisture
agsists the incorporation, and the charge is kept
not too dry or it would be scattered as dust, not
too wet or it would slip away from the runners
or cling to them.

The iron runners make 8 revolutions per
minute, the green charge is worked under them
for 4 hours for R.F.G. powder, for 7 to 8 hours
for R.F.G? powder, and for 3 hours for R.L.G?
and R.L.G%. Dust and reworked charges are
worked for 40 minutes.

A drenching apparatus is placed over the
bed of each mill, by means of which, in case of
an explosion, a tank of water is overturned and
the charge drowned. This is done by the action
of the explosion gases on a flat wooden lever
arrangement, pivoted, and attached to the tank.
By means of a horizontal shaft connecting all
the levers of a group of mills, an explosion in
one mill drowns all the others.

The short radius of the circular path
traversed by the runners causes them to take a
twisting as well as a rolling motion, and gives
them a combined crushing and grinding action
very favourable to the thorough trituration and
incorporation of the ingredients.

ﬂie ‘ mill-cake,” as the worked charge is
called, should have a uniform appearance, and
should contain 1 p.c. to 3 p.c. moisture for small-
arm powders, 3 p.c. to 6 p.c. for the larger-
grained powders. Any ‘mill-cake’ left firmly
caked on the bed is removed by wooden tools
after thoroughly moistening. Many accidents
have been caused through the use of metal
tools.

Breaking down the wmill-cake and pressing.
—The mill-cake is next reduced to meal, for
convenience in charging the press-box, and in
order that the powder may be uniformly pressed:
The mill-cake is broken down by means of
two pairs of gun-metal rollers, the upper pair
being grooved and placed directly above the
other pair, which are smooth. The rollers
revolve towards each other, dangerous friction
from the accidental presence of any hard sub-
stance being prevented by one roller of each pair
working in sliding bearings connected WitI})1 a
weighted lever causing a pressure of about
56 lbs., so that the rollers would open at any
greater pressure. The rollers are fed with mill-
cake from a hopper (placed at one end of the
machine, below the level of the upper pair of
rollers), by means of an endless band of canvas
2% feet wide, with cross strips of leather sewn
on at intervals of about 4 inches. The band
passes over a roller at the bottom of the hopper,
and over another placed above the upper pair of
rollers ; on being set in motion it carries the
cake from the hopper to a point from which it
falls on to the first pair of rollers ; the crushed
cake then falls on to the second pair, by which
it is reduced to meal. It falls into wooden
boxes, and is transferred to a magazine ready
for pressing. !

The meal is pressed into cake by a hydraulic
ress, fed from an accumulator, the head and
ed-plate of which are made of cast iron or cast

steel. The powder is pressed between plates
about 1 foot 8 inches by 2 feet 4 inches and about
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# inch thick. Formerly brass plates were used,
but now ebonite plates are usually preferred,
because they are not so easily bent out of shape,
and also because they have sufficient elasticity
to transmit the pressure evenly all over the
layer of powder, even if they should get out of
the horizontal. They have the disadvantage of
becoming easily electrified; in fact, alternate
layers of ebonite and powder really form an
electric pile. To obviate any danger from the
possible accumulation of electricity, the presses
are provided with an earth connection.

In charging the press, & plate is first put on
to the carriage, and round this is placed a wooden
frame, deeper than the thickness of the plate.
This frame is filled with powder, and the surface
smoothed by means of a flat lath, and a second
plate placed on the top. The frame is then
lifted to the level of the second plate, and the
process repeated until the whole charge is made
up. A pressure of between 375 and 450 lbs. per
square inch is applied, according to the fineness
of the powder, the amount of moisture it con-
tains, the state of the atmosphere, and the
density required. The pressure is slowly
applied, eased off and reapplied several times
in order to obtain great density without using
excessive pressures: the compression usually
lasts from 30 to 40 minutes. A pressure of
375 1bs. per square inch applied for from 1% to
2 hours produces a cake with an average density
of 1'7 to 1'8. The centre of the cake has, how-
ever, a greater density than the edges; the
edges of the cake are on that account cut away
to the extent of about an inch. The amount
cut away need not exceed 10 p.c. The centre
layers of the pile are slightly less compressed
than the top and bottom layers, buf these
differences in density are partly removed by the
subsequent ‘operations. The layers of pressed
cake are broken into pieces with a wooden
mallet and put into barrels.

Granulating or Corning—The press-cake is
converted into grain by means of a machine
consisting of three or four horizontal pairs of
gun-metal rollers in a gun-metal frame. The
pairs of rollers are placed one above the other, on
an axial line inclined at about 35° to the hori-
zontal, the vertical distance between the pairs
of rollers being about 2% feet. For fine-grain
powders, the highest pair of rollers has teeth
4 inch apart, the next pair has } inch teeth, and
the two bottom pairs have no teeth. Like those
of the breaking-down machine, the rollers work
in sliding counter-weighted bearings ; they make
about 25 revolutions per minute. The machine
is fed with press-cake from a hopper by means
of a moving endless band. Short screens,
covered with copper-wire gauze (10-mesh for

small-arm powders), are placed under each pair -

of rollers except the bottom pair, so that the
powder too large to pass through the gauze

asses on from one pair of rollers to the next.

eneath the short screens are placed two long
screens in an inclined position, the upper one of
10-mesh, and the lower one of 20-mesh copper
gauze fixed in a frame. A rapid, longitudinal,
vibratory motion is imparted to all the screens
while the machine is working, to assist the
sifting and the flow of the powder. The grain
that passes through the short screens will fall
through the 10-mesh long screen. That which
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is retained on the 20-mesh screen is R.F.G. or
R.F.G® powder; it falls into boxes made to
move forward as they are filled. The grains
too large to pass through the short screens fall
into separate boxes, and are transferred to the
hopper to be passed again through the rollers ;
while the fine powder which passes through the
90-mesh sieve falls on to the wooden bottom of
the frame and is collécted separately, to be sent
back to the incorporating mill for a short re-
working.

For granulating R.L.G* and R.L.G* powders,
three pairs of rollers are usually employed, the
two upper pairs with larger teeth, the bottom
pair smooth. The grain from the granulating
machine is called ‘foul grain.’ By granulating
a gunpowder there is no danger, as there would
be with a dust, of segregation of the ingredients
during transport according to their densities,
the powder is less hygroscopic, there is less
danger of escape from storing vessels, and the
inflammapbility and rate of burning of the powder
is increased, since the flame can penetrate more
quickly through the charge.

Dusting and glazing—R.F.G. and R.F.G?
gowders are freed from dust after granulation
y being passed through a dusting-reel. Thi
is a cylindrical frame about 8 feet long and
1} feet in diameter, covered with 20-mesh
copper-wire gauze, and set, at a very small angle
with the horizontal. The reel is enclosed in a
case to catch the dust, but is open at both ends ;
it is fed continuously at the upper end with
powder from a hopper, while the reel makes
about 40 revolutions per minute. The powder
falls from the lower end of the reel into barrels.

The polish given to the powder grains by
glazing is of advantage in diminishing the ten-
dency of the powder to absorb moisture, by
breaking off any sharp angles and points, and
stopping up the outer pores of the grain, and in
enabling it to bear transport without going to
dust. Glazing also increases the density of the
powder: a powder with a density of, for
example, 0-810 before glazing having its density
progressively increased to 0-893 after 42 hours’
glazing. The small-arm powders, R.F.G. and
R.F.G2, are glazed in large drums—cylinders
2 feet wide and 6 feet in diameter (a pair of
drums on one axle) making about 12 revolu-
tions per minute. The drums each take about
900 1bs. of powder; they are run 5} hours for
R.F.G., and 10 hours for R.F.G2. No graphite
is used for these powders ; the friction and heat
caused by the motion suffice to produce a brilliant
glaze. The glazed powder receives another dust-
ing in a reel covered with 20-mesh wire-gauze,
and is then sifted through an 11-mesh sieve into
barrels. R.L.G? powder is run for 1} hours in
drums as above, with about one ounce of
graphite per 100 lbs. powder. R.L.G*is glazed
for 3 hours in the old pattern glazing barrels,
the same proportion of graphite as for R.L.G*
being added after the barrels have run for 2
hours. Each barrel takes about 400 lbs. of
powder ; they are 5 feet long by 21 feet diameter
of ends, and make 34 revolutions per minute.
The graphite increases the gloss of the powder,
and the powder is also rendered less hygro-
scopic through the increased density of the
surface layer.

Stoving or drying, finishing, blending.—The

next operation is drying, which is carried out in
a drying-room heated by steam pipes. The gun-
powder is placed in wooden frames about 3 feet
% 14 feet X 2% inches with canvas bottoms, each
holding about 12 lbs. of powder, and placed on
open framework shelves with which the room is
fitted, seven or eight tiers of shelves rising one
above another, the steam pipes running under
them. The moist air of the room is constantly
changed by means of ventilators.” At Waltham
Abbey, about 50 cwts. of gunpowder are dned_ at
one time. The time and temperature of drying
vary with the kind of powder and the amount
of moisture in it, the length of time and the tem-
perature increasing with the size of the grain.
Thus, R.F.G. requires 1 hour, and R.F.G*2 hours
at 88°, R.L.G2 2 hours at 43°, and R.L.G* 6 hours
at 46°. Another system of drying is to drive a
current of cold air over steam-heated coils into
the drying-room or stove by means of fans. In
some factories, a current of cold air is used,
after being freed from its moisture by means of
calcium chloride, caustic lime, or strong sul-
phuric acid; and drying at ordinary tempera-
tures in vacud has also been tried. The drying
should be done evenly and not too rapidly, so

his | that the pores of the powder are not opened too

quickly.

Rapid drying, too, has a tendency to cause
the larger-grained powders to crack, and some-
times causes an efflorescence of nitre on the
surface of the grains.

The dried powder is finished by being ro-
tated in a horizontal reel—a long cylindrical
wooden frame covered with canvas, making 45
revolutions per minute—the fine-grain being
reeled longer than the large-grain powders.
Finishing frees the powder grains from the
small amount of dust produced in the process of
drying, and gives them (and especially to small-
arm powders) a final glaze.

Before drying, and again after finishing, a
uniform blend or mixture is made of a large
number of barrels of gunpowder. Advantage
is taken of every opportunity, in the processes
of the manufacture of gunpowder, to mix or
¢ blend * the grain together so as to obtain more
uniform results at proof. This is done by
means of a wooden hopper divided into four
equal compartments, each able to hold a barrel
of gunpowder ; the compartments can be emptied
simultaneously into a central shoot by means of
openings with sliding shutters in the bottom of
each. This method of blending, especially with
the smaller sizes of grain, is found to give
batches of powder with very uniform firing
results.

Pebble and prismatic powder. These cut
and moulded powders are no longer manufac-

tured, as smokeless powder is now used even .

for guns of the largest calibre, but a short
account of them is given, owing to their great
historical interest. The use of pebble powder
in this country dated from about the year 1865.
Rodman had previously shown that in the
gun the pressure diminished as the size of the
grains of gunpowder increased, and that the
velocity of the projectile could at the same
time be maintained by an increased weight of
charge.

Pebble Eowders (P, cubes of §-inch; and P2,
11-inch cubes) were used for larger guns than
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ere the rifle large-grain powders. Up to the
formation of the press-cake, the processes of
manufacture were, with some variations, the
same as for the finer-grained powders.

The P powder was cut from the press-cake,
which was pressed into slabs of about 15 inches
by 30 inches, and of the required thickness.
The cutting machine consisted of two pairs of

hosphor-bronze rollers, having longitudinal
Enife-edges with spaces between them corre-
sponding to the required size of the powder.
The first pair of rollers cut the press-cake into
strips, which were fed on endless bands to the
second pair of rollers, set at right angles to the
first, which cut the strips into cubes. These
cubes were allowed to fall into a dusting reel,
with copper-wire meshes but little smaller than
the cubes.

P2 powder was cut by hand from the press-
cake by means of lever-knives of gun-metal—
knives hinged at one end, with a handle at the
other. The press-cake was first cut into strips
and then across into cubes.

Both P and P2 powders were run in the
glazing barrels, by which treatment the edges
and corners of the cubes were rubbed down, and
a harder surface produced. The powders were
then dried at 54°, which required a very much
longer time than for the smaller-grained powders ;
a finishing process followed, the powders being
run in wooden barrels with ribs wide enough
apart to combine sifting with the finishing
glazing. A small quantity of graphite was
introduced into the barrels towards the end of
the finishing process.

Prismatic powder. This may be regarded as
a modification of the perforated cake powder
devised by Rodman in 1860. The latter powder
consisted of cakes of powder compressed by the
hydraulic press, of the diameter of the bore of
the gun, and pierced lougitudinally with holes
of about } inch diameter, the cakes being packed
in the cartridge so that the holes should corre-
spond. Rodman was led to introduce this form
of powder by the consideration that, with solid
grains of gunpowder, the surface undergoing
combustion in the gun diminishes as the com-
bustion proceeds, and that consequently the
strain on the gun is greatest in the earlier stages
of the combustion. In the case of the per-
forated cake gunpowder, as the combustion
progressed in the longitudinal holes, the surface
undergoing combustion increased. Rodman’s

theoretical views were confirmed by experiment, |

but the liability of the perforated cake powder
to break up by carriage or when handled, led to
its replacement by much smaller hexagonal
prisms with one central cylindrical hole; the
ﬁrisms used in this country were about 1 inch
_ high, the distance between opposite sides of the

hexagon about 1:37 inches, the central hole
about 0'4 inch in diameter. They were used for
heavy breech-loading guns, and were packed so
as to form rigid cartridges.

The prisms were pressed from a moderately
large-grained powder granulated from press-
cake freed from dust in the ordinary way, but
not glazed, and finally dried and blended. The
increased density of the powder due to the com-
pression delayed the burning and reduced the
initial pressure in the gun.

Brown or cocoa gunpowder. The intro-

EXPLOSIVES.

duction of this powder was a great innovation
in powder making, as it greatly improved the
shooting of big guns and allowed the use of guns
of still larger calibre than even the black pris-
matic powder. It was composed of 79 p.c.
nitre, 3 p.c. sulphur, and 18 p.c. charcoal per
100 of dry powder, and contained ordinarily
about 2 p.c. moisture. The ‘ charcoal > also was
a very lightly baked material, the percentage of
carbon contained in it being but little higher
than that in the (dry) wood or straw from which
it -was made.

This powder was used for heavy breech-load-
ing guns in the form of hexagonal prisms, having
the same dimensions as the black prismatic
powder. The rate of ignition and of combus-
tion of the brown prismatic powder was slower
than that of the black, and for equal muzzle
velocities of the projectile it produced less
pressure in the powder-chamber of the gun than
black powder, and gave a thinner smoke than
the latter. This was due to the fact that the
_brown charcoals flowed under the high manu-
facturing pressure and bound the ingredients
into a non-porous mass ; black prismatic powder
was comparatively porous.

Brown or cocoa powder gives on explosion a
greater quantity of heat and a smaller volume
of permanent gases than does an equal weight
of Ela.ck gunpowder ; but the larger amount of
water vapour in the products of explosion of
brown powder have an important influence in
lowering temperature. The products of ex-
plosion of brown powder undergo considerable
dissociation at first, thus lowering the initial
pressure in the gun, and subsequent recombina-
tion, and so giving sustained pressures as the
projectile moves along the bore. The more
gradual development of the pressure and the
reduction of the maximum pressure increased
the life of the gun and rendered the use of
lighter guns possible. i

Sporting powder. Considerable quantities
of black gunpowder are still used for sporting
purposes. The proportions of the ingredients
vary slightly from those used for military
powders, in order to produce the desirable
qualities of quick ignition and combustion. The
ease of ignition of a black powder does not vary
much with the composition, but an excess of
charcoal quickens, whilst an excess of nitre
slackens, the rate of combustion. To increase
the rapidity of combustion, a slack-burnt or
red charcoal is usually used instead of black.
| The composition of the sporting powder of
‘ several countries is given in the following
| table :—
| Composition of Black Powder used for Sporting

‘ Purposes.

‘ = B %ti?f.:}.lém Sulphur | Charcoal
| England 750 | 100 | 150
France . 780 10-0 12-0
Germany . . 78:0 100 12-0
Austria-Hungary 76:0 95 145
Switzerland o 180 90 13-0

The powders are of high grade and carefull
made by processes practically identical witﬁ

:.
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those used in the manufacture of military
powders. * Occasionally there are modifications,
such, for instance, as the use of drums instead of
mills for powdering and mixing the ingredients,
because the charge can be less moist and the
mixing more rapid, so that better incorporation
results in a given time, with resultant greater
regularity in shooting. .
Mining and blasting powder. The chief re-
quirements of blasting powder are that it should
be cheap, slow burning, and develop as large as
possible a quantity of gas at a high temperature.
The usual composition of blasting powders in
various countries is :—
Composition of Black Powder used for Mining
and Blasting Purposes.

S Ptlxltiat}rs;tgm Sulphur | Charcoal
England . % 750 10:0 15:0
France 3 1 720 13:0 150
Germany . ; 700 14-0 16-0
Austria-Hungary 60-0 185 215
taly . : 5 70-0 18-0 12:0
Russia . d 666 16-7 16-7

These proportions are by no means rigidly
adhered to. Thus, in England, blasting powders
varying from the above proportions to—potas-
sium nitrate 65, sulphur 20, charcoal 15,—are
made, the proportion of nitre being diminished
to make the mixture slower burning, an effect
otherwise obtained by increasing the size of the
grains or compressing to a higher density.
Other compositions especially made for use in
fiery mines will be mentioned later under
¢ Black powder safety explosives.’

Blasting powder is a large-grained powder,
sometimes coated with graphite, compressed
into cartridges by means of a hydraulic press.
As will be mentioned further on, while the
mining powder with low nitre and high sulphur
gives on explosion a larger volume of permanent
gases, it gives a much smaller quantity of heat
than black gunpowder.

Fuse powder. A gunpowder of special
quality and constant composition is now manu-
factured for use in ‘safety ’ and other fuses.
Formerly, siftings from mining powder were
frequently used, but this caused unevenness in
burning and was frequently the cause of accidents
through ¢ hang-fires.” Tt is a mealed powder ; that
is, of very fine granulation, but free from dust.

Suitable mixtures, determined by trial, of
slower and quicker burning powders are made
to give the correct time of burning in the time-
rings of shell fuzes.

Bickford’s safety-fuse (Eng. Pat. 6159, 1831)
is a time-fuse in the form of a flexible cord or
cable which fits into the metal cases of the
detonators used for initiating the explosion of
cartridges or other masses of high explosive. It
consists of a continuous and uniform train of
specially prepared fine-grained powder enclosed
in a covering of jute fibre, this core being con-
tained in a tube of waterproof composition and
tape, or sometimes, for use under water, in a
metal tube. The rate of burning per unib
length varies and is stated with the supply, and
it is also liable to alter slightly on storage.

Properties and products of explosion.—The
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“density’ (as determined by Bianchi’s densi-
meter) of the different kinds of gunpowder
mentioned ranges from about 1:67 in the case of
R.L.G* to about 1-87 in the case of brown
prismatic powder. Increase of density of a
gunpowder causes its slower combus@mr_x,pnd
(under comparable circumstances) diminishes
the muzzle velocity of the projectile and the
pressure in the gun. g

Increase of the amount of moisture in & gun-
powder causes diminished temperature o he pro-
ducts of explosion, and lessens the muzzle velocity
of the projectile and the pressure in the gun.

Black gunpowder can be ignited by a blow
or by an increase of temperature : it explodes
at about 300°. The exploding temperature was
taken by heating small grains of the gunpowder
buried in the sand of a small deep sand-bath, in
which the bulb of a Geissler pressure mercurial
thermometer was immersed. Black prismatic
gunpowder inflamed at about 290°, brown
prismatic at 304°. At a temperature slightly
above 100° the sulphur can be completely
volatilised out of the pdwder without inflamma-
tion taking place. Violette determined the
ignition-point by projecting the powder on to
molten fin kept at different temperatures. He
found that all classes of gunpowder after
powdering fired at from 265° to 2707, and that
the firing-point depends but little on the com-
position, but that t}l)ue size and shape of the grain
and the perfection of the incorporation affected
the results ; thus, blasting powder in grains fired
at 270° and extra fine sporting powder at 320°.

The ignition of gunpowder is more difficult
and the rate of combustion diminishes with
diminished atmospheric pressure. In an atmo-
sphere maintained at a pressure of about 05
inch mercury, gunpowder is not exploded by
contact with a platinum wire heated to redness
by an electric current; the grains in contact
with the wire fuse, and, if the passage of the
current be maintained, burn slowly without
causing the explosion of the remainder. Under
the high pressures produced in a gun when fired,
the velocity of combustion of gunpowder very
rapidly increases.

The products of the combustion of gun-
powder have been examined by several chemists,
of whom Gay-Lussac (1823), Chevreul (1825),
Bunsen and Schischkoff (1857), Karolyi (1863),
Federow (1868), Noble and Abel (1875-80), may
be more particularly mentioned.

The investigation of the subject by Noble
and Abel is much more complete than the
others, and some of their results will be briefly
mentioned.

The quantity of heat evolved by the explo-
sion of gunpowder was determined by firing 10
to 26 grams of gunpowder in strong steel ex-
plosion vessels of 32 and 119 c.c. capacity
respectively, the explosion vessels being sur-
ll;c:lllmded by water in a calorimeter of the usual

ind.

The wolume aof permanent gases produced
was determined by exploding in closed steel
vessels, having an internal capacity of about
one litre, quantities of gunpowder varying in
weight from about 100 to 800 grams. The
vessels retained the whole of the products of
explosion, and were provided with an arrange-
ment by which the gases could be allowed to
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escape, and could be collected or measured.
pressure in the vessels was measured by means
of the usual crusher-gauge (piston acting on,
and compressing, a small copper cylinder) con-
tained in a plug screwed into the vessel.

The pressures in the explosion vessels varied |

volume of powder

with the density of charge Seoeiity of vessel).

EXPLOSIVES.
The | With a density of charge of 0-3, the pressure

| observed was about 5 tons per square inch ; with

were of Waltham Abbey make :—

| 07 density, the pressure was about 20 tons ; with
density 1, the pressure was about 42 tons ; and
with density 1-2, the pressure was about 56 tons.
The powders experimented wi

’ lowing percentage composition ; the first three

th had the fol-

| 2 . = . "

Nattge of powder P?&%:;;gm P;&agﬁ;%gl Pgﬁ‘g‘:;gem Sulphur | Carbon Hydrogen |Oxygen | Ash | Water
Pebble powder . 7ae7 | 009 _ | 1007 1212 042 | 145 |023] 095
Riflod (JEOERI) nags ) 018 | — | 1009 | 1240) 040 | 127 |02 106
Fine-grain . 73:55 | 036 — 1002 | 1136 049 | 257 |017| 148
Sporting powder 7440 0-29 trace | 10-37 | 10:66 [ 052 2-29 |0:31| 1-17
Mining powder .~ 6166 | 012 | 014 | 1506 | 1793 066 | 2:23 |0-59| 161
SP;(’)‘{;ger “Phe”""“}‘ 7530 | 027 | 002 | 1242 | 85| 038 | 168 |0:63 | 065
Cocoa powder | 7883 i — | 204 Charcoal 17-80 1-33

IR T .1 E L

The composition of the solid and gaseous
products of the explosion of these gunpowders is

of 9 experiments with density of charge from
01 to 0-9; the sporting and mining

owders -

given in the following table; the numbers | had density of charge 0-3, the Spanish sphe-
given for the first three powders are the means rical, 0:7 :—
PERCENTAGE COMPOSITION BY VOLUME OF THE DRY PERMANENT GASES.
i Pebble R.L.G. |Fine-grain| Sporting | M ining Eﬁ”gﬁgl Cocoa
Carbon dioxide 4895 49-29 5062 5022 3215 5334 51-30
_,, monoxide. 1363 12-47 10-47 752 3375 462 342
Nitrogen . 5 32:16 3291 33-20 34-46 19:03 37-80 4171
Hydrogen sulphide 4 260 2656 2-48 208 7-10 274 —
Methane . s 031 0-43 019 246 273 — 031
Hydrogen . : . 2:35 2:19 296 3:26 524 1-29 326
Oxygen z s N — 0:06 0-08 — — 0-21 —
PrroeNTAGE CoMPOSITION 3Y WEIGHT OF THE DRY Sorip RESIDUE.
— Pebble | R.L.G. grigﬁ; Sporting| Mining ni%a::ii?gl Cocoa
Potassium carbonate 5926 | 61:05 | 5188 | 5910 | 41-36 | 3566 | (O3 1355

,»  sulphate 1293 | 1510 | 22-71 | 21-65 | 059 | 48556 : 22:333

1 monosulphide . 18:98 | 14-46 | 1816 | 12:42 | 37°10 772 none
Sulphur® . A 808 | 874 | 690 | 645 | 14:11 | 704 —
Potassium thiocyanate 025 | 022 | 013 — 295 | 004 —

» nitrate 3 0-24 027 017 0-29 0-09 0:95 trace
Ammonium sesqui-carbonate 010 | 0:08| 005| 009 | 178 | 004 trace
Charcoal 3 . 3 016 | 008 — — 2:02 — -—

The cocoa powder gives a completely oxi- :
dised saline residue, and the propogtion };f in- ey Units of heat (i}g;ﬁggéﬂmetsr .
completely oxidised gases is smaller with this it
powder than with the others.
The quantity of heat (in gram-degree Cocoa ealails 837-0 1980
units), and the volume (at 0° and 760 mm.) Spam_sh spherical 767-3 234-2
of the permanent gases, per 1 gram of Sporting . . 764-4 2410
owder, were found by Noble and Abel to Fine-grain 738:3 2631
s R.L.G. . 7257 2742
Pebble . 7214 2783
1 Present in the residue as higher sulphide of Mising o S 516.8‘ 5

potassium.
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Tt will be seen that the order of decrease
of units of heat is that of increase of volume
of permanent gases; and Noble and Abel
observed that the products of heat-units by gas
volume do not differ greatly from a constant
value, that this points to the conclusion that the
pressures at any given density of charge, and
the power of doing work of the various powders,
are not very materially different,—a conclusion
verified by experiment for the three Waltham
Abbey powders, and in a less degree also for the
other powders. The total potential energy of
gunpowder they estimated at about 340,000 kilo-
gram-metres per 1 kgm. of powder, or a little
under 500 foot-tons per 1 Ib. This calculation
supposes the infinite expansion of the products
of combustion, but they estimated the actual
energy of gunpowder realised by modern guns
as varying from about one-tenth to one-fifth of
the total theoretical effect. ]

The temperature produced by the explosion
of gunpowder they estimated at about 2,100° in
the case of the pebble or R.L.G. powder, at
about 2,200° in that of the Spanish pellet
powder (Noble and Abel, Trans. Roy. Soc.
1875, 1880 ; Nobel, Heat-Action of Explosives :

“a Lecture to Inst. Civil Eng. 1884).

Debus, in 1882, first showed that potassium
disulphide is a product of the combustion of
black powder. He considered that the combus-
tion takes place in two stages, at first on oxida-
tion, with the formation of potassium sulphate
and carbonate, carbonic acid gas, free nitrogen;
and, perhaps, carbonic oxide ; and, secondly, a
reduction in which free carbon and sulphur
reduced the potassium sulphate and carbonate.

Debus also showed that from the percentage
composition of the powders fired and the products
of combustion, the combustion of the powder,
as an end result, could be represented in the
form of an ordinary equation, from which the
theoretical work obtainable from the powder
can be calculated (Debus, Annalen, vols. 212,
213, 265, and 268).

Examination of gunpowder—The powder,
examined by the eye, should have a perfectly
uniform colour, depending on its composition
and a proper amount of glaze. Small white
specks on the surface of the grains indicate that
the nitre has effloresced during drying. The
grains must be compact, not flat, in shape ; and
their size must be uniform, as tested by sifting ;
and free from dust, as shown by the powder
leaving no mark on running it over a sheet of
paper. The grains mustn%e hard and crisp,
as judged by crushing in the hand. The
thoroughness of the incorporation is tested by
‘flashing > a small measured quantity of the
powder on a porcelain tile by means of a hot
wire. The °flash ’ should show but few sparks,
and there should be no residual solid matter.

By the density, or real density, of a powder is
understood the specific gravity of the grains or
prisms, including the air contained in their
pores. It is usually determined by the Bianchi
densimeter. 100 grams of the sample, crushed,
if necessary, but free from dust, are weighed out
and transferred to the globe of the densimeter.
This removable glass globe is fitted with stop-
cocks above and below, the upper is attached to
an air pump, the lower connected by means of a
tube with a vessel of mercury, the density of

which is known, at the temperature, usually
60°F. or 70°F., to which it is adjusted. The
lower stopcock is closed, the globe exhausted,
the stopcock opened, and the meroury then
allowed™ to rise to the height which the atmo-
sphere will support, the lower stopcock closed
again, and the upper part of the apparatus
opened to the air by means of the air-pump gauge
stopcock. The operations are repeated, the
mercury surrounding the powder graing being
thus subjected to two atmospheres pressure.

The globe is then closed, unscrewed, and weighed. -

Then if S=density of mercury at temperature

of determination, W = weight of globe filled

with mercury, and W, = weight of globe filled

with powder and mercury ; density of sample
v -

Sx10
—(W_Wl) +-100

Hygromelric test.—All kinds of black powder
are liable to absorb more or less moisture from
the air, depending on the quality of their charcoal
and saltpetre. The tendency any powder has
to absorb moisture is determined by exposing
it for a given time—24 hours for the smaller
powders—in a specially insulated box at a re-
corded temperature, to air saturated with
moisture, from a saturated solution of saltpetre.
The increase in the weight of the powder, added
to its previous moisture content, is taken as a
measure of its = ‘hygrometric quality.’” The
results are, however, not very reliable.

Analysis.—Moisture is determined by loss,
on the coarsely }i)owdered sample, after 1 hour
at 70°, or preferably by exposure over sulphuric
acid until of constant weight.

The nitre is determined by extraction with
warm water, filtering, and evaporating the
solution in a platinum dish. The final washings
should be kept separate, as the charcoal has a
tendency to come through the filter, evaporated
to dryness and again extracted, when the
filtrate is clear and is added to the bulk. The
nitre is dried at 280°, cooled and weighed.

The sulphur is estimated by heating 1 gram
of powder in a beaker with strong nitric acid
until the action moderates, cooling a little,
adding a little potassium chlorate to complete
the oxidation, and evaporating to dryness. The
residue is treated with strong hydrochloric acid,
and again evaporated to dryness. The residue
is taken up with water (any insoluble matter,
grit and graphite, being filtered off and weighed),
and the solution precipitated with barium chlo-
ride, &c., as usual.

The charcoal.—The nitre is removed from
the gunpowder by treatment with water, the
charcoal and sulphur filtered off, dried, powdered,
and treated with carbon disulphide to remove
sulphur. The dried charcoal still retains a
small quantity of sulphur, which is estimated
by the method given above, after the charcoal
has been dried in hydrogen in the same manner
as for a combustion. The weight of sulphur is,
of course, deducted from the weight of charcoal
used for the combustion. About 05 gram of
charcoal is taken for combustion; it is dried
(in the boat in which it is to be burnt) by heating
for 15 minutes to 170° in the case of a black
charcoal, in a current of hydrogen. The
charcoal is allowed to cool in the current of
hydrogen, and is transferred to an air-pump
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receiver, which is then exhausted. The boat
with the charcoal is weighed in a closed tube.
The combustion is made in oxygen, a length
of granulated copper oxide, maintained at a
red heat, being in front of the boat; and in
front of the oxide of copper is a shorter length
of lead chromate, heated to very low redness
to absorb SO, or SO,: in other respects, the
combustion is made as usual.

@0ther Potassium Nitrate Mixtures.

Sulphurless gunpowder of various composi-
tions has frequently been tried for special
purposes, but without much success. Sulphur
renders a powder easy of ignition and increases
its rate of burning, and its inclusion is practically
essential. Sulphurless powder, moreover, has a
tendency to crumble to dust on storage or
handling.

Antimony sulphide has been proposed as a
substitute for sulphur in black powder, but it is
only in certain detonating compositions that it
is actually used.

Many - combustible substances, amongst
others coal, coke, peat, sawdust, bark, bran,
tan, sugar, starch, dextrin, gum, hydrocarbons
such as paraffin and naphthalene, ferro- and ferri-
cyanides of potassium, tartaric acid, Rochelle
salt, sodium acetate, &ec., have been proposed
and ‘patented as substitutes for all or part of
the charcoal in nitrate mixtures. Many of
these substances are substituted in order to
reduce the amount of smoke. They almost
invariably reduce the inflammability of the
powder, slacken its combustion, and leave a
large amount of residue, but frequently give off
larger quantities of gas. These mixtures were
suggested principally as blasting explosives,
and many were authorised for manufacture in
this country; but at the present time their use
is practically confined to the Continent.

A few of these explosives will suffice :

Fortis. was a mixture of nitre, tan, and
sulphur, with small quantities of iron sulphate
and glycerol, and it was claimed that nitro-
glycerin was produced during explosion in a
blast hole, with consequent increase of power.

Carbonite, as introduced by sHellhoff of
Berlin, was a mixture of nitrobenzene, potassium
nitrate, sulphur, and kieselguhr; said to be
plastic enough to fill a bore hole, to be non-
explosive by blows, when inflamed to burn
away quietly without explosion, and when
detonated to have the same explosive force as
kieselguhr dynamite. It has been used in
coal-mines in Germany, but modern carbonites
contain nitroglycerin, and are mentioned under
¢ Dynamites.’

Carboazotine was a mixture of nitre, lamp-
black, sawdust, and sulphur, with a little iron
sulphate. This explosive required compression
into cartridges before it would explode.

Petrolite, as manufactured in Hungary, is a
mixture of nitre, wood pulp, coke-dust, and
sulphur.

Jahnite, as made in Austria, is a mixture of
nitre, lignite coal, and sulphur, with very small
quantities of picric acid, potassium chlorate, and
calcined soda.

Amidogéne, a similar mixture to the last,
contained nitre, charcoal, bran, or starch, and
sulphur, with a little magnesium sulphate. This

powder had a very slow rate of combustion, but
developed large quantities of gas. It was used
on a large scale for blasting operations at the
Iron Gates on the Danube, and in coal-mines.

Black Powder Safety Explosives.

Ordinary black gunpowder is unsuitable as a
blasting agent for use in fiery mines, and its use
is everywhere prohibited for this purpose. Many
modifications of gunpowder have been tried,
and several mixtures have been manufactured
which were able to pass the official tests. A few
of these mixtures are :—

Argus powder, which contained 81 p.c.
potassium nitrate, 18-5 p.c. charcoal, containing
30 p.c. of volatile matter, and 05 p.c. sulphur.

EBarthquake powder, which contained 79 p.c.
nitre, and 21 p.c. charcoal, containing 56 p.c.
volatile matter.

EBlephant-brand powders, which had the com-
position of ordinary gunpowder, but No. 1 was
fired with 6 inches of ammonium oxalate, and
No. 2 with 6 inches of sodium bicarbonate, in
front of the cartridge.

Ouzalate blasting powder, which was composed
of 71 p.c. nitre, 14 p.c. charcoal, and 15 p.c.
ammonium oxalate.

All these explosives were subsequently
removed from the ‘ permitted * list.

Bobbinite, manufactured by Curtis and
Harvey, is still on the ¢ permitted * list, and was
the most extensively used of all safety explosives
in this country in 1913. It is really a high-grade
gunpowder, containing but little sulphur, with
added ingredients to increage the safety. As
originally made, it consisted of 64 p.c. nitre,
2 p.c. sulphur, and 19 p.c. charcoal, with 15 p.c.
of a mixture of ammonium sulphate and copper
sulphate. In a later composition the mixture
of ammonium and copper sulphates was replaced
by 8 p.c. of starch and 3 p.c. of paraffin wax,
the other ingredients being correspondingly
increased. The mixture is compressed into
pellets, which are coated with paraffin wax.

Bobbinite is safe to handle, and is fired
without detonators ; it is slow burning, and does
not break up the coal so much as most safety
explosives. A Home Office Committee was
appointed in 1906 to investigate the alleged
danger of ‘bobbinite’ in fiery mines, but it
concluded that these fears were groundless,
and the manufacture and use of the explosive
was still permitted. The committee also con-
cluded that the damage with ‘bobbinite,’” as
with other explosives, was greater when the
shots were not efficiently stemmed. It was the
only powder of this class to pass the Woolwich
test for ¢ Permitted Explosives,” but it after-
wards failed in the more severe Rotherham test,
and in 1914 its use was restricted to mines that
were not fiery.

Sodium Nitrate Mixtures.

Sodium nitrate has a higher percentage of
available oxygen than potassium nitrate, and is
also cheaper, but its hygroscopicity is a great
drawback to its use in powders intended for
keeping a long time. Tn.dry climates the sodium
nitrate powders, made as required for consump-
tion, have been used, as they effect a saving, and
are more powerful than the corresponding nitre
mixtures. A sodium nitrate mining powder was




