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Page 3

NITRO-EXPLOSIVES.

CHAPTER I.

INTRODUCTORY.

The Nitro-Explosives—Substances that have been Nitrated—The Danger Area— 
Systems of Professors Lodge, Zenger, and Melsens for the Protection of Buildings from 
Lightning, &c.

The manufacture of the various nitro-explosives has made great advances during late 
years, and the various forms of nitro-compounds are gradually replacing the older forms
of explosives, both for blasting purposes and also for propulsive agents, under the form 
of smokeless powders.  The nitro-explosives belong to the so-called High Explosives, 
and may be defined as any chemical compound possessed of explosive properties, or 
capable of combining with metals to form an explosive compound, which is produced by
the chemical action of nitric acid, either alone or mixed with sulphuric acid, upon any 
carbonaceous substance, whether such compound is mechanically mixed with other 
substances or not.[A]

[Footnote A:  Definition given in Order of Council, No. 1, Explosives Act, 1875.]

The number of compounds and mixtures included under this definition is very large, and
they are of very different chemical composition.  Among the substances that have been 
nitrated are:—Cellulose, under various forms, e.g., cotton, lignin, &c.; glycerine, 
benzene, starch, jute, sugar, phenol, wood, straw, and even such substances as treacle 
and horse-dung.  Some of these are not made upon the large scale, others are but little 
used.  Those of most importance are nitro-glycerine and nitro-cellulose.  The former 
enters into the composition of all dynamites, and several smokeless powders; and the 
second includes gun-cotton, collodion-cotton, nitrated wood, and the majority of the 
smokeless powders, which consist generally of nitro-cotton, nitro-lignin, nitro-jute, &c. 
&c., together with metallic nitrates, or nitro-glycerine.

The nitro-explosives consist generally of some organic substance in which the no_{2} 
group, known as nitryl, has been substituted in place of hydrogen.

Thus in glycerine,

| Oh
C_{3 } H_{5 } | Oh ,
| Oh
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which is a tri-hydric alcohol, and which occurs very widely distributed as the alcoholic or 
basic constituent of fats, the hydrogen atoms are replaced by the no_{2} group, to form 
the highly explosive compound, nitro-glycerine.  If one atom only is thus displaced, the 
mono-nitrate is formed thus,

| Ono_{2 }
C_{3 } H_{5 } | Oh ;
| Oh

and if the three atoms are displaced, C_{3}H_{5}(Ono_{2})_{3}, or the tri-nitrate, is 
formed, which is commercial nitro-glycerine.
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Page 4
Another class, the nitro-celluloses, are formed from cellulose, C_{6}H_{10}O_{5}, which 
forms the groundwork of all vegetable tissues.  Cellulose has some of the properties of 
the alcohols, and forms ethereal salts when treated with nitric and sulphuric acids.  The 
hexa-nitrate, or gun-cotton, has the formula, C_{12}H_{14}O_{4}(Ono_{2})_{6}; and 
collodion-cotton, pyroxylin, &c., form the lower nitrates, i.e., the tetra- and penta-
nitrates.  These last are soluble in various solvents, such as ether-alcohol and nitro-
glycerine, in which the hexa-nitrate is insoluble.  They all dissolve, however, in acetone 
and acetic ether.

The solution of the soluble varieties in ether-alcohol is known as collodion, which finds 
many applications in the arts.  The hydrocarbon benzene, C_{6}H_{6}, prepared from 
the light oil obtained from coal-tar, when nitrated forms nitro-benzenes, such as mono-
nitro-benzene, C_{6}H_{5}no_{2}, and di-nitro-benzene, C_{6}H_{4}(no_{2})_{2}, in 
which one and two atoms are replaced by the no_{2} group.  The latter of these 
compounds is used as an explosive, and enters into the composition of such well-known
explosives as roburite, &c.  The presence of nitro groups in a substance increases the 
difficulty of further nitration, and in any case not more than three nitro groups can be 
introduced into an aromatic compound, or the phenols.  All aromatic compounds with 
the general formula, C_{6}H_{4}X_{2}, give, however, three series.  They are called 
ortho, meta, or para compounds, depending upon the position of no_{2} groups 
introduced.

Certain regularities have been observed in the formation of nitro-compounds.  If, for 
example, a substance contains alkyl or hydroxyl groups, large quantities of the para 
compound are obtained, and very little of the ortho.  The substitution takes place, 
however, almost entirely in the meta position, if a nitro, carboxyl, or aldehyde group be 
present.  Ordinary phenol, C_{6}H_{5}.Oh, gives para- and ortho-nitro-phenol; toluene 
gives para- and ortho-nitro-toluene; but nitro-benzene forms meta-di-nitro-benzene and 
benzoic acid, meta-nitro-benzoic acid.[A]

[Footnote A:  “Organic Chemistry,” Prof.  Hjelt.  Translated by J.B.  Tingle, Ph.D.]

If the graphic formula of benzene be represented thus (No. 1), then the positions 1 and 
2 represent the ortho, 1 and 3 the meta, and 1 and 4 the para compounds.  When the 
body phenol, C_{6}H_{5}.Oh, is nitrated, a compound is formed known as tri-nitro-
phenol, or picric acid, C_{6}H_{2}(no_{2})_{3}Oh, which is used very extensively as an 
explosive, both as picric acid and in the form of picrates.  Another nitro body that is used
as an explosive is nitro-naphthalene, C_{10}H_{6}(no_{2})_{2}, in roburite, securite, and 
other explosives of this class.  The hexa-nitro-mannite, C_{6}H_{8}(Ono_{2})_{6}, is 
formed

[Illustration:  No. 1]
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[Illustration:  Meta-DINITRO-benzene No.2]

by treating a substance known as mannite, C_{6}H_{8}(Oh)_{6}, an alcohol formed by 
the lactic acid fermentation of sugar and closely related to the sugars, with nitric and 
sulphuric acids.  It is a solid substance, and very explosive; it contains 18.58 per cent. of
nitrogen.

Nitro-starch has also been used for the manufacture of an explosive.  Muhlhauer has 
described (Ding.  Poly.  Jour., 73, 137-143) three nitric ethers of starch, the tetra-nitro-
starch, C_{12}H_{16}O_{6}(ONO_{2})_{4}, the penta- and hexa-nitro-starch.  They are 
formed by acting upon potato starch dried at 100 deg.  C. with a mixture of nitric and 
sulphuric acids at a temperature of 20 deg. to 25 deg.  C. Rice starch has also been 
used in its production.  Muhlhauer proposes to use this body as a smokeless powder, 
and to nitrate it with the spent mixed acids from the manufacture of nitro-glycerine.  This
substance contains from 10.96 to 11.09 per cent. of nitrogen.  It is a white substance, 
very stable and soluble even in cold nitro-glycerine.

The explosive bodies formed by the nitration of jute have been studied by Messrs Cross
and Bevan. and also by Muehlhaeuer.  The former chemists give jute the formula 
C_{12}H_{18}O_{9}, and believe that its conversion into a nitro-compound takes place 
according to the equation—

C_{12}H_{18}O_{9} + 3HNO_{3} = 3H_{2}O + C_{12}H_{15}O_(6}(NO_{3})_{3}.

This is equivalent to a gain in weight of 44 per cent. for the tri-nitrate, and 58 per cent. 
for the tetra-nitrate.  The formation of the tetra-nitrate appears to be the limit of nitration 
of jute fibre.  Messrs Cross and Bevan say, “In other words, if we represent the ligno-
cellulose molecule by a C_{12} formula, it will contain four hydroxyl (OH) groups, or two 
less than cellulose similarly represented.”  It contains 11.5 per cent. of nitrogen.  The 
jute nitrates resemble those of cellulose, and are in all essential points nitrates of ligno-
cellulose.

Nitro-jute is used in the composition of the well-known Cooppal Smokeless Powders.  
Cross and Bevan are of opinion that there is no very obvious advantage in the use of 
lignified textile fibres as raw materials for explosive nitrates, seeing that a number of raw
materials containing cellulose (chiefly as cotton) can be obtained at from L10 to L25 a 
ton, and yield also 150 to 170 per cent. of explosive material when nitrated (whereas 
jute only gives 154.4 per cent.), and are in many ways superior to the products obtained
from jute.  Nitro-lignin, or nitrated wood, is, however, largely used in the composition of 
a good many of the smokeless powders, such as Schultze’s, the Smokeless Powder 
Co.’s products, and others.

18



Page 6
The Danger Area.—That portion of the works that is devoted to the actual manufacture 
or mixing of explosive material is generally designated by the term “danger area,” and 
the buildings erected upon it are spoken of as “danger buildings.”  The best material of 
which to construct these buildings is of wood, as in the event of an explosion they will 
offer less resistance, and will cause much less danger than brick or stone buildings.  
When an explosion of nitro-glycerine or dynamite occurs in one of these buildings, the 
sides are generally blown out, and the roof is raised some considerable height, and 
finally descends upon the blown-out sides.  If, on the other hand, the same explosion 
had occurred in a strong brick or stone building, the walls of which would offer a much 
larger resistance, large pieces of brickwork would probably have been thrown for a 
considerable distance, and have caused serious damage to surrounding buildings.

It is also a very good plan to surround all danger buildings with mounds of sand or 
earth, which should be covered with turf, and of such a height as to be above the roof of
the buildings that they are intended to protect (see frontispiece).[A] These mounds are 
of great value in confining the force of the explosion, and the sides of the buildings 
being thrown against them are prevented from travelling any distance.  In gunpowder 
works it is not unusual to surround the danger buildings with trees or dense underwood 
instead of mounds.  This would be of no use in checking the force of explosion of the 
high explosives, but has been found a very useful precaution in the case of gunpowder.

[Footnote A:  At the Baelen Factory, Belgium, the danger buildings are erected on a 
novel plan.  They are circular in ground plan and lighted entirely from the roof by means 
of a patent glass having wire-netting in it, and which it is claimed will not let a splinter 
fall, even if badly cracked.  The mounds are then erected right up against the walls of 
the building, exceeding them in height by several metres.  For this method of 
construction it is claimed that the force exerted by an explosion will expand itself in a 
vertical direction ("Report on Visits to Certain Explosive Factories,” H.M.  Inspectors, 
1905).]

In Great Britain it is necessary that all danger buildings should be a specified distance 
apart; a license also must be obtained.  The application for a license must give a plan 
(drawn to scale) of the proposed factory or magazine, and the site, its boundaries, and 
surroundings, and distance the building will be from any other buildings or works, &c., 
also the character, and construction of all the mounds, and nature of the processes to 
be carried on in the factory or building.[A]

[Footnote A:  Explosives Act, 38 Vict. ch. 17.]

[Illustration:  FIG. 1.—SECTION OF NITRO-GLYCERINE CONDUIT. a, lid; b, lead 
lining; c, cinders.]
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The selection of a site for the danger area requires some attention.  The purpose for 
which it is required, that is, the kind of explosive that it is intended to manufacture, must 
be taken into consideration.  A perfectly level piece of ground might probably be quite 
suitable for the purpose of erecting a factory for the manufacture of gun-cotton or 
gunpowder, and such materials, but would be more or less unsuitable for the 
manufacture of nitro-glycerine, where a number of buildings are required to be upon 
different levels, in order to allow of the flow of the liquid nitro-glycerine from one building
to another through a system of conduits.  These conduits (Fig. 1), which are generally 
made of wood and lined with lead, the space between the woodwork and the lead lining,
which is generally some 4 or 5 inches, being filled with cinders, connect the various 
buildings, and should slope gently from one to the other.  It is also desirable that, as far 
as possible, they should be protected by earth-work banks, in the same way as the 
danger buildings themselves.  They should also be provided with covers, which should 
be whitewashed in hot weather.

A great deal of attention should be given to these conduits, and they should be very 
frequently inspected.  Whenever it is found that a portion of the lead lining requires 
repairing, before cutting away the lead it should be very carefully washed, for several 
feet on either side of the portion that it is intended to remove, with a solution of caustic 
soda or potash dissolved in methylated spirit and water, and afterwards with water 
alone.  This decomposes the nitro-glycerine forming glycerine and potassium nitrate.  It 
will be found that the mixed acids attack the lead rather quickly, forming sulphate and 
nitrate of lead, but chiefly the former.  It is on this account that it has been proposed to 
use pipes made of guttapercha, but the great drawback to their use is that in the case of
anything occurring inside the pipes, such as the freezing of the nitro-glycerine in winter, 
it is more difficult to find it out, and the condition of the inside cannot be seen, whereas 
in the case of wooden conduits it is an easy matter to lift the lids along the whole length 
of the conduit.

The buildings which require to be connected by conduits are of course those concerned 
with the manufacture of nitro-glycerine.  These buildings are—(1) The nitrating house; 
(2) the separating house; (3) the filter house; (4) the secondary separator; (5) the 
deposit of washings; (6) the settling or precipitation house; and each of these buildings 
must be on a level lower than the preceding one, in order that the nitro-glycerine or 
acids may flow easily from one building to the next.  These buildings are, as far as 
possible, best placed together, and away from the other danger buildings, such as the 
cartridge huts and dynamite mixing houses, but this is not essential.
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All danger buildings should be protected by a lightning conductor, or covered with 
barbed wire, as suggested by Professor Sir Oliver J. Lodge, F.R.S., Professors Zenger, 
of Prague, and Melsens, of Brussels, and everything possible should be done to keep 
them as cool as possible in the summer.  With this object they should be made double, 
and the intervening space filled with cinders.  The roof also should be kept 
whitewashed, and the windows painted over thinly with white paint.  A thermometer 
should be suspended in every house.  It is very essential that the floors of all these 
buildings should be washed every day before the work-people leave.  In case any nitro-
glycerine is spilt upon the floors, after sponging it up as far as possible, the floor should 
be washed with an alcoholic solution of soda or potash to decompose the nitro-
glycerine, which it does according to the equation[A]—

C_{3}H_{5}(NO_{3})_{3} + 3KOH = C_{3}H_{8}O_{3} + 3KNO_{3}.

[Footnote A:  See also Berthelot, Comptes Rendus, 1900, 131[12], 519- 521.]

Every one employed in the buildings should wear list or sewn leather shoes, which of 
course must be worn in the buildings only.  The various houses should be connected by 
paths laid with cinders, or boarded with planks, and any loose sand about the site of the
works should be covered over with turf or cinders, to prevent its blowing about and 
getting into the buildings.  It is also of importance that stand pipes should be placed 
about the works with a good pressure of water, the necessary hose being kept in certain
known places where they can be at once got at in the case of fire, such as the danger 
area laboratory, the foreman’s office, &c.  It is also desirable that the above precautions 
against fire should be tested once a week.  With regard to the heating of the various 
buildings in the winter, steam pipes only should be used, and should be brought from a 
boiler-house outside the danger area, and should be covered with kieselguhr or fossil 
meal and tarred canvas.  These pipes may be supported upon poles.  A stove of some 
kind should be placed in the corner of each building, but it must be entirely covered in 
with woodwork, and as small a length of steam pipes should be within the building as 
possible.

In the case of a factory where nitro-glycerine and dynamite are manufactured, it is 
necessary that the work-people should wear different clothes upon the danger area than
usual, as they are apt to become impregnated with nitro-glycerine, and thus not very 
desirable or safe to wear outside the works.  It is also necessary that these clothes 
should not contain any pockets, as this lessens the chance of matches or steel 
implements being taken upon the danger area.  Changing houses, one for the men, and
another for the girls, should also be provided.  The tools used upon the danger area 
should, whenever the building is in use, or contains explosives, be made of phosphor 
bronze or brass, and brass nails or wooden pegs should be used in the construction of 
all the buildings.
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[Illustration:  FIG. 2.—MELSENS SYSTEM OF LIGHTNING CONDUCTORS.]

Lightning Conductors.—The Explosive Substances Act, 38 Vict. ch. 17, clause 10, says,
“Every factory magazine and expense magazine in a factory, and every danger building 
in a magazine, shall have attached thereto a sufficient lightning conductor, unless by 
reason of the construction by excavation or the position of such magazine or building, or
otherwise, the Secretary of State considers a conductor unnecessary, and every danger
building in a factory shall, if so required by the Secretary of State, have attached thereto
a sufficient lightning conductor.”

The exact form of lightning conductor most suitable for explosive works and buildings 
has not yet been definitely settled.  Lightning-rod engineers favour what is known as the
Melsens system, due to Professor Melsens, of Brussels, and Professor Zenger, of 
Prague, but first suggested by the late Professor Clerk-Maxwell.  In a paper read before 
the British Association, Clerk-Maxwell proposed to protect powder-magazines from the 
effects of lightning by completely surrounding or encasing them with sheet metal, or a 
cage of metallic conductors.  There were, however, several objections to his system as 
he left it.

Professor Melsens[A] has, while using the idea, made several important alterations.  He
has multiplied the terminals, the conductors, and the earth-connections.  His terminals 
are very numerous, and assume the form of an aigrette or brush with five or seven 
points, the central point being a little higher than the rest, which form with it an angle of 
45 deg..  He employs for the most part galvanised-iron wire.  He places all metallic 
bodies, if they are of any considerable size, in communication with the conducting 
system in such a manner as to form closed metallic circuits.  His system is illustrated in 
Fig. 2, taken from Arms and Explosives.

[Footnote A:  Belgian Academy of Science.]

This system is a near approximation to J.C.  Maxwell’s cage.  The system was really 
designed for the protection of powder-magazines or store buildings placed in very 
exposed situations.  Zenger’s system is identical with that of Melsens, and has been 
extensively tried by the Austrian military authorities, and Colonel Hess has reported 
upon the absolute safety of the system.

[Illustration:  Fig. 3.—FRENCH SYSTEM OF LIGHTNING CONDUCTORS.]

The French system of protecting powder-magazines is shown in Fig. 3, where there are 
no brush terminals or aigrettes.  The French military authorities also protect magazines 
by erecting two or more lightning-rods on poles of sufficient height placed close to, but 
not touching, the walls of the magazine.  These conductors are joined below the 
foundations and earthed as usual.
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In the instructions issued by the Government, it is stated that the lightning-rods placed 
upon powder-mills should be of such a height, and so situated, that no danger is 
incurred in igniting the powder-dust in the air by the lightning discharge at the pointed 
rod.  In such a case a fork or aigrette of five or more points should invariably be used in 
place of a single point.
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[Illustration:  FIG. 4_a_.—GOVERNMENT SYSTEM OF LIGHTNING CONDUCTORS 
FOR LARGE BUILDINGS.]

[Illustration:  FIG. 4_b_.—GOVERNMENT SYSTEM OF LIGHTNING CONDUCTORS 
FOR SMALL BUILDINGS.]

In Fig. 4 (a and b) is shown the Government method for protecting buildings in which 
explosives are made or stored.  Multiple points or aigrettes would be better.  Lord Kelvin
and Professor Melsens favour points, and it is generally admitted that lightning does not
strike buildings at a single point, but rather in a sheet; hence, in such cases, or in the 
event of the globular form being assumed by the lightning, the aigrette will constitute a 
much more effective protection than a single point.  As to the spacing of conductors, 
they may, even on the most important buildings, be spaced at intervals of 50 feet.  
There will then be no point on the building more than 25 feet from the conductor.  This 
“25-feet rule” can be adhered to with advantage in all overground buildings for 
explosives.

Underground magazines should, whenever possible, also be protected, because, 
although less exposed than overground buildings, they frequently contain explosives 
packed in metal cases, and hence would present a line of smaller electrical resistance 
than the surrounding earth would offer to the lightning.  The conductor should be 
arranged on the same system as for overground buildings, but be applied to the surface
of the ground over the magazines.

In all situations where several conductors are joined in one system, the vertical 
conductors should be connected both at the top and near the ground line.  The angles 
and the prominent portions of a building being the most liable to be struck, the 
conductors should be carried over and along these projections, and therefore along the 
ridges of the roof.  The conductors should be connected to any outside metal on the 
roofs and walls, and specially to the foot of rain-water pipes.

All the lightning conductors should be periodically tested, to see that they are in working
condition, at least every three months, according to Mr Richard Anderson.  The object of
the test is to determine the resistance of the earth-connection, and to localise any 
defective joints or parts in the conductors.  The best system of testing the conductors is 
to balance the resistance of each of the earths against the remainder of the system, 
from which the state of the earths may be inferred with sufficient accuracy for all 
practical purposes.

Captain Bucknill, R.E., has designed an instrument to test resistance which is based on 
the Post Office pattern resistance coil, and is capable of testing to approximate 
accuracy up to 200 ohms, and to measure roughly up to 2,000 ohms.  Mr R. Anderson’s
apparatus is also very handy, consisting of a case containing three Leclanche cells, and
a galvanometer with a “tangent” scale and certain standard resistances.  Some useful 
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articles on the protection of buildings from lightning will be found in Arms and 
Explosives, July, August, and September 1892, and by Mr Anderson, Brit.  Assoc., 
1878-80.
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Nitro-Glycerine.—One of the most powerful of modern explosive agents is nitro-
glycerine.  It is the explosive contained in dynamite, and forms the greater part of the 
various forms of blasting gelatines, such as gelatine dynamite and gelignite, both of 
which substances consist of a mixture of gun-cotton dissolved in nitro-glycerine, with the
addition of varying proportions of wood-pulp and saltpetre, the latter substances acting 
as absorbing materials for the viscid gelatine.  Nitro-glycerine is also largely used in the 
manufacture of smokeless powders, such as cordite, ballistite, and several others.

Nitro-glycerol, or glycerol tri-nitrate, was discovered by Sobrero in the year 1847.  In a 
letter written to M. Pelouse, he says, “when glycerol is poured into a mixture of sulphuric
acid of a specific gravity of 1.84, and of nitric acid of a gravity of 1.5, which has been 
cooled by a freezing mixture, that an oily liquid is formed.”  This liquid is nitro-glycerol, 
or nitro-glycerine, which for some years found no important use in the arts, until the year
1863, when Alfred Nobel first started a factory in Stockholm for its manufacture upon a 
large scale; but on account of some serious accidents taking place, its use did not 
become general.

It was not until Nobel conceived the idea (in 1866) of absorbing the liquid in some 
absorbent earth, and thus forming the material that is now known as dynamite, that the 
use of nitro-glycerine as an explosive became general.

Among those who improved the manufacture of nitro-glycerine was Mowbray, who, by 
using pure glycerine and nitric acid free from nitrous acid, made very great advances in 
the manufacture.  Mowbray was probably the first to use compressed air for the purpose
of keeping the liquids well agitated during the process of nitration, which he conducted 
in earthenware pots, each containing a charge of 17 lbs. of the mixed acids and 2 lbs. of
glycerol.

A few years later (1872), MM.  Boutnny and Faucher, of Vonges,[A] proposed to prepare
nitro-glycerine by mixing the sulphuric acid with the glycerine, thus forming a sulpho-
glyceric acid, which was afterwards mixed with a mixture of nitric and sulphuric acids.  
They claimed for this method of procedure that the final temperature is much lower.  
The two mixtures are mixed in the proportions—Glycerine, 100; nitric acid, 280; and 
sulphuric acid, 600.  They state that the rise of temperature upon mixing is limited from 
10 deg. to 15 deg.  C.; but this method requires a period of twenty-four hours to 
complete the nitration, which, considering the danger of keeping the nitro-glycerine in 
contact with the mixed acids for so long, probably more than compensates for the 
somewhat doubtful advantage of being able to perform the nitration at such a low 
temperature.  The Boutnny process was in operation for some time at Pembrey Burrows
in Wales, but after a serious explosion the process was abandoned.
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[Footnote A:  Comptes Rendus, 75; and Desortiaux, “Traite sur la Poudre,” 684-686.]

Nitro-glycerine is now generally made by adding the glycerine to a mixture of sulphuric 
and nitric acids.  The sulphuric acid, however, takes no part in the reaction, but is 
absolutely necessary to combine with the water that is formed by the decomposition, 
and thus to keep up the strength of the nitric acid, otherwise lower nitrates of glycerine 
would be formed that are soluble in water, and which would be lost in the subsequent 
process of washing to which the nitro-compound is subjected, in order to remove the 
excess of acids, the retention of which in the nitro-glycerol is very dangerous.  Nitro-
glycerol, which was formerly considered to be a nitro-substitution compound of glycerol, 
was thought to be formed thus—

C_{3}H_{8}O_{3} + 3HNO_{3} = C{3}H_{5}(NO_{2})_{3}O_{3} + 3H_{2}O;

but more recent researches rather point to its being regarded as a nitric ether of 
glycerol, or glycerine, and to its being formed thus—

C_{3}H_{8}O_{3} + 3 HNO_{3} = C{3}H_{5}(NO_{3})_{3} + 3H_{2}O.
             92 227

|O H
The  for m ula  of glyce rine  is C_{3 } H_{ 8 }O_{8 },  o r  C_{3 } H_{5 } |O H
|O H

|O NO_{2 }
a n d  t h a t  of t h e  m o no-ni t r a t e  of glyce rin e,  C_{3 } H_{ 5 } |O H
|O H

|O NO_{2 }
a n d  of t h e  t r i-ni t r a t e  o r  (nit ro-glyce rin e), C_{3 } H_{5 } |O NO_{2 }
|O NO_{2 }

that is, the three hydrogens of the semi-molecules of hydroxyl in the glycerine have 
been replaced by the NO_{2} group.

In the manufacture upon the large scale, a mixture of three parts by weight of nitric acid 
and five parts of sulphuric acid are used.  From the above equation it will be seen that 
every 1 lb. of glycerol should give 2.47 lbs. of nitro-glycerol ((227+1)/92 = 2.47), but in 
practice the yield is only about 2 lbs. to 2.22, the loss being accounted for by the 
unavoidable formation of some of the lower nitrate, which dissolves in water, and is thus
washed away, and partly perhaps to the presence of a little water (or other non-nitrable 
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matter) in the glycerine, but chiefly to the former, which is due to the acids having 
become too weak.

CHAPTER II.

MANUFACTURE OF NITRO-GLYCERINE.

Properties of Nitro-Glycerine—Manufacture of Nitro-Glycerine—Nitration— The Nathan 
Nitrator—Separation—Filtering and Washing—The Waste Acids— Treatment of the 
Waste Acid from the Manufacture of Nitro-Glycerine and Gun-Cotton.

Properties of Nitro-Glycerine.—Nitro-glycerol is a heavy oily liquid of specific gravity 1.6 
at 15 deg.  C., and when quite pure is colourless.  The commercial product is a pale 
straw yellow, but varies much according to the purity of the materials used in its 
manufacture.  It is insoluble in water, crystallises at 10.5 deg.  C., but different 
commercial samples behave very differently in this respect, and
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minute impurities prevent or delay crystallisation.  Solid nitro-glycerol[A] melts at about 
12 deg.  C., but requires to be exposed to this temperature for some time before 
melting.  The specific gravity of the solid form is 1.735 at +10 deg.  C.; it contracts one-
twelfth of its volume in solidifying.  Beckerheim[B] gives the specific heat as 0.4248 
between the temperatures of 9.5 deg. and 9.8 deg.  C., and L. de Bruyn gives the 
boiling point as above 200 deg..

[Footnote A:  Di-nitro-mono chlorhydrin, when added to nitro-glycerine up to 20 per 
cent., is said to prevent its freezing.]

[Footnote B:  Isb., Chem.  Tech., 22, 481-487. 1876.]

Nitro-glycerine has a sweet taste, and causes great depression and vertigo.  It is soluble
in ether, chloroform, benzene, glacial acetic acid, and nitro-benzene, in 1.75 part of 
methylated spirit, very nearly insoluble in water, and practically insoluble in carbon 
bisulphide.  Its formula is C_{3}H_{5}(NO_{3})_{3}, and molecular weight 227.  When 
pure, it may be kept any length of time without decomposition.  Berthelot kept a sample 
for ten years, and Mr G. M’Roberts, of the Ardeer Factory, for nine years, without their 
showing signs of decomposition; but if it should contain the smallest trace of free acid, 
decomposition is certain to be started before long.  This will generally show itself by the 
formation of little green spots in the gelatine compounds, or a green ring upon the 
surface of liquid nitro-glycerine.  Sunlight will often cause it to explode; in fact, a bucket 
containing some water that had been used to wash nitro-glycerine, and had been left 
standing in the sun, has in our experience been known to explode with considerable 
force.  Nitro-glycerine when pure is quite stable at ordinary temperatures, and samples 
have been kept for years without any trace of decomposition.  It is very susceptible to 
heat, and even when quite pure will not stand a temperature of 100 deg.  C. for a longer
period than a few hours, without undergoing decomposition.  Up to a temperature of 45 
deg.  C., however, properly made and purified nitro-glycerine will remain unchanged 
almost indefinitely.  The percentage composition of nitroglycerine is as follows:—

Found.  Theory for C_{3}H_{5}(N0_{2})_{3}.

Carbon 15.62 15.86 per cent. 
Hydrogen 2.40 2.20 "
Nitrogen 17.90 18.50 "
Oxygen ... 63.44 "

The above analysis is by Beckerheim.  Sauer and Adou give the nitrogen as 18.35 to 
10.54 per cent. by Dumas’ method; but I have never found any difficulty in obtaining 
percentages as high as 18.46 by the use of Lunge’s nitrometer.  The decomposition 
products by explosion are shown by the following equation—
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 2C_{3}H_{5}(NO_{3})_{3} = 6CO_{2} + 5H_{2}O + 6N + O;

that is, it contains an excess of 3.52 per cent. of oxygen above that required for 
complete combustion; 100 grms. would be converted into—
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Carbonic Acid (CO_{2}) 58.15 per cent. 
Water 19.83 "
Oxygen 3.52 per cent. 
Nitrogen 18.50 "

The volume of gases produced at 0 deg. and 760 mm., calculated from the above, is 
714 litres per kilo, the water being taken as gaseous.  Nitro-glycerine is decomposed 
differently if it is ignited as dynamite (i.e., kieselguhr dynamite), and if the gases are 
allowed to escape freely under a pressure nearly equal to that of the atmosphere.  
Sarrau and Vieille obtained under these conditions, for 100 volumes of gas—

NO 48.2 per cent. 
CO 35.9 "
CO_{2} 12.7 "
H 1.6 per cent. 
N 1.3 "
CH_{4} 0.3 "

These conditions are similar to those under which a mining charge, simply ignited by the
cap, burns away slowly under a low pressure (i.e., a miss fire).  In a recent 
communication, P.F.  Chalon (Engineering and Mining Journal, 1892) says, that in 
practice nitro-glycerine vapour, carbon monoxide, and nitrous oxide, are also produced 
as the result of detonation, but he attributes their formation to the use of a too feeble 
detonator.

Nitro-glycerine explodes very violently by concussion.  It may be burned in an open 
vessel, but if heated above 250 deg.  C. it explodes.  Professor C.E.  Munroe gives the 
firing point as 2O3 deg.-2O5 deg.  C., and L. de Bruyn[A] states its boiling point as 185 
deg..  He used the apparatus devised by Horsley.  The heat of formation of nitro-
glycerine, as deduced from the heat of combustion by M. Longuinine, is 432 calories for 
1 grm.; and the heat of combustion equals 1,576 cals. for 1 grm.  In the case of nitro-
glycerine the heat of total combustion and the heat of complete decomposition are 
interchangeable terms, since it contains an excess of oxygen.  According to Dr W.H.  
Perkin, F.R.S.,[B] the magnetic rotation of nitro-gylcerine is 5,407, and that of tri-
methylene nitrate, 4.769 (diff. = .638).  Dr Perkin says:  “Had nitro-glycerine contained 
its nitrogen in any other combination with oxygen than as -O-NO_{2}, as it might if its 
constitution had been represented as C_{3}H_{2}(NO_{2})_{3}(OH)_{3}, the rotation 
when compared with propyl nitrate (4.085) would be abnormal.”

[Footnote A:  Jour.  Soc.  Chem.  Ind., June 1896, p. 471.]

[Footnote B:  Jour.  Chem.  Soc., W.H.  Perkin, 1889, p. 726.]
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The solubility of nitro-glycerine in various solvents has been investigated by A.H.  Elliot; 
his results may be summarised as follows:—

_______________________________________________________
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_______________________________________________________
________________
|                       |
Solve n t .                      |     Cold.              |        War m.
_____________________________|______________________|_______
___________
|                       |
Wate r                         |    Insoluble           |  Sligh tly soluble
Alcohol, a b solu t e             |    Soluble             |     Soluble
"     9 3%                  |       "               |        "
"     8 0%                  |   Slowly soluble       |        "
"     5 0%                  |    Insoluble           |  Sligh tly soluble
M e t hyl alcohol               |    Soluble             |     Soluble
Amyl     "                   |       "               |        "
E t h er, e t hylic               |       "               |        "
"    a c e tic                 |       "               |        "
Chlorofor m                    |       "               |        "
Ace ton e                       |       "               |        "
S ulph u ric  a cid  (1.845)        |       "               |        "
Ni t ric  a cid  (1.40 0)          |   Slowly soluble       |        "
Hyd roc hlo ric  a cid  (1.200)     |  Insoluble,  d e co m pos e d |  Slowly soluble
Ace tic  a cid,  gl acial         |    Soluble             |     Soluble
Ca r bolic a cid                 |       "               |        "
Ast r al oil                   |    Insoluble           |     Insoluble
Olive    "                    |    Soluble             |     Soluble
S t e a r in e  oil                 |       "               |        "
Min e r al jelly                |    Insoluble           |     Insoluble
Glyce rin e                     |       "               |        "
Benze n e                       |    Soluble             |     Soluble
Ni t ro-b e nz e n e                 |       "               |        "
Tolue n e                       |       "               |        "
Ca r bon  bi-s ulp hid e            |    Insoluble           |  Sligh tly affec t e d
Tur p e n tine                    |       "               |     Soluble
Pe t roleu m  n a p h t h a ,  7 1  d e g.-7 6  d e g.   B. |       "               |     Insoluble
Ca u s tic  sod a  (1:10  solu tion) |  Insoluble.            |   Insoluble.  
Bor ax, 5% solu tion            |       "               |        "
Am monia  (.98 0)               |       "               |        " sligh tly
|                       |     affec t e d.  
Am moniu m  s ulph-hyd r a t e        |  Insoluble,  s ulp h u r    |   Deco m pos e d.
|    s e p a r a t e s           |
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Iron  s ulph a t e  solu tion        |  Sligh tly affec t e d     |   Affec t e d .  
I ron  c hlo ride  (1.4  g r m.   Fe    |  Slowly affec t e d       |   Deco m pos e d.
to  1 0  c.c.  N_{2 }O)         |                       |
Tin c hlo rid e                  |  Sligh tly affec t e d     |   Affec t e d.
_____________________________|______________________|_______
___________

M a ny a t t e m p t s  h ave  b e e n  m a d e  to  p r e p a r e  ni t ro-glyce rin e
explosives  c a p a ble  of wi th s t a n din g  co m p a r a tively low
t e m p e r a t u r e s  wi thou t  fr e ezing,  b u t  no  s a tisfac to ry
solu tion  of t h e  p ro ble m  h a s  b e e n  foun d.   Among
t h e  s u bs t a n c e s  t h a t  h av e  b e e n  p ro pos e d  a n d  u s e d  wi th
m o r e  o r  less  s ucc e s s,  a r e  ni t ro-b e nz e n e,  ni t ro-tolue n e,
di-ni t ro-m o no-c hlo r hyd rin e,  solid  ni t ro  d e riva tives
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of tolue n e,[A] a r e  s t a t e d  to  low e r  t h e  fre ezing  poin t
of ni t ro-glyce rin e  to  -2 0  d e g.C. wi t ho u t  al t e rin g
its  s e nsi tiven e s s  a n d  s t a bili ty.  The  s u bjec t
h a s  b e e n  inves tig a t e d  by S. N a u ck hoff,[B] w ho  s t a t e s
t h a t  ni t ro glyce rin e  c a n  b e  cooled  to  t e m p e r a t u r e s  (-4 0
d e g.  to  -5 0  d e g.   C.) m u c h  b elow its  t r u e  fre ezing
poin t ,  wi thou t  solidifying,  by  t h e  a d di tion  of va rious
s u b s t a n c e s.   Whe n  cooled  by  m e a n s  of a  mixtu r e
of solid  c a r bo n,  dioxide,  a n d  e t h er, it  s e t s  to  a
gl a s sy m a s s ,  wi tho u t  a ny p e r c e p tible  c rys t allis a tion.  
The  m a s s  w h e n  w a r m e d  to  0  d e g.C. fir s t  r a pidly liqu efie s
a n d  t h e n  b e gin s  to  c rys t allise .   The  t r u e  fre ezing
poin t  of p u r e  ni t ro-glyce rin e  w a s  foun d  to  b e  1 2 .3
d e g.C.  The  t e c h nic al p ro d uc t ,  owing  to  t h e  p r e s e n c e
of di-ni t ro-glyce rin e,  fr e ez es  a t  1 0.5  d e g.   C.
Accor din g  to  R aoul t’s  law, t h e  lowe ring  of t h e
fre ezing  poin t  c a u s e d  by m  g r m s .  of a  s u b s t a n c e
wi th  t h e  m olec ula r  w eig h t  M,  w h e n  dis solved  in 1 0 0
g r m s.  of t h e  solven t ,  is exp r e s s e d  by t h e  for m ula:  
[Delt a] =  E(m /M), w h e r e  E  is a  cons t a n t  c h a r a c t e ri s tic
for  t h e  solven t  in  q u e s tion.   The  valu e  of E  for
ni t ro-glyce rin e  w a s  foun d  to  b e  7 0.5  w h e n  c alcula t e d ,
a c co r din g  to  Van’t H off’s for m ul a,  fro m
t h e  m el ting  poin t  a n d  t h e  la t e n t  h e a t  of fusion  of
t h e  s u bs t a n c e .   De t e r min a tions  of t h e  lowe rin g
of t h e  fre ezing  poin t  of ni t ro-glyce rine  by  a d di tions
of b e nz e n e,  ni t ro-b e nz e n e,  di-ni t ro-b e nz e n e,  t r i-ni t ro-b e nz e n e,
p .-ni t ro-tolue n e,  o.-ni t ro-tolu e n e,  di-ni t ro-tolu e n e,
n a p h t h al e n e,  ni t ro-n a p h t h al e n e ,  di-ni t ro-n a p h t h al e n e ,
e t hyl a c e t a t e ,  e t hyl ni t r a t e ,  a n d  m e t hyl alcohol,
g ave  r e s ul t s  a g r e ein g  fai rly w ell wi th  R ao ul t’s
for m ula,  exce p t  in t h e  c a s e  of m e t hyl alcohol, for
w hich  t h e  c alc ula t e d  low e rin g  of t h e  fr e ezing  poin t
w a s  g r e a t e r  t h a n  t h a t  obs e rve d,  p ro b a bly owing  to
t h e  for m a tion  of co m plex m olec ule s  in t h e  solu tion.  
The  r e s ul t s  s how  t h a t ,  in  g e n e r al, t h e  c a p a ci ty of
a  s u b s t a n c e  to  lowe r  t h e  fre ezing  poin t  of ni t ro-glyce rine
d e p e n d s,  no t  u po n  its  fr e ezing  poin t,  o r  it s  c h e mic al
co m posi tion  o r  cons ti t u tion,  b u t  u po n  it s  m olec ula r
w eig h t .   N a u ckhoff s t a t e s  t h a t  a  s ui t a bl e  s u bs t a nc e
for  di ssolving  in ni t ro-glyce rin e,  in o r d e r  to  low e r
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t h e  fre ezing  poin t  of t h e  la t t er, m u s t  h ave  a  r el a tively
low m olec ula r  w eig h t ,  m u s t  no t  a p p r eci a bly diminish
t h e  explosive  pow e r  a n d  s t a bili ty of t h e  explosive,
a n d  m u s t  no t  b e  e a sily vola tile  a t  r el a tively hig h
a t m os p h e ric  t e m p e r a t u r e s;  it s ho uld,  if possible,
b e  a  solven t  of ni t ro-c ellulos e,  a n d  in eve ry c a s e
m u s t  no t  h ave  a  p r eju dicial influe nc e  on  t h e  g el a tinis a tion
of t h e  ni t ro-c ellulos e.

[Footno t e  A:  E n g.   Pa t.  2 5,7 97,  N ove m b e r
1 9 0 4.]

[Footno t e  B:  Z.   A n g ew.  Ch e m . ,
1 9 0 5,  1 8,  1 1-2 2,  5 3-6 0.]

M a n ufac t ur e  of  N i t ro-Glyc erin e. —Nit ro-glyce rin e
is p r e p a r e d  u po n  t h e  m a n ufac t u rin g  sc ale  by  g r a d u ally
a d ding  glyce rin e  to  a  mixtu r e  of ni t ric  a n d  s ulph u ric
a cids  of g r e a t  s t r e n g t h.   The  mixe d  a cids  a r e  con t ain e d
in a  lea d  ves s el, w hich  is ke p t  cool by  a  s t r e a m  of
w a t e r  co n tin u ally p a s sing  t h ro u g h  wo r m s  in t h e  in t e rio r
of t h e  ni t r a ti ng  vess el, a n d  t h e  glyce rin e  is g r a d u ally
a d d e d  in t h e  for m  of a  fine  s t r e a m  fro m  a bove.  
The  m a n ufac t u r e  c a n  b e  divide d  in to  t h r e e  di s tinc t
op e r a tions,  vi z ., ni t r a tion,  s e p a r a tion,  a n d
w a s hing,  a n d  it will b e  w ell to  d e s c rib e  t h e s e  op e r a tions
in t h e  a bove  o r d er.
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Ni tra tion.—The  m o s t  e s s e n ti al  con di tion
of ni t r a ting  is t h e  co r r e c t  co m posi tion  a n d  s t r e n g t h
of t h e  mixe d  a cids.   The  b e s t  p ro po r tions  h ave
b e e n  foun d  to  b e  t h r e e  p a r t s  by  w eigh t  of ni t r ic  a cid
of a  s p e cific g r avity 1.52 5  to  1.53 0,  a n d  con t aining
a s  s m all a  po r tion  of t h e  oxide s  of ni t rog e n  a s  possible,
to  five  p a r t s  by w eig h t  of s ulph u ric  a cid  of a  s p e cific
g r avity of 1 .84 0  a t  1 5  d e g.   C., a n d  a bo u t  9 7  p e r
c e n t .  of m o no-hyd r a t e .   I t  is of t h e  ve ry g r e a t e s t
impor t a nc e  t h a t  t h e  ni t ric  a cid  s ho uld  b e  a s  s t ron g
a s  possible.   N o t hin g  u n d e r  a  g r avity of 1 .5 2  s ho uld
eve r  b e  u s e d  ev e n  to  mix wit h  s t ro n g e r  a cid,  a n d  t h e
ni t r a tion  will b e  p ro po r tion al to  t h e  s t r e n g t h  of
t h e  a cid  u s e d,  p rovide d  t h e  s ulp h u ric  a cid  is al so
s t ro n g  e no u g h.   I t  is a l so  of g r e a t  impor t a nc e
t h a t  t h e  oxides  of ni t rog e n  s hould  b e  low, a n d  t h a t
t h ey  s ho uld  b e  ke p t  dow n  to  a s  low a s  1  p e r  c e n t .,
o r  eve n  low er.  I t  is a l so  ve ry d e si r a bl e  t h a t
t h e  ni t ric  a cid  s hould  con t ain  a s  lit tle  c hlo rin e
a s  possible.   The  following  is t h e  a n alysis  of
a  s a m ple  of ni t ric  a cid,  w hich  g ave  ve ry good  r e s ul t s
u po n  t h e  co m m e r cial sc ale:—S p e cific g r avity,
1.52 5,  N_{2 }O_{4 },  1 .0 3  p e r  c e n t .; ni t ric  a cid  (H NO_{3 }),
9 5 .58  p e r  c e n t .

The  a m o u n t  of r e al  ni t r ic  a cid  (mono-hyd r a t e)  a n d
t h e  a m o u n t  of ni t ric  p e roxide  p r e s e n t  in a ny s a m ple
s ho uld  alw ays  b e  d e t e r min e d  b efor e  it is u s e d  for
ni t r a ting  p u r pos e s .   The  s p ecific g r avi ty is no t
a  s ufficie n t  g uid e  to  t h e  s t r e n g t h  of t h e  a cid,  a s
a n  a cid  h aving  a  high  g r avity, d u e  to  so m e  3  o r  4
p e r  c e n t  of ni t ric  oxides  in solu tion,  will give  ve ry
poo r  ni t r a tion  r e s ul t s.   A t e n t h  no r m al  solu tion
of sodiu m  hyd roxide  (N aO H), wi th  p h e nol-p h t h al ein
a s  indica tor, will b e  foun d  t h e  m os t  conve nie n t  m e t hod
of d e t e r mining  t h e  to t al  a cid  p r e s e n t .   The  following
m e t ho d  will b e  foun d  to  b e  ve ry r a pid  a n d  r eli able:—Weigh
a  1 0 0  c.c.  flask,  con t aining  a  few c u bic  c e n ti m e t r e s
of dis tilled  w a t er, a n d  t h e n  a d d  fro m  a  pip e t t e  1
c.c.  of t h e  ni t ric  a cid  to  b e  ex a min e d,  a n d  r e w eig h
(this  gives  t h e  w eig h t  of a cid  t ak e n).  N ow  m a k e
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u p  to  1 0 0  c.c. a t  1 5  d e g.   C.; s h a k e  w ell, a n d
t ak e  ou t  1 0  c.c. wi th  a  pip e t t e;  d r ain  in to  a  s m all
E rle n m ey e r  flask,  a n d  a d d  a  li t tl e  of t h e  p h e nol-p h t h al ein
solu tion,  a n d  ti t r a t e  wi th  t h e  t e n t h  no r m al sod a  solu tion.

The  ni t ric  p e roxid e  c a n  b e  d e t e r min e d  wi th  a  solu tion
of po t a s siu m  p e r m a n g a n a t e  of N/1 0  s t r e n g t h ,  t h u s:  
Take  a  s m all conical flask, con t aining  a bo u t  1 0  c.c.
of w a t er, a n d  a d d  fro m  a  b u r e t t e  1 0  to  1 6  c.c. of
t h e  p e r m a n g a n a t e  solu tion; t h e n  a d d  2  c .c. of t h e  a cid
to  b e  t e s t e d ,  a n d  s h ak e  g e n tly, a n d  con tinu e  to  a d d
p e r m a n g a n a t e  solu tion  a s  long  a s  it  is d e colou ris e d,
a n d  u n til a  fain t  pink  colou r  is p e r m a n e n t .

Exa m ple.  N/1 0  p e r m a n g a n a t e  3.1 6  g r m s.  p e r  lit r e ,
1  c.c. =  O.0046  g r m.   N_{ 2 }O_{4 },  2  c.c.  of s a m ple
of a cid  s p ecific g r avity 1.52  =  3.04  g r m s.  t ak e n  for
a n alysis.  Took 2 0  c.c.  p e r m a n g a n a t e  solu tion,
O.0046  x 2 0  = . 0 9 2  g r m.   N_{ 2 }O_{4 },  a n d  (.092
x 1 0 0)/3.04  =  3.02  p e r  c e n t .   N_{2 } O_{4 }.  
The  s p e cific g r avity s hould  b e  t ak e n  wi th  a n  hyd ro m e t e r
t h a t  gives  t h e  s p ecific g r avity di r ec tly, or, if p r efe r r e d ,
t h e  2  c.c. of a cid  m ay b e  w eigh e d.
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A ve ry good  m e t ho d  of r a pidly d e t e r mining  t h e  s t r e n g t h
of t h e  s ulph u ric  a cid  is a s  follows:—Weigh
ou t  in a  s m all w eighing  bo t tl e ,  a s  n e a rly a s  pos sible,
2.45  g r m s.   This  is b e s t  don e  by r u n ning  in 1.3 3
c.c.  of t h e  a cid  (1.33  x 1.84  =  2.4 47).  Wash
into  a  la r g e  E rl en m eye r  flask,  c a r efully w a s hin g  ou t
t h e  bo t tl e ,  a n d  also  t h e  s top p er, &c.  Add a  d ro p
of p h e nol-p h t h al ein  solu tion  a n d  ti t r a t e ,  wi t h  a
h alf no r m al  solu tion  of sodiu m  hyd r a t e  (us e  a  1 0 0
c.c.  b u r e t t e).  The n  if 2 .4 5  g r m s.  exac tly h ave
b e e n  t ak e n,  t h e  r e a din gs  on  t h e  b u r e t t e  will e q u al
p e rc e n t a g e s  of H_{2 } SO_{4 }  (mono-hyd r a t e)  if no t ,
c alcula t e  t h u s:—2.44 4  g r m s.  w eigh e d,  r e q ui r e d
9 5.4  c.c.  N aO H.  The n—

2.44 4  :  9 5.4  ::  2 . 45  :  x  =  9 5.6 4
p e r  c e n t .   H_{ 2 } SO_{4 }.

It  h a s  b e e n  p ro pos e d  to  fr e e  ni t ric  a cid  fro m  t h e
oxides  of ni t rog e n  by blowing  co m p r e s s e d  ai r  t h ro u g h
it, a n d  t h us  d riving  t h e  g a s e s  in solu tion  ou t .  
The  a cid  w a s  con t ain e d  in a  clos e d  lea d  t a nk,  fro m
w hich  t h e  e sc a ping  fu m e s  w e r e  con d u c t e d  in to  t h e  c him n ey
s h af t ,  a n d  on  t h e  bo t to m  of w hich  w a s  a  lea d  pip e,
b e n t  in t h e  for m  of a  ci rcle,  a n d  pi e r c e d  wi th  hole s,
t h ro u g h  w hic h  t h e  co m p r e s s e d  ai r  w a s  m a d e  to  p a s s;
b u t  t h e  p roc e ss  w a s  no t  foun d  to  b e  of a  ve ry s a tisfac to ry
n a t u r e ,  a n d  it is c e r t ainly b e t t e r  no t  to  allow t h e
for m a tion  of t h e s e  co m po u n ds  in t h e  m a n ufac t u r e  of
t h e  a cid  in  t h e  fir s t  ins t a n c e .   Anoth e r  pl a n,
how ever, is to  h e a t  t h e  a cid  g e n tly, a n d  t h us  d rive
ou t  t h e  ni t ro us  g a s e s .   Both  p roc e ss e s  involve
loss  of ni t ric  a cid.

H aving  ob t ain e d  ni t ric  a n d  s ulph u ric  a cid s  a s  p u r e
a s  possible,  t h e  n ext  op e r a tion  is to  mix t h e m.  
This  is b e s t  do n e  by w eig hing  t h e  c a r boys  in w hich
t h e  a cids  a r e  g e n e r ally s to r e d  b efor e  t h e  a cids  a r e
d r a w n  off in to  t h e m  fro m  t h e  con d e n s e r s ,  a n d  ke e pin g
t h ei r  w eigh t s  cons t a n tly a t t a c h e d  to  t h e m  by m e a n s
of a  lab el.  It  is t h e n  a  sim ple  m a t t e r  to  w eig h
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off a s  m a ny c a r boys  of a cid  a s  m ay  b e  r e q ui r e d  for
a ny n u m b e r  of mixings ,  a n d  s u b t r a c t  t h e  w eigh t s  of
t h e  c a r boys.   The  t wo  a cids  s ho uld,  af t e r  b ein g
w eig h e d,  b e  po u r e d  in to  a  t a nk  a n d  mixed,  a n d  s u b s e q u e n tly
allow e d  to  flow in to  a n  a cid  e g g  o r  m o n tjus ,  to  b e
af t e r w a r d s  forc e d  u p  to  t h e  ni t r a ti ng  ho u s e  in  t h e
d a n g e r  a r e a .   The  m o n tjus  o r  a cid  e g g  is a  s t ro n g
c a s t-iron  t a nk,  of ei t h e r  a n  e g g  s h a p e ,  o r  a  cylind e r
wi th  a  ro u n d  e n d.   If of t h e  for m e r  s h a p e,  it
wo uld  lie  on  it s  sid e,  a n d  u po n  t h e  s u rf ac e  of t h e
g ro u n d,  a n d  would  h ave  a  m a n hole  a t  on e  e n d,  u po n
w hich  a  lid wo uld  b e  s t ro n gly bol t e d  dow n; b u t  if
of t h e  la t t e r  s h a p e,  t h e  lid, of cou r s e ,  is u po n  t h e
top,  a n d  t h e  m o n tjus  it s elf is le t  in to  t h e  g ro u n d.  
In  ei t h e r  c a s e ,  t h e  p rinciple  is t h e  s a m e.   On e
pip e,  m a d e  of s to u t  le ad,  go e s  to  t h e  bo t to m,  a n d  a no t h e r
jus t  inside  to  convey t h e  co m p r e s s e d  air, t h e  a cids
flowing  a w ay a s  t h e  p r e s s u r e  is p u t  on,  jus t  a s  blowing
dow n  on e  t u b e  of a n  o r din a ry w a s h-bo t tl e  force s  t h e
w a t e r  u p  t h e  o t h e r  t u b e  to  t h e  je t.   The  p r e s s u r e
n ec es s a rily will, of cou r s e ,  va ry im m e n s ely, a n d  will
d e p e n d  u po n  t h e  h eigh t  to  w hich  t h e  a cid  h a s  to  b e
r ais e d  a n d  t h e  di s t a nc e  to  b e  t r ave r s e d .
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The  mixe d  a cids  h aving  b e e n  forc e d  u p  to  t h e  d a n g e r
a r e a ,  a n d  to  a  level hig h e r  t h a n  t h e  posi tion  of t h e
ni t r a ting  ho us e ,  s ho uld,  b efo r e  b eing  u s e d,  b e  allow e d
to  cool, a n d  lea d e n  t a nks  of s ufficie n t  c a p aci ty to
hold  a t  le a s t  e no u g h  a cid  for  fou r  o r  five ni t r a tions
s ho uld  b e  pl ac e d  in  a  wood e n  ho us e  u po n  a  level a t
lea s t  6  o r  7  fee t  a bove  t h e  ni t r a ting  ho u s e .  
In  t his  ho u s e  also  s ho uld  b e  a  s m alle r  le a d  t a nk,  holding,
w h e n  filled  to  a  c e r t ain  m a r k,  jus t  e no u g h  of t h e
mixed  a cids  for  on e  ni t r a tion.   The  objec t  of
t his  t a nk  is, t h a t  a s  soon  a s  t h e  m a n  in c h a r g e  know s
t h a t  t h e  las t  ni t r a tion  is finish e d,  h e  r efills t his
s m alle r  t a nk  (which  co n t ain s  jus t  e no u g h  of t h e  mixed
a cids), a n d  allows  its  co n t e n t s  to  flow dow n  in to
t h e  ni t r a ti ng  ho u s e  a n d  in to  t h e  ni t r a tor, r e a dy for
t h e  n ex t  ni t r a tion.   The  ni t r a tion  is u s u ally
con d uc t e d  in a  vess el cons t r uc t e d  of lea d,  so m e  4
fee t  wid e  a t  t h e  bo t to m,  a n d  r a t h e r  less  a t  t h e  top,
a n d  a bo u t  4  fee t  o r  so  hig h.   The  size,  of cou r s e ,
d e p e n d s  u po n  t h e  volu m e  of t h e  c h a r g e  it is in t e n d e d
to  ni t r a t e  a t  on e  op e r a tion,  b u t  it  is a lw ays  b e t t e r
t h a t  t h e  t a nk  s ho uld  b e  only t wo-t hi r d s  full. 
A good  c h a r g e  is 1 6  cwt.  of t h e  mixe d  a cids,  in t h e
p ro po r tion  of t h r e e  to  five; t h a t  is, 6  cwt.  of ni t ric
a cid,  a n d  1 0  cw t.  of s ulph u ric  a cid,  a n d  2 4 7  lbs.
of glyce rin e.

U po n  r ef e r e nc e  to  t h e  e q u a tion  s howin g  t h e  for m a tion
of ni t ro-glyce rin e,  it will b e  s e e n  t h a t  for  eve ry
1  lb. of glyce rin e  2.47  lbs.  of ni t ro-glyce rin e  s ho uld
b e  fu r nis h e d,[A] b u t  in p r a c tice  t h e  yield  is only
a  li t tl e  ove r  2  lbs., t h e  loss  b ein g  a ccou n t e d  for
by t h e  u n avoid a ble  for m a tion  of so m e  of t h e  low e r
ni t r a t e  of glyc e rine  (th e  m o no-ni t r a t e), w hich  af t e r w a r d
dis solves  in  t h e  w a s hin g  w a t e r s.   The  lea d  t a nk
(Fig.  5)  is g e n e r ally c a s e d  in wood wo rk,  wi th  a  pl a tfo r m
in fron t  for  t h e  m a n  in c h a r g e  of t h e  ni t r a ti ng  to
s t a n d  u po n,  a n d  w h e n c e  to  work  t h e  va rious  t a p s .  
The  to p  of t h e  t a nk  is clos e d  in wi t h  a  do m e  of le ad,
in  w hich  is a  s m all gla s s  window, t h ro u g h  w hich  t h e
p ro g r e s s  of t h e  ni t r a tin g  op e r a tion  c a n  b e  w a tc h e d.  
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F ro m  t h e  top  of t his  do m e  is a  t u b e  of le a d  w hich  is
c a r ri e d  u p  t h ro u g h  t h e  roof of t h e  b uilding.   I t
s e rves  a s  a  chim n ey to  c a r ry  off t h e  a cid  fum e s  w hich
a r e  give n  off d u ring  t h e  ni t r a tion.   The  in t e rio r
of t his  t a nk  con t ains  a t  le a s t  t h r e e  conc e n t ric  s pi r als
of a t  le a s t  1-inch  lea d  pip e,  t h ro u g h  w hich  w a t e r
c a n  b e  m a d e  to  flow d u rin g  t h e  w h ole  op e r a tion
of ni t r a ting.   Anot h e r  lea d  pip e  is c a r ri e d  t h ro u g h
t h e  do m e  of t h e  t a nk, a s  fa r  a s  t h e  bo t to m,  w h e r e
it  is b e n t  ro u n d  in t h e  for m  of a  ci rcle.   Th rou g h
t his  pip e,  w hich  is pi e r c e d  wi th  s m all hole s,  a bo u t
1  inc h  a p a r t ,  co m p r e s s e d  ai r  is force d  a t  a  p r e s s u r e
of a bo u t  6 0  lbs. in o r d e r  to  ke e p  t h e  liquids  in  a
s t a t e  of cons t a n t  a gi t a tion  d u rin g  t h e  w hole  p e riod
of ni t r a tion.   The r e  m u s t  al so  b e  a  r a t h e r  wid e
pip e,  of s ay  2  inch es  in t e r n al  di a m e t er, c a r ri e d  t h ro u g h
t h e  do m e  of t h e  t a nk, w hich  will s e rve  to  c a r ry  t h e
mixed  a cid  to  b e  u s e d  in t h e  op e r a tion  in to  t h e  t a nk.  
The r e  is s till a no t h e r  pipe  to  go  t h ro u g h  t h e  do m e,
vi z ., on e  to  c a r ry  t h e  glyce rin e  in to t h e  t a nk.  
This  n e e d  no t  b e  a  la r g e  bo r e  pipe ,  a s  t h e  glyce rin e
is g e n e r ally a d d e d  to  t h e  mixe d  a cids  in a  t hin  s t r e a m
(a n  injec to r  is of t e n  u s e d).
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[Footno t e  A:  Thus  if 9 2  lbs.  glyce rin e  give  2 2 7
lbs. ni t ro-glyce rine ,  (277  x 1)/92  =  2.4 7  lbs.]

[Illus t r a tion:  FIG. 5.—TOP OF NITRATOR.
A , F u m e  Pip e;  B , Wate r  Pip es  for  Cooling;
C , Acid Mixtu r e  Pip e;  E , Co m p r e s s e d  Air;
G , Glyce rine  Pipe  a n d  F u n n el; T , The r m o m e t e r ;
W , Window.]

Befor e  t h e  a p p a r a t u s  is r e a dy for  u s e ,  it r e q ui r e s
to  h ave  t wo  t h e r mo m e t e r s  fixed,  on e  long  on e  to  r e a c h
to  t h e  bo t to m  of t h e  t a nk,  a n d  on e  s ho r t  on e  jus t
long  e no u g h  to  dip  u n d e r  t h e  s u rf ac e  of t h e  a cids.  
Whe n  t h e  t a nk  con t ains  it s  c h a r g e ,  t h e  for m e r  gives
t h e  t e m p e r a t u r e  of t h e  bo t to m,  a n d  t h e  la t t e r  of t h e
top  of t h e  mixt u r e.   The  glyce rin e  s ho uld  b e  con t ain e d
in a  s m all cis t e r n,  fixed  in so m e  conve nie n t  s po t  u po n
t h e  w all of t h e  ni t r a ti ng  ho u s e ,  a n d  s hould  h av e  a
pip e  le t  in flus h  wi th  t h e  bo t to m,  a n d  going  t h ro u g h
t h e  do m e  of t h e  ni t r a tin g  a p p a r a t u s .   I t  m u s t  of
cou r s e  b e  p rovide d  wi th  a  t a p  o r  s top-cock, w hic h  s ho uld
b e  pl ac e d  jus t  a bove  t h e  poin t  w h e r e  t h e  pip e  go e s
t h ro u g h  t h e  le ad  do m e.

So m e  m e t ho d  of m e a s u ring  t h e  q u a n ti ty of glyce rin e
u s e d  m u s t  b e  a do p t e d.   A g a u g e-t u b e  g r a d u a t e d
in inch es  is a  ve ry good  pl a n,  b u t  it  is e s s e n ti al
t h a t  t h e  g r a d u a tions  s ho uld  b e  cle a rly visible  to  t h e
op e r a to r  u po n  t h e  pl a tfo r m  in fron t  of t h e  a p p a r a t u s.  
A la rg e  t a p  m a d e  of e a r t h e n w a r e  (a nd  cove r e d  wit h
lea d)  is fixed  in t h e  side  of t h e  ni t r a ti ng  t a nk  jus t
a bove  t h e  bo t to m, to  r u n  off t h e  c h a r g e  af t e r  ni t r a tion.  
This  s hould  b e  so  a r r a n g e d  t h a t  t h e  ch a r g e  m ay  b e
a t  op tion  r u n  do w n  t h e  con d ui t  to  t h e  n ext  ho u s e  o r
disch a r g e d  in to a  d row nin g  t a nk, w hich  m ay  so m e ti m e s
b e  n e c e s s a ry  in c a s e s  of d e co m posi tion.   The  d row ning
t a nk  is g e n e r ally so m e  3  o r  4  ya r d s  long  a n d  s eve r al
fee t  d e e p,  line d  wit h  c e m e n t,  a n d  pl ac e d  clos e  ou t sid e
t h e  b uilding.

The  a p p a r a t u s  h aving  r ec eived  a  ch a r g e  of mixe d  a cids,
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t h e  w a t e r  is s t a r t e d  r u n nin g  t h ro u g h  t h e  pip e s  coiled
insid e  t h e  t a nk,  a n d  a  sligh t  p r e s s u r e  of co m p r e s s e d
ai r  is t u r n e d  on,[A] to  mix t h e  a cids  u p  w ell b efo re
s t a r ting.   The  ni t r a tion  s ho uld  no t  b e  co m m e nc e d
u n til t h e  t wo  t h e r m o m e t e r s  r e gis t e r  a  t e m p e r a t u r e
of 1 8  d e g.   C. The  glyce rin e  t a p  is t h e n  p a r ti ally
op e n e d,  a n d  t h e  glyc e rine  slowly a d mi t t e d,  a n d  t h e
co m p r e s s e d  ai r  t u r n e d  on  full, u n til t h e  con t e n t s
of t h e  a p p a r a t u s  a r e  in  a  s t a t e  of ve ry b ri sk  a gi t a tion.  
A p r e s s u r e  of a bo u t  4 0  lbs. is a bo u t  t h e  mini m u m  (if
2 4 7  lbs. of glyc e rine  a n d  1 6  cwt.  of a cids  a r e  in t h e
t a nk).  If t h e  glyce rin e  t u b e  is fit t e d  wi th  a n
injec tor, it  m ay  b e  t u r n e d  on  al mos t  a t  onc e .  
The  ni t r a tion  will t ak e  a bo u t  t hi r ty mi n u t e s  to  co m ple t e,
b u t  t h e  co m p r e s s e d  ai r  a n d  w a t e r  s ho uld  b e  ke p t  on
for  a n  a d di tion al t e n  mi n u t e s  af t e r  t his , to  give
ti m e  for  all t h e  glyc e rin e  to  ni t r a t e .   The  t e m p e r a t u r e
s ho uld  b e  ke p t  a s  low a s  pos sible  (no t  a bove  1 8  d e g.  
C.).

[Footno t e  A:  At t h e  H al ton  Fac to ry, Ge r m a ny,
cylind e r s  of co m p r e s s e d  c a r bo n  dioxide  a r e  con n e c t e d
wi th  t h e  ai r  pip e s  so  t h a t  in t h e  eve n t  of a  failu r e
of t h e  ai r  s u p ply t h e  s ti r rin g  c a n  b e  con tin u e d  wi t h
t his  g a s  if n ec e s s a ry.]
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The  chief poin t s  to  a t t e n d  to  d u rin g  t h e  p ro g r e s s
of t h e  ni t r a tion  a r e—

1.   The  t e m p e r a t u r e  r e gis t e r e d  by  t h e  two  t h e r m o m e t e r s.

2 .   The  colou r  of t h e  ni t ro us  fu m e s  given  off
(a s  s e e n  t h ro u g h  t h e  lit tle  window  in t h e  do m e  of
t h e  a p p a r a t u s).

3 .   The  p r e s s u r e  of t h e  co m p r e s s e d  ai r  a s  s e e n
fro m  a  g a u g e  fixed  u po n  t h e  ai r  pip e  jus t  b efo r e  it
e n t e r s  t h e  a p p a r a t u s .

4.   The  g a u g e  s howing  t h e  q u a n ti ty of glyce rin e
u s e d.   The  t e m p e r a t u r e ,  a s  s how n  by ei t h e r  of
t h e  t wo  t h e r m o m e t e r s ,  s ho uld  no t  b e  a t  a ny tim e  hig h e r
t h a n  2 5  d e g.   C.

If it  r i s e s  m u c h  a bove  t his  poin t,  t h e  glyce rin e  s ho uld
b e  a t  onc e  s h u t  off, a n d  t h e  p r e s s u r e  of ai r  inc r e a s e d
for  so m e  few mi n u t e s  u n til t h e  t e m p e r a t u r e  falls,
a n d  no  m o r e  r e d  fu m e s  a r e  give n  off.

The  ni t r a tion  b eing  finish e d,  t h e  la r g e  e a r t h e n w a r e
t a p  a t  t h e  bo t to m  of t h e  t a nk  is op e n e d,  a n d  t h e  c h a r g e
allow e d  to  flow a w ay dow n  t h e  con d ui t  to  t h e  n ex t
b uilding,  i.e ., to  t h e  s e p a r a tor.

The  ni t r a tin g  ho us e  is b e s t  b uil t  of wood,  a n d  s ho uld
h ave  a  clos e-bo a r d e d  floor, w hich  s ho uld  b e  ke p t  s c r u p ulously
cle a n,  a n d  fre e  fro m  g ri t  a n d  s a n d.   A wood e n
p ail a n d  a  s pon g e  s ho uld  b e  ke p t  in  t h e  ho us e  in  o r d e r
t h a t  t h e  wo rk m a n  m ay a t  onc e  cle a n  u p  a ny m e s s  t h a t
m ay b e  m a d e,  a n d  a  s m all b roo m  s ho uld  b e  h a n dy, in
o r d e r  t h a t  a ny s a n d,  &c., m ay  b e  a t  onc e  r e m ove d.  
I t  is a  good  pl a n  for  t h e  ni t r a to r  to  ke e p  a  book  in
w hich  h e  r e co r d s  t h e  ti m e  of s t a r ting  e a c h  ni t r a tion,
t h e  t e m p e r a t u r e  a t  s t a r tin g  a n d  a t  t h e  finish,  t h e
ti m e  occu pie d,  a n d  t h e  d a t e  a n d  n u m b e r  of t h e  c h a r g e ,
a s  t his  e n a ble s  t h e  for e m a n  of t h e  d a n g e r  a r e a  a t  a ny
ti m e  to  s e e  how  m a ny c h a r g e s  h ave  b e e n  ni t r a t e d ,  a n d
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gives  hi m  ot h e r  u s eful info r m a tion  co n d ucive  to  s afe
wo rking.   E d w a r d  Lieb e r t  h a s  d evis e d  a n  imp rove m e n t
in t h e  t r e a t m e n t  of ni t ro-glyce rin e.   H e  a d d s  a m m o niu m
s ulp h a t e  o r  a m m o niu m  ni t r a t e  to  t h e  mixe d  a cids  d u rin g
t h e  op e r a t ion  of ni t r a ting,  w hich  h e  claim s  d e s t roys
t h e  ni t ro us  a cid  for m e d  a cco r din g  to  t h e  e q u a tion—

(N H_{4 })_{2 } SO_{4 }  +  2 H N O_{3 }  =  H_{2 } SO_{4 }  +  2 N_{2 }
+  4 H_{2 }O.

I a m  no t  a w a r e  t h a t  t his  m o difica tion  of t h e  p roc e ss
of ni t r a tion  is in u s e  a t  t h e  p r e s e n t  t im e.

The  n e wly m a d e  c h a r g e  of ni t ro-glyce rine ,  u po n  leaving
t h e  ni t r a ti ng  ho u s e ,  flows  a w ay do w n  t h e  con d ui t,
e i t h e r  m a d e  of r u b b e r  pip es,  o r  b e t t e r  s till, of wood wo rk,
line d  wi th  lea d  a n d  cove r e d  wi th  lids  m a d e  of wood
(in s ho r t  leng t h s), in o r d e r  t h a t  by lifting  t h e m
a t  a ny poin t  t h e  con di tion  of t h e  con d ui t  c a n  b e  ex a min e d,
a s  t his  is of t h e  g r e a t e s t  impo r t a n c e ,  a n d  t h e  con d ui t
r e q ui r e s  to  b e  fre q u e n tly w a s h e d  ou t  a n d  t h e  s ulp h a t e
of lea d  r e move d.   This  s ulp h a t e  alw ays  con t ain s
ni t ro-glyce rin e ,  a n d  s hould  t h e r efo r e  b e  b u r n t  in
so m e  s po t  fa r  r e m ove d  fro m  a ny d a n g e r  b uilding  o r
m a g azin e,  a s  it fr e q u e n tly explod e s  wi th  conside r a ble
violenc e.

[Illus t r a tion:  FIG. 6.—S MALL NITRATOR.
N , Tap for  Disch a r ging; P, Wate r  Pipe s;
T , The r m o m e t e r ;  W , Window s;  P’,
Glyce rin e  Pip e.]

46



Page 22

In  wo rks  w h e r e  t h e  m a n ufac t u r e  of ni t ro-glyce rin e
is of s eco n d a ry  impor t a nc e ,  a n d  so m e  explosive  con t aining
only p e r h a p s  1 0  p e r  c e n t .  of ni t ro glyce rin e  is m a n ufac t u r e d ,
a n d  w h e r e  5 0  o r  1 0 0  lbs. of glyc e rin e  a r e  ni t r a t e d
a t  on e  ti m e,  a  ve ry m u c h  s m alle r  ni t r a tin g  a p p a r a t u s
t h a n  t h e  on e  t h a t  h a s  b e e n  al r e a dy d e sc rib e d  will
b e  p ro b a bly all t h a t  is r e q ui r e d.   In  t his  c a s e
t h e  for m  of a p p a r a t u s  s how n  in Fig.  6  will b e  foun d
ve ry s a tisfac to ry.  I t  s hould  b e  m a d e  of s tou t
lea d  (all le a d  u s e d  for  t a nks ,  &c., m u s t  b e  “ch e mic al
lea d"), a n d  m ay b e  m a d e  to  hold  5 0  o r  1 0 0  lbs. a s
foun d  m os t  conve nie n t .   This  ni t r a to r  c a n  ve ry
w ell b e  pl ac e d  in  t h e  s a m e  ho u s e  a s  t h e  s e p a r a to r;
in  fac t ,  w h e r e  s uc h  a  s m all q u a n ti ty of ni t ro-glyce rin e
is r e q ui r e d,  t h e  w hole  s e ri e s  of op e r a tions,  ni t r a ting,
s e p a r a tion,  a n d  w as hing,  &c., m ay  ve ry w ell b e  p e rfo r m e d
in t h e  s a m e  b uilding.   I t  will of co u r s e  b e  n ec e s s a ry
to  pl ac e  t h e  ni t r a to r  on  a  high e r  level t h a n  t h e  s e p a r a tor,
b u t  t his  c a n  e a sily b e  do n e  by h aving  pl a tfo r m s  of
diffe r e n t  h eigh t s,  t h e  ni t r a tion  b ein g  p e rfo r m e d  u po n
t h e  hig h e s t .   The  cons t r uc tion  of t his  ni t r a to r
is e s s e n ti ally t h e  s a m e  a s  in t h e  la rg e r  on e,  t h e
s h a p e  only b eing  so m e w h a t  diffe r e n t .   Two w a t e r
coils  will p ro b a bly b e  e no u g h,  a n d  on e  t h e r m o m e t er. 
I t  will no t  b e  n ec e s s a ry  to  cove r  t his  for m  in wi th
wood wo rk.

T h e  N a t ha n  N i tra tor.[A]—This ni t r a to r
is t h e  p a t e n t  of Lt.  Col.  F.L.  N a t h a n
a n d  M e s s r s  J.M.  Tho m so n  a n d  W. Rintoul of Walth a m
Abbey, a n d  will p ro b a bly b efor e  long  e n ti r ely s u p e r s e d e
all t h e  o t h e r  for m s  of ni t r a to r  on  a ccou n t  of its
efficiency a n d  e cono my of working.   With  t his  ni t r a to r
it  is pos sible  to  ob t ain  fro m  2.21  to  2.22  p a r t s  of
ni t ro-glyce rin e  fro m  eve ry  1  p a r t  of glyc e rine .  
The  a p p a r a t u s  is so  a r r a n g e d  t h a t  t h e  ni t r a tion  of
t h e  glyce rin e,  t h e  s e p a r a tion  of ni t ro-glyce rin e  p ro d uc e d,
a s  w ell a s  t h e  op e r a tion  of “af t e r-s e p a r a tion,”
a r e  c a r r ie d  ou t  in  on e  ves s el.  The  u s u al  ni t r a ting
vess el  is p rovide d  wi th  a n  a cid  inle t  pip e  a t  t h e  bo t to m,
a n d  a  gla s s  s e p a r a tion  cylind e r  wi th  a  la t e r al  exi t
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or  ove rflow pip e  a t  t h e  top.   This cylind e r  is
cove r e d  by a  gl a s s  hood  o r  b ell ja r  d u ring  ni t r a tion
to  di r ec t  t h e  e s c a pin g  ai r  a n d  fu m e s  in to a  fum e  pipe
w h e r e  t h e  flow of t h e  la t t e r  m ay  b e  a s sis t e d  by  a n
ai r  injec tor.  The  la t e r al  pip e  in t h e  s e p a r a tion
cylind e r  is in  con n e c tion  wi t h  a  fun n el le a ding  to
t h e  p r e w a s h  t a nk.  The  d r a wing  (Fig.  7) s how s
a  ve r tical s ec tion  of t h e  a p p a r a t u s;  a  is t h e
ni t r a ting  ves s el of u s u al  cons t r uc tion,  h aving  a t  t h e
bo t to m  a n  a cid  inle t  pip e  wi th  t h r e e  b r a n c h e s ,  on e
lea ding  to  t h e  d e-ni t r a tin g  pl a n t ,  c  le a din g
to  t h e  d row nin g  t a nk,  a n d  d , w hich  ex t e n d s  u p w a r d s
a n d  h a s  t wo  b r a n c h e s ,  e  le a ding  to  t h e  ni t r a ting
a cids  t a nk,  a n d  f  to  t h e  w a s t e  a cid  t a nk.  
On  t h e  slope d  bo t to m  of t h e  ni t r a ting  vess el a
lie s  a  coil g  of p e rfo r a t e d  pip e  for  blowing
air, a n d  t h e r e  a r e  in t h e  vess el s eve r al  coils  h ,
t h r e e  s how n  in t h e  d r a wing,  for  ci rc ul a tion  of cooling

48



Page 23

w a t er.  At t h e  top  of t h e  vess el t h e r e  is a  gla s s
cylind e r  i, h aving  a  la t e r al  ou tl e t  j
di r e c t e d  in to  t h e  funn el  m o u t h  of a  pipe  k  le a din g
to  t h e  p r e w a s h  t a nk.   Ove r  t h e  cylind e r  i
is a  gl a s s  glob e  l, in to  w hich  op e n s  a  pip e
m  for  le ading  off fu m e s  w hich  m ay  b e  p ro mot e d
by a  co m p r e s s e d  ai r  je t  fro m  a  pip e  r  op e r a ting
a s  a n  injec tor.  In to  a n  op e ning  of t h e  gl a s s
do m e  l is ins e r t e d  a  vess el n , w hich
is co n n e c t e d  by a  flexible  pipe  p  to  t h e  glyc e rine
t a nk, a n d  fro m  t h e  bo t to m  of n , w hich  is p e rfo r a t e d
a n d  cove r e d  wi th  a  di sc  p e rfo r a t e d  wi th  hole s  r e gis t e rin g
wi th  t hos e  t h ro u g h  t h e  bo t to m,  t his  disc  b eing  con n e c t e d
by a  s t e m  with  a  knob  q  by w hich  it  c a n  b e
t u r n e d  so  a s  to  t h ro t tl e  o r  c u t  off p a s s a g e  of glyc e rin e
t h ro u g h  t h e  bo t to m. s  is a  t h e r m o m e t e r  for
indica ting  t h e  t e m p e r a t u r e  of t h e  con t e n t s  of t h e  vess el.

[Footno t e  A:  E n g.   Pa t.  1 5,9 83,  Augus t  1 9 0 1.]

[Illus t r a tion:  FIG. 7.—NATHAN’S
NITRATOR FOR NITRO-GLYCERINE. (a ) Ni t r a tin g
Vess el; (b ) to  S e p a r a ting  Vessel; (c )
to  Drow nin g  Tank; (e ) Ni t r a ti ng  Acids  e n t e r
(f) to  t h e  Wast e  Acids; (g ) Coils for
Co m p r e s s e d  Air; (h ) Pip es  for  Cooling  Wat e r;
(i) Gla ss  Cylind e r;  (j) Ou tle t  to  k ;
(k ) le a ding  to  P r e w a s h  Tank; (l) Glass
Dom e;  (m ) Pip e  to  lea d  off for  Esc a p e  of F u m e s;
(n ) Vessel; (p ) Pipe  conveying  Glyce rin e;
(q ) Knob  to  t u r n  off Glyce rin e;  (r) Co m p r e s s e d
Air Jet;  (s ) The r mo m e t er.]

In  op e r a ting  wi t h  t hi s  a p p a r a t u s  t h e  ni t r a ting  a cid
is in t rod uc e d  in to t h e  ni t r a ting  vess el by op e nin g
t h e  cock of t h e  pip e  e .  The  glyce rin e  is
t h e n  r u n  in  by  in t ro d ucin g  n  a n d  op e nin g  t h e
valve  a t  it s  bo t to m, t h e  con t e n t s  of t h e  vess el b ein g
a gi t a t e d  by  ai r  blow n  t h ro u g h  t h e  p e rfo r a tions  of
t h e  pip e  g .  Wh e n  t h e  glyce rin e  is all ni t r a t e d
a n d  t h e  t e m p e r a t u r e  h a s  sligh tly fallen,  t h e  ci rc ul a tion
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of t h e  w a t e r  t h ro u g h  t h e  coils  h  a n d  t h e  ai r-s ti r r ing
a r e  s top p e d,  a n d  t h e  glyce rin e  s u p ply vess el n
is r e m oved.   The  ni t ro-glyce rin e  a s  i t s e p a r a t e s
fro m  t h e  a cids  is r ai s e d  by in t rod ucing  by t h e  pip e
f  w a s t e  a cid  fro m  a  p r evious  ch a r g e ,  t his  dis placing
t h e  ni t ro-glyce rin e  u p w a r d s  a n d  c a u sing  it  to  flow
by t h e  ou tle t ,  j a n d  pip e  k  to  t h e  p r e w a s h
t a nk.  Wh e n  n e a rly all t h e  ni t ro-glyce rin e  h a s
b e e n  s e p a r a t e d  in t hi s  m a n n e r  t h e  a cids  in  t h e  a p p a r a t u s
m ay b e  r u n  off by  t h e  pip e  b  to  a n  af t e r  s e p a r a tin g
vess el  for  fu r t h e r  s e t tling,  t h u s  leaving  t h e  a p p a r a t u s
fre e  for  a no t h e r  ni t r a tion,  o r  t h e  ni t r a ting  vess el
it s elf m ay  b e  u s e d  a s  a n  af t e r  s e p a r a tin g  bo t tl e  displacing
t h e  ni t ro-glyce rin e  wi t h  w a s t e  a cid  a s  it  r i s e s  to
t h e  top,  o r  ski m ming  off in t h e  u s u al  m a n n er. 
Whe n  t h e  s e p a r a t ion  of t h e  ni t ro-glyce rin e  is co m ple t e
t h e  w a s t e  a cid  is r u n  off a n d  d e ni t r a t e d  a s  u s u al,
a  po r tion  of it b ein g  r e s e rve d  for  t h e  dis pl ac e m e n t
of t h e  ni t ro-glyce rin e  in a  s u b s e q u e n t  op e r a t ion.
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In  a  fu r t h e r  p a t e n t  (Eng.   Pa t.  3 ,02 0,  1 9 0 3) t h e
a u t ho r s  p ro pos e  wi t h  t h e  objec t  of p r eve n ting  t h e
for m a tion  a n d  s e p a r a tion  of ni t ro-glyce rin e  in t h e
w a s t e  a cids,  af t e r  t h e  ni t ro-glyce rin e  ini tially for m e d
in t h e  ni t r a ti ng  vess el h a s  b e e n  s e p a r a t e d  a n d  r e move d,
to  a d d  a  s m all q u a n ti ty of w a t e r  to  t h e  w a s t e  a cid s;
t his  is c a r ri e d  ou t  a s  follows.  A r el a tively
s m all q u a n ti ty of w a t e r  is a d d e d,  a n d  t his  p r eve n t s
all fu r t h e r  s e p a r a tion  of ni t ro-glyce rin e,  a n d  a t
t h e  s a m e  tim e  t h e  s t r e n g t h  of t h e  w a s t e  a cid s  is so
sligh tly r e d u c e d  t h a t  t h ei r  s e p a r a tion  a n d  r e-conc e n t r a tion
a r e  no t  affec t e d .   “Afte r-s e p a r a tion”
is t h u s  do n e  a w ay wi th,  a n d  t h e  ni t ro-glyce rin e  pl a n t
si m plified  a n d  it s  ou t p u t  inc r e a s e d .   Afte r  ni t r a tion
s e p a r a tion  is co m m e n c e d  a t  a  t e m p e r a t u r e  s uc h  t h a t
w h e n  all t h e  dis placing  a cid  h a s  b e e n  a d d e d,  a n d  t h e
s e p a r a tion  of t h e  ni t ro-glyce rin e  is co m ple t e,  t h e
t e m p e r a t u r e  of t h e  con t e n t s  of t h e  ni t r a ting  vess el
s h all no t  b e  low e r  t h a n  1 5  d e g.   C. A s ufficie n t
q u a n ti ty of t h e  dis placing  a cid  is t h e n  r u n  off t h ro u g h
t h e  w a s t e-a cid  cock to  allow of t h e  r e m aining  a cids
b ein g  ai r-s ti r r e d  wi thou t  s pl a s hing  ove r  t h e  top.  
A s m all q u a n ti ty of w a t er, fro m  2  to  3  p e r  c e n t .  a cco r din g
to  s t r e n g t h  of a cid; if w a s t e  consis t s  of s ulph u ric
a cid  (monohyd r a t e), 6 2  p e r  c e n t .; ni t ric  a cid  (an hyd rou s),
3 3  p e r  c e n t .  a n d  w a t e r  5  p e r  c e n t .; t e m p e r a t u r e  1 5
d e g.   C., t h e n  2  p e r  c e n t .  of w a t e r  is a d d e d;
if w a s t e  a cids  co n t ain  less  t h a n  4  p e r  c e n t .  of w a t e r
of t e m p e r a t u r e  low e r  t h a n  1 5  d e g.   C., fro m  3  to
5  p e r  c e n t .  of w a t e r  m ay  h av e  to  b e  a d d e d.   The
w a t e r  is a d d e d  slowly t h ro u g h  t h e  s e p a r a to r  cylind er,
a n d  t h e  con t e n t s  of t h e  ni t r a to r  ai r-s ti r r e d,  b u t  no t
cooled,  t h e  t e m p e r a t u r e  b eing  allow e d  to  ris e  slowly
a n d  r e g ula rly a s  t h e  w a t e r  is a d d e d—u s u ally
a bo u t  3  d e g.   C. for  e a c h  p e r  c e n t .  of w a t e r  a d d e d.  
Whe n  ai r-a gi t a tion  h a s  b e e n  s top p e d,  t h e  a cids  a r e
k e p t  a t  r e s t  for  a  s ho r t  t im e,  in  o rd e r  to  allow of
a ny s m all q u a n ti ty of ini ti ally for m e d  ni t ro-glyce rin e
a d h e rin g  to  t h e  coils  a n d  sid e s  of t h e  vess el  r i sing
to  t h e  top.   Wh e n  t his  h a s  b e e n  s e p a r a t e d  by  dis plac e m e n t ,
t h e  a cids  a r e  r e a dy for  d e ni t r a tion,  o r  c a n  b e  s afely
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s to r e d  wi thou t  fu r t h e r  p r e c a u tion.

S e para tion.—The  ni t ro-glyce rin e,
tog e t h e r  wi th  t h e  mixe d  a cids,  flows  fro m  t h e  ni t r a ting
ho us e  to  t h e  s e p a r a ting  ho u s e ,  w hich  m u s t  b e  on  a  low e r
level t h a n  t h e  for m er.  The  s e p a r a t ing  ho u s e  con t ain s
a  la rg e  lea d-line d  t a nk,  clos e d  in a t  t h e  top  wi t h
a  wood e n  lid, in to  w hich  a  lea d  pipe  of la r g e  bo r e
is fixed,  a n d  w hich  is c a r ri e d  u p  t h ro u g h  t h e  roof
of t h e  b uilding,  a n d  a c t s  a s  a  c hi m n ey to  c a r ry  off
a ny fum es.   A lit tl e  gl a s s  window  s hould  b e  fixed
in t his  pip e  in o r d e r  t h a t  t h e  colou r  of t h e  e sc a ping
fum e s  m ay  b e  s e e n .   The  con d ui t  conveying  t h e  ni t ro-glyce rin e
e n t e r s  t h e  b uilding  clos e  u n d e r  t h e  roof, a n d  disch a r g e s
its  con t e n t s  in to  t h e  t a nk  t h ro u g h  t h e  pip e  G (Fig.
8).   The  t a nk  is only a bo u t  t wo-t hi rd s  filled
by t h e  ch a r g e .   The r e  is in t h e  sid e  of t h e  t a nk
a  s m all win dow  of t hick  pl a t e  gl a s s,  w hich  e n a ble s
t h e  wo rk m a n  to  s e e  t h e  level of t h e  c h a r g e ,  a n d  al so
to  obs e rve  t h e  p ro g r e s s  of t h e  s e p a r a tion,  w hich  will
t ak e  fro m  t hi r ty min u t e s  to  on e  ho ur.
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The  t a nk  s ho uld  b e  in con n ec tion  wi th  a  d row nin g  t a nk,
a s  t h e  c h a r g e  so m e tim e s  g e t s  ve ry d a n g e ro u s  in t his
b uilding.   I t  m u s t  also  b e  con n e c t e d  by  a  con d ui t
wi th  t h e  filt e r  ho u s e ,  a n d  al so  to  t h e  s econ d a ry s e p a r a to r
by a no t h e r  con d ui t .   The  t a nk  s ho uld  al so  b e  fit t e d
wi th  a  co m p r e s s e d  ai r  pip e,  b e n t  in t h e  for m  of a
loop.  I t  s ho uld  lie  u po n  t h e  bo t to m  of t h e  va t.  
The  objec t  of t his  is to  mix u p  t h e  ch a r g e  in c a s e
it  s hould  g e t  too  ho t  t h ro u g h  d e co m posi tion.  
A t h e r m o m e t e r  s ho uld  of cou r s e  b e  fixed  in t h e  lid
of t h e  t a nk,  a n d  it s  b ulb  s ho uld  r e a c h  do w n  to  t h e
mid dle  of t h e  ni t ro-glyce rin e  (which  r e s t s  u po n  t h e
s u rfac e  of t h e  mixed  a cids,  t h e  s p ecific g r avi ty of
t h e  ni t ro-glyce rin e  b ein g  1.6,  a n d  t h a t  of t h e  w a s t e
a cids  1.7; t h e  co m posi tion  of t h e  a cid s  is now  1 1  p e r
c e n t .   H N O_{3 },  6 7  p e r  c e n t .   H_{2 } SO_{4 },
a n d  2 2  p e r  c e n t .  w a t e r), a n d  t h e  t e m p e r a t u r e  c a r efully
w a t c h e d.

[Illus t r a tion:  FIG. 8.—S EPARATOR.
A , Co m p r e s s e d  Air Pip es;  G , Ni t ro-glyce rin e
e n t e r s  fro m  Nit r a to r ;  N , Ni t ro-glyce rin e  to
P; L , Lan t e r n  Window; W , Window
in Side;  S , Was t e  Acids  to  S eco n d a ry  S e p a r a to r;
T , Tap to  r e m ove  las t  t r a c e s  of Ni t ro-glyce rine;
P, Lea d  Washing  Tank; A , Co m p r e s s e d
Air; W , Wate r  Pipe;  N , Ni t ro-glyce rin e
fro m  S e p a r a tor.]

If no t hing  u n u s u al  occ u r s ,  a n d  it h a s  no t  b e e n  n ec es s a ry
to  b rin g  t h e  co m p r e s s e d  ai r  in to  u s e ,  a n d  so  dis tu r b
t h e  p roc e ss  of s e p a r a tion,  t h e  w a s t e  a cids  m ay  b e
r u n  a w ay fro m  b e n e a t h  t h e  ni t ro-glyce rin e,  a n d  allow e d
to  flow a w ay to  t h e  s eco n d a ry  s e p a r a tor, w h e r e  a ny
fur t h e r  q u a n ti ty of ni t ro-glyce rin e  t h a t  t h ey co n t ain
s e p a r a t e s  ou t  af t e r  r e s ti ng  for  so m e  d ays.   The
ni t ro-glyce rin e  it s elf is r u n  in to  a  s m alle r  t a nk  in
t h e  s a m e  ho us e ,  w h e r e  it  is w a s h e d  t h r e e  o r  fou r  tim e s
wi th  it s  ow n  b ulk of w a t er, con t aining  a bo u t  3  lbs.
of c a r bo n a t e  of sod a  to  n e u t r alise  t h e  r e m ainin g  a cid.  
This  s m alle r  t a nk  s hould  con t ain  a  le a d  pip e,  pie r c e d
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a n d  coiled  u po n  t h e  bo t to m,  t h ro u g h  w hich  co m p r e s s e d
ai r  m ay  b e  p a s s e d,  in  o r d e r  to  s ti r  u p  t h e  c h a r g e
wi th  t h e  w a t e r  a n d  sod a.   Afte r  t his  p r elimin a ry
w a s hing,  t h e  ni t ro-glyce rin e  is d r a w n  off in to  india r u b b e r
b u ck e t s,  a n d  po u r e d  do w n  t h e  con d ui t  to  t h e  filt e r
ho us e.   The  w a s h  w a t e r s  m ay  b e  s e n t  dow n  a  con d ui t
to  a no t h e r  b uilding,  in o r d e r  to  allow t h e  s m all q u a n ti ty
of ni t ro-glyce rin e  t h a t  h a s  b e e n  r e t ain e d  in t h e  w a t e r
a s  min u t e  globule s  to  s e t t l e ,  if t ho u g h t  wo r t h  t h e
t rou ble  of s aving.  This, of cou r s e ,  will d e p e n d
u po n  t h e  u s u al  ou t-t u r n  of ni t ro-glyce rin e  in  a  d ay,
a n d  t h e  g e n e r al  sc al e  of op e r a tions.

[Illus t r a tion:  FIG. 9.—FILTERING AND
WASHING PLANT. W , Le a d  Was hin g  Tank; WP ,
Wate r  Pip e;  L , Lid; S , Ni t ro-glyce rin e
fro m  S e p a r a to r;  A, B,  C , Filt e rin g  Tanks; B2 ,
India r u b b e r  Bucke t .]
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Fil tering  and  Was hin g.—The  fil t e r
ho us e  (Fig. 9), w hich  m u s t  of cou r s e  b e  a g ain  on  a
so m e w h a t  low e r  level t h a n  t h e  s e p a r a tin g  ho u s e ,  m u s t
b e  a  conside r a bly la r g e r  b uilding  t h a n  ei t h e r  t h e
ni t r a ting  o r  s e p a r a tin g  ho us e s,  a s  it  is a lw ays  n e c e ss a ry
to  b e  w a s hing  so m e  five o r  six ch a r g e s  a t  t h e  s a m e
ti m e.   U po n  t h e  a r rival of t h e  ni t ro-glyce rin e
a t  t his  ho u s e ,  it fir s t  flows  in to  a  lea d-line d  wood e n
t a nk  (W), con t aining  a  co m p r e s s e d  ai r  pip e,  jus t  like
t h e  on e  in t h e  s m all t a nk  in  t h e  s e p a r a tin g  ho us e .  
This  t a nk  is h alf filled  wit h  w a t er, a n d  t h e  co m p r e s s e d
ai r  is t u r n e d  on  fro m  h alf to  a  q u a r t e r  of a n  ho u r
af t e r  t h e  in t ro d uc tion  of t h e  c h a r g e .   The  w a t e r
is t h e n  d r a w n  off, a n d  fr es h  w a t e r  a d d e d.   Fou r
o r  five  w a s hin gs  a r e  g e n e r ally n e c e s s a ry.  The
ni t ro-glyce rin e  is t h e n  r u n  in to  t h e  n ex t  t a nk  (A),
t h e  top  of w hich  is on  a  level wi th  t h e  bo t to m  of t h e
fir s t  on e .   Across  t h e  top  of t his  t a nk  is s t r e t c h e d
a  fra m e  of flan n el, t h ro u g h  w hich  t h e  ni t roglyce rine
h a s  to  fil t er.  This  r e m oves  a ny solid  m a t t e r s ,
s uc h  a s  di r t  o r  sc u m.   U po n  le aving  t his  t a nk,
it  p a s s e s  t h ro u g h  a  simila r  flan n el  fr a m e  a c ros s  a no t h e r
t a nk  (B), a n d  is finally d r a w n  off by  a  t a p  in t h e
bo t to m  of t h e  t a nk  in to  r u b b e r  b uck e t s .   The  t a p s
in t h e s e  t a nks  a r e  b e s t  m a d e  of vulca ni t e.

At t his  s t a g e ,  a  s a m ple  s ho uld  b e  t ak e n  to  t h e  labo r a to ry
a n d  t e s t e d .   If t h e  s a m ple  will no t  p a s s  t h e  t e s t s ,
w hich  is oft e n  t h e  c a s e ,  t h e  c h a r g e  m u s t  b e  r e w a s h e d
for  on e  ho ur, o r  so m e  ot h e r  ti m e,  a cco r ding  to  t h e
judg m e n t  of t h e  c h e mis t  in  ch a r g e .   In  t h e  c a s e
of a n  obs tin a t e  ch a r g e ,  it  is of m u c h  m o r e  avail to
w a s h  a  la r g e  n u m b e r  of ti m e s  wit h  s m all q u a n ti tie s
of w a t er, a n d  for  a  s ho r t  tim e,  t h a n  to  u s e  a  lot  of
w a t e r  a n d  w a s h  for  h alf a n  ho ur.  Ple n ty of co m p r e s s e d
ai r  s ho uld  b e  u s e d ,  a s  t h e  co m po u n d  ni t ric  e t h e r s
w hich  a r e  for m e d  a r e  t h u s  go t  r i d  of.  As five
o r  six ch a r g e s  a r e  oft e n  in  t his  ho u s e  a t  on e  tim e,
it  is n e c e s s a ry  to  h ave  a s  m a ny t a nks  a r r a n g e d  in
tie r s ,  o th e r wis e  on e  o r  t wo  r ef r ac to ry c h a r g e s  would
s top  t h e  ni t r a ting  ho u s e  a n d  t h e  r e s t  of t h e  ni t ro-glyce rin e
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pla n t .   The  chief c a u s e s  of t h e  w a s h e d  m a t e ri al
no t  p a s sin g  t h e  h e a t  t e s t  a r e ,  ei t h e r  t h a t  t h e  a cid s
w e r e  no t  cle a n ,  o r  t h ey con t ain e d  objec tion a ble  imp u ri ti es,
o r  m o r e  fre q u e n tly, t h e  q u ali ty of t h e  glyce rin e  u s e d.  
The  glyce rine  u s e d  for  m a king  ni t ro-glyce rin e  s ho uld
confor m  to  t h e  following  t e s t s ,  so m e  of w hich,  how ever,
a r e  of g r e a t e r  im po r t a n c e  t h a n  o th e r s .   The  glyce rin e
s ho uld—

1.   H ave  minim u m  s p ecific g r avity a t  1 5  d e g.  
C. of 1 .2 6 1.

2.   S ho uld  ni t rify w ell.

3 .   S e p a r a tion  s hould  b e  s h a r p  wit hin  h alf a n
ho ur, wi thou t  t h e  s e p a r a tion  of floccule n t  m a t t er,
no r  s ho uld  a ny w hi t e  flocculen t  m a t t e r  (du e  to  fa t ty
a cids) b e  for m e d  w h e n  t h e  ni t r a t e d  glyce rin e  is t h row n
into  w a t e r  a n d  n e u t r alise d  wi th  c a r bo n a t e  of sod a.

4.   S ho uld  b e  fre e  fro m  lim e  a n d  c hlo rin e,  a n d
con t ain  only t r a c e s  of a r s e nic,  s ulp h u ric  a cid,  &c.

5.   S ho uld  no t  le ave  m o r e  t h a n  0.25  p e r  c e n t .
of ino rg a nic  a n d  o r g a nic r e sidu e  tog e t h e r  w h e n  eva po r a t e d
in a  pl a tinu m  dis h  wit ho u t  e b ulli tion  (abo u t  1 6 0  d e g.  
C.) o r  p a r ti al d eco m posi tion.
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6.   Silve r  t e s t  fair.

7 .   The  glyce rine ,  w h e n  dilu t e d  on e-h alf, s ho uld
give  no  d e posi t  o r  s e p a r a t ion  of fa t ty  a cids  w h e n
ni t ric  p e roxide  g a s  is p a s s e d  t h ro u g h  it.  (Nos.
1,  2 ,  3 ,  a n d  5  a r e  t h e  m os t  e s s e n tial.)

The  w hi t e  floccule n t  m a t t e r  so m e ti m es  for m e d  is a
ve ry g r e a t  n uis a nc e ,  a n d  a ny s a m ple  of glyc e rol w hic h
gives  s uc h  a  p r ecipi t a t e  w h e n  t r i e d  in  t h e  labo r a to ry
s ho uld  a t  onc e  b e  r ej ec t e d,  a s  it  will give  no  e n d
of t rou ble  in t h e  s e p a r a ting  ho u s e ,  a n d  al so  in t h e
filt e r  ho us e ,  a n d  it will b e  ve ry difficul t  ind e e d
to  m a k e  t h e  ni t ro-glyce rin e  p a s s  t h e  h e a t  t e s t .  
The  ou t-t u r n  of ni t ro-glyce rin e  also  will b e  ve ry
low.  The  t r ou ble  will s how  its elf c hi efly in
t h e  s e p a r a ting  op e r a tion.   Very oft e n  2  o r  3  inc h e s
will r i s e  to  t h e  s u rfac e  o r  h a n g  a bo u t  in  t h e  ni t ro-glyce rin e,
a n d  a t  t h e  poin t  of con t a c t  b e t w e e n  it a n d  t h e  mixed
a cids ,  a n d  will af t e r w a r d s  b e  ve ry difficul t  to  g e t
rid  of by  filt r a tion.   The  m a t e ri al  a p p e a r s  to
b e  p a r tly a n  e m ulsion  of t h e  glyce rin e ,  a n d  p a r tly
d u e  to  fa t ty a cids,  a n d  a s  t h e r e  a p p e a r s  to  b e  no
r e ally s a tisfac to ry m e t ho d  of p r eve n ting  it s  for m a tion,
o r  of g e t ting  rid  of it, t h e  b e t t e r  pl a n  is no t  to
u s e  a ny glyce rin e  for  ni t r a tin g  t h a t  h a s  b e e n  foun d
by exp e ri m e n t  u po n  t h e  labo r a to ry sc al e  to  give  t his
objec tion a ble  m a t t er.  On e  of t h e  m o s t  u s eful m e t ho ds
of t e s ting  t h e  glyce rine ,  o th e r  t h a n  ni t r a ti ng,  is
to  dilu t e  t h e  s a m ple  on e-h alf wi t h  w a t er, a n d  t h e n
to  p a s s  a  c u r r e n t  of ni t ric  p e roxide  g a s  t h ro u g h  it,
w h e n  a  floccule n t  p r ecipi t a t e  of el aidic  a cid  (les s
soluble  in glyce rin e  t h a n  t h e  o rigin al oleic  a cid)
will b e  for m e d.   Ni t rog e n  p e roxide,  N_{ 2 }O_{4 },
is b e s t  ob t aine d  by h e a tin g  d ry le ad  ni t r a t e  (s e e
Allen,  “Co m m e rcial Or g a nic  Analysis,”
vol. ii., 3 0 1).

Whe n  a  s a m ple  of ni t ro-glyc e rin e  is b ro u g h t  to  t h e
labo r a to ry fro m  t h e  fil t e r  ho u s e ,  i t s ho uld  fir s t
b e  ex a min e d  to  s e e  t h a t  it  is no t  a cid.[A] A w e ak
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solu tion  of Con go  r e d  o r  m e t hyl o r a n g e  m ay  b e  u s e d.  
If it  a p p e a r s  to  b e  d e cid e dly alk aline,  it  s hould
b e  po u r e d  in to  a  s e p a r a ting  funn el, a n d  s h a k e n  wi t h
a  li t tl e  dis tilled  w a t er.  This  s hould  b e  r e p e a t e d ,
a n d  t h e  w a s hin gs  (abou t  4 0 0  c.c.) r u n  in to  a  b e a k er,
a  d rop  of Congo  r e d  o r  m e t hyl o r a n g e  a d d e d,  a n d  a
d ro p  o r  so  of N/2  hyd roc hlo ric  a cid  a d d e d,  w h e n  it
s ho uld  give,  wi t h  t wo  o r  t h r e e  d ro ps  a t  m o s t ,  a  blu e
colou r  wi th  t h e  Con go  r e d ,  o r  pink  wi th  t h e  m e t hyl
o r a n g e,  &c.  The  objec t  of t his  t e s t  is to  s how
t h a t  t h e  ni t ro-glyce rin e  is fr e e  fro m  a ny exc es s  of
sod a,  i.e ., t h a t  t h e  sod a  h a s  b e e n  p rop e rly w a s h e d
ou t,  o t h e r wis e  t h e  h e a t  t e s t  will s how  t h e  s a m ple
to  b e  b e t t e r  t h a n  it  is.  The  h e a t  t e s t  m u s t  also
b e  a p plied.

[Footno t e  A:  A. Le ro ux, B ul.  S oc.  
Chi m.  d e  B el. , xix., Augus t  1 9 0 5,  con t e n d s  t h a t
exp e ri e nc e  do e s  no t  w a r r a n t  t h e  a s s u m p tion  t h a t  fr e e
a cid  is a  so u rc e  of d a n g e r  in  ni t ro-glyce rin e  o r  ni t ro-c ellulos e;
fre e  alkali, h e  s t a t e s ,  p ro mot e s  t h ei r  d eco m posi tion.]
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U po n  leaving  t h e  filt e r  ho us e ,  w h e r e  it  h a s  b e e n  w a s h e d
a n d  filt e r e d,  a n d  h a s  s a tisfac to rily p a s s e d  t h e  h e a t
t e s t ,  it  is d r a w n  off fro m  t h e  lowes t  t a nk  in  india r u b b e r
b u ck e t s,  a n d  po u r e d  do w n  t h e  con d ui t  le a ding  to  t h e
p r e cipi t a ting  ho us e ,  w h e r e  i t is a llow e d  to  s t a n d  for
a  d ay, o r  so m e ti m e s  long er, in o r d e r  to  allow t h e
lit tle  w a t e r  it  s till con t ain s  to  ri s e  to  t h e  s u rf ac e.  
In  o r d e r  to  a cco m plis h  t his,  it  is s ufficie n t  to  allow
it to  s t a n d  in cove r e d-in t a nks  of a  conical for m,
a n d  a bo u t  3  o r  4  fee t  high.   In  m a ny  wo rks  it
is p r eviously filt e r e d  t h ro u g h  co m m o n  s al t ,  w hich  of
cou r s e  a b so r b s  t h e  las t  t r a c e s  of w a t er.  I t  is
t h e n  of a  p al e  yellow colour, a n d  s ho uld  b e  q ui t e
cle ar, a n d  c a n  b e  d r a w n  off by  m e a n s  of a  t a p  (of
vulca ni t e), fixed  a t  t h e  bo t to m  of t h e  t a nks,  in to
r u b b e r  b u ck e t s,  a n d  is r e a dy for  u s e  in  t h e  p r e p a r a tion
of dyn a mit e,  o r  a ny of t h e  va rious  for m s  of g el a tin e
co m po u n d s,  s mok ele ss  po w d e r s,  &c., s uc h  a s  co r di t e ,
b allis ti t e ,  a n d  m a ny o th e r s .

Mikolajezak  (Ch e m.   Z ei t . , 1 9 0 4,  Rep.  1 7 4)
s t a t e s  t h a t  h e  h a s  p r e p a r e d  m o no- a n d  di-ni t ro-glyce rin e,
a n d  b elieves  t h a t  t h e  la t t e r  co m po u n d  will for m  a
valu a ble  b a sis  for  explosives,  a s  it  is u nf r e ez a ble.  
I t  is s t a t e d  to  b e  a n  odo u rle s s,  u nf r e ez a ble  oil,
les s  s e nsi tive  to  p e r c u s sion,  fric tion,  a n d  inc r e a s e
of t e m p e r a t u r e ,  a n d  to  poss e s s  a  g r e a t e r  solven t  pow e r
for  collodion-co t ton  t h a n  o r din a ry ni t ro-glyce rine .  
I t  c a n  t h u s  b e  u s e d  for  t h e  p r e p a r a tion  of explosives
of high  s t a bili ty, w hich  will m ain t ain  t h ei r  pl a s tic
n a t u r e  eve n  in win t er.  The  di-ni t ro-glyce rin e
is a  solve n t  for  t ri-ni t ro-glyce rin e,  i t c a n  t h e r efo r e
b e  mixed  wi t h  t his  s u bs t a nc e ,  in t h e  va rious  g el a tin e
explosives  in o rd e r  to  low e r  t h e  fre ezing  poin t.

T h e  Was t e  Acids.—The  w a s t e  a cid s
fro m  t h e  s e p a r a ting  ho u s e ,  fro m  w hich  t h e  ni t ro-glyce rin e
h a s  b e e n  a s  co m ple t ely s e p a r a t e d  a s  pos sible,  a r e  r u n
dow n  t h e  con d ui t  to  t h e  s eco n d a ry  s e p a r a tor, in  o r d e r
to  r e cove r  t h e  las t  t r a c e s  of ni t ro-glyce rin e  t h a t
t h ey  con t ain.   The  co m position  of t h e  w a s t e  a cid s
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is g e n e r ally so m e w h a t  a s  follows:—S p e cific
g r avity, 1 .70 7 5  a t  1 5  d e g.   C.; s ulp h u ric  a cid,
6 7 .2  p e r  c e n t .; ni t ric  a cid,  1 1.0 5  p e r  ce n t .; a n d
w a t er, 2 1.7  p e r  c e n t .,  wi t h  p e r h a p s  a s  m u c h  a s  2  p e r
c e n t .  of ni t ric  oxide,  a n d  of cou r s e  va rying  q u a n ti ti es
of ni t ro-glyce rin e,  w hich  m u s t  b e  s e p a r a t e d,  a s  i t
is impossible  to  r u n  t his  liquid  a w ay (unle ss  it  c a n
b e  r u n  in to  t h e  s e a)  o r  to  r e cove r  t h e  a cids  by dis tilla tion
a s  long  a s  it  con t ains  t his  s u b s t a n c e.   The  mixtu r e ,
t h e r efo r e ,  is g e n e r ally r u n  in to  la r g e  ci rc ula r  lea d-line d
t a nks,  cove r e d  in, a n d  ve ry m u c h  like  t h e  ni t r a tin g
a p p a r a t u s  in cons t r uc tion,  t h a t  is,  t h ey con t ain  wor m s
coiled  ro u n d  insid e,  to  allow of w a t e r  b eing  r u n  t h ro u g h
to  ke e p  t h e  mixt u r e  cool, a n d  a  co m p r e s s e d  ai r  pip e,
in  o r d e r  to  a gi t a t e  t h e  mixt u r e  if n ec es s a ry. 
The  to p  al so  s ho uld  con t ain  a  win dow, in o r d e r  to  allow
of t h e  in t e rio r  b ein g  s e e n ,  a n d  s ho uld  h ave  a  lea d e n
c hi m n ey to  c a r ry  off t h e  fum e s  w hich  m ay a ris e  fro m
d eco m position.   I t  is a l so  u s eful to  h ave  a  gl a s s
t u b e  of 3  o r  4  inch es  in di a m e t e r  s u bs ti t u t e d  for  a bo u t
a  foot  of t h e  lea d  chim n ey, in  o r d e r  t h a t  t h e  m a n
on  d u ty c a n  a t  a ny ti m e  s e e  t h e  colou r  of t h e  fu m e s
a rising  fro m  t h e  liquid.   The r e  s hould  al so  b e
t wo  t h e r m o m e t e r s ,  on e  long  on e  r e a c hing  to  t h e  bo t to m
of t h e  t a nk,  a n d  on e  to  jus t  a  few inch e s  b elow t h e
s u rfac e  of t h e  liquid.
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The  ni t ro-glyce rin e,  of cou r s e,  collec t s  u po n  t h e
s u rfac e,  a n d  c a n  b e  d r a w n  off by  a  t a p  pl ac e d  a t  a
conve nie n t  h eig h t  for  t h e  p u r pos e .   The  cove r
of t h e  t a nk  is g e n e r ally conic al, a n d  is joine d  to
a  gl as s  cylind er, w hich  is c e m e n t e d  to  t h e  top  of
t his  le a d  cover, a n d  al so  to  t h e  le a d  c hi m n ey. 
In  t his  gl a s s  cylind e r  is a  hole  in to  w hic h  fit s  a
g ro u n d  gl a s s  s top p er, t h ro u g h  w hich  t h e  ni t ro-glyce rin e
c a n  b e  d r a w n  off.  The r e  will p ro b a bly n eve r  b e
m o r e  t h a n  a n  inch  of ni t ro-glyce rin e  a t  t h e  m o s t ,  a n d
s eldo m  t h a t .   I t  s hould  b e  t ak e n  to  t h e  filt e r
ho us e  a n d  t r e a t e d  along  wi th  a no t h e r  c h a r g e .  
The  a cids  t h e m s elves  m ay ei th e r  b e  r u n  to  w a s t e ,  o r
b e t t e r  t r e a t e d  by so m e  d e ni t r a tion  pl a n t .   This
ho us e  p ro b a bly r e q ui r e s  m o r e  a t t e n tion  t h a n  a ny o th e r
in t h e  d a n g e r  a r e a ,  on  a ccou n t  of t h e  d a n g e r  of t h e
d eco m position  of t h e  s m all q u a n ti ti es  of ni t ro-glyce rin e,
w hich,  a s  it is mixe d  wi th  s uc h  a  la r g e  q u a n ti ty of
a cids  a n d  w a t er, is ve ry a p t  to  b e co m e  ho t ,  a n d  d e co m position,
w hich  s e t s  u p  in s po t s  w h e r e  a  li t tl e  globule  of ni t ro-glyce rin e
is floa ting,  s u r ro u n d e d  by a cid s  t h a t  g r a d u ally g e t
ho t,  gives  off ni t rou s  fum e s,  a n d  p e r h a p s  explod e s,
a n d  t h u s  c a us e s  t h e  s u d d e n  explosion  of t h e  w hole.  
The  only w ay to  p r eve n t  t his  is for  t h e  wo rk m a n  in
c h a r g e  to  look a t  t h e  t h e r m o m e t e r s  fr e q u e n tly ,
a n d  a t  t h e  colou r  of t h e  e sc a ping  fum e s,  a n d  if h e
s ho uld  no tice  a  r i s e  of t e m p e r a t u r e  o r  a ny a p p e a r a n c e
of r e d  fu m e s,  to  t u r n  on  t h e  w a t e r  a n d  air, a n d  s ti r
u p  t h e  mixt u r e,  w h e n  p ro b a bly t h e  t e m p e r a t u r e  will
s u d d e nly fall, a n d  t h e  fum e s  c e a s e  to  co m e  off.

The  c a u s e  of explosions  in t hi s  b uilding  is ei t h e r
t h e  no n-a t t e n tion  of t h e  wo rk m e n  in ch a r g e ,  o r  t h e
b u r s tin g  of on e  of t h e  w a t e r  pip es ,  by  w hich  m e a n s,
of cou r s e ,  t h e  w a t er, finding  it s  w ay in to t h e  a cid s,
c a u s e s  a  s u d d e n  ri s e  of t e m p e r a t u r e .   If t h e  la t t e r
of t h e s e  t wo  c a u s e s  s hould  occur, t h e  w a t e r  s hould
a t  onc e  b e  s h u t  off a n d  t h e  ai r  t u r n e d  on  full, b u t
if it  is s e e n  t h a t  a n  explosion  is likely to  occ ur,
t h e  t a nk  s hould  a t  onc e  b e  e m p ti e d  by allowing  it s
con t e n t s  to  r u n  a w ay into  a  d row ning  t a nk  pl ac e d  clos e
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ou t sid e  t h e  ho u s e ,  w hich  s ho uld  b e  a bo u t  4  fee t  d e e p,
a n d  so m e  1 6  fee t  long  by 6  fee t  wide;  in fac t ,  la r g e
e no u g h  to  hold  a  conside r a ble  q u a n ti ty of w a t er. 
Bu t  t his  las t  cou r s e  s ho uld  only b e  r e so r t e d  to  a s
a  las t  ex t r e mi ty, a s  it  is ex t r e m ely t ro u bleso m e  to
r e cove r  t h e  s m all q u a n ti ty of ni t ro-glyce rin e  fro m
t h e  bo t to m  of t his  t a nk, w hich  is g e n e r ally a  b ricke d
a n d  c e m e n t e d  exc ava tion  so m e  few ya r ds  fro m  t h e  ho u s e .

It  h a s  b e e n  p ro pos e d  to  t r e a t  t h e s e  w as t e  a cids,  con t aining
ni t ro-glyce rin e ,  in  M r  M. P r e n tice’s ni t ric
a cid  r e to r t .   In  t his  c a s e  t h ey  would  b e  r u n  in to
t h e  r e to r t ,  to g e t h e r  wi t h  ni t r a t e  of sod a,  in a  fine
s t r e a m,  a n d  t h e  s m all q u a n ti ty of ni t ro-glyce rin e,
co ming  in to  con t a c t  wi th  t h e  ho t  mixtu r e  al r e a dy in
t h e  r e to r t ,  wo uld  p ro b a bly b e  a t  onc e  d eco m pos e d.  
This  p roc es s ,  a l t hou g h  no t  ye t  t ri e d,  p ro mis es  to  b e
a  s ucc es s .   S eve r al  p roc e s s e s  h ave  b e e n  u s e d  for
t h e  d e ni t r a tion  of t h e s e  a cid s.
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Trea t m e n t  of  t h e  Was t e  Acid  fro m  t h e  M a n ufac t ur e
of  N i t ro-Glycerine  and  Gun-Cot to n. —The
co m posi tion  of t h e s e  a cids  is a s  follows:—

                     Ni t ro-glyce rin e
 a n d   Gun-co t ton
                                Was t e
Acid.

S ulph u ric  a cid      7 0  p e r  c e n t .           7 8  p e r  c e n t .  
Ni t ric  a cid         1 0     "               1 2     "
Wate r               2 0     "               1 0     "

The  w a s t e  a cid  fro m  t h e  m a n ufac t u r e  of g u n-co t ton
is g e n e r ally u s e d  di r e c t  for  t h e  m a n ufac t u r e  of ni t ric
a cid,  a s  it  con t ain s  a  fai rly la r g e  a m o u n t  of s ulp h u ric
a cid,  a n d  t h e  s m all a m o u n t  of ni t ro-c ellulos e  w hich
it  a lso  g e n e r ally con t ains  d e co m pos e s  g r a d u ally a n d
wi tho u t  explosion  in t h e  r e to r t .   Ni t ric  a cid
m ay b e  fir s t  dis tilled  off, t h e  r e s ul ting  s ulph u ric
a cid  b ein g  t h e n  a d d e d  to  t h e  e q uivalen t  a m o u n t  of ni t r a t e
of sod a.   Ni t ric  a cid  is t h e n  dis tilled  ove r  a n d
con d e n s e d  in t h e  u s u al  w ay.  Very of t e n,  ho w ever,
t h e  w a s t e  a cid  is a d d e d  di r ec t  to  t h e  c h a r g e  of ni t r a t e
wi tho u t  p r eviously elimin a ting  t h e  ni t ric  a cid.  
The  t r e a t m e n t  of t h e  w a s t e  a cid  fro m  t h e  m a n ufac t u r e
of ni t ro-glyce rin e  is so m e w h a t  diffe r e n t .   The
s m all a m o u n t  of ni t ro-glyce rine  in t hi s  a cid  m u s t
alw ays  b e  elimin a t e d .   This  is effec t e d  ei th e r
by allowing  t h e  w a s t e  a cid  to  s t a n d  for  a t  le as t  tw e n ty-fou r
ho u r s  in a  big  ves s el wi th  a  conical top,  w h e r e  all
t h e  ni t ro-glyce rin e  w hich  will h av e  s e p a r a t e d  to
t h e  s u rfac e  is r e m ove d  by ski m min g;  or, b e t t e r  s till,
t h e  “w a t e ring  do w n  p roc e s s” of Col. 
N a t h a n  m ay  b e  e m ploye d.   In  N a t h a n’s ni t r a to r
eve ry exis ting  t r a c e  of ni t ro-glyce rin e  is s e p a r a t e d
fro m  t h e  a cids  in a  few ho u r s  af t e r  t h e  ni t r a tion,
a n d  a ny fu r t h e r  for m a tion  of ni t ro-glyce rin e  is p r eve n t e d
by a d ding  a bo u t  2  p e r  c e n t .  of w a t e r  to  t h e  w a s t e
a cids ,  w hich  a r e  ke p t  a gi t a t e d  d u ring  t h e  a d di tion.  
The  w a s t e  a cid,  now  fre e  fro m  ni t ro-glyce rin e,  b u t
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w hich  m ay s till con t ain  o r g a nic  m a t t er, is d e ni t r a t e d
by b rin gin g  it in to con t a c t  wi th  a  je t  of s t e a m.  
The  w a s t e  a cid  is p a s s e d  in  a  s m all s t r e a m  dow n  t h ro u g h
a  tow e r  of a cid-r e si s ting  s to n e w a r e  (volvic s ton e),
w hich  is clos ely p a ck e d  wi th  e a r t h e n w a r e ,  a n d  a t  t h e
bo t to m  of w hich  is t h e  s t e a m  je t.   Deco m posi tion
p roc e e d s  a s  t h e  a cid  m e e t s  t h e  s t e a m,  ni t ric  a n d  ni t rous
a cids  a r e  dis e n g a g e d  a n d  a r e  p a s s e d  ou t  a t  t h e  top
of t h e  tow e r  t h ro u g h  a  pipe  to  a  s e ri e s  of con d e n s e r s
a n d  tow e r s,  w h e r e  t h e  ni t ric  a cid  is collec t e d.  
The  ni t ro us  a cid  m ay  b e  conve r t e d  in to  ni t ric  a cid
by in t rod ucing  a  ho t  co m p r e s s e d  ai r  je t  in to  t h e  g a s e s
b efo r e  t h ey  p a s s  in to  t h e  con d e n s e r s.   Weak s ulp h u ric
a cid  of s p.  gr. 1 . 6  collec t s  in a  s a uc e r  in w hich
t h e  tow e r  s t a n d s ,  a n d  is t h e n  p a s s e d  t h ro u g h  a  cooling
wo r m.   The  w e a k  s ulph u ric  a cid,  no w  e n ti r ely fre e
fro m  ni t ric  a n d  ni t rous  a cids,  m ay  b e  conc e n t r a t e d
to  s p.  gr. 1 .8 4 2  a n d  9 6  p e r  ce n t .   H_{ 2 } SO_{4 }
by a ny of t h e  w ell-know n  p roc e s s e s,  e .g ., Kessler,
Webb,  Benk er, Delplac e,  &c., a n d  it  m ay  b e  u s e d  a g ain
in t h e  m a n ufac t u r e  of ni t ro-glyce rin e  o r  g u n-co t to n.
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Two poin t s  in  t h e  m a n ufac t u r e  of ni t ro-glyce rin e  a r e
of t h e  g r e a t e s t  impo r t a n c e ,  viz ., t h e  p u ri ty
of t h e  glyce rin e  u s e d,  a n d  t h e  s t r e n g t h  a n d  p u ri ty
of t h e  a cids  u s e d  in t h e  ni t r a tion.   With  r e g a r d
to  t h e  fir s t  of t h e s e,  g r e a t  c a r e  s ho uld  b e  t ak e n,
a n d  a  co m ple t e  a n alysis  a n d  t ho ro u g h  exa min a tion,
includin g  a  p r elimin a ry exp e ri m e n t al  ni t r a tion,  s ho uld
alw ays  b e  ins ti t u t e d.   As r e g a r d s  t h e  s eco n d,
t h e  s ulp h u ric  a cid  s ho uld  no t  only b e  s t ro n g  (96  p e r
c e n t .), b u t  a s  fr e e  fro m  imp u ri ti es  a s  possible.  
With  t h e  ni t ric  a cid,  w hich  is g e n e r ally m a d e  a t  t h e
explosive  wo rks  w h e r e  it is u s e d ,  c a r e  m u s t  b e  t ak e n
t h a t  it is a s  s t ro n g  a s  possible  (97  p e r  c e n t .  a n d
u p w a r d s).  This c a n  e a sily b e  ob t ain e d  if t h e  pl a n t
d e sign e d  by M r  Osc a r  Gut t m a n n[A] is u s e d .   H aving
wo rk e d  M r  Gut t m a n n’s  pl a n t  for  so m e  tim e,  I
c a n  t e s tify a s  to  i t s  valu e  a n d  efficiency.

[Footno t e  A:  “The  M a n ufac t u r e  of Ni t ric
Acid,” Jour.  S oc.   Ch e m .   Ind. ,
M a rc h  1 8 9 3.]

Anot h e r  for m  of ni t ric  a cid  pl a n t ,  w hich  p ro mis e s
to  b e  of consid e r a ble  s e rvice  to  t h e  m a n ufac t u r e r
of ni t ric  a cid  for  t h e  p u r pos e  of ni t r a ting,  is t h e
inve n tion  of t h e  la t e  M r  M a n ning  P r e n tic e,  of S tow m a rk e t .  
Th ro u g h  t h e  kind n e s s  of M r  P r e n tice,  I visi t e d  his
wo rks  to  s e e  t h e  pl a n t  in op e r a tion.   I t  consis t s
of a  s till, divide d  in to  co m p a r t m e n t s  o r  c h a m b e r s
in s uc h  a  m a n n e r  t h a t  t h e  fluid m ay p a s s  co n tin uo usly
fro m  on e  to  t h e  o th er.  The  ni t ric  a cid  b ein g
con tinuo usly s e p a r a t e d  by di s tilla tion,  t h e  con t e n t s
of e a c h  division  va ry—t h e  fir s t  con t aining
t h e  full p ro po r tion  of ni t ric  a cid,  a n d  e a c h  s ucc e e din g
on e  les s  of t h e  ni t ric  a cid,  u n til fro m  t h e  ove rflow
of t h e  las t  on e  t h e  bis ulph a t e  of sod a  flows  a w ay
wi tho u t  a ny ni t ric  a cid.   The  ni t r a t e  of sod a  is
pl ac e d  in w eig h e d  q u a n ti ti es  in t h e  ho p p er, w h e n c e
it  p a s s e s  to  t h e  feed er.  The  fee d e r  is a  minia t u r e
ho rizon t al  p u g-mill, w hich  r e c eives  t h e  s t r e a m s  of
s ulp h u ric  a cid  a n d  of ni t r a t e ,  a n d  af t e r  t ho rou g hly
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mixing  t h e m,  d elive r s  t h e m  in to  t h e  s till, w h e r e ,
u n d e r  t h e  influe nc e  of h e a t ,  t h ey  r a pidly b e co m e  a
ho mo g e n eo us  liquid,  fro m  w hich  ni t ric  a cid  con tin uously
dis tils.

M r  P r e n tice  s ays:  “I m ay poin t  ou t  t h a t
w hile  t h e  o rdin a ry  p roc e s s  of m a kin g  ni t ric  a cid  is
on e  of fr ac tion al dis tilla tion  by  tim e,  mi n e  is fr ac tion al
dis tilla tion  by s p ac e .”  “Ins t e a d  of
t h e  op e r a t ion  b ein g  alw ays  a t  t h e  s a m e  poin t  of s p ac e,
b u t  diffe ring  by  t h e  s ucc e s sive  poin t s  of tim e,  I
a r r a n g e  for  t h e  diffe r e nc e s  to  t ak e  pl ac e  a t  diffe r e n t
poin t s  of s p a c e ,  a n d  t h e s e  diffe r e n c e s  exis t  a t  on e
a n d  t h e  s a m e  poin t s  of t im e.”  It  is possible
wi th  t his  pl a n t  to  p ro d uc e  t h e  full p rod uc t  of ni t ric
a cid  of a  g r avity of 1 .5 0 0,  o r  to  ob t ain  t h e  a cid
of va rying  s t r e n g t h s  fro m  t h e  diffe r e n t  s till-h e a d s .  
On e  of t h e s e  s tills,  c a p a ble  of p ro d u cing  a bo u t  4
tons  of ni t ric  a cid  p e r  w e ek,  w eighs  less  t h a n  2  tons.  
I t  is claim e d  t h a t  t h e r e  is by  t h ei r  u s e  a  s aving
of m o r e  t h a n  t wo-t hi rd s  in fuel, a n d  fou r-fifths
in con d e nsing  pl a n t .   F u r t h e r  p a r ticula r s  a n d  illus t r a tions
will b e  foun d  in M r  P r e n tice’s p a p e r  (Journal
of  t h e  S ocie t y  of  Ch e mical Ind us try , 1 8 9 4,  p .
3 2 3).
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CHAPTER III.

N IT R O-CELLULO SE, &c.
Cellulos e  P rop e r ti e s—Discove ry of Gun-Cot ton—P rop e r ti e s
of Gun-Cot to n— Varie ti e s  of Soluble  a n d
Insoluble  Gu n-Cot tons—M a n ufac t u r e  of Gun-Cot to n—
Dippin g  a n d  S t e e ping—Whirling  ou t  t h e  Acid—Washing—Boiling—P ulping
—
Co m p r e s sing—The  Walth a m  Abbey P roce s s—Le
Bouch e t  P roc e ss—Gr a n ula tion  of Gu n-Cot ton—Collodion-Cot ton—-
M a n ufac t u r e—Acid
Mixtu r e  u s e d—Cot ton  u s e d,  &c.—Nit r a t e d
Gun-Cot ton—Tonit e—Dan g e r s  in
M a n ufac t u r e  of Gun-Cot to n— Tre nc h’s
Fi r e-Exting uishing  Co m po u n d—U s e s  of Collodion-Cot to n—Celluloid—
M a n ufac t u r e ,  &c.—Nit ro-S t a r c h,  Ni t ro-Jut e,
a n d  Ni t ro-M a n ni t e .

T h e  N i tro-Cellulos es.—The  s u bs t a nc e
know n  a s  c ellulos e  for m s  t h e  g ro u n d wo rk  of veg e t a ble
tiss u e s .   The  c ellulose  of t h e  woody p a r t s  of
pl a n t s  w a s  a t  on e  tim e  s u p pos e d  to  b e  a  dis tinc t  bo dy,
a n d  w a s  c alled  lignine,  b u t  t h ey  a r e  no w  r e g a r d e d
a s  ide n tic al.  The  for m ula  of c ellulos e  is (C_{6 } H_{1 0 }O_{6 })_{X},
a n d  it  is g e n e r ally a s s u m e d  t h a t  t h e  m olec ula r  for m ula
m u s t  b e  r e p r e s e n t e d  by  a  m ul tiple  of t h e  e m pi rical
for m ula,  C_{ 12 } H_{ 20 } O_{10 }  b eing  of t e n  r e g a r d e d  a s
t h e  mini m u m.   The  a s s u m p tion  is b a s e d  on  t h e  exis t e nc e
of a  p e n t a-ni t r a t e  a n d  t h e  insoluble  a n d  colloidal
n a t u r e  of c ellulos e.   Gre e n  (Z ei t .   Farb. 
Text .   Ind. , 1 9 0 4,  3 ,  9 7) conside r s  t h e s e
r e a son s  insufficien t ,  a n d  p r efe r s  to  e m ploy t h e  single
for m ula  C_{6 } H_{1 0 }O_{5 }.   Cellulose  c a n  b e  ex t r a c t e d
in t h e  p u r e  s t a t e ,  fro m  youn g  a n d  t e n d e r  po r tions
of pl a n t s  by  fir s t  c r u s hin g  t h e m,  to  r u p t u r e  t h e  c ells,
a n d  t h e n  ex t r ac ting  wi th  dilu t e  hyd roc hlo ric  a cid,
w a t er, a lcohol, a n d  e t h e r  in  s ucc e s sion,  u n til no n e
of t h e s e  solven t s  r e m ove  a ny thing  m o r e.   Fin e
p a p e r  o r  co t to n  wool yield  ve ry n e a rly p u r e  c ellulos e
by simila r  t r e a t m e n t .
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Cellulos e  is a  colou rle s s,  t r a n s p a r e n t  m a s s ,  a b solu t ely
insoluble  in  w a t er, a lcohol, o r  e t h er.  I t  is,
how ever, soluble  in a  solu tion  of c u p r a m m o niac  solu tion,
p r e p a r e d  fro m  b a sic  c a r bo n a t e  o r  hyd r a t e  of cop p e r
a n d  a q u eo us  a m m o nia.   The  s p e cific g r avi ty of c ellulos e
is 1 .25  to  1.45.   Accor din g  to  Sc h ulze,  its  e l e m e n t a ry
co m posi tion  is exp r e s s e d  by t h e  p e r c e n t a g e  n u m b e r s:—

Ca r bon        4 4.0  p e r  c e n t .   4 4.2  p e r  c e n t .  
Hyd rog e n       6 . 3     "        6 . 4     "
Oxyg e n        4 9.7     "       4 9.4     "

The s e  n u m b e r s  r e p r e s e n t  t h e  co m position  of t h e  a s h
fre e  c ellulos e.   N e a rly all for ms  of c ellulos e,
how ever, con t ain  a  s m all p ro po r tion  of min e r al  m a t t e r s,
a n d  t h e  u nion  of t h e s e  wi t h  t h e  o rg a nic  po r tion  of
t h e  fib r e  o r  ti s s u e  is of s uc h  a  n a t u r e  t h a t  t h e  a s h
lef t  on  ignition  p r e s e rves  t h e  for m  of t h e  o rigin al. 
“It  is only in t h e  g ro wing  poin t  of c e r t ain  youn g
s hoo t s  t h a t  t h e  c ellulos e  t i s s u e  is fr e e  fro m  mi n e r al
con s ti t u e n t s” (Hofm eis t e r).
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Cellulos e  is a  ve ry ine r t  body.  Cold  conc e n t r a t e d
s ulp h u ric  a cid  c a u s e s  i t to  s w ell u p ,  a n d  finally
dis solves  it,  for ming  a  viscous  solu tion.   Hyd roc hlo ric
a cid  h a s  li t tl e  o r  no  a c tion,  b u t  ni t ric  a cid  h a s,
a n d  for m s  a  s e ri e s  of bodie s  know n  a s  ni t r a t e s  o r
ni t ro-c ellulos es .   Cellulos e  h a s  so m e  of t h e  p rop e r ti es
of alcohols, a m o n g  t h e m  t h e  pow e r  of for ming  e t h e r e al
s al t s  wi th  a cids.   Whe n  c ellulos e  in a ny for m,
s uc h  a s  co t ton,  is b ro u g h t  in to co n t ac t  wi th  s t ro n g
ni t ric  a cid  a t  a  low t e m p e r a t u r e ,  a  ni t r a t e  o r  ni t ro
p ro d uc t ,  con t aining  ni t ryl, o r  t h e  N O_{2 }  g ro u p,  is
p ro d uc e d.   The  m o r e  o r  les s  co m ple t e  r e pl ac e m e n t
of t h e  hyd roxylic hyd rog e n  by NO_{ 2 }  g ro u p s  d e p e n d s
p a r t ly on  t h e  conc e n t r a tion  of t h e  ni t ric  a cid  u s e d,
p a r t ly on  t h e  d u r a tion  of t h e  a c tion.   If t h e  m o s t
conc e n t r a t e d  ni t ric  a n d  s ulph u ric  a cid s  a r e  e m ploye d,
a n d  t h e  a c tion  allow e d  to  p roc e e d  for  so m e  co nsid e r a ble
ti m e,  t h e  high e s t  ni t r a t e ,  know n  a s  h exa-ni t ro-cellulose
o r  g u n-co t ton,  C_{12 } H_{ 1 4 }O_{4 }(O.NO_{2 })_{6 } ,  will
b e  for m e d; b u t  wi th  w e a k e r  a cid s,  a n d  a  s ho r t e r  expos u r e
to  t h ei r  a c tion,  t h e  t e t r a  a n d  p e n t a  a n d  low e r  ni t r a t e s
will b e  for m e d.[A]

[Footno t e  A:  The  p a p e r  by  P rof.  Lun g e,  Jour. 
A m er.  Ch e m.   S oc. , 1 9 0 1,  2 3[8], 5 2 7-5 7 9,
con t ain s  valu a ble  info r m a tion  on  t his  s u bjec t .]

Beside s  t h e  ni t r a t e ,  A. Luck[A] h a s  p ropos e d  to  u s e
o th e r  e s t e r s  of c ellulos e,  s uc h  a s  t h e  a c e t a t e ,  b e nzo a t e ,
o r  b u ty r a t e .   I t  is foun d  t h a t  cellulose  a c e t a t e
for m s  wi th  ni t ro-glyce rin e  a  g ela tinous  bo dy wi thou t
r e q ui ring  t h e  a d di tion  of a  solven t .   A s po r tin g
pow d e r  is p ro pos e d  co m pos e d  of 7 5  p a r t s  of cellulose
ni t r a t e  (13  p e r  c e n t .   N.) mixed  wi t h  1 3  p a r t s
of c ellulos e  a c e t a t e .

[Footno t e  A:  E n g.   Pa t.  2 4,6 62,  2 2 n d  N ove m b e r
1 8 9 8.]

The  discove ry of g u n-co t ton  is g e n e r ally a t t r ib u t e d
to  Sc ho e n b ein  (184 6), b u t  Br aco n no t  (in  1 8 3 2) h a d
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p r eviously ni t r a t e d  s t a r c h,  a n d  six ye a r s  la t e r  Pelous e
p r e p a r e d  ni t ro-cot ton  a n d  va rious  o th e r  ni t ro  bodies ,
a n d  Du m a s  ni t r a t e d  p a p er, b u t  Sc hoe n b ein  w a s  a p p a r e n tly
t h e  fir s t  c h e mis t  to  u s e  a  mixtu r e  of s t ron g  ni t ric
a n d  s ulp h u ric  a cids.   M a ny ch e mis t s ,  s uc h  a s  Piobe r t
in  F r a nc e,  Mo rin  in Russia ,  a n d  Abel in E n gla n d,  s t u died
t h e  s u bjec t ;  b u t  it  w a s  in Aus t ri a,  u n d e r  t h e  a u s pice s
of Ba ro n  Von Lenk, t h a t  t h e  g r e a t e s t  p ro g r e s s  w a s
m a d e.   Lenk  u s e d  co t to n  in t h e  for m  of ya r n,  m a d e
u p  in to  h a nks,  w hich  h e  fir s t  w a s h e d  in a  solu tion
of po t a s h ,  a n d  t h e n  wi th  w a t er, a n d  af t e r  d rying  dip p e d
t h e m  in t h e  a cids.   The  a cid  mixtu r e  u s e d  consis t e d
of 3  p a r t s  by w eig h t  of s ulph u ric  to  1  p a r t  of ni t r ic
a cid,  a n d  w e r e  p r e p a r e d  so m e  tim e  b efor e  u s e .  
The  co t to n  w a s  dip p e d  on e  sk ein  a t  a  ti m e,  s ti r r e d
for  a  few mi n u t e s ,  p r e s s e d  ou t ,  s t e e p e d,  a n d  exc es s
of a cid  r e m ove d  by w a s hing  wi t h  w a t er, t h e n  wi th  dilu t e
po t a s h ,  a n d  finally wi th  w a t er.  Von Lenk’s
p roc e s s  w a s  u s e d  in E n gla n d  a t  Fave r s h a m  (M es s r s  H all’s
Works), b u t  w a s  give n  u p  on  a ccou n t  of a n  explosion
(18 47).

Si r  F r e d e rick  Abel, wo rking  a t  S tow m a rk e t  a n d  Walth a m
Abbey, in t ro d uc e d  s eve r al  ve ry impo r t a n t  imp rove m e n t s
in to  t h e  p roc e s s,  t h e  c hief a m o n g  t h e s e  b eing  p ulping.  
H aving  t r ac e d  t h e  c a u s e  of it s  ins t a bili ty to  t h e
p r e s e n c e  of s u b s t a nc e s  c a u s e d  by t h e  a c tion  of t h e
ni t ric  a cid  on  t h e  r e sinous  o r  fa t ty s u bs t a nc e s  con t ain e d
in t h e  co t to n  fib r e,  h e  s ucc e e d e d  in elimin a ting  t h e m,
by boiling  t h e  ni t ro-co t ton  in w a t er, a n d  by a  t ho ro u g h
w a s hing,  af t e r  p ulping  t h e  co t to n  in po ac h e r s .
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Althou g h  g u n-co t tons  a r e  g e n e r ally s poke n  of a s  ni t ro-cellulose s,
t h ey  a r e  m o r e  co r r e c tly d e sc rib e d  a s  cellulose  ni t r a t e s,
for  u nlike  ni t ro  bodie s  of o t h e r  s e ri e s,  t h ey do  no t
yield,  o r  h ave  no t  ye t  do n e  so,  a mido bo die s,  on  r e d u c tion
wi th  n a sc e n t  hyd ro g e n.[A] The  e q u a tion  of t h e  for m a tion
of g u n-co t ton  is a s  follows:—

2(C_{6 } H_{1 0 }O_{5 }) +  6 H NO_{ 3 }  =  C_{12 } H_{ 1 4 }O_{4 }(NO_{ 3 })_{6 }
+  6O H_{ 2 }.  
    Cellulos e.       Ni t ric
Acid.       Gu n-Cot ton.                   Wat er.

The  s ulph u ric  a cid  u s e d  do es  no t  t ak e  p a r t  in t h e
r e a c tion,  b u t  i t s  p r e s e n c e  is a b solu t ely e s s e n ti al
to  co m bin e  wi th  t h e  w a t e r  s e t  fr e e,  a n d  t h u s  to  p r eve n t
t h e  w e a k e nin g  of t h e  ni t ric  a cid.   The  a cid  mixtu r e
u s e d  a t  Walth a m  Abbey consis t s  of 3  p a r t s  by w eigh t
of s ulp h u ric  a cid  of 1 .84  s p ecific g r avity, a n d  1
p a r t  of ni t ric  a cid  of 1 .52  s p ecific g r avi ty. 
The  s a m e  mixtu r e  is al so  u s e d  a t  S tow m a rk e t  (t h e  N e w
Explosive  Co m p a ny’s Works).  The  u s e  of
w e a k e r  a cids  r e s ul t s  in t h e  for m a tion  of collodion-co t ton
a n d  t h e  low e r  ni t r a t e s  g e n e r ally.

[Footno t e  A:  “Cellulos e,” by  Cross
a n d  Beva n,  e d.  by W.R.  H od gkinson,  p .  9 .]

The  ni t r a t e  w hich  go e s  u n d e r  t h e  n a m e  of g u n-co t to n
is g e n e r ally s u p pos e d  to  b e  t h e  h exa-ni t r a t e ,  a n d
to  con t ain  1 4 .14  p e r  c e n t .  of ni t rog e n;  b u t  a  hig h e r
p e rc e n t a g e  t h a n  1 3.7  h a s  no t  b e e n  ob t aine d  fro m  a ny
s a m ple.   I t  is a l mos t  impossible  (a t  a ny r a t e
u po n  t h e  m a n ufac t u ring  sc ale) to  m a k e  p u r e  h exa-ni t ro-cellulose
o r  g u n-co t ton;  it  is c e r t ain  to  con t ain  s eve r al  p e r
c e n t s .  of t h e  soluble  for m s,  i.e ., low e r  ni t r a t e s .  
I t  of t e n  con t ain s  a s  m u c h  a s  1 5  o r  1 6  p e r  c e n t .,  a n d
only fro m  1 3.07[A] to  1 3.6  p e r  c e n t .  of ni t rog e n.

[Footno t e  A:  M r  J.J.  S aye r s ,  in  evid e nc e
b efo r e  t h e  cou r t  in t h e  “Cor di t e  Cas e,”
s ays  h e  foun d  1 5.2  a n d  1 6.1  p e r  c e n t .  soluble  co t ton,
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a n d  1 3.07  a n d  1 3.0 8  p e r  c e n t .  ni t rog e n  in t wo  s a m ples
of Walth a m  Abbey g u n-co t ton.]

A w hole  s e ri es  of ni t r a t e s  of c ellulos e  a r e  s u p pos e d
to  exis t ,  t h e  hig h es t  m e m b e r  b ein g  t h e  h exa-ni t r a t e ,
a n d  t h e  low es t  t h e  m o no-ni t r a t e .   Gun-co t ton  w a s
a t  on e  ti m e  r e g a r d e d  a s  t h e  t ri-ni t r a t e ,  a n d  collodion-cot ton
a s  t h e  di-ni t r a t e  a n d  m o no-ni t r a t e ,  t h ei r  r e s p e c tive
for m ula  b ein g  give n  a s  follows:—

Mo no-ni t ro-c ellulos e  C_{6 } H_{9 }(NO_{2 })O_{5 }   =   6 . 76 3  p e r  c e n t .  
ni t rog e n.  
Di-ni t ro-cellulose    C_{6 } H_{8 }(NO_{2 })_{2 }O_{5 }  =  1 1.1 1    "        "
Tri-ni t ro-c ellulos e   C_{6 } H_{7 }(NO_{2 })_{3 }O_{5 }  =  1 4.14    "        "

But  g u n-co t ton  is no w  r e g a r d e d  a s  t h e  h ex a-ni t r a t e ,
a n d  collodion-co t ton  a s  a  mixtu r e  of all t h e  o t h e r
ni t r a t e s .   In  fac t ,  c h e mis t s  a r e  now  m o r e  incline d
to  divide  ni t ro-cellulose  in to  t h e  soluble  a n d  insoluble
for m s,  t h e  r e a so n  b eing  t h a t  it is q ui t e  e a sy  to  m a k e
a  ni t ro-c ellulos e  e n ti r ely soluble  in a  mixtu r e  of
e t h e r-alcohol, a n d  ye t  co n t aining  a s  hig h  a  p e r c e n t a g e
of ni t rog e n  a s  1 2 .6;  w h e r e a s  t h e  di-ni t r a t e[A] s hould
t h eo r e tically only con t ain  1 1.11  p e r  c e n t .   On
t h e  o t h e r  h a n d,  it  is no t  possible  to  m a k e  g u n-co t ton
wi th  a  hig h e r  p e r c e n t a g e  of ni t rog e n  t h a n  a bo u t  1 3.7,
eve n  w h e n  it  do e s  no t  con t ain  a ny ni t ro-co t to n  t h a t
is soluble  in e t h e r-alcohol.[B] The  fac t  is t h a t  it
is no t  a t  p r e s e n t  possible  to  m a k e  a  ni t ro-cellulose
w hich  s h all b e  ei t h e r  e n ti r ely soluble  o r  e n ti r ely
insoluble,  o r  w hich  will con t ain  t h e  t h eo r e tical con t e n t
of ni t rog e n  to  s ui t  a ny of t h e  a bove  for m ula e  for
t h e  c ellulose  ni t r a t e s .   P rof.  G. Lun g e  gives
t h e  following  lis t  of ni t r a tion  p ro d uc t s  of c ellulos e:—
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[Footno t e  A:  The  p e n t a-ni t r a t e  C_{12 } H_{1 5 }O_{5 }(NO_{ 3 })_{5 }
=  1 2.75  p e r  c e n t .  ni t rog e n.]

[Footno t e  B:  In  t h e  Cor di t e  Trial (189 4) Si r
F.A.  Abel s aid,  “Before  1 8 8 8  t h e r e  w a s
a  b ro a d  dis tinc tion  b e t w e e n  soluble  a n d  insoluble  ni t ro-c ellulos e,
collodion-co t ton  b eing  soluble  (in  e t h e r-alcohol) a n d
g u n-cot ton  insoluble.”  Si r  H.E.  Roscoe,
“Th a t  h e  h a d  b e e n  u n a ble  to  m a k e  a  ni t ro-co t to n
wi th  a  hig h e r  ni t rog e n  con t e n t  t h a n  1 3.7.” 
And P rofe sso r  G. Lun g e  s aid,  “Gun-co t ton  alw ays
con t ain e d  soluble  co t ton,  a n d  vice  v ersa .” 
The s e  opinions  w e r e  al so  g e n e r ally confi r m e d  by Si r
E. F r a nkla n d,  Si r  W. Crooke s,  Dr  Arms t ro n g,  a n d  o th e r s .]

Dod ec a-ni t ro-c ellulos e  C_{24 } H_{ 2 8 }O_{2 0 }(NO_{2 })_{12 }
=  1 4.16  p e r  c e n t .
  ni t rog e n.  ( =  old  t r i-ni t ro-c ellulos e)
E n d e c a-ni t ro-c ellulos e  C_{24 } H_{2 9 }O_{2 0 }( NO_{2 })_{1 1 }
=  1 3.50  p e r  c e n t .
  ni t rog e n.  
Dec a-ni t ro-c ellulose    C_{24 } H_{3 0 }O_{2 0 }( NO_{2 })_{10 }
=  1 2.78  p e r  c e n t .
  ni t rog e n.  
E n n e a-ni t ro-c ellulose   C_{2 4 } H_{ 31 }O_{20 }(NO_{2 })_{ 9 }
 =  1 1.98  p e r  c e n t .
  ni t rog e n.  
Octo-ni t ro-c ellulos e    C_{24 } H_{3 2 }O_{2 0 }(NO_{2 })_{8 }
=   1 1 .13  p e r  c e n t .
  ni t rog e n.  ( =  old  di-ni t ro-c ellulose)
H e p t a-ni t ro-c ellulos e   C_{24 } H_{3 3 }O_{ 20 }(NO_{2 })_{7 }
 =  1 0.19  p e r  c e n t .
  ni t rog e n.  
H exa-ni t ro-c ellulos e    C_{24 } H_{3 4 }O_{2 0 }( NO_{2 })_{6 }
 =   9 . 17  p e r  c e n t .
  ni t rog e n.  
Pen t a-ni t ro-c ellulos e   C_{2 4 } H_{3 5 }O_{2 0 }(NO_{2 })_{5 }
 =   8 . 04  p e r  c e n t .
  ni t rog e n.  
Tet r a-ni t ro-c ellulos e   C_{ 24 } H_{ 36 }O_{20 }(NO_{2 })_{4 }
 =   6 . 77  p e r  c e n t .
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  ni t rog e n.  ( =  old  m o no-ni t ro-c ellulose)

It  is no t  u nlikely t h a t  a  long  s e ri es  of ni t r a t e s
exis t s.   I t  is a t  a ny r a t e  c e r t ain  t h a t  w h a t eve r
s t r e n g t h  of a cid s  m ay  b e  u s e d,  a n d  w h a t eve r  t e m p e r a t u r e
o r  o th e r  con di tions  m ay  b e  p r e s e n t  d u rin g  t h e  ni t r a tion,
t h a t  t h e  p ro d u c t  for m e d  alw ays  consis t s  of a  mixtu r e
of t h e  soluble  a n d  insoluble  ni t ro-c ellulos e.

Theo r e tic ally 1 0 0  p a r t s  of co t ton  by w eig h t  s ho uld
p ro d uc e  2 1 8.4  p a r t s  of g u n-co t ton,  b u t  in p r a c tice
t h e  yield  is a  good  d e al  less,  bo t h  in t h e  c a s e  of
g u n-cot ton  o r  collodion-co t ton.   In  s p e aking  of
soluble  a n d  insoluble  ni t ro-cellulose,  it is t h ei r
b e h aviour, w h e n  t r e a t e d  wi t h  a  solu tion  consis ting
of 2  p a r t s  e t h e r  a n d  1  of alcohol, t h a t  is r ef e r r e d
to.   The r e  is, how ever, a no t h e r  ve ry impor t a n t
diffe r e nc e ,  a n d  t h a t  is t h ei r  diffe r e n t  solubili ty
in ni t ro-glyce rin e.   The  low e r  ni t r a t e s  o r  soluble
for m  is soluble  in  ni t ro-glyce rin e  u n d e r  t h e  influe nc e
of h e a t ,  a  t e m p e r a t u r e  of a bo u t  5 0  d e g.   C. b ein g
r e q ui r e d .   At low e r  t e m p e r a t u r e s  t h e  dis solu tion
is ve ry imp e rf ec t  ind e e d;  a n d  af t e r  t h e  m a t e ri als  h ave
b e e n  lef t  in con t ac t  for  d ays,  t h e  t h r e a d s  of t h e
co t ton  c a n  s till b e  dis ting uish e d.   The  insoluble
for m  o r  g u n-co t ton  is e n ti r ely insoluble  in
ni t ro-glyce rin e .   I t  c a n ,  how ever, b e  m a d e  to  dis solve[A]
by t h e  aid  of a c e to n e  o r  a c e tic  e t h er.  Bot h  o r
r a t h e r  all t h e  for m s  of ni t ro-c ellulose  c a n  b e  di s solved
in a c e to n e  o r  a c e tic  e t h er.  They al so  di ssolve
in conc e n t r a t e d  s ulph u ric  a cid,  a n d  t h e  p e n t a-ni t r a t e
in ni t ric  a cid  a t  a bo u t  8 0  d e g.  o r  9 0  d e g.   C.
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[Footno t e  A:  Or  r a t h e r  to  for m  a  t r a n s p a r e n t
jelly.]

The  p e n t a-ni t r a t e  m ay  b e  ob t ain e d  in a  p u r e  s t a t e
by t h e  following  p roc e s s,  d evis e d  by Ed e r:—The
g u n-cot ton  is dis solved  in  conc e n t r a t e d  ni t ric  a cid
a t  9 0  d e g.   C., a n d  r e p r e cipi t a t e d  by t h e  a d di tion
of conc e n t r a t e d  s ulph u ric  a cid.   Afte r  cooling
to  0  d e g.   C., a n d  mixing  wi th  a  la r g e r  volu m e
of w a t er, t h e  p r e cipi t a t e d  ni t r a t e  is w a s h e d  wi th
w a t er, t h e n  wi t h  alcohol, dissolved  in e t h e r-alcohol,
a n d  a g ain  p r e cipi t a t e d  wi t h  w a t er, w h e n  it  is ob t aine d
p u r e .   This  ni t r a t e  is soluble  in  e t h e r-alcohol,
a n d  sligh tly in a c e tic  a cid,  e a sily in a c e to n e,  a c e tic
e t h er, a n d  m e t hyl-alcohol, insoluble  in alcohol. 
S t ro n g  po t a s h  (KOH) solu tion  conve r t s  in to  t h e  di-ni t r a t e
C_{1 2 } H_{1 8 } O_{ 8 }(NO_{3 })_{2 } .   The  h exa-ni t r a t e
is no t  soluble  in  a c e tic  a cid  o r  m e t hyl-alcohol.

The  low e r  ni t r a t e s  know n  a s  t h e  t e t r a- a n d  t r i-ni t r a t e s
a r e  for m e d  tog e t h e r  w h e n  c ellulos e  is t r e a t e d  wit h
a  mixtu r e  of w e ak  a cids,  a n d  allow e d  to  r e m ain  in
con t ac t  wi th  t h e m  for  a  ve ry s ho r t  tim e  (tw e n ty mi n u t e s). 
They c a n no t  b e  s e p a r a t e d  fro m  on e  a no t h er, a s  t h ey
all dis solve  e q u ally in e t h e r-alcohol, a c e tic  e t h er,
a c e tic  a cid,  m e t hyl-alcohol, a c e to n e,  a myl a c e t a t e ,
&c.

As fa r  a s  t h e  m a n ufac t u r e  of explosive  bodie s  is co nc e r n e d,
t h e  t wo  for m s  of ni t ro-cellulos e  u s e d  a n d  m a n ufac t u r e d
a r e  g u n-cot ton  o r  t h e  h ex a-ni t r a t e  (onc e  r e g a r d e d
a s  t r i-ni t ro-c ellulos e), w hich  is al so  know n  a s  insoluble
g u n-cot ton,  a n d  t h e  soluble  for m  of g u n-co t ton,  w hic h
is al so  know n  a s  collodion,  a n d  consis t s  of a  mixtu r e
of s eve r al  of t h e  lowe r  ni t r a t e s.   I t  is p ro b a ble
t h a t  it c hiefly consis t s ,  ho w ever, of t h e  n ex t  high e s t
ni t r a t e  to  g u n-cot ton,  a s  t h e  t h eo r e tical p e r c e n t a g e
of ni t rog e n  for  t his  bo dy,. t h e  p e n t a-ni t r a t e ,  is
1 2 .75  p e r  c e n t .,  a n d  a n alys es  of co m m e r cial collodion-co t ton,
e n ti r ely soluble  in  e t h e r-alcohol, oft e n  give  a s  hig h
a  p e rc e n t a g e  a s  1 2.6.
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We s h all only d e s c rib e  t h e  m a n ufac t u r e  of t h e  t wo
for m s  know n  a s  soluble  a n d  insoluble,  a n d  s h all r efe r
to  t h e m  u n d e r  t h ei r  b e t t e r  know n  n a m e s  of g u n-co t ton
a n d  collodion-co t ton.   The  following  wo uld,  how ever,
b e  t h e  for m ula e[A] a n d  p e r c e n t a g e  of ni t rog e n  of t h e
co m ple t e  s e ri es:—

H exa-ni t ro-c ellulos e   C_{12 } H_{ 1 4 }O_{4 }(NO_{3 })_{6 }
1 4.14  p e r  c e n t .
  ni t rog e n.  
Pen t a-ni t ro-c ellulos e  C_{12 } H_{1 5 }O_{5 }(NO_{3 })_{5 }
1 2.75  p e r  c e n t .
  ni t rog e n.  
Tet r a-ni t ro-c ellulos e  C_{1 2 } H_{ 16 }O_{6 }(NO_{3 })_{4 }
1 1.11  p e r  c e n t .
  ni t rog e n.  
Tri-ni t ro-c ellulos e    C_{12 } H_{ 1 7 }O_{7 }(NO_{3 })_{3 }
 9.13  p e r  c e n t .
  ni t rog e n.  
Di-ni t ro-cellulose     C_{12 } H_{ 1 8 }O_{8 }(NO_{3 })_{2 }
 7.65  p e r  c e n t .
  ni t rog e n.  
Mo no-ni t roc ellulos e    C_{12 } H_{1 9 }O_{9 }(NO_{3 })  
   3 .80  p e r  c e n t .
  ni t rog e n.

[Footno t e  A:  Be r t h elo t  t ak e s  C_{2 4 } H_{4 0 } O_{ 20 }
a s  t h e  for m ula  of c ellulos e; a n d  M. Vieille  r e g a r d s
t h e  hig h e s t  ni t r a t e  a s  (C_{24 } H_{1 8 }(NO_{3 } H)_{1 1 }O_{9 }).
Co m p t .   R e n d. , 1 8 8 2,  p .  1 3 2.]
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Prop er tie s  of  Gun-Cot to n. —The  a b solu t e
d e n si ty of g u n-co t ton  is 1 .5.   Wh e n  in lu m p s  it s
a p p a r e n t  d e n si ty is 0 .1;  if t wis t e d  in to  t h r e a d ,  0 . 25;
w h e n  s u bjec t e d,  in t h e  for m  of p ulp,  to  hyd r a ulic  p r e s s u r e ,
1.0  to  1.4.   Gun-cot ton  p r e s e rves  t h e  a p p e a r a n c e
of t h e  co t to n  fro m  w hich  it is m a d e.   I t  is, how ever,
h a r s h e r  to  t h e  touc h;  it  is only sligh tly hyg ros copic
(d ry g u n-cot ton  a b so r bs  2  p e r  c e n t .  of m ois tu r e  fro m
t h e  ai r).  I t  poss e ss e s  t h e  p ro p e r ty of b e co min g
elec t rified  by fric tion.   I t  is soluble  in a c e tic
e t h er, a myl a c e t a t e ,  a n d  a c e to n e,  insoluble  in w a t er,
alcohol, e t h er, e t h e r-alcohol, m e t hyl-alcohol, &c. 
I t  is ve ry explosive,  a n d  is ignit e d  by  con t a c t  wi th
a n  igni t e d  body, o r  by s hock, o r  w h e n  it is r ai s e d
to  a  t e m p e r a t u r e  of 1 7 2  d e g.   C. I t  b u r n s  wi th
a  yellowish  fla m e,  al mos t  wi thou t  s mok e,  a n d  le aves
lit tle  o r  no  r e sidu e.   The  volu m e  of t h e  g a s e s
for m e d  is la rg e ,  a n d  consis t s  of c a r bo nic  a cid,  c a r bo nic
oxide,  ni t ro g e n,  a n d  w a t e r  g a s.   Co m p r e s s e d  g u n-co t ton
w h e n  igni t e d  of t e n  explod e s  w h e n  p r eviously h e a t e d
to  1 0 0  d e g.   C.

Gun-co t ton  ke p t  a t  8 0  d e g.  to  1 0 0  d e g.   C. d e co m pos e s
slowly, a n d  s u nligh t  c a u s e s  it to  u n d e r go  a  slow d e co m posi tion.  
I t  c a n ,  how ever, b e  p r e s e rve d  for  yea r s  wi thou t  u n d e r going
a ny al t e r a tion.   I t  is ve ry s u sc e p tible  to  explosions
by influe nc e .   Fo r  ins t a nc e,  a  to r p e do,  eve n  pl ac e d
a t  a  long  dis t a nc e ,  m ay  explode  a  line  of to r p e do e s
c h a r g e d  wi t h  g u n-co t ton.   The  veloci ty of t h e
p ro p a g a tion  of t h e  explosion  in  m e t allic t u b e s  filled
wi th  p ulve ris e d  g u n-co t to n  h a s  b e e n  foun d  to  b e  fro m
5,00 0  to  6,00 0  m m s.  p e r  s eco n d  in tin  t u b e s ,  a n d  4,00 0
in lea d e n  t u b e s  (S eb e r t).

Gun-co t ton  loos ely expos e d  in  t h e  op e n  ai r  b u r n s  eigh t
ti m es  a s  q uickly a s  pow d e r  (Piobe r t).   A t hin
disc  of g u n-co t ton  m ay  b e  fir e d  in to  fro m  a  rifle
wi tho u t  explosion; b u t  if t h e  t hickn es s  of t h e  disc
b e  inc r e a s e d ,  a n  explosion  m ay  occ ur.  The  effec t
of g u n-co t ton  in mi n e s  is ve ry n e a rly t h e  s a m e  a s
t h a t  of dyn a mi t e  for  e q u al  w eig h t s.   I t  r e q ui r e s,
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how ever, a  s t r on g e r  d e to n a tor, a n d  it gives  ri s e  to
a  la rg e r  q u a n ti ty of c a r bo nic oxide  g a s .   Gun-co t ton
s ho uld  b e  n e u t r al  to  li tm us,  a n d  s hould  s t a n d  t h e
Gove r n m e n t  h e a t  t e s t—t e m p e r a t u r e  of 1 5 0
d e g.   F. for  fift e e n  mi n u t e s  (se e  p a g e  2 4 9). 
In  t h e  F r e n c h  N avy g u n-co t ton  is s u b mit t e d  to  a  h e a t
t e s t  of 6 5  d e g.   C. ( =  1 4 9  d e g.   F.) for  el eve n
min u t e s .   I t  s hould  con t ain  a s  s m all a  p e r c e n t a g e
of soluble  ni t ro-co t ton  a n d  of no n-ni t r a t e d  co t to n
a s  possible.

The  p ro d u c t s  of p e rfec tly d e to n a t e d  g u n-co t ton  m ay
b e  exp r e s s e d  by t h e  following  e q u a tion:—

2C_{1 2 } H_{ 14 } O_{4 }(NO_{3 })_{6 }  =  1 8CO +  6CO_{2 }  +
1 4 H_{ 2 }O +  1 2N.

It  do e s  no t  t h e r efo r e  con t ain  s ufficien t  oxyge n  for
t h e  co m ple t e  co m b u s tion  of it s  c a r bo n.   I t  is
for  t his  r e a so n  t h a t  w h e n  u s e d  for  mi nin g  p u r pos es
a  ni t r a t e  is g e n e r ally a d d e d  to  s u p ply t his  d ef ec t
(a s,  for  ins t a n c e ,  in to ni t e).  I t  t e n d s  al so
to  p r eve n t  t h e  evolu tion  of t h e  poisonous  g a s ,  c a r bo nic
oxide.   The  s ucc e ss  of t h e  va rious  g el a tin e  explosives
is d u e  to  t his  fac t,  viz ., t h a t  t h e  ni t ro-glyce rin e
h a s  a n  exc es s  of oxyge n,  a n d  t h e  ni t ro-co t to n  too
lit tle,  a n d  t h u s  t h e  t wo  explosives  h elp  on e  a no t h er.
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In  p r a c tice  t h e  g a s e s  r e s ul ting  fro m  t h e  explosion
of g u n-co t ton  a r e— Ca r bo nic  oxide,  2 8 .55;
c a r bo nic  a cid,  1 9.1 1;  m a r s h  g a s  (CH_{4 }), 1 1 .17;  ni t ric
oxide,  8 .83;  ni t rog e n,  8 . 56;  w a t e r  va po ur, 2 1.9 3  p e r
c e n t .   The  la t e  M r  E.O.  Brow n,  of Woolwich
Arse n al, di scove r e d  t h a t  p e rfec tly w e t  a n d  u ninfla m m a ble
co m p r e s s e d  g u n-co t to n  could  b e  e a sily d e to n a t e d  by
t h e  d e to n a tion  of a  p ri ming  c h a r g e  of t h e  d ry  m a t e ri al
in  con t ac t  wit h  it.  This r e n d e r e d  t h e  u s e  of
g u n-cot ton  ve ry m u c h  s afe r  for  u s e  a s  a  mili t a ry o r
minin g  explosive.

As a  mi ning  explosive,  ho w ever, g u n-co t ton  is now
c hiefly u s e d  u n d e r  t h e  for m  of toni t e ,  w hich  is a
mixt u r e  of h alf g u n-co t to n  a n d  h alf b a riu m  ni t r a t e .  
This  m a t e r ial is so m e ti m e s  s pok e n  of a s  “ni t r a t e d
g u n-cot ton.”  The  w eigh t  of g u n-cot ton  r e q ui r e d
to  p ro d uc e  a n  e q u al  effec t  ei t h e r  in  h e avy o r d n a n c e
o r  in s m all a r m s  is to  t h e  w eig h t  of g u n pow d e r  in t h e
p ro po r tion  of 1  to  3,  i.e ., a n  e q u al  w eig h t  of
g u n-cot ton  would  p ro d uc e  t h r e e  ti m e s  t h e  effec t  of
g u n pow d er.  I t s  r a pidi ty of co m b u s tion,  how ever,
r e q ui r e s  to  b e  m o dified  for  u s e  in fi r e a r m s .   H e nc e
t h e  low e r  ni t r a t e s  a r e  g e n e r ally u s e d ,  o r  s uc h  co m po u n d s
a s  ni t ro-lignos e,  ni t r a t e d  wood,  &c., a r e  u s e d.

The  ini ti al p r e s s u r e  p ro d uc e d  by t h e  explosion  of
g u n-cot ton  is ve ry la rg e ,  e q u al  to  1 8,1 35  a t m os p h e r e s ,
a n d  8,7 4 0  kilog r a m m e s  p e r  s q u a r e  c e n ti m e t r e  for  1
kilo., t h e  h e a t  libe r a t e d  b ein g  1,07 5  c alo ri es  (w a t e r
liquid), o r  9 9 7.7  c als.  (wa t e r  g a s eo u s), b u t  t h e  q u a n ti ty
of h e a t  libe r a t e d  c h a n g e s  wi t h  t h e  e q u a tion  of d eco m posi tion.  
Accor din g  to  Be r t h elo t,[A] t h e  h e a t  of for m a tion  of
collodion-co t ton  is 6 9 6  c als.  for  1 ,05 3  g r m s.,  o r
6 6 1  c als. for  1  kilo.  The  h e a t  libe r a t e d  in  t h e
to t al co m b u s tion  of g u n-co t ton  by fre e  oxyge n  a t  cons t a n t
p r e s s u r e  is 2 ,63 3  c als.  for  1 ,14 3  g r m s.,  o r  for  1
kilo. g u n-co t ton  2,3 02  c als. (wa t e r  liquid), o r  2 ,17 7
c als. (wa t e r  g a s eo us).  The  h e a t  of d e co m position
of g u n-co t ton  in a  clos e d  ves s el, foun d  by exp e ri m e n t
a t  a  low d e n si ty of ch a r g e  (0.02 3), a m o u n t s  to  1,07 1

79



c als. for  1  kilo. of t h e  s u bs t a nc e ,  d ry a n d  fr e e  fro m
a s h.   To ob t ain  t h e  m axim u m  effec t  of g u n-co t ton
it  m u s t  b e  u s e d  in  a  co m p r e s s e d  s t a t e ,  for  t h e  ini tial
p r e s s u r e s  a r e  t h e r e by inc r e a s e d.   Wet g u n-cot ton
s  m u c h  les s  s e n si tive  to  s hock  t h a n  d ry.  Pa r affin
al so  r e d u c e s  it s  liabili ty to  explod e,  so  al so  do e s
c a m p hor.

[Footno t e  A:  “Explosives  a n d  t h ei r  Pow er,”
t r a n s .  by H a k e  a n d  M’N a b.]

The  s u bs t a nc e  know n  a s  c elluloid, a  va rie ty of ni t ro-c ellulos e
n e a rly co r r e s po n din g  to  t h e  for m ula  C_{24 } H_{2 4 }(NO_{3 } H)_{8 }O_{12 },
to  w hich  c a m p ho r  a n d  va rious  ine r t  s u b s t a n c e s  a r e
a d d e d,  so  a s  to  r e n d e r  it no n-s e n si tive  to  s hock,
m ay b e  work e d  wi th  tools, a n d  t u r n e d  in t h e  la th e
in t h e  s a m e  m a n n e r  a s  ivory, ins t e a d  of w hich  m a t e ri al
c elluloid is no w  la rg ely u s e d  for  s uc h  a r ticle s  a s
knife  h a n dle s,  co m bs,  &c.   Celluloid  is ve ry pl a s tic
w h e n  h e a t e d  tow a r ds  1 5 0  d e g.   C., a n d  t e n d s  to
b eco m e  ve ry s e n si tive  to  s hock, a n d  in  la rg e  q u a n ti ti es
mig h t  b e co m e  explosive  d u ring  a  fir e,  owing  to  t h e
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g e n e r al  h e a tin g  of t h e  m a s s ,  a n d  t h e  cons e q u e n t  ev a po r a tion
of t h e  c a m p hor.  Wh e n  k e p t  in t h e  ai r  b a t h  a t  1 3 5
d e g.   C., c elluloid  d e co m pos e s  q uickly.  In
a n  exp e ri m e n t  (m a d e  by M.  Be r t h elo t) in a  clos e d  ves s el
a t  1 3 5  d e g.   C., a n d  t h e  d e n si ty of t h e  c h a r g e
b ein g  0.4,  it  e n d e d  in exploding,  d eveloping  a  p r e s s u r e
of 3,0 0 0  kilos.  A la r g e  p a ck a g e  of c elluloid
co m b s  also  explod e d  in t h e  g u a r d’s va n  on  on e
of t h e  Ge r m a n  r ailw ays  a  few ye a r s  a go.   Althou g h
it  is no t  a n  explosive  u n d e r  o r din a ry ci rc u m s t a nc e s ,
o r  eve n  wi th  a  po w e rful d e to n a tor, co nsid e r a ble  c a r e
s ho uld  b e  exe rcis e d  in it s  m a n ufac t u r e.

T h e  M a n ufac tur e  of  Gun-Cot ton. —The
m e t ho d  u s e d  for  t h e  m a n ufac t u r e  of g u n-co t ton  is t h a t
of Abel (Sp ec.   No. 1 1 0 2,  2 0.  4 .  6 5).  I t  w a s
wo rk e d  ou t  c hiefly a t  S tow m a rk e t[A] a n d  Walth a m  Abbey,[B]
b u t  h a s  in t h e  cou r s e  of t im e  u n d e r go n e  s eve r al  al t e r a tions .  
The s e  m o difica tions  h ave  t ak e n  plac e ,  how ever, c hiefly
u po n  t h e  Con tine n t ,  a n d  r ela t e  m o r e  to  t h e  a p p a r a t u s
a n d  m a c hin e ry  u s e d  t h a n  to  a ny al t e r a tion  in t h e  p roc es s
its elf.  The  for m  of c ellulos e  u s e d  is co t ton-w a s t e ,[C]
w hich  consis t s  of t h e  clippings  a n d  w a s t e  m a t e ri al
fro m  co t ton  mills.  Afte r  it h a s  b e e n  cle a n e d  a n d
p u rified  fro m  g r e a s e ,  oil, a n d  o t h e r  fa t ty s u bs t a nc e s
by t r e a t m e n t  wi th  alkaline  solu tions,  it  is c a r efully
picke d  over, a n d  eve ry  piec e  of colou r e d  co t ton  r a g
o r  s t ri ng  c a r efully r e m ove d.   The  n ex t  op e r a tion
to  w hich  it  is s u b mi t t e d  h a s  for  i ts  objec t  t h e  op e ning
u p  of t h e  m a t e ri al.   For  t his  p u r pos e  it  is p u t
t h ro u g h  a  c a r ding  m a c hin e ,  a n d  af t e r w a r d s  t h ro u g h  a
c u t ting  m a c hin e,  w h e r e by it is r e d uc e d  to  a  s t a t e  s ui t a ble
for  i t s  s u b s e q u e n t  t r e a t m e n t  wi th  a cids,  t h a t  is,
it  h a s  b e e n  c u t  in to  s ho r t  len g t h s ,  a n d  t h e  fib r e s
op e n e d  u p  a n d  s e p a r a t e d  fro m  on e  a no t h er.

[Footno t e  A:  The  N e w  Explosive  Co.  Works.]

[Footno t e  B:  Royal Gun pow d e r  Fac to ry.]

[Footno t e  C:  Cos t s  fro m  L10  to  L25  a  ton.  

81



In  his  d e sc rip tion  of t h e  “Pre p a r a tion  of Cot ton-w a s t e
for  t h e  M a n ufac t u r e  of S m ok ele ss  Powd er,” A.
H e r tzog  s t a t e s  t h a t  t h e  Ge r m a n  milit a ry  a u t ho ri ti es
r e q ui r e  a  co t ton  w hich  w h e n  t h row n  in to  w a t e r  sinks
in t wo  min u t e s;  w h e n  ni t r a t e d,  do e s  no t  disin t e g r a t e ;
w h e n  t r e a t e d  wit h  e t h er, yields  only 0.9  p e r  c e n t .
of fa t;  a n d  con t aining  only t r a c es  of c hlo rine ,  lime,
m a g n e sia,  iron,  s ulp h u ric  a cid,  a n d  p hos p ho ric  a cid.  
If t h e  co t ton  is ve ry g r e a sy, it  m u s t  b e  fir s t  boiled
wi th  sod a-lye u n d e r  p r e s s u r e ,  w a s h e d,  ble ac h e d  wit h
c hlo rine ,  w a s h e d,  t r e a t e d  wi t h  s ulp h u ric  a cid  o r  HCl,
a g ain  w a s h e d,  c e n t rifug a t e d ,  a n d  d ri e d;  if ve ry g r e a sy
ind e e d  a  p r elimin a ry  t r e a t m e n t  wi th  lime-w a t e r  is
d e si r a ble.   S e e  al so  “Ins p ec tion  of Cot ton-Wast e
for  U s e  in t h e  M a n ufac t u r e  of Gu n-co t to n,” by
C.E.  M u n ro, Jour.  A m.   Ch e m.  
S o c. , 1 8 9 5,  1 7 ,  7 8 3.]
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Drying  t h e  Cot to n.—This  op e r a tion
is p e rfo r m e d  in ei t h e r  of t wo  w ays.   The  co t ton
m ay ei th e r  b e  pl ac e d  u po n  s h elves  in a  d rying  ho u s e ,
t h ro u g h  w hic h  a  c u r r e n t  of ho t  ai r  ci r cula t e s ,  o r
d ri e d  in  s t e a m-jacke t e d  cylind e r s .   I t  is ve ry
e s s e n ti al t h a t  t h e  co t to n  s ho uld  b e  a s  d ry a s  pos sible
b efo r e  dip ping  in  t h e  a cid s,  e s p e ci ally if a  w holly
“insoluble” ni t ro-c ellulos e  is to  b e  ob t ain e d.  
Afte r  d rying  it s ho uld  no t  con t ain  m o r e  t h a n  0.5  p e r
c e n t .  of m ois t u r e ,  a n d  les s  t h a n  t his  if pos sible.  
The  m o r e  g e n e r al  m e t ho d  of d rying  t h e  co t ton  is in
s t e a m-jacke t e d  t u b e s ,  i.e ., do u ble  cylind e r s
of i ron,  so m e  5  fee t  long  a n d  1-1/2  foot  wid e.  
The  co t to n  is pl ac e d  in t h e  c e n t r al  c h a m b e r  (Fig.
1 0), w hile  s t e a m  is m a d e  to  ci rc ul a t e  in t h e  s u r ro u n din g
jacke t ,  a n d  ke e p s  t h e  w hole  cylind e r  a t  a  high  t e m p e r a t u r e
(s t e a m  pipe s  m ay b e  coiled  ro u n d  t h e  ou t sid e  of a n
iron  t u b e,  a n d  will a n s w e r  e q u ally w ell).  By
m e a n s  of a  pip e  w hich  co m m u nic a t e s  wi th  a  co m p r e s s e d
ai r  r e s e rvoir, a  c u r r e n t  of ai r  e n t e r s  a t  t h e  bo t to m,
a n d  finds  it s  w ay u p  t h ro u g h  t h e  co t ton,  a n d  h elps
to  r e move  t h e  m ois t u r e  t h a t  i t con t ains .   The
r a w  cot ton  g e n e r ally con t ain s  a bo u t  1 0  p e r  c e n t .  of
m ois t u r e  a n d  s hould  b e  d rie d  u n til it  con t ains  only
1/2  p e r  c e n t .  o r  less.   For  t his  it will g e n e r ally
h ave  to  r e m ain  in t h e  d rying  cylind e r  for  a bo u t  five
ho u r s .   At t h e  e n d  of t h a t  tim e  a  s a m ple  s ho uld
b e  t ak e n  fro m  t h e  to p  of t h e  cylind er, a n d
d ri e d  in  t h e  w a t e r  ove n  (100  d e g.   C.[A]) for  a n
ho u r  to  a n  ho u r  a n d  a  h alf, a n d  r e-w eig h e d,  a n d  t h e
m ois t u r e  t h e n  r e m ainin g  in it  c alcula t e d.

[Footno t e  A:  I t  is d rie d  a t  1 8 0  d e g.   C.
a t  Walth a m  Abbey, in a  s p e ci ally cons t r uc t e d  d rying
c h a m b er.]

[Illus t r a tion:  FIG. 1 0.—COTTON  DRIER.]

It  is ve ry co nve nie n t  to  h ave  a  la rg e  cop p e r  w a t e r
ove n,  con t aining  a  lot  of s m all s e p a r a t e  co m p a r t m e n t s ,
la rg e  e no u g h  to  hold  a bo u t  a  h a n dful of t h e  co t ton,
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a n d  e ac h  co m p a r t m e n t  n u m b e r e d,  a n d  co r r e s pon ding  to
on e  of t h e  d rying  cylind e r s .   The  w hole  a p p a r a t u s
s ho uld  b e  fixed  a g ains t  t h e  w all of t h e  labo r a to ry,
a n d  m ay  b e  h e a t e d  by b ringing  a  s m all s t e a m  pipe  fro m
t h e  boile r-ho u s e .   It  is u s eful to  h ave  a  s e ri es
of cop p e r  t r ays,  a bo u t  3  inc h e s  by  6  inc h e s,  n u m b e r e d
to  co r r e s po n d  to  t h e  divisions  in t h e  s t e a m  ove n,
a n d  ex ac tly fit ting  t h e m.   Thes e  t r ays  c a n  t h e n
b e  t ak e n  by a  boy to  t h e  d rying  cylind e r s ,  a n d  a  h a n dful
of t h e  co t to n  fro m  e a c h  pl ac e d  in t h e m,  a n d  af t e r w a r d s
b ro u g h t  to  t h e  labo r a to ry a n d  w eig h e d  (a  boy c a n  do
t his  ve ry w ell), pl ac e d  in  t h ei r  r e s p e c tive  divisions
of t h e  oven,  a n d  left  for  on e  to  on e  a n d  a  h alf ho u r s ,
a n d  r e-w eig h e d.

Whe n  t h e  co t ton  is foun d  to  b e  d ry  t h e  bo t to m  of t h e
d rying  cylind e r  is r e m ove d,  a n d  t h e  co t ton  p u s h e d
ou t  fro m  t h e  top  by  m e a n s  of a  piec e  of fla t  wood
fixed  on  a  b roo m-h a n dle.   I t  is t h e n  p a ck e d  a w ay
in g alva nis e d-iron  ai r-t ig h t  c a s e s,  a n d  is r e a dy
for  t h e  n ex t  op e r a tion.   At so m e  wo rks  t h e  co t ton
is d r ie d  u po n  s h elves  in a  d rying  ho u s e  t h ro u g h  w hich
ho t  ai r  ci r cul a t e s ,  t h e  s h elves  b eing  of c a nva s  o r
of b r a s s  wi r e  n e t tin g.   The  ho t  ai r  m u s t  p a s s
u n d e r  t h e  s h elves  a n d  t h ro u g h  t h e  co t to n,  o r  t h e  p roc e s s
will b e  a  ve ry slow on e.
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Dippin g  and  S t e e ping.—The  d ry  co t ton
h a s  no w  to  b e  ni t r a t e d.   This  is do n e  by dip ping
it  in to  a  mixt u r e  of ni t ric  a n d  s ulph u ric  a cid s.  
The  a cids  u s e d  m u s t  b e  s t ro n g,  t h a t  is, t h e  ni t ric
a cid  m u s t  b e  a t  le a s t  of a  g r avity of 1 .5 3  to  1.5 2,
a n d  s hould  con t ain  a s  lit tle  ni t ric  oxide  a s  pos sible.  
The  s ulph u ric  a cid  m u s t  h ave  a  s p ecific g r avity of
1.84  a t  1 5  d e g.   C., a n d  con t ain  a bo u t  9 7  p e r
c e n t .  of t h e  m o no-hyd r a t e  (H_{2 } SO_{4 }).  In  fac t,
t h e  s t ro n g e s t  a cid s  ob t ain a ble  s hould  b e  u s e d  w h e n
t h e  p ro d uc t  r e q ui r e d  is g u n-co t ton,  i.e ., t h e
hig h e s t  ni t r a t e .

The  s ulph u ric  a cid  t ak e s  no  p a r t  in t h e  c h e mical r e a c tion
involved, b u t  is n e c e ss a ry in o r d e r  to  co m bin e  wi th
t h e  w a t e r  t h a t  is libe r a t e d  in t h e  r e a c tion,  a n d  t h u s
to  m ain t ain  t h e  s t r e n g t h  of t h e  ni t ric  a cid.   The
r e a c tion  w hich  t ak e s  pl ac e  is t h e  following:—

2(C_{6 } H_{1 0 }O_{5 }) +  6 H NO_{ 3 }  =  C_{12 } H_{ 1 4 }(NO_{3 })_{6 }
+  6  H_{ 2 }O.
         3 2 4
           3 7 8     =          5 9 4                   1 0 8.  
        Cellulos e.  
                   Gun-Cot ton.

Theo r e tic ally,[A] t h e r efo r e,  1  p a r t  of cellulose  s ho uld
for m  1.8  p a r t  of g u n-co t ton.   P r a c tic ally, how ever,
t his  is n eve r  ob t ain e d,  a n d  1.6  lb. fro m  1  lb. of
c ellulos e  is ve ry good  working.   The  mixtu r e  of
a cids  u s e d  is g e n e r ally 1  to  3,  o r  2 5  p e r  ce n t .  ni t ric
a cid  to  7 5  p e r  c e n t .  s ulp h u ric  a cid.

[Footno t e  A:  (594  x 1)/32 4 =  1.8 3.]

[Illus t r a tion:  FIG. 1 1.—TANK FOR DIPPING
COTTON.]

[Illus t r a tion:  FIG. 1 2.—THE COOLING
PITS.]
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The  dippin g  is do n e  in  c a s t-iron  t a nks  (Fig. 1 1),
a  s e ri es  of w hich  is a r r a n g e d  in a  row, a n d  cooled
by a  s t r e a m  of cold  w a t e r  flowing  ro u n d  t h e m.  
The  t a nks  hold  a bo u t  1 2  g allons,  a n d  t h e  co t ton  is
dip p e d  in po r tions  of 1  lb. a t  a  ti m e.   I t  is
t h row n  in to  t h e  a cids,  a n d  t h e  wo rk m a n  m ove s  it a bo u t
for  a bo u t  t h r e e  min u t e s  wit h  a n  iron  r a b ble.   At
t h e  e n d  of t h a t  tim e  h e  lift s  it u p  on  to  a n  iron
g r a t ing,  jus t  a bove  t h e  a cids,  fixed  a t  t h e  b a ck  of
t h e  t a nk,  w h e r e  by m e a n s  of a  m ova ble  leve r  h e  g e n tly
s q u e ez e s  it, u n til it con t ain s  a bo u t  t e n  tim e s  it s
w eig h t  of a cids  (t h e  1  lb. w eighs  1 0  lbs.).  I t
is t h e n  t r a n sfe r r e d  to  e a r t h e n w a r e  po t s  to  s t e e p .

[Illus t r a tion:  FIG. 1 3.—COTTON  STEEPING
POT.]

S t e e ping.—The  ni t r a t e d  co t to n,  w h e n
wi th d r a w n  fro m  t h e  dipping  t a nks,  a n d  s till con t aining
a n  exce ss  of a cids ,  is p u t  in to  e a r t h e n w a r e  po t s  of
t h e  s h a p e  s how n  in Figs.  1 2  a n d  1 3.   The  lid is
p u t  on,  a n d  t h e  po t s  pl ac e d  in  row s  in la r g e  cooling
pi t s,  a bo u t  a  foot  d e e p,  t h rou g h  w hich  a  s t r e a m  of
w a t e r  is cons t a n tly flowing.   Thes e  pi ts  for m  t h e
floor  of t h e  s t e e pin g  ho u s e .   The  cot ton  r e m ains
in t h e s e  po t s  for  a  p e riod  of for ty-eigh t  ho u r s ,  a n d
m u s t  b e  k e p t  cool.  Be tw e e n  1 8  d e g.  a n d  1 9  d e g.  
C. is t h e  high es t  t e m p e r a t u r e  d e si r a bl e,  b u t  t h e  coole r
t h e  po t s  a r e  ke p t  t h e  b e t t er.  At t h e  e n d  of for ty-eig h t
ho u r s  t h e  c h e mic al r e a c tion  is co m ple t e ,  a n d  t h e  co t to n
is o r  s ho uld  b e  w holly conve r t e d  in to ni t ro-cellulos e;
t h a t  is, t h e r e  s hould  b e  no  u n ni t r a t e d  co t ton.
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[Illus t r a tion:  FIG. 1 4.—HYDRO-EXTRACTOR.]

W hirling  Out  t h e  Acid.—The  n ex t
op e r a tion  is to  r e m ove  t h e  exc e ss  of a cid.   This
is do n e  by pl acing  t h e  con t e n t s  of t wo  o r  t h r e e  o r
m o r e  po t s  in to  a  c e n t rifug al hyd ro-ex t r ac to r  (Fig.
1 4), m a king  1,0 00  to  1,50 0  r evolu tions  p e r  min u t e .  
The  hyd ro-ex t r a c to r  consis t s  of a  m a c hin e  wi t h  bo t h
a n  inn e r  cylind e r  a n d  a n  ou t e r  on e,  bo t h  r evolving
in conc e r t  a n d  d riving  ou t w a r dly t h e  liquid  to  t h e
c h a m b er, fro m  w hich  it r u n s  a w ay by a  disch a r g e  pip e.  
The  w e t  co t ton  is pl ac e d  a ro u n d  t h e  inn e r  co n e.  
The  co t to n,  w h e n  d ry, is r e m oved,  a n d  a t  onc e  t h row n
into  a  la r g e  t a nk  of w a t er, a n d  t h e  w a s t e  a cid s  a r e
collec t e d  in  a  t a nk.[A]

[Footno t e  A:  Ca r e  m u s t  b e  t ak e n  in ho t  w e a t h e r
t h a t  t h e  g u n-co t ton  do es  no t  fi r e ,  a s  it do es  so m e ti m e s,
di r e c tly t h e  wo rk m a n  go e s  to  r e move  it af t e r  t h e  m a c hin e
is s top p e d.   I t  occ u r s  m o r e  oft e n  in  d a m p  w e a t h er. 
Dr  Sc h u e p p h a u s,  of Brooklyn, U.S.A., p ro pos e s  to  t r e a t
t h e  w a s t e  a cid s  fro m  t h e  ni t r a tion  of cellulose  by
a d ding  to  t h e m  s ulp h u ric  a n hyd rid e  a n d  ni t ric  a cid.  
The  s ulph u ric  a n hyd ride  a d d e d  conve r t s  t h e  w a t e r  libe r a t e d
fro m  t h e  c ellulose  in to  s ulph u ric  a cid.]

Was hin g.—The  co t to n  h a s  no w  to  b e
c a r efully w a s h e d.   This  is do n e  in a  la rg e  wood e n
t a nk  filled  wi th  w a t er.  If, ho w ever, a  r ive r  o r
c a n al  r u n s  t h rou g h  t h e  wo rks ,  a  s e ri es  of wood e n  t a nks,
t h e  sid es  a n d  bo t to m s  of w hich  a r e  pi e r c e d  wi th  hole s,
so  a s  to  allow of t h e  fr e e  ci rc ula tion  of w a t er, s hould
b e  s u nk  in to a  wood e n  pl a tfo r m  t h a t  ove r h a n g s  t h e  s u rfac e
of t h e  rive r  in  s uc h  a  w ay t h a t  t h e  t a nks  a r e  im m e r s e d
in t h e  w a t er, a n d  of cou r s e  alw ays  full.  Du ring
t h e  tim e  t h a t  t h e  co t to n  is in t h e  w a t e r  a  work m a n
t u r n s  it  ove r  cons t a n tly wi th  a  wood e n  p a d dle.  
A s t r e a m  of w a t er, in t h e  for m  of a  c a sc a d e,  s hould
b e  allow e d  to  fall in to  t h e s e  t a nks .   The  co t ton
m ay t h e n  b e  t h row n  on  to  t his  s t r e a m  of w a t er, w hich,
falling  so m e  h eigh t ,  a t  onc e  c a r ri es  t h e  co t ton  b e n e a t h
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t h e  s u rfac e  of t h e  w a t er.  This  p roc e e din g  is
n ec es s a ry  b e c a u s e  t h e  co t ton  s till r e t ain s  a  la rg e
exc es s  of s t ro n g  a cids,  a n d  w h e n  mixed  wi th  w a t e r
gives  ri se  to  consid e r a ble  h e a t ,  e s p e cially if mixe d
slowly wi th  w a t er.  Afte r  t h e  co t ton  h a s  b e e n  w ell
w a s h e d,  it is a g ain  w r u n g  ou t  in  a  ce n t rifug al m a c hin e,
a n d  af t e r w a r d s  allow e d  to  s t e e p  in  w a t e r  for  so m e
ti m e.

[Illus t r a tion:  FIG. 1 5_a_.—THE BEATER
FOR GUN-COTTON.]

Boiling.—The  w a s h e d  co t ton  is p u t
in to  la r g e  iron  boile r s  wi th  ple n ty of w a t er, a n d
boiled  for  so m e  tim e  a t  1 0 0  d e g.   C. In  so m e  wo rks
lea d-line d  t a nks  a r e  u s e d ,  in to  w hic h  a  s t e a m  pipe
is led.   The  soluble  imp u ri tie s  of u n s t a ble  c h a r a c t er,
to  w hich  Si r  F.A.  Abel t r ac e d  t h e  liabili ty of
g u n-cot ton  to  ins t a bili ty, a r e  t h e r e by r e move d.  
The s e  imp u ri ti e s  consis t  of t h e  p ro d uc t s  for m e d  by
t h e  a c tion  of ni t ric  a cid  on  t h e  fa t ty a n d  r e sinous
s u b s t a n c e s  con t ain e d  in t h e  co t ton  fib r e s .   The
w a t e r  in t h e  t a nks  s ho uld  b e  eve ry now  a n d  a g ain  r e n e w e d,
a n d  af t e r  t h e  fi r s t  few boilings  t h e  w a t e r  s hould
b e  t e s t e d  wi t h  li tm us  p a p e r  u n til t h ey  a r e  no  long e r
foun d  to  b e  a cid.
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[Illus t r a tion:  FIG. 1 5_b_.—WHEEL OF
BEATER.]

Pulping.—The  ide a  of p ulping  is
al so  d u e  to  Abel.  By it s  m e a n s  a  ve ry m u c h  m o r e
u nifor m  m a t e ri al is ob t ain e d.   The  p roc e s s  is c a r ri e d
ou t  in a n  a p p a r a t u s  know n  a s  a  “Be a t e r”
o r  “Hollan d e r”  (Fig. 1 5 ,  a, b ). 
I t  consis t s  of a  kind  of wood e n  t a nk  so m e  2  o r  3  fee t
d e e p  of a n  oblon g  s h a p e,  in w hich  a  w h e el  c a r rying
a  s e ri es  of knives  is m a d e  to  r evolve,  t h e  floor  of
t h e  t a nk  b eing  slop e d  u p  so  a s  to  al mos t  touc h  t h e
r evolving  w h e els.   This  p a r t  of t h e  floor, know n
a s  t h e  “c r aw,” is a  solid  pi ec e  of oak,
a n d  a  box of knives  is fixed  in to it, a g ains t  w hich
t h e  knives  in  t h e  r evolving  w h e el a r e  p r e s s e d.  
The  b e a t e r  is divide d  in to  two  p a r t s—t h e
wo rking  sid e,  in w hich  t h e  co t to n  is c u t  a n d  to r n  b e t w e e n
t h e  knife  e d g e s  in t h e  r evolving  cylind e r  a n d  t hos e
in t h e  box; a n d  t h e  r u n ning  side,  in to  w hich  t h e  co t ton
p a s s es  af t e r  p a s sing  u n d e r  t h e  cylind er.  The  w h e el
is g e n e r ally boxe d  in to  p r eve n t  t h e  co t ton  fro m  b ein g
t h row n  ou t  d u rin g  its  r evolu tion.   The  cot ton
is t h u s  in  cons t a n t  m o tion,  con tinu ally t r avelling
ro u n d,  a n d  p a s sing  b e t w e e n  t h e  knives  in t h e  r evolving
cylind e r  a n d  t hos e  in t h e  box fixed  in  t h e  wood e n
block b e n e a t h  it.  The  b e a t e r  is ke p t  full of
w a t er, a n d  t h e  co t ton  is g r a d u ally r e d uc e d  to  a  con di tion
of p ulp.   The  w h e el  r evolves  a t  t h e  r a t e  of 1 0 0
to  1 5 0  ti m e s  a  min u t e .

[Illus t r a tion:  FIG. 1 6_a_.—POACHER
FOR WASHING GU N-COTTON.]

[Illus t r a tion:  FIG. 1 6_b_.—PLAN OF
THE POACHER.]

[Illus t r a tion:  FIG. 1 6_c_.—ANOTHER
FORM OF POACHER.]

Whe n  t h e  g u n-co t ton  is judg e d  to  b e  s ufficien tly fine,
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t h e  con t e n t s  of t h e  b e a t e r  a r e  r u n  in to  a no t h e r  ve ry
si mila r  piec e  of m a c hin e ry, know n  a s  t h e  “poac h e r”
(Fig.  1 6,  a, b ,  c ), in w hich  t h e  g u n-co t ton
is co n tin uously a gi t a t e d  to g e t h e r  wi t h  a  la rg e  q u a n ti ty
of w a t er, w hich  c a n  b e  e a sily r u n  off a n d  r e plac e d
a s  oft e n  a s  r e q ui r e d .   Whe n  t h e  m a t e ri al  is fir s t
r u n  in to t h e  po a c h e r  fro m  t h e  b e a t er, t h e  w a t e r  wit h
w hich  it  is t h e n  mixed  is fir s t  r u n  a w ay a n d  cle a n
w a t e r  a d d e d.   The  p a d dle  w h e el  is t h e n  s e t  in
m o tion,  a n d  a t  in t e rvals  fr es h  w a t e r  is a d d e d.  
The r e  is a  s t r ain e r  a t  t h e  bo t to m  of t h e  po ac h e r  w hich
e n a ble s  t h e  w a t e r  to  b e  d r a w n  off wi thou t  di s t u r bing
t h e  co t ton  p ulp.   Afte r  t h e  g u n-co t to n  h a s  b e e n
in t h e  po ac h e r  for  so m e  ti m e,  a  s a m ple  s hould  b e  t ak e n
by holding  a  r a t h e r  la rg e  m e s h  sieve  in t h e  cu r r e n t
for  a  min u t e  o r  so.   The  p ulp  will t h u s  p a r tly
p a s s  t h ro u g h  a n d  p a r tly b e  c a u g h t  u po n  t h e  si eve,
a n d  a n  av e r a g e  s a m ple  will b e  t h us  ob t ain e d.  
The  s a m ple  is s q u e ez e d  ou t  by  h a n d,  bo t tl ed,  a n d  t ak e n
to  t h e  labo r a to ry to  b e  t e s t e d  by  t h e  h e a t  t e s t  for
p u ri ty.  I t  fir s t ,  ho w ever, r e q ui r e s  to  b e  d ri e d.  
This  is b e s t  do n e  by pl acing  t h e  s a m ple  b e t w e e n  co a r s e
filt e r  p a p er, a n d  t h e n  p u t ting  it  u n d e r  a  h a n d-sc r e w
p r e s s ,  w h e r e  i t c a n  b e  s u bjec t e d  to  a  tole r a bly s eve r e
p r e s s u r e  for  a bo u t  t h r e e  min u t e s.   I t  is t h e n
r u b b e d  u p  ve ry finely wit h  t h e  h a n d s,  a n d  pl ac e d  u po n
a  p a p e r  t r ay, a bo u t  6  inch es  by  4-1/2  inch e s ,  w hich
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is t h e n  pl ac e d  inside  a  w a t e r  ove n  u po n  a  s h elf of
co a r s e  wi r e  g a uze ,  t h e  t e m p e r a t u r e  of t h e  ove n  b eing
k e p t  a s  n e a r  a s  pos sible  to  1 2 0  d e g.   F. (49  d e g.  
C.), t h e  g a uz e  s h elves  in t h e  ove n  b eing  k e p t  a bo u t
3  inc h e s  a p a r t .   The  s a m ple  is allow e d  to  r e m ain
a t  r e s t  for  fift e e n  mi n u t e s  in t h e  oven,  t h e  doo r  of
w hich  is lef t  wide  op e n.   Afte r  t h e  lap s e  of fift e e n
min u t e s  t h e  t r ay  is r e move d  a n d  expos e d  to  t h e  ai r
of t h e  labo r a to ry (aw ay fro m  a cid  fu m e s) for  t wo  ho u r s ,
t h e  s a m ple  b ein g  a t  so m e  poin t  wi thin  t h a t  tim e  r u b b e d
u po n  t h e  t r ay  wi th  t h e  h a n d,  in o r d e r  to  r e d u c e  it
to  a  fine  a n d  u nifo r m  s t a t e  of division.   Twe n ty
g r ain s  (1.29 6  g r m.) a r e  u s e d  for  t h e  t e s t .  (Se e  H e a t
Test,  p a g e  2 4 9.)

If t h e  g u n-co t ton  s a m ple  r e m ove d  fro m  t h e  po a c h e r
s t a n ds  t h e  h e a t  t e s t  s a tisfac to rily, t h e  m a c hin e  is
s top p e d,  a n d  t h e  w a t e r  d r ain e d  off.  The  co t ton
is allow e d  so m e  lit tl e  tim e  to  d r ain,  a n d  is t h e n  d u g
ou t  by  m e a n s  of wood e n  s p a d e s ,  a n d  is t h e n  r e a dy for
p r e s sin g.   The  po ac h e r s  hold  a bo u t  2 ,00 0  lbs.
of m a t e ri al,  a n d  a s  t his  r e p r e s e n t s  t h e  p ro d uc t s  of
m a ny  h u n d r e d  dis tinc t  ni t r a ting  op e r a tions,  a  ve ry
u nifor m  mixtu r e  is ob t ain e d.   Two p e r  c e n t .  of
c a r bo n a t e  of sod a  is so m e ti m e s  a d d e d,  b u t  it is no t
r e ally n e c e s s a ry if t h e  co t ton  h a s  b e e n  p ro p e rly w a s h e d.

Co m pr e s sing  Gun-Cot to n.—The  g u n-co t to n,
in  t h e  s t a t e  in w hich  it  is r e m ove d  fro m  t h e  po ac h er,
con t ain s  fro m  2 8  to  3 0  p e r  c e n t .  of w a t er.  In
o r d e r  to  r e m ove  t his,  t h e  co t to n  h a s  to  b e  co m p r e s s e d
by hyd r a ulic pow er.  The  d ry co m p r e s s e d  g u n-co t ton
is p a ck e d  in boxes  con t aining  2,5 00  lbs.  of d ry  m a t e r ial. 
In  o r d e r  to  a s c e r t ain  how  m u c h  of t h e  w e t  co t to n  m u s t
b e  p u t  in to  t h e  p r e s s,  it  is n e c e s s a ry  to  d e t e r min e
t h e  p e rc e n t a g e  of w a t er.  This  m ay  b e  do n e  by
d rying  2,0 00  g r ains  u po n  a  p a p e r  t r ay (p r eviously d ri e d
a t  1 0 0  d e g.   C.) in t h e  w a t e r  ove n  a t  1 0 0  d e g.  
C. for  t h r e e  ho u r s ,  a n d  r e-w eig hing  a n d  c alcula tin g
t h e  p e rc e n t a g e  of w a t er.  I t  is t h e n  e a sy to  c alcula t e
how  m u c h  of t h e  w e t  g u n-co t ton  m u s t  b e  pl ac e d  in t h e
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ho p p e r  of t h e  p r e s s  in  o r d e r  to  ob t ain  a  block of
co m p r e s s e d  co t to n  of t h e  r e q ui r e d  w eig h t .   Various
for m s  of p r e s s e s  a r e  u s e d ,  a n d  g u n-co t ton  is s e n t  ou t
ei t h e r  a s  solid  blocks,  co m p r e s s e d  di scs,  o r  in t h e
for m  of a n  al mos t  d ry pow d er, in zinc-line d,  ai r-t igh t
c a s e s.   The  disc s  a r e  of t e n  so ak e d  in w a t e r  af t e r
co m p r e s sion  u n til t h ey  h ave  a b so r b e d  2 5  p e r  c e n t .  of
m ois t u r e .

[Illus t r a tion:  FIG. 1 7.—OLD M ETHOD.
1 0 0  PIECES.]

[Illus t r a tion:  FIG. 1 8.—N EW METHOD. 
O NE SOLID BLOCK.]

At t h e  N e w  Explosives  Co m p a ny’s S tow m a rk e t  Works
la rg e  solid  blocks  of g u n-co t ton  a r e  p r e s s e d  u p  u n d e r
a  n e w  p roc e s s,  w h e r e by blocks  of g u n-co t ton,  for
u s e  in s u b m a rin e  min e s  o r  in to r p e do  w a r h e a d s,  a r e
p ro d uc e d.   La r g e  c h a r g e s  of co m p r e s s e d  g u n-co t ton
h ave  hi t h e r to  b e e n  b uil t  u p  fro m  a  n u m b e r  of s ui t a bly
s h a p e d  ch a r g e s  of s m all di m e n sions  (Fig. 1 7), a s  it
h a s  b e e n  impossible  to  co m p r e s s  la r g e  c h a r g e s  in  a
p ro p e r  m a n n er.  The  for m a tion  of la r g e-size d  blocks
of g u n-co t ton  w a s  t h e  inven tion  of M r  A. Hollings.  
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P rio r  to  t h e  in t ro d uc tion  of t his  m e t ho d,  8  o r  9  lbs.
h a d  b e e n  t h e  limit  of w eig h t  for  a  block.  This
p roc e s s  h a s  b e e n  p e rfec t e d  a t  t h e  S tow m a rk e t  fac to ry,
w h e r e  blocks  va rying  fro m  t h e  a r m o u r-pie r cin g  s h ell
c h a r g e  of a  few ou nc es  u p  to  blocks  of co m p r e s s e d  g u n-co t ton
m e c h a nically t r u e,  w eig hin g  4  to  5  cw t s.  for  to r p e do e s
o r  s u b m a rin e  mi n e s,  a r e  no w  p rod uc e d.   At t h e
s a m e  ti m e  t h e  n e w  p roc e s s  e n s u r e s  a  u nifo r m  d e n si ty
t h ro u g ho u t  t h e  block, a n d  p e r mit s  of a ny r e q ui r e d  d e n si ty,
fro m  1.4  dow n w a r d s ,  b eing  a t t ain e d;  it  is al so  pos sible
exa c tly to  r e g ula t e  t h e  p e r c e n t a g e  of m ois t u r e ,  a n d
to  e n s u r e  it s  u nifo r m  dis t ribu tion.   The  m axim u m
p e rc e n t a g e  of m ois tu r e  d e p e n d s,  of cou r s e ,  u po n  t h e
d e n si ty.  By t h e  m e t ho ds  of co m p r e s sion  g u n-co t ton
blocks  hi th e r to  e m ployed,  blocks  of a  g r e a t e r  t hickn es s
t h a n  2  inch e s ,  o r  of a  g r e a t e r  w eig h t  t h a n  9  lbs.,
could  no t  b e  m a d e,  b u t  wi th  t h e  n e w  p roc e s s  blocks
of a ny s h a p e,  size,  t hickn es s ,  o r  w eig h t  t h a t  is likely
to  b e  r e q ui r e d  c a n  b e  m a d e  r e a dily a n d  s afely. 
The  a dva n t a g e s  w hich  a r e  claim e d  for  t h e  p roc e s s  m ay
b e  e n u m e r a t e d  a s  follows:—(1.) The r e  is
no  s p a c e  w a s t e d ,  a s  in  t h e  c a s e  wi th  b uil t-u p  ch a r g e s ,
t h ro u g h  sligh tly imp e rfec t  con t a c t  b e t w e e n  t h e  individu al
blocks,  a n d  t h u s  ei t h e r  a  h e avie r  c h a r g e—i.e.,
a bo u t  1 5  p e r  c e n t .  m o r e  g u n-cot ton—c a n
b e  go t  in to  t h e  s a m e  s p a c e ,  o r  les s  s p a c e  will b e  occ u pied
by a  c h a r g e  of a  given  w eig h t .  (2.) The  m e t allic c a s e s
for  solid  c h a r g e s  m ay  b e  m u c h  ligh t e r  t h a n  for  t hos e
b uil t-u p ,  since  wi t h  t h e  for m e r  t h ei r  func tion  is
m e r ely to  p r eve n t  t h e  los s  of m ois t u r e  fro m  w e t  g u n-co t to n,
o r  to  p r eve n t  t h e  a b so r p tion  of m ois t u r e  by d ry g u n-co t ton.  
They c a n  t h u s  b e  m a d e  ligh t er, a s  t h e  solid  c h a r g e
insid e  will p r ev e n t  d efo r m a tion  d u ring  t r a n s po r t .  
With  b uil t-u p  ch a r g e s  t h e  c a s e  m u s t  b e  s t ron g  e no u g h
to  p r eve n t  d a m a g e,  ei t h e r  to  it s elf o r  to  t h e  ch a r g e
it  con t ain s.   For  m a ny u s e s  a  m e t al  c a s e ,  ho w eve r
ligh t ,  m ay  b e  disc a r d e d,  a n d  on e  of a  t hin  w a t e r p roof
m a t e ri al  s u bs ti t u t e d .  (3.) The  u nifor m  d e n si ty of c h a r g e s
m a d e  by t his  p roc e s s  is ve ry favou r a ble  to  t h e  co m ple t e
a n d  effec tive  d e ton a tion  of t h e  e n ti r e  m a s s ,  a n d  to
t h e  p r e s e n c e  of t h e  u nifo r m  a m o u n t  of m ois tu r e  in

93



eve ry p a r t  of t h e  c h a r g e .  (4.) Any r e q ui r e d  d e n si ty,
fro m  t h e  m axim u m  dow n w a r d s ,  m ay  b e  ob t ain e d  wi th  e a s e ,
a n d  a ny r e q ui r e d  a m o u n t  of m ois t u r e  left  in t h e  c h a r g e .  
The s e  poin t s  a r e  of g r e a t  impor t a nc e  in c a s e s  w h e r e ,
like  to r p e do  ch a r g e s ,  it  is e s s e n ti al to  h ave  t h e  c e n t r e
of g r avity of t h e  ch a r g e  in a  p r e d e t e r min e d  posi tion
bo t h  ve r tically a n d  longi tu din ally, a n d  t h e  c h a r g e
so  fixed  in its  con t aining  c a s e  t h a t  t h e  c e n t r e  of
g r avity c a n no t  s hift .   The  difficul ty of e n s u rin g
t his  wi th  a  la r g e  to r p e do  ch a r g e  b uil t  u p  fro m  a  n u m b e r
of disc s  a n d  s e g m e n t s  is w ell know n.   Even  wi th
plain  cylind ric al o r  p ris m a tic  c h a r g e s  a  m a r k e d  s aving
in t h e  p roc e s s  of p ro d uc tion  is effec t e d  by  t his  n e w
sys t e m.   The  c h a r g e s  b ein g  in on e  block t h ey a r e
m o r e  e a sily h a n dle d  for  t h e  u s u al p e riodic al exa min a tion,
a n d  t h ey do  no t  b r e a k  o r  c h afe  a t  t h e  e d g e s ,  a s  in
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t h e  c a s e  of discs  a n d  c u b e s  in  b uil t-u p  ch a r g e s .  
A g e n e r al  view  of t h e  p r e s s  is give n  in Fig.  1 9 .  
The  g u n-co t to n  in  a  con t ain e r  is pl ac e d  on  a  c r a dle
fixed  a t  a n  a n gle  to  t h e  p r e s s .   The  m o uld  is
s wivelled  ro u n d,  a n d  t h e  c h a r g e  p u s h e d  in to  it  wi th
a  r a m m er, a n d  it is t h e n  s wivelled  b ack  in to  posi tion.  
The  m o uld  is m a d e  u p  of a  n u m b e r  of w e d g e  pi ec es  w hich
clos e  ci rcu mfe r e n ti ally on  t h e  e nclos e d  m a s s ,  w hich
is al so  s u bjec t e d  to  e n d  p r e s s u r e .   H oles  a r e  p rovide d
for  t h e  e s c a p e  of w a t er.

[Illus t r a tion:  FIG. 1 9.—A 4-CWT. 
BLOCK OF GUN-COTTON  BEING TAKEN FROM HYDRAULIC PRESS.]

T h e  Waltha m  Ab b ey  Proces s.—At t h e
Royal Gu n pow d e r  Fac to ry, Walth a m  Abbey, t h e  m a n ufac t u r e
of g u n-co t ton  h a s  b e e n  c a r rie d  ou t  for  m a ny  ye a r s.  
The  p roc e ss  u s e d  diffe r s  b u t  li t tl e  fro m  t h a t  u s e d
a t  S tow m a rk e t .   The  co t ton  u s e d  is of a  good  q u ality,
it  is so r t e d  a n d  picke d  ove r  to  r e move  for eign  m a t t e r s ,
&c., a n d  is t h e n  cu t  u p  by a  kind  of g uillotin e  in to
2-inch  leng t h s.   I t  is t h e n  d ri e d  in t h e  following
m a n n er.  The  cot ton  is plac e d  u po n  a n  e n dle s s
b a n d,  w hich  con d uc t s  i t to  t h e  s tove,  o r  d rying  close t ,
a  c h a m b e r  h e a t e d  by  m e a n s  of ho t  ai r  a n d  s t e a m  t r a p s
to  a bo u t  1 8 0  d e g.   F.; it  falls u po n  a  s econ d
e n dles s  b a n d,  plac e d  b elow t h e  fir s t; it t r avels  b a ck
a g ain  t h e  w hole  leng t h  of t h e  s tove,  a n d  so  on  u n til
d elive r e d  in to  a  r e c e p t acle  a t  t h e  bo t to m  of t h e  fa r t h e r
e n d,  w h e r e  it  is ke p t  d ry u n til r e q ui r e d  for  u s e .  
The  s p e e d  a t  w hich  t h e  co t to n  t r avels  is 6  fee t  p e r
min u t e ,  a n d  a s  t h e  leng t h  of t h e  b a n d  t r avelled  a m o u n t s
to  1 2 6  fee t,  t h e  op e r a tion  of d rying  t ak es  tw e n ty-on e
min u t e s .   On e  a n d  a  q u a r t e r  lb. a r e  w eig h e d  ou t
a n d  pl ac e d  in a  tin  box; a  t r uck,  fit t e d  to  r e c eive
a  n u m b e r  of t h e s e  boxe s,  c a r ri e s  it  a long  a  t r a m w ay
to  a  cool r oo m,  w h e r e  i t is a llow e d  to  cool.

Dippin g.—Mixe d  a cid s  a r e  u s e d  in
t h e  p ro po r tion  of 1  to  3,  s p e cific g r avity ni t ric
a cid  1.52,  a n d  s ulph u ric  a cid  1.84.   The  dippin g

95



t a nk  is m a d e  of c a s t  i ron,  a n d  holds  2 2 0  lbs. of mixed
a cids ,  a n d  is s u r ro u n d e d  on  t h r e e  sid es  by a  w a t e r
s p ac e  in o r d e r  to  ke e p  it cool.  The  mixe d  a cid s
a r e  s to r e d  in iron  t a nks  b e hind  t h e  dipping  t a nks ,
a n d  a r e  allow e d  to  cool b efo r e  u s e .   Durin g  t h e
ni t r a tion,  t h e  t e m p e r a t u r e  of t h e  mixe d  a cids  is k e p t
a t  7 0  d e g.   F., a n d  t h e  co t ton  is dipp e d  in q u a n ti ti es
of 1-1/2  lb. a t  a  tim e.   I t  is p u t  in to  a  t in
s hoo t  a t  t h e  b a ck  of t h e  dippin g  t a nk, a n d  r ak e d  in to
t h e  a cids  by m e a n s  of a  r a b ble.   I t  r e m ains  in
t h e  a cids  for  five  o r  six min u t e s ,  a n d  is t h e n  r e move d
to  a  g r a tin g  a t  t h e  b a ck,  p r e s s e d  a n d  r e m ove d.  
Afte r  e a c h  c h a r g e  of co t ton  is r e move d  fro m  t h e  t a nk,
a bo u t  1 4  lbs. of fr es h  mixed  a cids  a r e  a d d e d,  to  r e pl ac e
a m o u n t  r e m ove d  by c h a r g e .   The  c h a r g e  now  w eighs,
wi th  t h e  a cids  r e t ain e d  by it, 1 5  lbs.; it is no w
plac e d  in t h e  po t s,  a n d  left  to  s t e e p  for  a t  le as t
t w e n ty-fou r  ho u r s ,  t h e  t e m p e r a t u r e  b ein g  ke p t  a s  low
a s  possible,  to  p r eve n t  t h e  for m a tion  of soluble  co t ton,
a n d  also  p r eve n t  fi ring.   The  p ro po r tion  of soluble
for m e d  is likely to  b e  hig h e r  in ho t  w e a t h e r  t h a n  cold.  
The  po t s  m u s t  b e  cove r e d  to  p r eve n t  t h e  a b so r p tion
of m ois t u r e  fro m  t h e  air, o r  t h e  a ccid e n t al e n t r a n c e
of w a t er, w hich  would  c a us e  d e co m posi tion,  a n d  cons e q u e n t
fumin g  off, t h ro u g h  t h e  h e a t  g e n e r a t e d  by  t h e  a c tion
of t h e  w a t e r  u po n  t h e  s t ro n g  a cids.
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The  exc es s  of a cids  is now  ext r a c t e d  by  m e a n s  of hyd ro-ex t r a c to r s,
a s  a t  S tow m a rk e t .   They a r e  wo rk e d  a t  1 ,20 0  r evolu tions
p e r  min u t e ,  a n d  w hi rled  for  five  min u t e s  (10-1/2  lbs.
of w a s t e  a cid s  a r e  r e m ove d  fro m  e a c h  ch a r g e  dipp e d).  
The  ch a r g e  is t h e n  w a s h e d  in a  ve ry simila r  m a n n e r
to  t h a t  p r eviously d e sc rib e d,  a n d  a g ain  w r u n g  ou t
in a  c e n t rifug al ext r a c to r  (1,200  r evolu tions  p e r
min u t e).  The  g u n-co t ton  is now  boiled  by  m e a n s
of s t e a m  in wood e n  t a nks  for  eigh t  ho u r s ;  it is t h e n
a g ain  w r u n g  ou t  in t h e  ex t r a c to r s  for  t h r e e  min u t e s,
boiled  for  eig h t  ho u r s  m o r e ,  a n d  a g ain  w r u n g  ou t;
it  is t h e n  s e n t  to  t h e  b e a t e r  a n d  af t e r w a r ds  to  t h e
po ac h er.  The  po a c h e r s  hold  1,50 0  g als.  e a c h,
o r  1 8  cw t.  of co t ton.   The  co t ton  r e m ains  six
ho u r s  in t h e  po ac h e r s .   Befor e  m o ulding,  5 0 0  g als.
of w a t e r  a r e  r u n  in to t h e  po a c h er, a n d  5 0 0  g als.  of
lim e  w a t e r  con t aining  9  lbs. of w hi ting  a n d  9  g al s.
of a  c a u s tic  sod a  solu tion.   This  mixt u r e  is of
s uc h  a  s t r e n g t h  t h a t  it  is c alcul a t e d  to  leave  in
t h e  finish e d  g u n-co t ton  fro m  1  to  2  p e r  ce n t .  of alkaline
m a t t er.

By m e a n s  of vac u u m  p r e s s u r e ,  t h e  p ulp  is now  d r a w n
off a n d  u p  in to  t h e  s t uff ch e s t—a  la r g e
cylind ric al i ron  t a nk,  s ufficie n tly el eva t e d  on  iron
s t a n d a r d s  to  allow roo m  for  t h e  s m all g a u g e  t a nks  a n d
m o ulding  a p p a r a t u s  b elow.  I t  holds  t h e  con t e n t s
of on e  po a c h e r  (18  cw t.), a n d  is p rovide d  wi t h  r evolving
a r m s  to  k e e p  t h e  p ulp  s ti r r e d  u p ,  so  t h a t  it  m ay  b e
u nifor mly s u s p e n d e d  in w a t er.

Rec e n tly a  n e w  p roc es s ,  inve n t e d  by J.M. a n d  W.T. 
Tho m so n  (En g.   Pa t .   No.  8 ,2 78,  1 9 0 3), h a s
b e e n  in t rod uc e d  a t  t h e  Walth a m  Abb ey Fac to ry. 
The  objec t  of t his  inven tion  is t h e  r e moval of t h e
a cids  of ni t r a tion  fro m  t h e  ni t r a t e d  m a t e r ial af t e r
t h e  a c tion  h a s  b e e n  co m ple t e d,  a n d  wi thou t  t h e  aid
of m oving  m a c hin e ry, s uc h  a s  p r e s s e s,  rolle r s,  c e n t rifug als,
a n d  t h e  like.   The  inve n tion  consis t s  in t h e  m a n ufac t u r e
of ni t r a t e d  c ellulos es  by r e m oving  t h e  a cids  fro m
t h e  ni t r a t e d  c ellulos e  di r ec tly by  dis place m e n t  wi t ho u t
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t h e  e m ploym e n t  of ei t h e r  p r e s s u r e  o r  vac u u m  or  m e c h a nical
a p plia nc es  of a ny kind,  a n d  a t  t h e  s a m e  ti m e  s e c u rin g
t h e  mini m u m  dilu tion  of t h e  a cid s.   I t  w a s  foun d
t h a t  if w a t e r  w a s  c a r efully r u n  on  to  t h e  s u rfac e
of t h e  a cids  in w hich  t h e  ni t ro-c ellulos e  is im m e r s e d,
a n d  t h e  a cids  b e  slowly d r a w n  off a t  t h e  bo t to m  of
t h e  ves s el, t h e  w a t e r  dis plac es  t h e  a cid  fro m  t h e
in t e r s tic e s  of t h e  ni t ro-c ellulos e  wi thou t  a ny u n d e si r a ble
ri s e  in t e m p e r a t u r e ,  a n d  wi th  ve ry lit tle  dilu tion
of t h e  a cids.   By t his  p roc e ss  al mos t  t h e  w hole
of t h e  a cid  is r ecove r e d  in  a  con dition  s ui t a bl e  for
conc e n t r a tion,  a n d  t h e  a m o u n t  of w a t e r  r e q ui r e d  for
p r elimin a ry w a s hin g  is ve ry g r e a tly r e d u c e d.   The
a p p a r a t u s  w hich  is u s e d  for  t h e  p u r pos e  co nsis t s  of
a  cylind rical o r  r e c t a n g ula r  vess el cons t r uc t e d  wi t h
a  p e rfo r a t e d  fals e  bo t to m  a n d  a  cock a t  i ts  lowes t
poin t  for  r u n ning  off t h e  liquid.   M e a n s  a r e  al so
p rovide d  to  e n a ble  t h e  di spl acing  w a t e r  to  b e  r u n
q uie tly on  to  t h e  s u rfac e  of t h e  ni t r a tin g  a cid s.[A]

[Footno t e  A:  In  a  fu r t h e r  p a t e n t  (En g.   Pa t .
7 , 26 9,  1 9 0 3,  F.L.  N a t h a m), J.M.  Tho m son
a n d  W.T.  Tho m so n  p ro pos e  by  u s e  of alcohol to
r e plac e  t h e  w a t er, u s e d  in w a s hing  ni t ro-c ellulos e,
a n d  af t e r w a r d  to  r e move  t h e  alcohol by p r e s sin g  a n d
c e n t rifuging.]
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The  a p p a r a t u s  is s how n  in Fig.  2O, sid e  el eva tion,
a n d  in Fig.  2 1  a  pl a n  of t h e  ni t r a ting  vess el a n d
its  a cc e s so rie s  is given.   In  Fig.  2 0  is s how n
in s ec tion al el eva tion  on e  of t h e  t ro u g h  d evices  for
e n a bling  liquids  to  b e  a d d e d  to  t hos e  in t h e  ni t r a tin g
vess el  wi thou t  s u b s t a n ti al di s t u r b a n c e.

[Illus t r a tion:  FIG. 2 0.—SECTIONAL
ELEVATION OF THOM SO N’S APPARATUS, a ,
Tank; b , Fals e  Bot to m;  c , Bot to m; c’,
Ribs; d , Dr aining  Ou tle t;  e , Grid; f ,
Trou g h s,  wit h  Aprons  g ; h , Pip e,  wi th
Bra nc h e s  h’, le ading  to  Troug hs,  f ;
k’ , Ou tle t  Pipe  of t h e  S ulph u ric  Acid
Tank k ; l, Wate r  S u p ply Pip e; m ,
Pipe  to  s u p ply of Ni t r a tin g  Acids; o , Pe rfo r a tions
of Trou g h  f ; p , Cock to  r e m ove  Acid.]

In  c a r rying  ou t  t his  inve n tion  a  r ec t a n g ula r  le ad-line d
o r  e a r t h e n w a r e  t a nk  a  is e m ployed,  h aving  a
false  bo t to m  b , s u p po r t e d  by  rib s  c’,
ove r  t h e  r e al  bo t to m  c , w hich  slop e s  do w n  to
a  d r aining  ou tle t  pipe  d , p rovide d  wi th  a  p e rfo r a t e d
g rid  o r  pl a t e  e , a d a p t e d  to  p r eve n t  choking
of t h e  ou tle t .   S ui t a bly s u p po r t e d  n e a r  t h e  top
of t h e  ves s el a  a r e  p rovide d  two  t ro u g h s,  f
h aving  d e p e n ding  a p ro n s  g , a  pip e  h  h a s
t wo  b r a nc h e s  h’, le ading  to  t h e  t ro u g h s,
f .  This  pipe  h  is a d a p t e d  to  b e
con n e c t e d  by a  r u b b e r  pip e  ei t h e r  to  t h e  ou tle t  pip e
k’  of t h e  s ulp h u ric  a cid  t a nk  k
or  t h e  w a t e r  s u p ply pip e  l.  The  ni t r a ting
a cids  a r e  s u p plied  t h ro u g h  t h e  pip e  m . 
A c h a r g e  of mixed  ni t r a ting  a cids  is in t ro d uc e d  in to
t h e  ves s el a  s ay u p  to  t h e  level n , a n d
t h e  d ry  c ellulos e  t h ro w n  in to  t h e  a cids  in s m all q u a n ti ti es
a t  a  ti m e,  b eing  p u s h e d  u n d e r  t h e  s u rf ac e  in t h e  u s u al
w ay.

[Illus t r a tion:  FIG. 2 1.—PLAN OF THOMSO N’S
APPARATUS, a , Tank; b , Fals e  Bot to m;
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c’, Ribs; e , Grid; f , Trou g h s;
g , Aprons;  h  a n d  h’, Pip es
to  Trou g h s  f ; k , S ulph u ric  Acid Tank;
m , Pip e  to  Ni t r a ting  Acids  Tank; o ,
Pe rfo r a tions  of Trou g h s;  p , Cock to  r e m ove
Acid.]

A t hin  layer, s ay  h alf a n  inc h,  of a  s ui t a bl e  liquid,
p r efe r a bly s ulp h u ric  a cid,  of a  g r avity no t  exc e e ding
t h a t  of t h e  w a s t e  a cid  to  b e  p ro d uc e d,  is r u n  c a r efully
on  t h e  top  of t h e  a cids  by m e a n s  of t h e  t rou g h s  f ,
w hich  a r e  p e rfo r a t e d  a s  s how n  a t  o , so  t h a t
t h e  s ulp h u ric  a cid  r u n s  dow n  t h e  a p ro n s  g ,
a n d  floa t s  on  t h e  ni t r a ti ng  a cids.   The  w hole  is
t h e n  allow e d  to  s t a n d  till ni t r a tion  h a s  b e e n  co m ple t e d .  
Wate r  is t h e n  s u p plie d  to  t h e  t r ou g h s  by  w ay of t h e
pip e s  l, h , a n d  h’, a n d
is allow e d  to  floa t  ve ry g e n tly ove r  t h e  s u rfac e  of
t h e  s ulp h u ric  a cid,  a n d  w h e n  a  s ufficie n t  laye r  h a s
b e e n  for m e d,  t h e  cock p  a t  t h e  bo t to m  of t h e
a p p a r a t u s  is op e n e d,  a n d  t h e  a cid  slowly d r a w n  off,
w a t e r  b ein g  s u p plied  to  m ain t ain  t h e  level cons t a n t .  
I t  is foun d  t h a t  t h e  r a t e  of displ ac e m e n t  of t h e  a cids
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is a  fac to r  w hich  exe r t s  a  consid e r a ble  influe nc e  on
t h e  p ro p e r ti es  of t h e  r e s ul ting  ni t ro-c ellulos e,  a n d
affor ds  a  m e a n s  of r e g ula ting  t h e  t e m p e r a t u r e  of dis plac e m e n t .  
A r a t e  of dis plac e m e n t  w hich  h a s  b e e n  foun d  s ui t a ble
is a bo u t  t wo  inch e s  in d e p t h  of t h e  vess el p e r  ho u r
w h e n  t r e a ting  hig hly ni t r a t e d  c ellulos es ,  b u t  t his
r a t e  m ay, in  so m e  c a s e s ,  b e  consid e r a bly inc r e a s e d.  
The  flow of w a t e r  a t  t h e  top  of t h e  a p p a r a t u s  is r e g ula t e d
so  t h a t  a  cons t a n t  level is m ain t aine d.   By t his
m e a n s  t h e  w a t e r  g r a d u ally a n d  e n ti r ely dis place s  t h e
a cids  fro m  t h e  in t e r s tice s  of t h e  ni t ro-c ellulos e,
t h e  line  of s e p a r a tion  b e t w e e n  t h e  a cid s  a n d  t h e  w a t e r
b ein g  fai rly s h a r ply d efine d  t h ro u g ho u t .   The  flow
of w a t e r  is co n tin u e d  u n til t h a t  issuing  a t  t h e  bo t to m
is foun d  to  b e  fr e e  fro m  all t r a c e  of a cid.   The
p u rifica tion  of t h e  ni t ro-cellulose  is t h e n  p roc e e d e d
wi th  a s  u s u al, ei t h e r  in t h e  s a m e  vess el o r  a no t h er.

In  t h e  p roc e s s  a bove  d e s c rib e d,  t h e  objec t  of t h e
in t rod u c tion  of a  s m all laye r  of s ulp h u ric  a cid  is
m ainly to  p r eve n t  t h e  fu ming  w hic h  wo uld  o t h e r wise
t ak e  pl ac e,  a n d  is no t  e s s e n ti al,  a s  it  is foun d  it
c a n  b e  o mi t t e d  wi tho u t  a ny d el e t e rious  effec t.  
In  o r d e r  to  u s e  t h e  mixe d  a cid s  in  t h e  m o s t  e cono mic al
m a n n er, t h e  w a s t e  a cid  fro m  a  p r evious  op e r a tion  m ay
b e  u s e d  for  a  fir s t  ni t r a tion  of t h e  c ellulose;  b eing
af t e r w a r d s  dis place d  wi th  fr e s h  a cids  w hich  c a r ry
t h e  ni t r a tion  to  t h e  r e q ui r e d  d e g r e e  b efor e  t h ey a r e
in t u r n  di spl ac e d  by w a t er.  The  a p p a r a t u s  m ay
b e  u s e d  m e r ely for  t h e  r e m oval of t h e  a cid,  in w hich
c a s e  t h e  ni t r a tion  is c a r ri e d  ou t  in o t h e r  vess els
in t h e  u s u al  w ay, a n d  t h e  ni t ro-c ellulos e  r e m ove d  to
t h e  dis plac e m e n t  a p p a r a t u s  w h e r e  it is jus t  cove r e d
wi th  w a s t e  a cid,  a n d  t h e  di splac e m e n t  t h e n  p roc e e d e d
wi th  a s  a bove  d e sc rib e d.   In  so m e  c a s e s  t h e  p roc e s s
is c a r rie d  ou t  in  a n  o rdin a ry  ni t r a ting  c e n t rifug al,
u sing  t h e  la t t e r  to  effec t  p r elimin a ry  d rying  af t e r
a cid  ex t r ac tion.   This  gives  a  g r e a t  a dva n t a g e
ove r  t h e  u s u al  m e t ho d  of working  o r din a ry  c e n t rifug al
ni t r a ting  a p p a r a t u s ,  b ec a u s e  t h e  a cid  b eing  r e m ove d
b efo r e  t h e  c e n t rifug al is r u n,  p r a c tically all d a n g e r
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of firing  t h e r ein  di s a p p e a r s ,  a n d  a  g r e a t e r  p ro po r tion
of t h e  w a s t e  a cid  is r e cove r e d .

In  so m e  c a s e s  t h e  a cids  a n d  w a t e r  m ay b e  s u p plie d
by p e rfo r a t e d  pip e s,  lying  along  t h e  e d g e s  of t h e
ni t r a ting  ves s el, a n d  t h e s e  e d g e s  m ay, if d e si r e d ,
b e  t h e m s elves  m a d e  incline d,  like  t h e  sid es  of t h e
t rou g h s  f .  In  t h e  c a s e  of effec ting  ni t r a tion
in c e n t rifug als  a s  a bove,  t h e  dis placing  s ulp h u ric
a cid  a n d  w a t e r  m ay  t h u s  b e  s u p plied  ro u n d  t h e  e d g e s
of t h e  m a c hin e s,  o r  r e moval t r ou g h s  s uc h  a s  f
m ay b e  u s e d .   I t  will b e  obvious  t h a t  a ny ine r t
liquid  of s ui t a bl e  s p e cific g r avity m ay  b e  u s e d  ins t e a d
of s ulp h u ric  a cid,  a s  a  s e p a r a t ion  layer.

M o ulding.—By m e a n s  of t h e  s m all
m e a s u ring  t a nk  a bove  r efe r r e d  to,  t h e  g u n-co t ton  p ulp
is d r a w n  off fro m  t h e  s t uff c h e s t ,  a n d  r u n  in to  m o ulds
of t h e  s h a p e s  a n d  sizes  r e q ui r e d.   The nc e  a  la rg e
p ro po r tion  of t h e  w a t e r  is d r a w n  off by m e a n s  of t u b e s
con n e c t e d  wi th  t h e  vacu u m  e n gin e ,  t h e  m o ulds  h aving
bo t to m s  of fine  wi r e  g a uz e,  in o r d e r  to  p r ev e n t  t h e
p ulp  fro m  p a s sing  t h ro u g h.   Hyd r a ulic p r e s s u r e
of a bo u t  3 4  lbs. on  t h e  s q u a r e  inc h  is t h e n  a p plie d,
w hich  h a s  t h e  effec t  of co m p r e s sing  t h e  p ulp  in to  a
s t a t e  in w hich  it  h a s  s ufficien t  consis t e ncy to  e n a ble
it  to  b e  h a n dle d  wi t h  c a r e,  a n d  also  exp els  a  po r tion
of t h e  r e m aining  w a t er.
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Co m pr e s sing.—The  m o uld e d  g u n-co t ton
is now  t ak e n  to  t h e  p r e s s  ho u s e ,  w hich  is si t u a t e d
a t  so m e  dis t a nc e  fro m  t h e  r e s t  of t h e  fac to ry. 
H e r e  t h e  m o ulds  a r e  s u bjec t e d  to  pow e rful hyd r a ulic
p r e s s u r e,  fro m  5  to  6  tons  p e r  s q u a r e  inch,  a n d  is
co m p r e s s e d  to  on e-t hi rd  of its  p r evious  b ulk. 
The  sl abs  o r  discs  t h u s  for m e d  a r e  ke p t  u n d e r  p r e s s u r e
for  a  s ho r t  t im e,  no t  exc e e ding  a  min u t e  a n d  a  h alf,
to  give  t h e  r e q uisi t e  d e n si ty.  I t  s hould,  w h e n
r e m ove d,  b e  co m p a c t ,  a n d  jus t  sink  in w a t er, a n d  s hould
p e rc e p tibly yield  to  t h e  p r e s s u r e  of t h e  fing e r s .  
The r e  a r e  p e rfo r a tions  in t h e  p r e s s  blocks,  to  allow
of t h e  e s c a p e  of g a s e s,  if for m e d,  by r e a so n  of s ufficien t
h e a t  b eing  g e n e r a t e d .   The  m e n  wo rking  t h e  p r e s s
a r e  pl ac e d  u n d e r  cover, b e hin d  s t ron g  ro p e  m a n tle t s
h aving  eye  t u b e s  w hich  co m m a n d  a  view of t h e  p r e s s.

Pac king.—The  finish e d  sl ab s  a n d
discs  a r e  dip p e d  in to  a  solu tion  of sod a  a n d  c a r bolic
a cid,  a n d  p a ck e d  in s p eci al wood  m e t al-line d  c a s e s .  
Whe n  it  is to  b e  s e n t  a b ro a d,  t h e  m e t al  lining,  w hich
is m a d e  of tinn e d  cop p er, is sold e r e d  do w n,  b u t  bo t h
t h e  ou t e r  wood e n  a n d  inn e r  m e t al  c a s e s  a r e  fit t e d
wi th  ai r-tigh t  sc r e w-plug s,  so  t h a t  w h e n  n e c e s s a ry
w a t e r  c a n  b e  a d d e d  wi thou t  u nfas t e nin g  t h e  c a s e s.

R e w or k e d  g u n-co t to n  do e s  no t  m a k e  s uc h  good
discs  a s  n e w  p ulpe d  g u n-co t to n,  p ro b a bly b ec a u s e
t h e  fib rous  t e n a ci ty of t h e  g u n-co t ton  h a s  b e e n  d e s t roye d
by t h e  a m o u n t  of p r e s s u r e  it  h a s  p r eviously u n d e r go n e,
so  t h a t  w h e n  r e p ulp e d  it  r e s e m bles  fine  d u s t ,  a n d
a  long  tim e  is r e q ui r e d  to  p r e s s  it  in to  a ny p r e sc rib e d
for m.  I t  is g e n e r ally boiled  for  eig h t  ho u r s  to
op e n  u p  t h e  fib r e  a n d  r e move  alkali, t h e n  b roke n  u p
by h a n d  wi t h  wood e n  m alle t s ,  p ulp e d,  a n d  t h e n  u s e d
wi th  fre s h  g u n-co t to n  in t h e  p ro po r tion  of 1  to  5
p a r t s .

M a n ufac t ur e  a t  L e  Bouc h e t .—At Le
Bouch e t  g u n-co t to n  w a s  m a d e  t h u s:—2 0 0  g r m s.
of cot ton  w e r e  s t e e p e d  for  a n  ho u r  in 2  li t r e s  of a
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mixt u r e  of 1  volu m e  conc e n t r a t e d  ni t ric  a n d  2  volu m e s
s ulp h u ric  a cid.   The  co t ton  w a s  t h e n  r e m oved  a n d
p r e s s e d ,  w h e r e by 7/10 t h s  of t h e  w a s t e  a cid s  w a s  r e cove r e d .  
Afte r  t his  it w a s  w a s h e d  for  on e  to  on e  a n d  a  h alf
ho u r s  in r u n nin g  w a t er, s t ron gly p r e s s e d  a g ain; allow e d
to  lie  for  t w e n ty-fou r  ho u r s  in wood-a s h  lye; t h e n
w ell w a s h e d  in r u n nin g  w a t e r ;  p r e s s e d ,  a n d  finally
d ri e d  on  a  wid e  line n  s h e e t ,  t h ro u g h  w hich  w a s  forc e d
ai r  h e a t e d  to  6 0  d e g.   C. The  ave r a g e  yield  fro m
1 0 0  p a r t s  of co t ton  w a s  1 6 5  p a r t s  of g u n-co t ton.  
The  s t ron g  p r e s sin gs  of t h e  g u n-co t ton,  w hile  s till
imp r e g n a t e d  wi th  a cid s,  c a u s e d  s u b s e q u e n t  w a s hin gs
to  b e  difficul t  a n d  labo rious.

Gran ulation  of  Gu n-Cot ton.—Gu n-co t to n
is oft e n  r e q ui r e d  in  t h e  g r a n ul a t e d  for m  for  u s e  ei t h e r
alon e  o r  wi th  so m e  for m  of s m ok ele ss  pow d er. 
This  is do n e  u n d e r  t h e  p a t e n t  of Si r  F r e d e rick  Abel
in t h e  following  m a n n e r :—The  g u n-co t ton
fro m  t h e  po ac h e r  is pl ac e d  in a  c e n t rifug al m a c hin e ,
ve ry simila r  to  t h e  hyd ro-ex t r ac to r s  b efo r e  m e n tion e d,
a n d  u s e d  for  w ringin g  ou t  t h e  a cids.   In  t hi s  m a c hine
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it  lose s  w a t e r  u n til it  only con t ains  3 3  p e r  ce n t .,
a n d  is a t  t h e  s a m e  tim e  r e d uc e d  to  a  m o r e  o r  less
fib rous  s t a t e .   I t  is t h e n  t ak e n  to  t h e  g r a n ula ting
roo m,  w h e r e  it is fi r s t  p a s s e d  t h ro u g h  sieves  o r  p e rfo r a tions,
w hich  b r e ak  u p  t h e  m a s s  in to  lit tle  pi ec es  like  s ho t .  
The  m a t e ri al is t h e n  t r a n sfe r r e d  to  a  r evolving  d r u m
m a d e  of wood  o r  s tou t  le a t h er, w hich  is ke p t  cons t a n tly
r evolving  for  so m e  tim e.   The  m a t e ri al is occ asion ally
s p rinkled  wi th  w a t er.  The  d r u m  in t u r ning,  of
cou r s e ,  c a r ri e s  t h e  g r a n ule s  p a r ti ally ro u n d  wi th
it, b u t  t h e  a c tion  of g r avity c a us e s  t h e m  to  d e sc e n d
con s t a n tly to  t h e  low es t  poin t,  a n d  t h u s  to  roll ove r
on e  a no t h e r  con tinu ally.  The  s p e e d  of t h e  d r u m
m u s t  no t  b e  too  r a pid.   No n e  of t h e  g r a n ules  m u s t
b e  c a r ri e d  ro u n d  by c e n t rifug al  force,  b u t  it  m u s t
b e  fas t  e no u g h  to  c a r ry t h e m  so m e  lit tle  dis t a n c e
u p  t h e  side  of t h e  d r u m.   Afte r  r e m oval fro m  t h e
d r u m  t h e  g r a n ule s  a r e  d rie d  u po n  s h elves  in  t h e  d rying
ho us e.

Gun-co t ton  is al so  dis solved  in  a c e to n e  o r  a c e tic
e t h e r  u n til it  h a s  t ak e n  t h e  for m  of a  jelly. 
I t  is t h e n  rolled  in to  t hin  s h e e t s,  a n d  w h e n  d ry  c u t
u p  in to  lit tl e  s q u a r e s .   In  t h e  m a n ufac t u r e  of
s m ok eles s  pow d e r s  fro m  ni t ro-c ellulos e,  ni t ro-lignin e,
&c., t h e  va rious  s u b s t a nc e s  a r e  mixed  wi t h  t h e  g u n-co t ton
o r  collodion-co t ton  b efo re  g r a n ula ting.

Collodion-Cot ton.—In t h e  m a n ufac t u r e
of collodion  o r  soluble  cot ton  t h e  fine r  q u ali ties
of cot ton-w a s t e  a r e  u s e d  a n d  t h e  a cids  u s e d  in t h e
dip ping  t a nks  a r e  m u c h  w e a k er.  The  m a n ufac t u r e
of collodion-co t ton  h a s  b e co m e  of m o r e  im po r t a nc e
t h a n  g u n-co t to n,  by r e a son  of i ts  u s e  for  t h e  m a n ufac t u r e
of t h e  va rious  for m s  of g el a tin e,  s uc h  a s  g el a tin e
dyn a mi t e,  g eligni t e ,  forci t e,  &c., a n d  also  on  a c cou n t
of it s  ex t e n sive  u s e  in t h e  m a n ufac t u r e  of m a ny of
t h e  s mok ele ss  pow d e r s .   I t  is a l so  u s e d  for  t h e
m a n ufac t u r e  of “collodion,” w hich  is a
solu tion  of collodion-co t to n  in e t h e r-alcohol; for
t h e  p r e p a r a tion  of celluloid,  a n d  m a ny ot h e r  p u r pos e s.  
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It  is les s  explosive  t h a n  g u n-co t to n,  a n d  consis t s
of t h e  low e r  ni t r a t e s  of c ellulos e.   I t  is soluble
in ni t ro-glyce rin e,  a n d  in a  mixt u r e  of 2  p a r t s  of
e t h e r  a n d  1  of alcohol; a lso  in a c e to n e,  a c e tic  e t h er,
a n d  o th e r  solven t s.   M M.  M e n a r d  a n d  Domon t e
w e r e  t h e  fir s t  to  p r e p a r e  a  soluble  g u n-co t to n,  a n d
its  inves tiga tion  w a s  c a r r ie d  on  by Bec h a m p,  w ho  s how e d
t h a t  it s  p rop e r ti e s  a n d  co m posi tion  w e r e  diffe r e n t
to  t hos e  of g u n-co t ton.

M a n ufac t ur e.—The  co t to n  u s e d  is
co t ton-w a s t e .[A] It  is t ho u g h t  by so m e  t h a t  Egyp ti an
co t ton  is p r efe r a ble,  a n d  e s p eci ally long  fib r e  va rie ti es .  
The  s t r e n g t h  of t h e  a cid s  u s e d  is, how ever, of m o r e
impor t a nc e  t h a n  t h e  q u ali ty of t h e  co t to n.   The
p e rc e n t a g e  co m position  of t h e  a cid  mixtu r e  w hic h  gives
t h e  b e s t  r e s ul t s  is a s  follows:—Nit ric  a cid,
2 3  p e r  c e n t .; s ulph u ric  a cid,  6 6  p e r  c e n t .; a n d  w a t er,
1 1  p e r  c e n t;  a n d  h a s  a  s p e cific g r avity of 1 .7 1 2  (abou t). 
I t  c a n  b e  m a d e  by mixing  s ulp h u ric  a cid  of s p e cific
g r avity 1.84  wi th  ni t ric  a cid  of s p ecific g r avi ty 1.3 6 8
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in  t h e  p ro po r tions  of 6 6  p e r  ce n t .  a n d  3 4  p e r  c e n t .
r e s p e c tively. (The  p ro d uc tion  of t h e  p e n t a-ni t ro-c ellulose
is ai m e d  a t  if t h e  collodion-co t to n  is for  u s e  a s
a n  explosive.) If t h e  a cid s  a r e  m u c h  w e ak e r  t h a n  t his ,
o r  po t a s siu m  ni t r a t e  a n d  s ulph u ric  a cid  is u s e d ,  t h e
low e r  ni t r a t e s  will b e  for m e d.   The  p ro d u c t ,  w hile
b ein g  e n ti r ely soluble  in e t h e r-alcohol o r  ni t ro-glyce rin e,
will h av e  a  low ni t rog e n  co n t e n t ,  w h e r e a s  a  m a t e ri al
wi th  a s  high  a  ni t rog e n  a s  1 2  o r  1 2.6  is to  b e  ai m e d
a t .

[Footno t e  A:  Ra w  co t ton  is of t e n  u s e d .]

The  co t to n  s ho uld  no t  b e  allow e d  to  r e m ain  in t h e
dip ping  t a nks  for  m o r e  t h a n  five mi n u t e s ,  a n d  t h e
a cid  mixt u r e  s ho uld  b e  ke p t  a t  a  t e m p e r a t u r e  of 2 8
d e g.   C. o r  t h e r e a bo u t s;  a n d  t h e  co t to n  s ho uld
b e  r e m ove d  af t e r  a  few min u t e s ,  a n d  s hould  no t  b e
p r e s s e d  ou t ,  a s  in t h e  c a s e  of g u n-co t to n,  b u t  a t
onc e  t r a n sfe r r e d  to  t h e  po t s  a n d  allow e d  to  s t e e p  for
for ty-eigh t  ho u r s.  (So m e  p r efe r  t w e n ty-fou r  ho u r s,
b u t  t h e r e  is m o r e  c h a n c e  in  t his  c a s e  of t h e  p ro d uc t
con t aining  no n-ni t r a t e d  cellulos e.) Wh e n  t h e  ni t r a tion
is co m ple t e,  t h e  collodion-co t ton  is r e m ove d  fro m  t h e
po ts ,  a n d  t r e a t e d  in ex ac tly t h e  s a m e  m a n n e r  a s  d e sc rib e d
u n d e r  g u n-co t ton.   The  p ro d uc e  s ho uld  b e  e n ti r ely
soluble  in e t h e r-alcohol a n d  ni t ro-glyce rin e,  a n d  con t ain
a s  n e a r  1 2.7  p e r  c e n t .  of ni t rog e n  a s  possible.  
The  t h eo r e tical ni t ro g e n  is for  t h e  p e n t a-ni t ro-c ellulos e
1 2.75  p e r  c e n t .   This  will, how ever, s eldo m  if
eve r  b e  ob t ain e d.   The  following  a r e  so m e  of t h e
r e s ul t s  I h av e  ob t aine d  fro m  diffe r e n t  s a m ples:—

Nit rog e n.
(1.)  (2.)  (3.)
Ge r m a n  m a k e    1 1.6 4   1 1.4 8  1 1.49  p e r  c e n t .  
S tow m a r k e t     1 2.57   1 2.60  1 1.2 2     "
Wals rod e       1 1 .61   1 2.07  1 1.9 9     "
Fave r s h a m      1 2.14   1 1.70  1 1.6 0     "

a n d  t h e  following  w a s  t h e  a n alysis  of a  s a m ple  (No.
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1) of Ger m a n-m a d e  collodion-co t ton,  w hich  m a d e  ve ry
good  bla s ting  g el a tin e:—

_
Soluble  co t to n  (collodion) 9 9.11 8  p e r  c e n t . |  Ni t ro g e n  =  1 1.64  p e r  c e n t .  
Gun-co t ton                   0 .64 2    "     _|
N o n-ni t r a t e d  co t ton          0 . 24 0    "
Total a s h                    0 . 25     "

It  s hould  con t ain  a s  lit tle  no n-ni t r a t e d  o r  u nco nve r t e d
co t ton  a n d  a s  lit tl e  g u n-co t ton  a s  possible,  a s  t h ey
a r e  bo t h  insoluble  in ni t ro-glyce rol.  The  q u ali ty
a n d  co m posi tion  of a ny s a m ple  of collodion-co t ton
c a n  b e  q uickly infe r r e d  by  d e t e r mining  t h e  p e r c e n t a g e
of ni t rog e n  by m e a n s  of t h e  ni t ro m e t e r  a n d  t h e  u s e
of t h e  solubili ty t e s t .[A] A high  ni t rog e n  con t e n t
cou pled  wit h  a  hig h  solubili ty is t h e  e n d  to  b e  ai m e d
a t;  a  high  ni t rog e n  wi th  a  low solubili ty s how s  t h e
p r e s e n c e  of g u n-co t ton,  a n d  a  low ni t rog e n,  tog e t h e r
wi th  a  low solubili ty, t h e  p r e s e nc e  of u n ni t r a t e d
co t ton.   Whe r e  co m ple t e  solubili ty is e s s e n ti al
a n d  t h e  p e r c e n t a g e  of ni t rog e n  less  im po r t a n t ,  Dr
Lung e  r eco m m e n d s  ni t r a tion  wi th  a  mixt u r e  of e q u al
p a r t s  of s ulph u ric  a n d  ni t ric  a cids  con t aining  fro m
1 9  to  2 0  p e r  c e n t .  of w a t er.

[Footno t e  A:  S e e  Analysis  of Explosives.]

108



Page 53

M r  T.R.  F r a nc e  cl ai ms  to  h ave  inven t e d  so m e  imp rove m e n t s
in t h e  m a n ufac t u r e  of soluble  ni t ro-cellulose.  
His  objec t  h a s  b e e n  to  p ro d uc e  a n  a r ticle  a s  u nifo r m
a s  possible.   His  expla n a tion  of t h e  imp e rfec t
a c tion  of t h e  a cids  is t h a t ,  how eve r  u nifo r m  t h e  mixe d
a cids  m ay  b e  in s t r e n g t h  a n d  p ro po r tions,  a n d  how eve r
c a r efully t h e  op e r a tions  of ni t r a ting,  &c., m ay  b e
con d uc t e d ,  t h e r e  a r e  va ri able  el e m e n t s  foun d  in diffe r e n t
s a m ples  of co t ton.   The  co t ton  fib r e  h a s  for  it s
p ro t e c tion  a  gl aze d  s u rfac e .   I t  is t u b ula r  a n d
c ellul a r  in s t r uc t u r e ,  a n d  con t ain s  a  n a t u r al  s e mi-fluid
s u b s t a n c e  co m pos e d  of oil o r  g u m,  w hich  va ri es  in n a t u r e
a c co r din g  to  t h e  n a t u r e  of t h e  soil u po n  w hich  t h e
co t ton  is g row n.   The  t u b e s  of t h e  fib r e  s e e m
to  b e  op e n  a t  on e  e n d  only w h e n  t h e  fib r e  is of no r m al
len g t h.   Wh e n,  t h e r efo r e,  t h e  co t to n  is s u bjec t e d
to  t h e  a c tion  of t h e  mixed  a cid s,  t h e  line  of lea s t
r e si s t a n c e  s e e m s  to  b e  t ak e n  by t h e m,  viz ., t h e
insid es  of t h e  t u b e s  cons ti t u ting  t h e  fib r e  of t h e
co t ton,  in to  w hich  t h ey  a r e  t ak e n  by c a pilla ry a t t r a c tion,
a n d  a r e  s u bjec t  to  c h a n g e  a s  t h ey p ro g r e s s,  a n d  to
t h e  inc r e a s e d  r e si s t a nc e  fro m  t h e  oil o r  g u m,  &c.,
in  t h ei r  p ro g r e s s,  a n d  t h e r efo re  to  m o dified  a c tion,
t h e  r e s ul t  of w hic h  is slow e r  a n d  slow e r  a c tion,  o r
c h e mic al c h a n g e.   H e  also  t hinks  i t is pos sible
t h a t  t h e  pow e r  of c a pilla ry a t t r a c tion  is b al a nc e d
in t h e  t u b e s  by  ai r  con t ain e d  t h e r ein,  af t e r  a  li t tl e,
s ufficien tly so  to  p r eve n t  t h e  a cids  fro m  t aking  full
effec t.   To g e t  ove r  t his,  M r  F r a nc e  u s es  his  co t ton
in a  fine  s t a t e ,  a l mos t  d u s t ,  in fac t ,  a n d  t h e n  ni t r a t e s
in t h e  u s u al  mixtu r e  of a cids  a t  4 0  d e g.  to  9 0  d e g.  
F., t h e  exc es s  of a cids  b eing  r e m ove d  by p r e s s u r e.  
H e  s ays  h e  do e s  no t  find  it  n e c e s s a ry to  w a s h  t his
fine  co t ton  d u s t  in a n  alkaline  solu tion  p r evious
to  ni t r a tion.   His  mixed  a cid s  consis t  of 8  p a r t s
H NO_{ 3 }  =  4 2  d e g.   B., a n d  1 2  p a r t s  H_{2 } SO_{4 }
=  6 6  d e g.   B., a n d  h e  s ti r s  in  t h e  dippin g  t a nk
for  fift ee n  mi n u t e s ,  t h e  t e m p e r a t u r e  b eing  5 0  d e g.  
F. to  1 0 0  d e g.   F., t h e  t e m p e r a t u r e  p r ef e r r e d
b ein g  7 5  d e g.   F.
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"Ni tra t e d” Gun-Cot ton.—The
ni t r a t e s  t h a t  a r e  o r  h av e  b e e n  mixe d  wit h  g u n-co t ton
in o r d e r  to  s u p ply oxyge n  a r e  po t a s siu m  ni t r a t e ,  a m m o niu m
nit r a t e ,  a n d  b a riu m  ni t r a t e  ( toni t e).  The  to t al
co m b u s tion  of g u n-cot ton  by po t a s siu m  ni t r a t e  co r r e s po n ds
to  t h e  e q u a tion:—

1 0[C_{24 } H_{ 1 8 }(NO_{3 } H)_{11 }O_{9 }] +  8 2KNO_{3 }  =
1 9 9CO_{2 }  +  4 1K_{2 }CO_{3 }  +  1 4 5 H_{ 2 }O +  9 6 N_{ 2 },

o r  8 2 8  g r m s.  of ni t r a t e  for  1 ,14 3  g r m s.  of g u n-co t ton,
o r  4 2  p e r  c e n t .  ni t r a t e  a n d  5 8  p e r  c e n t .  g u n-co t ton.  
The  explosive  m a d e  a t  Fave r s h a m  by t h e  Cot ton  Powd e r
Co m p a ny, a n d  know n  a s  to ni t e  No.  1 ,  co nsis t s  of ve ry
n e a rly h alf g u n-co t to n  a n d  h alf b a r iu m  ni t r a t e .  
The  r el a tions  by  w eigh t  of to t al  co m b u s tion  wo uld
b e  5 1.6  of g u n-co t ton  to  4 8.4  of b a riu m  ni t r a t e .  
The  ave r a g e  co m posi tion  of toni t e  I h av e  foun d  by a n alysis
to  b e  5 1  p e r  c e n t .  g u n-co t ton  to  4 9  p e r  c e n t .  b a riu m
ni t r a t e .   The  h e a t  libe r a t e d  is p r a c tically t h e
s a m e  a s  for  a n  e q uivale n t  w eigh t  of KNO_{3 };  b u t  t h e
b a riu m  ni t r a t e  mixtu r e  w eigh s  2,22 3  g r m s.  ins t e a d  of
1,97 1  g r m s.,  o r  on e-eigh t h  m o r e.   The  a dva n t a g e
in mixing  a  ni t r a t e  wi th  g u n-co t ton  is t h a t  it s u p plie s
oxyge n,  a n d  by conve r ting  all t h e  c a r bo n  in to  c a r bo nic
a cid,  p r eve n t s  t h e  for m a tion  of t h e  poisonous  g a s
c a r bo nic  oxide  (CO).  The  ni t r a t e s  of po t a s siu m
a n d  b a riu m  a r e  also  u s e d  a d mixed  wi th  ni t ro-c ellulos e
in s eve r al  of t h e  s po r tin g  s m ok ele ss  pow d e r s .
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T h e  M a n ufac tur e  of  Tonit e .—The  explosive
toni t e  w a s  p a t e n t e d  by  M e s s r s  Tre nc h,  Fau r e ,  a n d  M ackie,
a n d  is m a n ufac t u r e d  a t  Fave r s h a m  a n d  M elling  a t  t h e
wo rks  of t h e  Cot ton  Pow d e r  Co m p a ny, a n d  a t  S a n  F r a ncisco
by t h e  Tonit e  Powd e r  Co m p a ny.  I t  consis t s  of
finely divide d  a n d  m a c e r a t e d  g u n-co t ton  inco rpo r a t e d
wi th  finely g ro u n d  ni t r a t e  of b a riu m  w hich  h a s  b e e n
c a r efully r e c rys t allis e d.   I t  is m a d e  by a c ting
u po n  c a r bo n a t e  of b a riu m[A] wi th  ni t ric  a cid.  
The  w e t  a n d  p e rfec tly p u rified,  finely p ulp e d  g u n-co t to n
is in ti m a t ely mixe d  u p  b e t w e e n  e d g e  r u n n e r s  wi th  a bo u t
t h e  s a m e  w eig h t  of ni t r a t e ,  a n d  t h e  mixing  a n d  g rin ding
con tinu e d  u n til t h e  w hole  h a s  b e co m e  a n  in tim a t ely
mixed  p a s t e .   This p a s t e  is t h e n  co m p r e s s e d  in to
c a r t rid g e s ,  for m e d  wi th  a  r e c e ss  a t  on e  e n d  for  t h e
p u r pos e  of ins e r ting  t h e  d e to n a tor.  The  w hole
is t h e n  cove r e d  wi th  p a r affined  p a p er.

[Footno t e  A:  With e ri t e,  BaCO_{ 3 }  +  2 H N O_{3 }  =
Ba(NO_{3 })_{2 }  +  CO_{2 }  +  H_{2 }O.]

The  to ni t e  No.  2  consis t e d  of g u n-co t ton,  ni t r a t e s
of po t a s h  a n d  sod a,  c h a r co al a n d  s ulp h ur.  Tonit e
No.  3[A] is co m pos e d  a s  follows:—Gun-co t ton,
1 9  p e r  c e n t .; di-ni t ro-b e nzol, 1 3  p e r  c e n t .; a n d  b a riu m
ni t r a t e ,  6 8  p e r  c e n t .  o r  si mila r  p ro po r tions.  
I t  is a  yellowish  colour, a n d  b eing  slow e r  in its
explosive  a c tion,  is b e t t e r  a d a p t e d  for  bl a s ting  soft
rock.

[Footno t e  A:  Tonit e  No. 1  w a s  p a t e n t e d  by  M e ss r s
Tre nc h,  Fau r e ,  a n d  M a ckie,  a n d  to ni t e  N os.  2  a n d  3
by Tre nc h  alon e.]

Tonit e  is ex t e n sively u s e d  in to r p e do e s  a n d  for  s u b m a rin e
bla s ting,  al so  for  q u a r ri e s,  &c.  La r g e  q u a n ti ti e s
w e r e  u s e d  in t h e  cons t r uc tion  of t h e  M a n c h e s t e r  S hip
Ca n al.  Among  its  a dv a n t a g e s  a r e ,  t h a t  t h e  E n glish
r ailw ays  will t ak e  tonit e  on  t h e  s a m e  footing  a s  g u n pow d e r;
it  is a  ve ry d e n s e  m a t e ri al; if w e t t e d  it  c a n  e a sily
b e  d ri e d  in  t h e  s u n;  it  ve ry r e a dily explode s  by t h e
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u s e  of a  p ro p e r  d e ton a to r;  w hile  i t b u r n s  ve ry slowly
a n d  wi t ho u t  t h e  lea s t  d a n g e r;  t h e  c a r t rid g e s  b eing
w a t e r p roofe d,  i t c a n  b e  e m ploye d  in w e t  bo r e  hole s,
a n d  it  c a n  b e  t a m p e d  wi th  w a t e r ;  a n d  finally, a s  it
con t ain s  s ufficien t  oxyg e n  to  oxidise  t h e  c a r bo n,  no
c a r bo nic  oxide  (CO) g a s  is for m e d,  i.e ., it s
d e to n a tion  is p e rfec t .   I t  is a  ve ry s afe  explosive
to  u s e,  b ein g  lit tle  s u sc e p tible  to  ei t h e r  blows  o r
fric tion.

N o t  long  a go,  a  co m mit t e e ,  co m pos e d  of P rof. 
P. Bedso n,  Drs  Dru m m o n d  a n d  H u m e,  M r  T. Bell, on e
of H.M.  Ins p e c to r s  of Coal Min es,  a n d  o t h e r s,
in  consid e rin g  t h e  p ro ble m  w h e t h e r  t h e  fu m e s  p ro d uc e d
by t h e  co m b u s tion  of toni t e  w e r e  inju rious  to  h e al t h,
c a r ri e d  ou t  a  s e ri es  of exp e ri m e n t s  in  co al mi n e s
for  t his  p u r pos e .   The  ai r  a t  t h e  “in t ak e”
w a s  a n alyse d,  also  t h e  ai r  of t h e  “r e t u r n,”
a n d  t h e  s moky ai r  in t h e  vicinity of t h e  s ho t  hole s.  
The  c a r t ri dg e  w a s  s u r ro u n d e d  by t h e  fla m e-ex ting uis hing
mixt u r e,  a n d  p ack e d  in a  b row n  p a p e r  b a g.   During
t h e  fir s t  exp e ri m e n t  nin e t e e n  s ho ts  w e r e  fi r e d  ( =
6.29  lbs.  to ni t e).  The  “r e t u r n”  ai r
s how e d  only a  t r a c e  of c a r bo nic  oxide  g a s  (CO). 
At t h e  s econ d  exp e ri m e n t  t hi r t e e n  s ho t s  w e r e  fir ed
( =  4.4 0  lbs.  to ni t e), a n d  a n alysis  of t h e  ai r  of t h e
“r e t u r n”  s how e d  t h a t  CO w a s  p r e s e n t  in
t r a c e s  only, w hils t  t h e  fum e s  con t ain e d  only 1.9  to
4.8  p a r t s  p e r  1 0,00 0.
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Dan g ers  in con n e c tion  wi t h  t h e  M a n u fac t ur e  of  Gunco t ton,
&c.—Of all t h e  ni t ro  co m po u n d s,  t h e
lea s t  d a n g e ro u s  to  m a n ufac t u r e  a r e  g u n-co t ton  a n d
collodion-co t ton.   The  fac t  t h a t  t h e  S tow m a r k e t
Fac to ry is wi t hin  five mi n u t e s’ w alk of t h e
tow n  s hows  ho w  s afe  t h e  m a n ufac t u r e  of t his  explosive
is r e g a r d e d.   With  t h e  exc e p tion  of t h e  ni t r a tion
a n d  t h e  co m p r e s sion  in to  blocks  o r  discs,  t h e  w hole
p roc e s s  is wo rk e d  wi t h  a  la rg e  exce ss  of w a t er, a n d
t h e  p ro b a bili ty of a n  explosion  is t h u s  r e d u c e d  to
a  mini m u m.   Among  t h e  p r e c a u tions  t h a t  s ho uld,
how ever, b e  t ak e n,  a r e—firs t ,  t h e  c a r eful
ex t r ac tion  of t h e  r e sinous  a n d  soluble  s u bs t a nc e s  fro m
t h e  co t ton  b efo r e  ni t r a tion,  a s  i t w a s  s how n  m a ny
ye a r s  a go  by Si r  F.A.  Abel t h a t  t h e  ins t a bili ty
of t h e  g u n-co t to n  fir s t  m a n ufac t u r e d  in E n gla n d  a n d
Aust ri a  w a s  c hiefly d u e  to  t h e s e  co m po u n d s.   They
a r e  g e n e r ally r e m ove d  by boiling  t h e  co t ton  in a  sod a
solu tion.

The  a c t u al  ni t r a tion  of co t ton  is no t  a  d a n g e ro us
op e r a tion,  b u t  t h e  op e r a t ions  of w rin ging  in  t h e  hyd ro-ext r a c to r s,
a n d  w a s hing  t h e  ni t ro-co t to n  af t e r  it  le aves  t h e
fir s t  c e n t rifug al m a c hin e ,  a r e  so m e w h a t  so.   Gre a t
c a r e  s ho uld  b e  t ak e n  t h a t  t h e  w r u n g-ou t  ni t ro-co t ton
a t  onc e  co m e s  in con t a c t  wi th  a  la rg e  exc es s  of w a t er,
i.e ., is a t  onc e  im m e r s e d  e n ti r ely in t h e  w a t er,
since  a t  t his  s t a g e  it  is e s p e ci ally liable  to  d e co m posi tion,
w hich,  onc e  s t a r t e d ,  is ve ry difficul t  to  s top.  
The  w a r m e r  t h e  mixt u r e  a n d  t h e  less  w a t e r  i t con t ains ,
t h e  m o r e  liable  it  is to  d e co m position; h e nc e  it is
t h a t  on  w a r m  a n d  d a m p  d ays  t h e  c e n t rifug al  m a c hin e s
a r e  m os t  likely to  fir e .   The  co m m e n c e m e n t  of d e co m posi tion
m ay b e  a t  onc e  d e t e c t e d  by  t h e  evolu tion  of r e d  fu m e s.  
Direc tly t h e  g u n-co t to n  is im m e r s e d  in t h e  la r g e  q u a n ti ty
of w a t e r  in t h e  b e a t e r  a n d  po a c h e r  i t is s afe.

In  o r d e r  t h a t  t h e  final p ro d uc t  m ay  b e  s t a bl e  a n d
h ave  good  k e e pin g  q u alities,  it is n e c e s s a ry  t h a t
it  s hould  b e  w a s h e d  co m ple t ely fre e  fro m  a cid.  
The  t r e a t m e n t  in t h e  b e a t e r  a n d  po ac h er, by c a u sing
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t h e  m a t e ri al to  a s s u m e  t h e  s t a t e  of a  fine  p ulp,  in
con t ac t  wi th  a  la r g e  q u a n ti ty of w a t er, do e s  a  good
d e al  to  g e t  r i d  of t h e  fre e  a cid,  b u t  t h e  boiling
p roc e s s  is a b solu t ely n e c e s s a ry.  I t  h a s  b e e n  p ro pos e d
to  n e u t r alis e  t h e  fre e  a cid  wi th  a  dilu t e  solu tion
of a m m o nia; a n d  Dr  C.O.  Webe r  h a s  p u blish e d  so m e
exp e ri m e n t s  b e a rin g  u po n  t his  t r e a t m e n t .   H e  foun d
t h a t  af t e r  t r e a t m e n t  wi th  a m m o nia,  py roxyline  a s s u m e d
a  sligh tly yellowish  tin g e ,  w hich  w a s  a  s u r e  sign
of alkalini ty.  I t  w a s  t h e n  r e m ove d  fro m  t h e  w a t er,
a n d  ro u g hly d r ie d  b e t w e e n  folds  of filt e r  p a p er, a n d
af t e r w a r d s  d ri e d  in a n  oven  a t  7 0  d e g.   C. Afte r
t h r e e  ho u r s ,  how ever, a n  explosion  took pl ac e,  w hich
e n ti r ely d e s t roye d  t h e  s t ron g  copp e r  ove n  in w hich
t h e  ni t ro-co t ton  (abou t  on e  oz.) h a d  b e e n  d rying.  
The  explosion  w a s  in so m e  r e s p e c t s  r e m a rk a ble.  
The  py roxyline  w a s  t h e  di-ni t ro-c ellulos e  (or  possibly
t h e  p e n t a-ni t ro?), a n d  t h e  t e m p e r a t u r e  w a s  b elow t h e
igniting  poin t  of t his  m a t e ri al (40  d e g.   C. would
h ave  b e e n  a  b e t t e r  t e m p e r a t u r e).   Dr  Webe r  d e t e r min e d
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t h e  ignition  poin t  of hi s  di-ni t ro-c ellulos e,  a n d  foun d
it  to  b e  1 9 4  d e g.  to  1 9 8  d e g.   C., a n d  h e  is t h e r efo r e
of opinion  t h a t  t h e  explosion  w a s  d u e  to  t h e  t r e a t m e n t
of t h e  p a r ti ally w a s h e d  m a t e ri al wi t h  a m m o nia.  
A c e r t ain  q u a n ti ty of a m m o niu m  ni t r a t e  w a s  p ro b a bly
for m e d,  a n d  s u b s e q u e n tly d ri e d  u po n  t h e  ni t ro-c ellulos e,
in  a  s t a t e  of ve ry fine  s u b division.   The  fain t e s t
t r a c e  of a cid  wo uld  t h e n  b e  s ufficien t  to  b ring  a bo u t
t h e  explosive  ignition  of t h e  a m m o niu m  ni t r a t e .

The  d rying  of g u n-co t ton  o r  collodion-co t ton  is al so
a  so m e w h a t  d a n g e ro us  op e r a tion.   A t e m p e r a t u r e
of 4 0  d e g.   C. (104  d e g.   F.) s hould  no t  b e
exc e e d e d,  a n d  t h e r m o m e t e r s  s ho uld  b e  pl ac e d  in t h e
ni t ro-co t ton,  a n d  t h e  t e m p e r a t u r e  fr eq u e n tly obs e rve d.  
An el ec t ric  al a r m  t h e r m o m e t e r  is also  a  u s eful a dju nc t
to  t h e  co t to n  d rying  ho u s e .   Gr e a t  c a r e  m u s t  al so
b e  t ak e n  t h a t  t h e r e  a r e  no  expos e d  ho t-w a t e r  pip es
o r  s toves  in t h e  d rying  ho u s e ,  a s  t h e  fine  g u n-co t to n
d u s t  p ro d u c e d  by t h e  t u r ning  o r  m oving  of t h e  m a t e ri al
u po n  t h e  s h elves  would  s e t tl e  u po n  s uc h  pip es  o r  s toves,
a n d  b e co min g  ho t ,  would  b e  ve ry s e nsi tive  to  t h e  le as t
fric tion.   The  floor  al so  s ho uld  b e  cove r e d  wi th
linoleu m  o r  india r u b b er.  Wh e n  ho t  c u r r e n t s  of
ai r  a r e  m a d e  to  p a s s  ove r  t h e  s u rfac e  of g u n-co t ton,
t h e  g u n-co t ton  b eco m e s  el ec t rified.   I t  is impo r t a n t ,
t h e r efo r e ,  to  p rovide  so m e  m e a n s  to  c a r ry  it  a w ay. 
M r  W.F.  Reid,  F.I.C., w a s  t h e  fir s t  to  u s e  m e t al
fra m e s ,  c a r r ie r s,  a n d  sieves,  u po n  w hic h  is s e c u r e d
t h e  clo th  holding  t h e  g u n-co t ton,  a n d  to  e a r t h  t h e m.

The  co m p r e s sion  of g u n-co t ton  in to  blocks,  di scs,
&c., is al so  a t t e n d e d  wi th  conside r a ble  ri sk.  
M r  O. Gut t m a n n,  in a n  in t e r e s ting  p a p e r  u po n  “The
Dan g e r s  in t h e  M a n ufac t u r e  of Explosives” (Jour. 
S o c.   Ch e m.   Ind. , No.  3 ,  vol. xi., 1 8 9 2),
s ays:  “The  co m p r e s sion  of g u n-co t to n  in to
c a r t rid g e s  r e q ui r e s  fa r  m o r e  c a r e  t h a n  t h a t  of g u n pow d er,
a s  t his  is do n e  in  a  w a r m  s t a t e ,  a n d  g u n-co t ton  ev e n
w h e n  cold,  is m o r e  s e n si tive  t h a n  g u n pow d er. 
Whe n  co ming  ou t  of t h e  ce n t rifug al m a c hin es ,  t h e  g u n-co t ton
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s ho uld  alw ays  p a s s  fi r s t  t h ro u g h  a  sieve,  in o r d e r
to  d e t ec t  n ails  o r  m a t c h e s  w hich  m ay  by c h a nc e  h ave
go t  in to  it.  Wh a t  h a s  b e e n  s aid  a s  to  g u n pow d e r
p r e s s e s  a p plies  s till m o r e  to  t hos e  for  g u n-co t ton,
al tho u g h  t h e  la t t e r  a r e  alw ays  hyd r a ulic p r e s s e s.  
Ge n e r ally t h e  pis tons  fit t h e  m o uld  p e rf ec tly, t h a t
is to  s ay, t h ey  m a k e  a s pi r a tion  like  t h e  pi s ton  of
a  p u m p.   But  t h e r e  is no  m e t al  a s  ye t  know n  w hich
for  a ny len g t h  of t im e  will s t a n d  t h e  co ns t a n t  fric tion
of co m p r e s sion,  a n d  af t e r  so m e  ti m e  t h e  m o uld  will
b e  wid e r  in t h a t  p a r t  w h e r e  t h e  g r e a t e s t  co m p r e s sion
t ak e s  plac e.   The  b e s t  m e t al for  t his  p u r pos e
h a s  p rove d  to  b e  a  s p e cial s t e el  m a d e  by Krup p,  b u t
t his  al so  is only r el a tively b e t t e r ;  for  pi s tons  I
p r efe r  h a r d  c a s t  i ron.   If t h e  posi tion  of t h e
m o ulds  a n d  pi s ton s  is no t  ex ac tly t h e  s a m e  in all c a s e s ,
w h a t  t h e  Ge r m a n s  c all ‘Ecke n’ (English
‘binding’) will t ak e  pl ac e,  viz .,
t h e  m o uld  will s t a n d  obliqu ely to  t h e  pis ton,  a n d  a
d a n g e ro u s  fric tion  will r e s ul t .”  “Of
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cou r s e ,  i t is n e c e ss a ry  to  p ro t ec t  t h e  m a n  working
t h e  hyd r a ulic valves  d u rin g  co m p r e s sion.   At Walth a m
Abbey t h ey h ave  a  c u r t ain  m a d e  of s hip’s h a w s e r s ,
w hich  is a t  t h e  s a m e  tim e  el as tic  a n d  r e si s t a n t .” 
M r  Gut t m a n n  h a s  foun d  t h a t  a  p a r ti tion  w all 1 2  inch e s
t hick, m a d e  of 2-inch  pl a nks,  a n d  filled  wit h  g ro u n d
cind e r s ,  gives  ve ry effec tive  p ro t ec tion.   A doo r
in t his  p a r ti tion  e n a ble s  t h e  wo rk m a n  to  g e t  to  t h e
p r e s s ,  a n d  a  conic al t u b e  p e n e t r a t e s  t h e  w all, e n a bling
t h e  m a n  to  s e e  t h e  w hole  wo rk  fro m  a  s afe  s t a n d poin t.  
The  roof, o r  on e  side  of t h e  b uilding,  s ho uld  b e  of
gl a s s ,  so  a s  to  give  t h e  explosion  a  di r ec tion.

Tre nc h’s Fire-e x tin g uis hin g  Co m po u n d
is m a n ufac t u r e d  by  t h e  Cot ton  Pow d e r  Co m p a ny a t  Fave r s h a m,
a n d  is t h e  inve n tion  of M r  Geor g e  Tre nc h,  F.C.S.,
t h e  m a n a g e r  of t h e  Co m p a ny.  The  objec t  of t h e
inve n tion  is to  s u r ro u n d  t h e  c a r t ridg es  of toni t e ,
w h e n  u s e d  in coal min e s ,  wi t h  a  fi r e-ex ting uis hin g
co m po u n d.   If a  c h a r g e  of toni t e ,  dyn a mit e,  o r
g el a tin e  dyn a mit e  is p u t  inside  a  few ou nc e s  of t his
mixt u r e,  a n d  t h e n  fir ed,  no t  t h e  lea s t  t r ac e  of fla m e
c a n  b e  obs e rve d,  a n d  exp e ri m e n t s  a p p e a r  to  s how  t h a t
t h e r e  is no  fla m e  a t  all.  The  co m po u n d  consis t s
of s a w d u s t  imp r e g n a t e d  wit h  a  mixtu r e  of alu m  a n d
c hlo rid e s  of sodiu m  a n d  a m m o nia.   Fig.  2 2  s how s
t h e  m a n n e r  of pl acing  t h e  to ni t e  c a r t ridg e  in  t h e  p a p e r
b a g,  a n d  s u r ro u n din g  it  wi t h  t h e  fi r e-exting uishing
co m po u n d,  aa .  The  a t t a c h m e n t  of t h e  fuse
a n d  d e to n a to r  is al so  s how n.

[Illus t r a tion:  FIG. 2 2.—TRENC H’S
FIRE-EXTINGUIS HING CARTRIDGE.]

The  following  r e po r t  ( t ak e n  fro m  t h e  Favers ha m
N e w s , 2 2 n d  Oct .  1 8 8 7) of exp e ri m e n t s  con d uc t e d
in t h e  p r e s e nc e  of s eve r al  scie n tific a n d  mining  m e n
will s how  its  value:—“A la rg e  w ro u g h t-iron
t a nk, of 4 5  c u bic  fee t  c a p a ci ty, h a d  b e e n  s u nk  level
wi th  t h e  g ro u n d  in t h e  mid dle  of t h e  ya r d;  to  t his
t a nk  t h e  g a s  h a d  b e e n  laid on,  for  a  p u r pos e  t h a t  will
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b e  explaine d  la t e r  on.   The  ch a r g e s  w e r e  fi r e d
by m e a n s  of el ec t rici ty, a  s m all dyn a m o  firing  m a c hin e
b ein g  pl ac e d  fro m  3 0  to  4 0  ya r d s  a w ay fro m  t h e  ‘mine.’”
Op e r a tions  w e r e  co m m e n c e d  by t h e  top  of t h e  t a nk  b ein g
cove r e d  ove r  a n d  pl a s t e r e d  dow n  in o r d e r  to  m a k e  it
ai r-tigh t;  t h e n  a  s ufficien t  q u a n ti ty of coal g a s
w a s  pl ac e d  in i t to  m a k e  it  hig hly infla m m a ble  a n d
explosive,  t h e  q u a n ti ty b ein g  a s c e r t ain e d  by a  m e t e r
w hich  h a d  b e e n  fixed  s p e cially for  t h e  p u r pos e.  
Whils t  t h e  g a s  w a s  b eing  injec t e d  t h e  c a r t ridg e  w a s
p r e p a r e d.

The  firs t  exp e ri m e n t  w a s  to  t ry  w h e t h e r  a  s m all ch a r g e
of toni t e—fire d  wi thou t  t h e  p a t e n t  ex ting uish e r—wo uld
ignit e  t h e  g a s .   The  g a s  h aving  b e e n  t u r n e d  on,
a  min e r’s la m p  w a s  pl ac e d  in t h e  “t a nk,”
b u t  t his  w a s  exting uish e d  b efo r e  t h e  full q u a n ti ty
of g a s  h a d  gon e  t h ro u g h  t h e  m e t er.  Ho w ever, t h e
g a s  b ein g  in, t h e  ch a r g e  of 1-1/4  oz. toni t e  w a s  pl ac e d
in t h e  “min e,” t h e  d e ton a to r  w a s  con n e c t e d
by m e a n s  of long  wi r e s  to  t h e  dyn a m o  m a c hin e ,  a n d
t h e  wo r d  w a s  give n  to  “fir e .”  With
a  t r e m e n do us  r e po r t ,  a n d  a  flas h  of fir e ,  t h e  cove rin g
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of t h e  mi n e  flew in all di r ec tions,  cle a rly s howing
t h a t  t h e  g a s  h a d  explod e d.   The  n ex t  c a r t rid g e
(a  si mila r  ch a r g e)  w a s  p r e p a r e d  wi th  t h e  p a t e n t  co m po u n d.  
Fi r s t  of all a  b row n  p a p e r  c a s e  of a bo u t  2  inch es
dia m e t e r  w a s  t ak e n,  a n d  on e  of t h e  to ni t e  c a r t rid g e s
w a s  pl ac e d  in t h e  c e n t r e  of it, t h e  in t e rve nin g  s p a c e
b e t w e e n  t h e  c h a r g e  a n d-t h e  c a s e  b eing  p a ck e d  wi th  t h e
“fir e-ex ting uishing  co m po u n d.”  The
min e  h aving  h a d  a no t h e r  s u p ply of g a s  injec t e d,  t h e
p ro t e c t e d  c a r t rid g e  w a s  pl ac e d  inside  a n d  fir e d.  
The  r e s ul t  w a s  a s to nis hing,  t h e  explosion  no t  b ein g
n e a rly so  loud,  w hils t  t h e r e  w a s  no t  t h e  lea s t  flas h
of fir e .   “Pro t e c t e d” a n d  “un p ro t ec t e d”
c h a r g e s  w e r e  fir e d  a t  in t e rvals, g a s  b eing  t u r n e d
into  t h e  t a nk  on  e a c h  occ a sion.   Ch a r g e s  of toni t e
va rying  fro m  1  to  6  oz. w e r e  also  u s e d  wit h  t h e  co m po u n d.  
The  r e po r t  w a s  t r ifling,  w hils t  no  flas h  could  b e
s e e n.

U s e s  of  Collodion-Cot to n.—The  collodion
o r  soluble  g u n-co t ton  is u s e d  for  a  va rie ty of p u r pos e s.  
The  chief u s e  is, how ever, for  t h e  m a n ufac t u r e  of
t h e  va rious  explosive  g el a tine  co m po u n d s,  of w hich
bla s ting  g el a tine  is t h e  typ e.   I t  is al so  ve ry
ex t e nsively u s e d  in t h e  m a n ufac t u r e  of s mok ele ss  po w d e r s ,
bo t h  milit a ry a n d  s po r ting—in fac t,  ve ry
few of t h e m  do  no t  con t ain  i t.  In  so m e,  how ever,
ni t ro-lignos e  o r  ni t r a t e d  wood  is u s e d  ins t e a d.  
This, ho w ever, is ch e mic ally t h e  s a m e  t hing,  viz .,
ni t ro-c ellulos e,  t h e  c ellulos e  b eing  d e rive d  fro m
t h e  wood  fib r e.   I t  is m o r e  u s e d  in t his  con n e c tion
t h a n  t h e  high e r  ni t r a t e  g u n-co t ton.   Anoth e r  u s e
to  w hich  it  h a s  b e e n  a p plie d  ve ry ext e n sively, of
r e c e n t  ye a r s ,  is in t h e  m a n ufac t u r e  of “celluloid.” 
I t  is u s e d  in p ho tog r a p hy for  t h e  p r e p a r a tion  of t h e
films  on  t h e  s e n si ti s e d  pl a t e s,  a n d  m a ny  ot h e r  p u r pos es .  
Dissolved  in a  solu tion  of t wo  p a r t s  e t h e r  a n d  on e
of alcohol, it for m s  t h e  solu tion  know n  a s  collodion,
u s e d  for  a  va ri e ty of p u r pos es ,  s uc h  a s  a  va r nis h,
a s  a  p ain t  for  sig n als; in s u r g e ry, for  u ni ting  t h e
e d g e s  of wo u n ds.
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Quit e  la t ely, M r  Alfre d  N o b el, t h e  w ell-know n  inve n to r
of dyn a mit e,  h a s  p a t e n t e d  t h e  u s e  of ni t ro-c ellulos e,
hyd ro- o r  oxy-c ellulos e,  a s  a n  a r tificial s u bs ti t u t e
for  india r u b b er.  Fo r  t his  p u r pos e  it  is dis solve d
in a  s ui t a bl e  no n-vola tile  o r  sligh tly vola tile  “solve n t,”
s uc h  a s  ni t ro-n a p h t h al e n e,  di-ni t ro-b e nz e n e,  ni t ro-tolue n e,
o r  it s  ho m olog u es;  p ro d uc t s  a r e  ob t ain e d  va rying  fro m
a  g ela tinous  consis t e ncy to  t h e  h a r d n e s s  of e bo ni t e .  
The  p ro po r tions  will va ry fro m  a bo u t  2 0  p e r  ce n t .  of
ni t ro-c ellulos e  in t h e  finish e d  p ro d uc t ,  for min g
a  soft  r u b b er, to  5 0  p e r  c e n t .  ni t r a ting  c elluloid,
a n d  t h e  “solven t” c hos e n  will d e p e n d  on
t h e  u s e  to  w hich  t h e  r u b b e r  s u b s ti t u t e  is to  b e  p u t ,
t h e  liquids  giving  a  m o r e  el as tic  s u b s t a nc e ,  w hils t
mixt u r e s  of solids  a n d  liquids  m ay  b e  e m ployed  w h e n
t h e  p ro d uc t  is to  b e  u s e d  a t  high  t e m p e r a t u r e s.  
By m e a n s  of rolle r s  s t e a m  h e a t e d ,  t h e  inco r po r a tion
m ay b e  a cco m plis h e d  wi t ho u t  t h e  aid  of a  vola tile
liquid,  o r  t h e  ni t ro-c ellulos e  m ay  b e  e m ploye d  w e t ,
t h e  w a t e r  b ein g  r e m ove d  af t e r  “solu tion.”

120



Page 59

It  is a dvis a ble  to  u s e  t h e  c ellulose  ni t r a t e d  only
jus t  e no u g h  to  r e n d e r  it  s ui t a bl e,  in o r d e r  to  r e d u c e
t h e  infla m m a bility of t h e  finish e d  p ro d uc t.   M r
W. Allen,  M.P., of Gat e s h e a d,  p ropos e d  to  u s e  c elluloid
for  c a r t rid g e  c a s e s ,  a n d  t h u s  to  ligh t e n  a m m u ni tion,
a n d  p r ev e n t  ja m bing,  for  t h e  c a s e  will b e  r e solved
into  g a s e s  alon g  wi th  t h e  pow d er.  Ext r a c to r s
will a l so  b e  do n e  a w ay wi th.

Celluloid  is a n  in tim a t e  m e c h a nic al mixt u r e
of py roxyline  (gu n-co t ton  o r  collodion-co t ton) wi th
c a m p hor, fi r s t  m a d e  by Hy a t t ,  of N e w a rk,  U.S.A., a n d
ob t ain e d  by a d din g  t h e  py roxyline  to  m el t e d  c a m p hor,
o r  by  s t ro n gly co m p r e s sing  t h e  two  s u b s t a n c e s  tog e t h er,
o r  by  dis solving  t h e  cons ti t u e n t s  in a n  a p p ro p ri a t e
solven t ,  e .g ., alcohol o r  e t h er, a n d  eva po r a tin g
to  d ryn e s s .   A co m bin a tion  of t h e  t wo  la t t e r  m e t ho ds,
i.e ., p a r t i al  solu tion,  wi th  p r e s s u r e ,  is now
u s u ally a d a p t e d.   The  py roxyline  e m ploye d  is g e n e r ally
t h e  t e t r a- a n d  p e n t a-ni t r a t e d  cellulose,  t h e  h ex a-ni t r a t e
(gu n-co t ton) b ein g  b u t  s eldo m  u s e d  on  a cco u n t  of it s
explosive  p ro p e r ti e s.

Ca r e  is t ak e n  to  p r ev e n t  t h e  for m a tion  of t h e  h exa-ni t r a t e
by im m e r sin g  t h e  c ellulos e  in  only m o d e r a t ely s t ro n g
ni t ric  a cid,  o r  in a  w a r m  mixt u r e  of ni t ric  a n d  s ulp h u ric
a cids .   The  p a p er, ei t h e r  in  s m all pi ec e s  o r  in
s h e e t s,  is im m e r s e d  for  a bo u t  t w e n ty-five min u t e s  in
a  mixtu r e  of 2  p a r t s  of ni t ric  a cid  a n d  5  p a r t s  of
s ulp h u ric  a cid,  a t  a  t e m p e r a t u r e  of a bo u t  3 0  d e g.  
C., af t e r  w hich  t h e  ni t r a t e d  c ellulose  is t ho rou g hly
w a s h e d  wit h  w a t e r  to  r e m ove  t h e  las t  t r ac e s  of fr e e
a cid,  p r e s s e d,  a n d  w hils t  s t ill m ois t ,  mixe d  wit h
t h e  c a m p hor.

In  t h e  p roc e s s  of Tre bouille t  a n d  De  Bes a nc ele,  t h e
c ellulos e,  w hich  m ay b e  in t h e  for m  of p a p er, co t ton,
o r  line n,  is twice  ni t r a t e d—firs t  in  t h e
a cid  mixt u r e  e m ploye d  in a  p r evious  op e r a tion; a n d
s eco n dly, in  a  fr es h  mixt u r e  of 3  p a r t s  s ulp h u ric
a cid  of 1 .83  s p ecific g r avi ty, a n d  2  p a r t s  co nc e n t r a t e d
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ni t ric  a cid  con t aining  ni t rou s  a cid.   Afte r  e ac h
ni t r a tion  t h e  m a s s  is s u bjec t e d  to  p r e s s u r e ,  a n d  is
t h e n  c a r efully w a s h e d  wi th  w a t er, to  w hich,  a t  t h e
las t ,  a  s m all q u a n ti ty of a m m o nia  o r  c a u s tic  sod a  is
a d d e d  to  r e m ove  t h e  final t r a c e s  of a cid.   The
imp r e g n a tion  of t h e  py roxyline  wi th  t h e  c a m p ho r  is
effec t e d  in a  va ri e ty of w ays.

The  u s u al  p ro po r tion  of t h e  cons ti t u e n t s  is 2  p a r t s
py roxyline  a n d  1  p a r t  c a m p hor.  In  Tre bo uille t
a n d  De  Bes a nc ele’s p roc es s ,  1 0 0  p a r t s  of pyroxyline
a r e  in tim a t ely mixe d  wi th  fro m  4 0  to  5 0  p a r t s  c a m p hor,
a n d  m o uld e d  tog e t h e r  by  s t ron g  p r e s s u r e  in a  ho t  p r e s s,
a n d  af t e r w a r d s  d ri ed  by expos u r e  to  air, d e sicc a t e d
by c alciu m  c hlo rid e  o r  s ulph u ric  a cid.   The  u s u al
m e t ho d  is, how ever, to  dis solve  t h e  c a m p ho r  in t h e
lea s t  pos sible  q u a n ti ty of alcohol, a n d  s p rinkle  t h e
solu tion  ove r  t h e  d ry py roxyline,  w hich  is t h e n  cove r e d
wi th  a  s e con d  laye r  of py roxyline,  a n d  t h e  w hole  a g ain
t r e a t e d  wi th  t h e  c a m p ho r  solu tion,  t h e  a d di tion  of
py roxyline  a n d  c a m p ho r  solu tion  b ein g  r e p e a t e d  al t e r n a t ely
u n til t h e  r e q uisi t e  a m o u n t  of c elluloid mixtu r e  is
ob t ain e d.
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The  m a s s ,  w hich  sinks  tog e t h e r  in t r a n s p a r e n t  lu m ps,
is wo rk e d  for  a bo u t  a n  ho u r  b e t w e e n  cold  iron  rolle r s ,
a n d  t h e n  for  t h e  s a m e  p e riod  b e t w e e n  rolle r s  w hich
c a n  b e  g e n tly h e a t e d  by  s t e a m.   The  laye r  of c elluloid
s u r ro u n ding  t h e  rolle r s  is t h e n  c u t  a w ay a n d  a g ain
p r e s s e d ,  t h e  r e s ul ting  c ak e,  w hic h  is no w  a bo u t  1
c m.  t hick,  b eing  c u t  into  pl a t e s  of a bo u t  7 0  c m.  long
a n d  3 0  c m.  b ro a d.   The s e  a r e  pl ac e d  on e  a bove  t h e
o th er, a n d  s t ro n gly p r e s s e d  tog e t h e r  by  hyd r a ulic
p r e s s u r e  a t  a  t e m p e r a t u r e  of a bo u t  7 0  d e g.  for  t w e n ty-fou r
ho u r s .   The  t hick  c ak e s  a r e  onc e  m o r e  cu t  in to
pla t e s  of t h e  d e si r e d  t hickn e s s,  a n d  pl ac e d  in a  c h a m b e r
h e a t e d  fro m  3 0  d e g.  to  4 0  d e g.  for  eigh t  to  fou r t e e n
d ays,  w h e r e by t h ey b e co m e  t ho ro u g hly d ry, a n d  a r e
r e a dily m a d e  in to  va rious  a r ticle s  ei t h e r  by  b ein g
m o ulde d  w hile  w a r m  u n d e r  p r e s s u r e,  c u t ,  o r  t u r n e d.  
Occ asion ally o t h e r  liquid s,  e .g ., e t h e r  a n d  wood
s pi ri t ,  a r e  u s e d  in pl ac e  of alcohol a s  solven t s  for
t h e  c a m p hor.

Celluloid r e a dily colou r s,  a n d  c a n  b e  m a r ble d  for
m a n ufac t u ring  p u r pos e s,  &c.  I t  is highly infla m m a ble
a n d  no t  explosive  eve n  u n d e r  p r e s s u r e ,  a n d  m ay  b e
wo rk e d  u n d e r  t h e  h a m m e r  o r  b e t w e e n  rolle r s  wit ho u t
ri sk.   I t  sof t e n s  in boiling  w a t er, a n d  m ay  b e
m o ulde d  o r  p r e s s e d.   I t s  s p ecific g r avi ty va ri es
sligh tly wi th  it s  co m posi tion  a n d  wi th  t h e  d e g r e e  of
p r e s s u r e  i t h a s  r e c eived.   I t  is u s u ally 1.35.  
I t  a p p e a r s  to  b e  m e r ely a  mixtu r e  of its  co m po n e n t s ,
since  by  t r e a t m e n t  wi th  a p p ro p ri a t e  solve n t s  t h e  c a m p ho r
m ay b e  r e a dily ex t r a c t e d ,  a n d  on  h e a ting  t h e  py roxyline
b u r n s  a w ay w hile  t h e  c a m p ho r  vola tilis e s.

The  m a n ufac t u r e  of py roxyline  for  t h e  p u r pos e  of m a kin g
c elluloid h a s  ve ry m u c h  inc r e a s e d  d u ring  r e c e n t  ye a r s ,
a n d  wi t h  t his  inc r e a s e  of p ro d uc tion  imp rove d  m e t ho ds
of m a n ufac t u r e  h ave  b e e n  inven t e d .   A s e ri e s  of
in t e r e s ting  p a p e r s  u po n  t h e  m a n ufac t u r e  of py roxyline
h a s  b e e n  p u blish e d  by M r  Walt e r  D. Fi eld,  of N e w  York,
in  t h e  Journal of  t h e  A m erican  Ch e mical S ocie t y [A]
fro m  w hich  t h e  following  p a r ticula r s  a r e  t ak e n:—
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[Footno t e  A:  Vol. xv., No.  3 ,  1 8 9 3;  Vol. xvi.,
No.  7 ,  1 8 9 4;  Vol. xvi., No.  8 ,  1 8 9 4.   Figs.  1 9,
2 0 ,  2 1 ,  2 2 ,  a n d  2 3  a r e  t ak e n  fro m  M r  Field’s
p a p er.]

S elec tion  of  t h e  Fibre.—Cot ton  fib r e,
wood  fib r e ,  a n d  flax fib r e  in t h e  for m  of r a w  co t ton,
scou r e d  co t ton,  p a p er, a n d  r a g s  a r e  m o s t  g e n e r ally
u s e d,  a n d  give  t h e  b e s t  r e s ul t s .   As t h e  fib r e s
diffe r  g r e a tly in t h ei r  s t r uc t u r e ,  t h ey  r e q ui r e  diffe r e n t
m e t ho ds  of ni t r a ting.   The  co t to n  fib r e  is a  fla t t e n e d
hollow rib bo n  o r  collaps e d  cylind rical t u b e ,  t wis t e d
a  n u m b e r  of t im e s,  a n d  clos e d  a t  on e  e n d  to  for m  a
poin t .   The  c e n t r al  c a n al  is la r g e,  a n d  r u n s  n e a rly
to  t h e  a p ex of t h e  fib r e.   I t s  side  w alls  a r e
m e m b r a n e o us,  a n d  a r e  r e a dily p e n e t r a t e d  by  t h e  mixe d
a cids ,  a n d  cons e q u e n tly t h e  hig h es t  ni t r a tion  r e s ul t s.  
In  t h e  flax fib r e  t h e  w alls  a r e  co m p a r a tively t hick,
t h e  c e n t r al  c a n al s m all; h e nc e  it  is to  b e  p r e s u m e d
t h a t  t h e  ni t r a tion  m u s t  p roc e e d  m o r e  slowly t h a n  in
t h e  c a s e  of co t ton.   The  N e w  Ze ala n d  flax gives
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t h e  m o s t  p e rfec tly soluble  ni t r a t e s  of a ny of t h e
flaxes .   Co t ton  gives  a  glu tinous  collodion, a n d
c alico a  fluid  collodion.  O n e  of t h e  la rg e s t
m a n ufac t u r e r s  of py roxyline  in t h e  S t a t e s  u s e s  t h e
“M e m p his  S t a r”  b r a n d  of cot ton.   This
is a n  u pl a n d  co t to n,  a n d  its  fib r e s  a r e  ve ry soft,
m ois t ,  a n d  el as tic.  I t s  colou r  is ligh t  c r e a my
w hi t e,  a n d  is r e t ain e d  af t e r  ni t r a tion.   The  s t a ple
is s ho r t ,  a n d  t h e  t wis t  infe rio r  to  o t h e r  g r a d e s ,
t h e  s t r aigh t  r ibbo n-like  fila m e n t s  b eing  q ui t e  n u m e ro us.  
This  co t to n  is u s e d  c a r d e d,  b u t  no t  sco u r e d .   This
b r a n d  of co t ton  con t ain s  a  la r g e  q u a n ti ty of h alf
a n d  t h r e e-q u a r t e r  r i pe  fib r e,  w hich  is ext r e m ely t hin
a n d  t r a n s p a r e n t ,  di s t r ibu t e d  t h ro u g ho u t  t h e  b ulk of
t h e  co t ton  (Monie., Cot ton  Fib r e ,  6 7).  M r  Field
s ays,  “This  is a  significa n t  fac t  w h e n  it is
know n  t h a t  fro m  t his  co t to n  a n  ex t r e m ely soluble  py roxyline
c a n  b e  p ro d uc e d.”

Pyroxyline  of a n  infe rio r  g r a d e  a s  r e g a r d s  colou r
only c a n  b e  p ro d u c e d  fro m  t h e  co t to n  w a s t e s  of t h e
t r a d e .   They m u s t  b e  scou r e d  b efo r e  t h ey  a r e  fit
for  ni t r a tin g.   Pa p e r  m a d e  fro m  t h e  p ulp s  of s ulphi t e
a n d  s ulp h a t e  p roc e s s e s  is c a p a ble  of yielding  a  ve ry
soluble  py roxyline.   I t  c a n  b e  ni t r a t e d  a t  high
t e m p e r a t u r e s  a n d  s till yield  good  r e s ul t s .   Tissu e
p a p e r  m a d e  fro m  flax fib r e  is also  u s e d  af t e r  b ein g
c u t  in to  s q u a r e s.

Mow b r ay (U.S.P., No. 4 4 3,  1 0 5,  3 r d  Dec e m b e r  1 8 9 0)
s ays  t h a t  a  p u r e  co t ton  tis s u e  p a p e r  les s  t h a n  1/500
inch  in t hickn e ss ,  t hin  a s  it is,  t ak e s  on  a  glu tinous
o r  colloid  s u rfac e,  a n d  t h u s  r e q ui r e s  so m e  t hi r ty  mi n u t e s
to  e n a ble  t h e  ni t r a tion  to  t ak e  pl ac e.   With  a
t hick e r  p a p e r  only t h e  s u rfac e  wo uld  b e  ni t r a t e d .  
H e  t h e r efo r e  u s e s  a  fib r e  t h a t  h a s  b e e n  s a t u r a t e d  wi th
a  solu tion  of ni t r a t e  of sod a,  a n d  af t e r w a r d s  d ri e d
slowly, cl ai ming  t h a t  t h e  s al t  c rys t allis e s  in t h e
fib r e,  o r  e n t e r s  by  t h e  a c tion  t e r m e d  os mos e,  a n d
op e n s  u p  t h e  fib r e  to  t h e  a c tion  of t h e  a cid.  
This  p roc es s  wo uld  only b e  u s eful w h e n  t h e  co t ton
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is to  b e  ni t r a t e d  a t  a  low t e m p e r a t u r e .   At a
hig h  t e m p e r a t u r e  it  wo uld  b e  u n n e c e s s a ry.

Die tz a n d  Wayne  (U.S.P., No.  1 3 3,  9 6 9)  u s e  r a mie,
r h e c a ,  o r  Chin a  g r a s s  for  p ro d ucing  a  soluble  py roxyline.  
Tha t  m a d e  fro m  r a mi e  is alw ays  of u nifo r m  s t r e n g t h
a n d  solubili ty, a n d  r e q ui r e s  a  s m alle r  q u a n ti ty of
solven t  to  dis solve  it t h a n  t h a t  m a d e  fro m  co t ton.  
M r  Field’s exp e ri e nc e ,  how ever, is e n ti r ely
con t r a ry  to  t his  s t a t e m e n t.   S uc h  is t h e  influe nc e
of t h e  p hysical for m  of t h e  fib r e  on  t h e  p roc e ss  of
ni t r a tion,  t h a t  w h e n  flax fib r e  a n d  co t to n  fib r e  a r e
ni t r a t e d  wi th  a cid  mixtu r e s  of exac tly t h e  s a m e  s t r e n g t h ,
a n d  a t  t h e  s a m e  t e m p e r a t u r e ,  t h e  solu tion  of t h e  fi r s t
is glu tinous  o r  t hick,  a n d  t h e  s e con d  fluid o r  t hin.  
By si m ply ni t r a tin g  a t  a  hig h e r  t e m p e r a t u r e  t h a n  t h e
co t ton,  t h e  flax will yield  a  py roxyline  giving  a n
e q u ally fluid  collodion.

The  p r e s e n c e  of c hlo rin e  in  t h e  fib r e  m u s t  b e  c a r efully
avoid e d,  a s  s uc h  a  fib r e  will yield  a n  a cid  p rod uc t
w hich  c a n no t  b e  w a s h e d  n e u t r al.   The  fib r e  m u s t
b e  d ry b efor e  ni t r a tion;  a n d  t hi s  is b e s t  do n e,  a c co r din g
to  M r  Field,  by u sing  t h e  for m  of d ri e r  u s e d  in d rying
wool.
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Ni tra tion  of  t h e  Fibr e.—Mixed  co t to n
a n d  flax fib r e  in t h e  for m  of p a p er, fro m  2/10 0 0  to
3/10 0 0  inc h  t hick,  a n d  c u t  in to  1-inch  s q u a r e s ,  is
ni t r a t e d  by t h e  Celluloid  M a n ufac t u rin g  Co m p a ny, a n d
t h e  s a m e  p a p er, left  in long  s t rip s,  1  inc h  wid e,
is u s e d  for  ni t r a tion  by t h e  Xyloni te  M a n ufac t u rin g
Co m p a ny, of N o r t h  Ada m s,  M a s s.  (U.S.A.).

The  Celluloid  Co m p a ny in t rod uc e  t h e  c u t  p a p e r  in to
t h e  mixe d  a cids  by m e a n s  of a  hollow, r a pidly r evolving
t u b e,  fla r e d  a t  t h e  lowe r  e n d,  a n d  im m e r s e d  in t h e
mixed  a cids.   The  ce n t rifug al  forc e  of t h e  r evolving
t u b e  t h row s  t h e  p a p e r  tow a r d s  t h e  sides  of t h e  vess el,
le aving  t h e  c e n t r e  of t h e  vess el r e a dy for  fr e s h  p a p er.

The  Xylonit e  Co m p a ny sim ply c u t  t h e  p a p e r  in to  long
s t rips,  a n d  in t rod uc e  it  in to t h e  mixed  a cid s  by m e a n s
of forks.   The  a r r a n g e m e n t  u s e d  by t his  Co m p a ny
for  holding  t h e  mixe d  a cid s  is a  cylind rical vess el
divide d  in to  a  n u m b e r  of s ec tions,  t h e  w hole  r evolving
like  a  t u r n t a ble,  t h u s  allowing  t h e  wo rk m a n  to  ni t r a t e
s ucc e s sively e a c h  lot  of p a p e r  a t  a  given  poin t .  
This  Co m p a ny did  no t  r e m ove  t h e  a cid  fro m  t h e  p a p e r
af t e r  it s  im m e r sion,  b u t  plu n g e d  it im m e dia t ely in to
t h e  w a t er, t h u s  losing  a  la rg e  p ro po r tion  of t h e  w a s t e
a cid.   The  Celluloid Co m p a ny, by  u sin g  t h e  p a p e r
in s m alle r  pi ec es ,  a n d  m o r e  p a p e r  to  a  po u n d  of a cid,
a n d  w ringin g  t h e  mixe d  a cid  fro m  t h e  p a p e r  b efo r e
im m e r sion  in w a t er, h a d  a  b e t t e r  p roc e ss  of ni t r a tion.

Ot h e r  m a n ufac t u r e r s  u s e  e a r t h e n w a r e  vess el s, a n d  gl a s s
o r  s t e el r o ds ,  hooke d  a t  on e  e n d,  h aving  s m all pi ec es
of r u b b e r  hos e  p ulled  ove r  t h e  o th e r  e n d  to  p r eve n t
t h e  h a n d  fro m  slipping.   The  for m  of vess el in
g e n e r al  u s e  is t h a t  given  in Fig.  2 3.   I t  is la r g e
e no u g h  to  ni t r a t e  1  lb. of co t ton  a t  a  t im e.  
The  hook a t  on e  e n d  of t h e  ro d  e n a ble s  t h e  wo rk m a n
to  p ull t h e  py roxyline  a p a r t ,  a n d  t h u s  e n s u r e s  s a t u r a tion
of t h e  fib r e .   In  t h e  win t e r  t h e  roo m  in w hich
t h e  ni t r a ti ng  is do n e  m u s t  b e  ke p t  a t  a  t e m p e r a t u r e
of a bo u t  7 0  d e g.   F. in o r d e r  to  s ec u r e  e q u ali ty
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in  t h e  b a t c h e s.

[Illus t r a tion:  FIG. 2 3.—VESSEL FOR
NITRATING COTTON OR PAPER.]

The  ni t r a tin g  a p p a r a t u s  of Whit e  a n d  Sc h u p p h a u s  (U.S.P.,
No.  4 1 8,  2 3 7,  8 9)  M r  Field  consid e r s  to  b e  bo t h  novel
a n d  exc elle n t.   The  c a g e  (Fig. 2 4), wit h  it s  ce n t r al
p e rfo r a t e d  cylind e r  (Fig. 2 5), is in t e n d e d  to  e n s u r e
t h e  r a pid  a n d  p e rfec t  s a t u r a tion  of t h e  ti s s u e  p a p e r
u s e d  for  ni t r a ting.   The  p a t e n t e e s  s ay  t h a t  no
s ti r r ing  is r e q ui r e d  wi th  t h ei r  a p p a r a t u s.   This,
s ays  M r  Field,  mi g h t  b e  t r u e  w h e n  p a p e r  is u s e d ,  o r
eve n  co t ton,  w h e n  t h e  t e m p e r a t u r e  of ni t r a tion  is
fro m  3 0  d e g.  to  3 5  d e g.   C., b u t  wo uld  no t  b e  t r u e
if t h e  t e m p e r a t u r e  w e r e  r ai s e d  to  5 0  d e g.  to  5 5  d e g.  
C. The  p roc e ss  is a s  follows:— The  p a p e r
is ni t r a t e d  in t h e  c a g e  (Fig. 2 5), t h e  bo t to m  of w hich
is for m e d  by t h e  flang e d  pl a t e  C, fas t e n e d  to  t h e
bo t to m  of t h e  in t e r n al  cylind e r  B. Afte r  ni t r a tion
t h e  c a g e  is c a r ri e d  to  a  w ring er, w hich  for m s  t h e  b a sk e t ,
a n d  t h e  a cids  r e m ove d.   Fin ally, t h e  c a g e  is t ak e n
to  a  plun g e  t a nk, w h e r e  t h e  p a p e r  is r e move d  fro m
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t h e  c a g e  by si m ply p ulling  ou t  t h e  c e n t r al  p e rfo r a t e d
cylind e r  B. Fig.  2 6  s hows  t h e  ni t r a ting  po t ,  wi th  i t s
a u to m a tic  cover.  The  plun g e  t a nk  is s how n  in
pla n  a n d  s ec tion  in Figs.  2 8  a n d  2 9.   This  a p p a r a t u s
is s ui t a bl e  for  t h e  ni t r a tion  of co t to n  fib r e  in b ulk
a t  high  o r  low t e m p e r a t u r e s.   Ot h e r  m e t ho ds  t h a t
h ave  b e e n  p a t e n t e d  a r e  Mow b r ay’s (U.S.P., No.
4 3 4,  2 8 7),  in w hich  it is p ro pos e d  to  ni t r a t e  p a p e r
in con tinuo us  len g t h s ,  a n d  Hy a t t’s (U.S.P., No.
2 1 0,  6 1 1).

[Illus t r a tion:  FIG. 2 4.—CENTRAL PERFORATED
CYLINDER.]

[Illus t r a tion:  FIG. 2 5.—THE CAGE. 
WHITE AND SC HUP P HAUS’ NITRATING APPARATUS.]

[Illus t r a tion:  FIG. 2 6.—CELLULOID
NITRATING POT.]

[Illus t r a tion:  FIG. 2 7.—ANOTHER VIEW.]

[Illus t r a tion:  FIGS. 2 8,  2 9.—PLUNGE
TANK, IN PLAN AND S ECTION.]

T h e  Acid  Mix t ur e.—Various  for m ula e
h ave  b e e n  p u blish e d  for  p rod ucin g  soluble  ni t ro-c ellulos e.  
In  m a ny  ins t a nc e s ,  a l t hou g h  t h e  obs e rv a tions  w e r e
co r r ec t  for  t h e  single  exp e ri m e n t ,  a  doze n  exp e rim e n t s
wo uld  h ave  p ro d uc e d  a  doze n  diffe r e n t  p rod uc t s.  
The  co m posi tion  of t h e  a cids  u s e d  d e p e n d s  u po n  t h e
s u b s t a n c e  to  b e  ni t r a t e d,  a n d  t h e  t e m p e r a t u r e  a t  w hich
t h e  ni t r a tion  will b e  wo rk e d.   P r a c tically t h e r e
a r e  t h r e e  for m ula e  in g e n e r al  u s e—t h e  on e
u s e d  by t h e  celluloid  m a n ufac t u r e r s;  a no t h e r  in w hich
t h e  co t ton  is ni t r a t e d  a t  hig h  t e m p e r a t u r e s ;  a n d  a
t hi r d  in w hich  t h e  t e m p e r a t u r e  of t h e  im m e r sion  is
low, a n d  t h e  ti m e  of ni t r a tion  a bo u t  six ho u r s .  
Of t h e  t h r e e ,  t h e  b e s t  m e t ho d  is t h e  las t  on e ,  o r
t h e  on e  in w hich  t h e  co t ton  is im m e r s e d  a t  a  low t e m p e r a t u r e ,
a n d  t h e n  t h e  r e a c tion  allow e d  to  p roc e e d  in po t s  holding
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fro m  5  to  1 0  lbs.  of co t ton.   The  for m ula  u s e d
by t h e  celluloid  m a n ufac t u r e r s  for  t h e  p ro d uc tion
of t h e  low for m  of ni t r a t e d  p rod uc t  w hich  t h ey  u s e
is:—

S ulph u ric  a cid    6 6  p a r t s  by w eig h t .  
Ni t ric  a cid       1 7    "        "
Wate r             1 7    "        "

Tem p e r a t u r e  of im m e r sion,  3 0  d e g.   C. Time,  tw e n ty
to  t hi r ty mi n u t e s .

The  cellulose  is u s e d  in t h e  for m  of ti s s u e  p a p e r
2/10 0 0  inc h  t hick,  1  lb. to  1 0 0  of a cid  mixtu r e .  
The  ni t ro-c ellulos e  p ro d uc e d  by t his  for m ula  is ve ry
insoluble  in  t h e  co m po u n d  e t h e r s  a n d  o t h e r  solve n t s
of py roxyline,  a n d  is s e e mingly only conve r t e d  o r
g el a tinis e d  by  t h e  a c tion  of t h e  solven t .   The
n ex t  for m ula  p ro d uc e s  a  mixtu r e  of t e t r a-a n d  p e n t a-ni t ro-c ellulos es
h a r dly soluble  in m e t hyl-alcohol (fr e e  fro m  a c e ton e),
b u t  ve ry soluble  in  a n hyd rous  co m po u n d  e t h e r s ,  ke ton e s ,
a n d  ald e hyd e s:—

Nit ric  a cid,  s p.  gr. 1 . 43 5       8  lbs. 
S ulph u ric  a cid,  s p.  gr. 1 .8 3    1 5-3/4  lbs.  
Co t ton                          1 4  oz.

Tem p e r a t u r e  of ni t r a tion,  6 0  d e g.   C. Tim e  of
im m e r sion,  for ty-five  min u t e s.

The  6 0  d e g.  of t e m p e r a t u r e  is d evelop e d  by mixing
t h e  a cids  tog e t h er.  The  co t to n  is allow e d  to
r e m ain  in t h e  a cid  u n til i t feels  “sho r t”
to  t h e  ro d.
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The  following  t a bl e,  d u e  to  M r  W.D.  Field,  s hows
ve ry pl ainly t h e  g r e a t  va ri a tion  in t h e  tim e  of t h e
im m e r sion  a n d  t h e  t e m p e r a t u r e  by s e e min gly ve ry sligh t
c a u s e s.   I t  ex t e n ds  ove r  fou r t e e n  working  d ays,
d u ring  w hich  ti m e  it  r ain e d  fou r  d ays.   The  for m ul a
u s e d  is t h a t  give n  a bove,  exc e p t  t h a t  t h e  s p e cific
g r avity of t h e  ni t ric  a cid  is so m e w h a t  low er. 
The  p ro d u c t  ob t ain e d  diffe r s  only fro m  t h a t  p ro d uc e d
by u sing  ni t ric  a cid  of s p e cific g r avi ty 1.4 3  in b ein g
soluble  in m e t hyl-alcohol.  F ro m  3 0  to  3 5  lbs.
of py roxyline  w e r e  p ro d u c e d  in e a c h  of t h e  fou r t e e n
d ays.

A c a r eful ex a min a tion  of t hi s  t a bl e  will p rove  ve ry
ins t r uc tive.   The  inc r e a s e  in yield  va ri e s  fro m
3 1  p e r  c e n t .  to  no t hing,  a n d  t h e  loss  r u n s  a s  high
a s  1 0  p e r  ce n t .,  ye t  c a r e  w a s  t ak e n  to  m a k e  t h e  p rod uc t
u nifor m  in q u ali ty.  On  t h e  d ays  it r ain e d  t h e r e
w a s  a  loss,  wi th  t h e  exc e p tion  of t h e  fou r t h  d ay,
w h e n  t h e r e  w a s  n ei th e r  a  loss  no r  a  g ain.   On  t h e
d ays  it  w a s  p a r tly cle ar, a s  jus t  b efo r e  o r  af t e r
r ain,  t h e  t a bl e  s hows  a  loss  in p ro d uc t.   We c a n
explain  t his  fac t  by  r e a so n  of t h e  m ois t u r e-a b so r bing
q u ali ti es  of t h e  co t to n.   On  t h e  r ainy d ays  it
wo uld  a b so r b  t h e  m ois t u r e  fro m  t h e  ai r  u n til, w h e n
im m e r s e d  in t h e  a cids,  t h ey  w e r e  w e ak e n e d,  a n d  t h e
fib r e  dis solved  m o r e  o r  less  in w e a k e n e d  a cid,  p ro d ucin g
w h a t  is know n  a s  “bu r ning” in t h e  b a t c h.  
I t  will a l so  b e  no tic ed  t h a t  on  d ays  w hic h  s ho w  a
loss,  t h e  ti m e  of t h e  im m e r sion  w a s  co r r e s po n dingly
s ho r t ,  a s  on  t h e  a  loss,  t h e  tim e  of t h e  im m e r sion
w a s  co r r e s pon dingly s ho r t ,  a s  on  t h e  t e n t h,  t w elfth,
a n d  s eve n t h  d ays.

_______________________________________________________
_______________
|                 |                      |                                |
|                 |   S p e cific Gravity.  |                Tim e.            |
|                 |_____________________|_______________________________|
|                 |             |         |       |         |       |         |
|                 | H_{ 2 } S 0_{4 }. | H NO_{3 }. | Hou r s . | Min u t e s . | Ho u r s. | Min u t e s . |

131



|________________|____________|________|______|________|____
__|________|
|                 |             |         |       |         |       |         |
|  1 .   Cle a r        |    1 .8 38     |  1 .42 4 9  |   ... |    2 0    |   4    |    ...  |
|  2 .    "         |    1 . 83 7     |  1 . 42 4 9  |   ... |    2 0    |   2    |    ...  |
|  3 .   Clou dy      |    1 .8 3 7     |  1 .42 2 6  |   ... |    4 5    |   2    |    ...  |
|  4 .   Rain         |    1 . 83 7     |  1 .4 2 0   |   ... |    2 0    |   1    |    2 0    |
|  5 .   Cle a r        |    1 .8 37 7    |  1 .4 2    |   1    |    1 5    |   2    |    ...  |
|  6 .   Rainy       |    1 .8 39 1    |  1 .4 22   |   ... |    3 5    |   1    |    4 0    |
|  7 .   Clou dy      |    1 .8 3 5     |  1 .42 2 6  |   ... |    2 0    |   ... |    3 5    |
|  8 .   Cle a r        |    1 .8 35     |  1 .42 2   |   ... |    3 5    |   1    |    1 0    |
|  9 .   Pa r tly Cle a r |    1 .82 4     |  1 . 42 7 1  |   ... |    2 0    |   1    |    ...  |
| 1 0.      "       |    1 .83      |  1 . 42 7 1  |   ... |    1 0    |   ... |    2 5    |
| 1 1.   Cloudy      |    1 . 83 2     |  1 .4 25   |   ... |    1 0    |   ... |    5 0    |
| 1 2.   R ainy       |    1 .8 2 2     |  1 .4 25   |   ... |    1 0    |   ... |    2 0    |

The  lesson  t his  t a bl e  t e a c h e s  is, t h a t  it is a l mos t
impossible  to  ni t r a t e  c ellulos e  in s m all q u a n ti tie s,
a n d  g e t  u nifor m  r e s ul t s ,  w h e n  t h e  ni t r a tion  is c a r ri e d
on  a t  hig h  t e m p e r a t u r e s .   As r e g a r d s  t h e  solubili ty
of py roxyline,  Pa rks  foun d  t h a t  ni t ro-b e nz e n e,  a niline,
gl aci al a c e tic  a cid,  a n d  c a m p hor, dis solve d  in t h e
m o r e  vola tile  solven t s  m e t hyl-alcohol a n d  alcohol-e t h er,
w e r e  m u c h  t h e  b e s t  solven t s  for  p rod ucin g  a  pl a s tic,
a s  t h ey  a r e  les s  vola tile, a n d  d evelop  g r e a t e r  solve n t
a c tion  u n d e r  t h e  influe nc e  of h e a t .   Ni t ro-b e nze n e
gives  a  solu tion  t h a t  is g r a n ul a r;  it s e e m s  to  m e r ely
conve r t  t h e  py roxyline,  a n d  no t  to  dis solve  it; b u t
on  t h e  a d di tion  of alcohol, a  solu tion  is a t  onc e
ob t ain e d,  a n d  t h e  g r a n ula r  a p p e a r a nc e  di s a p p e a r s ,
a n d  t h e  solu tion  b eco m e s  ho mo g e n eo u s.   The  a cid
mixt u r e  a n d  t h e  m e t ho d  of ni t r a ting  h av e  m u c h  to  do
wi th  t h e  a c tion  of t h e  va rious  solve n t s,  so  also  h a s
t h e  p r e s e n c e  of w a t er.

Dr  Sc h u p p h a u s  foun d  t h a t  p ro pyl a n d  isobu tyl alcohols
wi th  c a m p ho r  w e r e  a c tive  solven t s,  a n d  t h e  ke to n e s,
p al miton e,  a n d  s t e a ro n e  in alcohol solu tion,  al so
alph a- a n d  b e t a-n a p h t hol, wi th  alcohol a n d  a n t h r a q uinon e
(diph e nyle n e  dike to n e)  in alcoholic solu tion,  a n d  al so
iso-vale ric  ald e hyd e  a n d  it s  d e riva tives,  a mylide n-di m e t hyl
a n d  a mylide n-die t hyl e t h e r s .

Augus t  S aye r  (U.S.P., No. 4 7 0,45 1) finds  die t hyl-ke ton e,
dib u tyl-ke ton e,  di-p e n tyl-ke ton e,  a n d  t h e  mixe d  ke ton e s ,[A]
m e t hyl-e t hyl, m e t hyl-p ro pyl, m e t hyl-b u tyl, m e t hyl-a myl,
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a n d  e t hyl-b u tyl ke ton es  a r e  a c tive  solven t s  of py roxyline;
a n d  Pag e t  finds  t h a t  al t ho u g h  m e t hyl-a myl oxide  is
a  solve n t ,  t h a t  e t hyl-a myl oxide  is no t.
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[Footno t e  A:  Keton e s  a r e  d e rive d  fro m  t h e  fa t ty
a cids  by  t h e  s u bs ti t u tion  of t h e  hyd roxyl of t h e  la t t e r
by  a  m o n a d  posi tive  r a dical.  They t h u s  r e s e m ble
ald e hyd e s  in cons ti t u tion.   The  b e s t-know n  ke to n e
is a c e to n e  CH_{3 }CO.CH_{3 }.   Mixed  ke to n e s  a r e
ob t ain e d  by di s tilling  to g e t h e r  s al t s  of t wo  diffe r e n t
fa t ty  a cids.   Thus  po t a s sic  b u ty r a t e  a n d  po t a s sic
a c e t a t e  for m  p ropyl-m e t hyl-k e ton e—

C(C_{2 } H_{ 5 })H_{ 2 }
|
CO.CH_{3 }]

The  solve n t s  of py roxyline  c a n  b e  divide d  in to  g e n e r al
cla s s e s—Fi rs t ,  t hos e  w hich  a r e  solve n t s
wi tho u t  t h e  aid  of h e a t  o r  solu tion  in  alcohol; s econ d,
t hos e  t h a t  a r e  solven t s  w h e n  dis solved  in alcohol. 
The s e  solven t s  a r e  t hos e  w hich  al so  d evelop  a  solven t
a c tion  w h e n  h e a t e d  to  t h ei r  m el ting  poin t  in co m bin a tion
wi th  py roxyline.

M r  W.D.  Fi eld  g ro u ps  t h e  solven t s  of py roxyline
in to  cla s s e s  t h us:  Two of t h e  m o no hyd ric  alcohols;
co m po u n d  e t h e r s  of t h e  fa t ty a cids  wit h  m o no hyd ric
alcohols, a ld e hyd e s;  sim ple  a n d  mixe d  k e ton es  of t h e
fa t ty  a cid  s e ri es .   The s e  fou r  cla s s e s  includ e
t h e  g r e a t e r  n u m b e r  of t h e  solven t s  of py roxyline.  
Thos e  no t  includ e d  a r e  a s  follows:—Amyl-ni t r a t e
a n d  ni t ri t e,  m e t hyle n e-di-m e t hyl e t h er, e t hide n e-die t hyl
e t h er, a myl-c hlo r a c e t a t e ,  ni t ro-b e nz e n e  a n d  di-ni t ro-b e nz e n e,
cou m a rin,  c a m p hor, glacial a c e tic  a cid,  a n d  m o no-,
di-, a n d  t r i-a c e tin.

Rich a r d  H ale  u s e s  t h e  following  solven t:—Amyl-a c e t a t e ,
4  volu m e s;  p e t rol eu m  n a p h t h a ,  4  volu m e s;  m e t hyl-alcohol,
2  volu m e s;  pyroxyline,  4  to  5  ou nc es  to  t h e  g allon
of solven t .   H ale  u s e d  p e t rol eu m  n a p h t h a  to  h a s t e n
t h e  d rying  q u alities  of t h e  va r nis h,  so  t h a t  i t would
s e t  on  t h e  a r ticle  to  b e  va r nis h e d  b efor e  it  h a d  a
c h a n c e  to  r u n  off.  I t  is, how ever, t h e  no n-hyg roscopic
c h a r a c t e r  of t h e  solven t  t h a t  m a k e s  t h e  va r ni sh  s ucc e s sful. 
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This  for m ula  is ve ry la rg ely u s e d  for  t h e  p ro d uc tion
of py roxyline  va r ni sh,  w hich  is u s e d  for  va r nis hing
p e n s,  p e ncils, &c., al so  b r a s s-wo rk  a n d  silve r-w a r e .

The  bo dy know n  a s  oxy-cellulose[A] is for m e d  by t h e
a c tion  of ni t ric  a cid  u po n  c ellulos e  w h e n  boiled  wi th
it.  The  q u a n ti ty for m e d  is a bo u t  3 0  p e r  c e n t .
of c ellulos e  a c t e d  u po n.   Whe n  w a s h e d  fre e  fro m
a cid,  it g el a tinis e s.   I t  is t h e n  soluble  in dilu t e
alkalies,  a n d  c a n  b e  r e p r e cipi t a t e d  fro m  solu tion
by alcohol, a cids,  o r  s aline  solu tions.   M e s s r s
Cross  a n d  Beva n  a s sig n  to  it  t h e  for m ula  C_{ 18 } H_{ 26 }O_{16 }.  
I t  dis solves  in conc e n t r a t e d  s ulp h u ric  a cid,  a n d  wi th
ni t ric  a cid  for m s  a  ni t ro  body of t h e  for m ula  
C_{1 8 } H_{2 3 } O_{ 16 } 3(NO_{2 }),
w hich  is p r e p a r e d  a s  follows:—The  g el a tinous
oxy-c ellulose  is w a s h e d  wi th  s t ro n g  ni t ric  a cid  u n til
fr e e  fro m  w a t er, a n d  is t h e n  diffus e d  t h rou g h  a  mixt u r e
of e q u al  volu m e s  of s t ro n g  s ulp h u ric  a n d  ni t ric  a cids,
in  w hich  it q uickly dissolves.   The  solu tion,  af t e r
s t a n din g  for  a bo u t  a n  ho ur, is po u r e d  in a  fine  s t r e a m
into  a  la r g e  volu m e  of w a t er, by  w hich  t h e  “ni t ro”
body is p r ecipi t a t e d  a s  a  w hi t e  floccule n t  m a s s.  
The  p ro d u c t ,  af t e r  d rying  a t  1 1 0  d e g.   C., w a s
foun d  u po n  a n alysis  to  con t ain  6.48  p e r  c e n t .  ni t rog e n.
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[Footno t e  A:  “On  t h e  Oxida tion  of Cellulos e,”
by C.F.  Cross  a n d  E.J.  Beva n,  Jour. 
Ch e m.   S oc. , 1 8 8 3,  p .  2 2.]

MISCELLANEOUS NITRO-EXPLOSIVES.

Ni tro-S tarch.—It is only r ec e n tly
t h a t ,  by  m e a n s  of t h e  p roc e ss  in t rod uc e d  by t h e  “Actien g e s ellsc h aft
Dyn a mi t  N o b el,” it  h a s  b e e n  possible  to  m a k e
t his  explosive  u po n  t h e  m a n ufac t u ring  sc ale.   Ni t ro-s t a r c h
h a s  b e e n  know n  since  1 8 8 3,  w h e n  Bracon not  discove r e d
it, a n d  c alle d  it xyloidin e.   I t s  for m ula  is C_{6 } H_{ 8 }O_{3 }(NO_{3 })_{2 },
b u t  Dr  Ot to  M u e hlh a e u s e n  h a s  la t ely s ucc e e d e d  in p r e p a ring
hig h e r  ni t r a t e d  co m po u n d s,  vi z .:—

(a.) C_{6 } H_{7-1/2 }O_{2-1/2 }(NO_{3 })_{2-1/2 }.

(b. ) C_{6 } H_{7 }O_{4 }(NO_{3 })_{3 }.

Or  do u bling  t h e  m olec ule  of s t a r c h:—

Nit rog e n.
i.   Tet r a-ni t ro-s t a r c h    C_{12 } H_{ 16 }O_{ 6 }(ONO_{2 })_{4 }  1 1.1 1  p e r  ce n t .
ii.   Pe n t a-ni t ro-s t a r c h    C_{12 } H_{ 15 }O_{5 }(O NO_{2 })_{5 }  1 2.7 5     "
iii.   H exa-ni t ro-s t a r c h     C_{ 12 } H_{ 14 } O_{4 }(ONO_{2 })_{6 }  1 4.14     "

H e  r e g a r d s  t h e m  a s  t r u e  e t h e r s  (es t e r s)  of ni t r ic
a cid.   Thus  on  t r e a t m e n t  wi th  s ulp h u ric  a cid,
t h e s e  co m po u n d s  yield  NO_{ 3 } H,  t h e  r e sidu e  O.NO_{2 }
t h u s  a p p e a rin g  to  b e  r e pl ac e d  by t h e  s ulp h u ric  a cid
r e sid u e.   On  t r e a t m e n t  wi th  a  solu tion  of fe r ro us
c hlo rid e,  ni t ric  oxide  a n d  “soluble” s t a r c h
a r e  r e g e n e r a t e d.   On  s h aking  wi th  s ulph u ric  a cid
ove r  m e r c u ry, all t h e  ni t rog e n  is s pli t  off a s  NO.

Tet r a-ni t ro-s t a r c h  is p r e p a r e d  u po n  t h e  la r g e  sc al e
a s  follows:—A q u a n ti ty of po t a to-s t a r c h
is t ak e n  a n d  expos e d  in so m e  s ui t a bl e  d e sicc a tin g
a p p a r a t u s  a t  a  t e m p e r a t u r e  of 1 0 0  d e g.   C. u n til
all t h e  m ois tu r e  w hich  it co n t ain s  is co m ple t ely d rive n
off.  I t  is t h e n  r e d u c e d  to  a  fine  pow d e r  by  g rin ding,
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a n d  dis solve d  in ni t ric  a cid  of s p e cific g r avity 1.50 1.  
The  ves s el in w hich  t his  solu tion  is a cco m plish e d  is
m a d e  of lea d,  a n d  m u s t  b e  p rovide d  wi th  t wo  jacke t s,
cooled  by m e a n s  of w a t er.  It  s ho uld  fu r t h e r  b e
fit t e d  wi th  a  sc r e w-a gi t a tor, in o r d e r  to  ke e p  t h e
ni t ric  a cid  ci rc ula ting  fre ely.  The  c h a r g e  of
s t a r c h  is in t ro d uc e d  t h ro u g h  a n  op e ning  in  t h e  cove r
of t his  dige s tin g  vess el, a n d  t h e  p ro po r tions  of a cid
to  s t a r c h  a r e  1 0  kilog r a m m e s  of s t a r c h  to  1 0 0  kilos.
of a cid.   The  t e m p e r a t u r e  is ke p t  wi thin  t h e  limits
2 0  d e g.  to  2 5  d e g.   C. Whe n  t h e  solu tion  of t h e
s t a r c h  is co m ple t e,  t h e  liquid  is con d uc t e d  in to a
p r e cipi t a ting  a p p a r a t u s ,  w hich  is also  p rovide d  wi th
a  cooling  jacke t ,  for  t h e  p u r pos e  of r e g ula tin g  t h e
t e m p e r a t u r e .   The  bo t to m  of t his  ves s el is do u ble
a n d  p e rfo r a t e d,  a n d  h e r e  is pl ac e d  a  laye r  of g u n-co t ton
to  a c t  a s  a  filt er.  This  ves s el is filled  wi t h
s p e n t  ni t ro-s ulph u ric  a cid  ob t ain e d  a s  a  w a s t e  p ro d uc t
fro m  t h e  ni t ro-glyce rin e  m a n ufac to ry, a n d  t h e  solu tion
of s t a r c h  in ni t ric  a cid  is s p r aye d  in to  it  t h ro u g h
a n  injec to r  wo rk e d  by co m p r e s s e d  air, w h e r e by t h e
ni t ro-s t a r c h  is t h ro w n  dow n  in t h e  for m  of a  fine-g r ain e d
pow d e ry  p r e cipi t a t e .
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In  o r d e r  to  p r e cipi t a t e  1 0 0  kilos.  of t h e  a cid  solu tion
of s t a r c h,  it is n e c e s s a ry  to  e m ploy 5 0 0  kilos.  of
s p e n t  ni t ro-s ulph u ric  a cid.   As it  is p r ecipi t a t e d
t h e  ni t ro-s t a r c h  collec t s  on  t h e  g u n-co t ton  fil t er,
a n d  t h e  a cid  liquo r  is r u n  off t h rou g h  a  t a p  pl ac e d
b e n e a t h  t h e  p e rfo r a t e d  do u ble  bo t to m  of t h e  vess el,
a n d  of cou r s e  b elow t h e  filt e r  p a d.   The  p r e cipi t a t e d
s t a r c h  is fu r t h e r  cle a n s e d  fro m  a cid  by  r e p e a t e d  w a s hin gs
a n d  by p r e s s u r e ,  u n til all t r a c e  of a cidi ty h a s  b e e n
elimin a t e d ,  a n d  t h e  s u b s t a n c e  exhibi t s  a  n e u t r al  r e a c tion.  
The  n ext  s t e p  is to  t r e a t  t h e  ni t ro-s t a r c h  wi th  a  5
p e r  c e n t .  solu tion  of sod a,  in  con t a c t  wi th  w hich  it
is allow e d  to  s t a n d  for  a t  le a s t  t w e n ty-fou r  ho u r s.  
The  p ro d u c t  is t h e n  g ro u n d  u p  u n til a  so r t  of “milk”
o r  e m ulsion  is ob t ain e d,  a n d  las tly t r e a t e d  wi th  a
solu tion  of a niline,  so  t h a t  w h e n  p r e s s e d  in to  c ak e,
it  con t ain s  a bo u t  3 3  p e r  ce n t .  of w a t er, a n d  1  p e r
c e n t .  of a niline.

Dr  M u e hlh a e u s e n,  wo rking  on  t h e s e  line s  in t h e  labo r a to ry,
p r e p a r e d  ni t ro-s t a r c h  w hich  con t ain e d  1 0.9 6  a n d  1 1.09
p e r  c e n t .  of ni t rog e n.   Wh e n  in t h e  s t a t e  of po w d e r
it  is s now-w hi t e  in colou r;  it b e co m e s  el ec t rified
w h e n  r u b b e d;  it  is ve ry s t a bl e,  a n d  soluble  eve n  in
t h e  cold  in ni t ro-glyce rin e.   H e  h a s  al so  p r e p a r e d
a  t e t r a-ni t ro-s t a r c h  co n t aining  1 0.58  a n d  1 0.5 0  p e r
c e n t .  of ni t rog e n,  by  po u ring  w a t e r  in to  a  solu tion
of s t a r c h  in ni t ric  a cid  w hich  h a d  s tood  for  s eve r al
d ays.   The  s u b s t a n c e  t h u s  p rod uc e d  in t h e  labo r a to ry
h a d  all t h e  p ro p e r ti e s  of t h a t  p r e p a r e d  by t h e  o th e r
p roc e s s.

The  p ro d u c tion  of p e n t a-ni t ro-s t a r c h  is effec t e d  by
a d ding  2 0  g r m s.  of r ic e-s t a r c h—p r eviously
d ri e d  a t  a  t e m p e r a t u r e  of 1 0 0  d e g.C., in o r d e r  to
elimin a t e  all m ois t u r e—to  a  mixt u r e  of 1 0 0
g r m s.  of ni t ric  a cid,  s p e cific g r avity 1.50 1,  a n d
3 0 0  g r m s.  of s ulp h u ric  a cid,  s p ecific g r avity 1.8  (so m e
t e t r a-ni t ro-s t a r c h  is also  for m e d  a t  t h e  s a m e  tim e). 
Afte r  s t a n ding  in con t a c t  wi t h  t h e s e  mixed  a cid s  for
on e  ho u r  t h e  s t a r c h  h a s  u n d e r go n e  a  ch a n g e,  a n d  t h e
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m a s s  m ay  now  b e  disch a r g e d  in to  a  la rg e  q u a n ti ty of
w a t er, a n d  t h e n  w a s h e d,  fir s t  wi th  w a t er, a n d  finally
wi th  a n  a q u eo u s  solu tion  of sod a.   The  yield  in
Dr  M u e hlh a e u s e n’s exp e ri m e n t s  w a s  1 4 7.5  p e r  c e n t .

The  s u bs t a nc e  t h u s  for m e d  is no w  h e a t e d  wi t h  e t h e r-alcohol,
t h e  e t h e r  is dis tilled  off, a n d  t h e  p e n t a-ni t ro-s t a r c h
a p p e a r s  a s  a  p r ecipi t a t e ,  w hils t  t h e  t e t r a-ni t ro-s t a r c h,
w hich  is for m e d  sim ul t a n eo usly, r e m ains  in solu tion
in t h e  alcohol.  As ob t ain e d  by t his  p roc e ss ,  i t
con t ain e d  1 2.76  a n d  1 2.98  p e r  c e n t .  ni t ro g e n,  w hils t
t h e  soluble  t e t r a-ni t ro-s t a r c h  con t ain e d  1 0.45  p e r
c e n t .

H exa-ni t ro-s t a r c h  is t h e  p rod uc t  c hiefly for m e d  w h e n
4 0  g r m s.  of d ry  s t a r c h  a r e  t r e a t e d  wi th  4 0 0  g r m s.
of ni t ric  a cid,  s p e cific g r avi ty 1.5 01,  a n d  allow e d
to  s t a n d  in co n t ac t  for  tw e n ty-fou r  ho u r s;  2 0 0  g r m s.
of t his  mixtu r e  a r e  t h e n  po u r e d  in to  6 0 0  c.c. of s ulph u ric
a cid  of 6 6  d e g.   B. The  r e s ul t  of t his  m a nip ula tion
is a  w hi t e  p r e cipi t a t e ,  w hich  con t ain s  1 3.52-1 3.23
a n d  1 3.22  p e r  c e n t .  ni t rog e n;  a n d  consis t s ,  t h e r efo r e,
of a  mixtu r e  of p e n t a- a n d  h ex a-ni t ro-s t a r c h.
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The  exp e rim e n t s  u n d e r t a k e n  wi th  t h e s e  s u bs t a nc e s  d e m o ns t r a t e d
t h a t  t hos e  p r e p a r e d  by p r ecipi t a ting  t h e  ni t ro-s t a r c h
wi th  s t ro n g  s ulph u ric  a cid  w e r e  less  s t a ble  in c h a r a c t e r
o r  p rop e r ti e s  t h a n  t hos e  w hich  w e r e  p r ecipi t a t e d  by
w a t e r  o r  w e a k  s ulp h u ric  a cid.   Dr  M u e hlh a e u s e n
is of opinion  t h a t  possibly in t h e  for m e r  c a s e  a  s ulpho-g ro u p
m ay b e  for m e d,  w hich  in s m all q u a n ti ty m ay  occ a sion
t his  ins t a bili ty.

The  following  t a bl e  s hows  t h e  b e h aviou r  of t h e s e  s u b s t a n c e s
p r e p a r e d  in diffe r e n t  w ays  a n d  u n d e r  va rious  con di tions:—

_______________________________________________________
___________
|                      |                                             |
|                      |                   SAMPLES.                  |
|                      |____________________________________________|
|                      |         |         |         |         |         |
|                      |    A.   |    B.   |    C.   |    D.   |    E.    |
|  Igni tion-poin t       | 1 7 5  d e g.   C. | 1 7 0  d e g.   C. | 1 5 2  d e g.   C. | 1 2 1  d e g.   C. | 1 5 5
d e g.   C. |
|  S t a bili ty           | S t a bl e   | S t a bl e   |U n s t a ble |U ns t a ble |U n s t a ble |
|  Pe r  c e n t .  of N.     |  1 1.02   |  1 0.54   |  1 2 .87   |  1 2.5 9   |  1 3.52   |
|  9 6  p e r  c e n t .  a lcohol |   Sol.  |   Sol.  |  Insol. |  Insol. |  Insol. |
|  E t h e r                |  Insol. |  Insol. |  Insol. |  Insol. |  Insol. |
|  E t h e r-alcohol       |   Sol.  |   Sol.  |   Sol.  |   Sol.  |   Sol.  |
|  Ace tic  E t h e r         |   Sol.  |   Sol.  |   Sol.  |   Sol.  |   Sol.  |
|_____________________|________|________|________|________|_
_______|

The s e  s a m ple s  w e r e  p r e p a r e d  a s  follows:—

A. F ro m  1  p a r t  ni t ric  a cid  a n d  2  p a r t s  s ulp h u ric  a cid
(con t aining  7 0  p e r
   c e n t .   H_{ 2 }O). 
B. F ro m  1  p a r t  ni t ric  a cid  a n d  w a t er. 
C. F ro m  1  p a r t  ni t ric  a n d  3  p a r t s  H_{ 2 } SO_{4 }  (con.). 
D. F ro m  1  p a r t  ni t ric  a n d  3.5  p a r t s  con.   H_{ 2 } SO_{4 }.  
E.  F ro m  1  p a r t  ni t ric  a n d  3  p a r t s  con.   H_{ 2 } SO_{4 }.

Dr  M u e hlh a e u s e n  is of opinion  t h a t  t h e s e  co m po u n d s
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m ay b e  t u r n e d  to  p r a c tical a c co u n t  in t h e  p ro d uc tion
of good  s mok eles s  pow d er.  H e  r e co m m e n d s  t h e  following
p ro po r tions  a n d  m e t ho d.   Six g r m s.  of ni t ro-jut e
a n d  2  g r m s.  of ni t ro-s t a r c h  a r e  mixe d  tog e t h er, a n d
m ois t e n e d  wi th  a c e tic  e t h er.  The s e  ing r e die n t s
a r e  t h e n  wo rk e d  tog e t h e r  in to  a  u nifo r m  m a s s ,  a n d
d ri e d  a t  a  t e m p e r a t u r e  r a n ging  b e t w e e n  t h e  limi t s  5 0
d e g.  to  6 0  d e g.   C. H e  h a s  hi m s elf p r e p a r e d  s uc h
a  s m ok ele ss  pow d er, w hich  p rove d  to  con t ain  1 1.5 4
p e r  c e n t .  of ni t rog e n,  a n d  w a s  ve ry s t a ble.   F u r t h e r
d e t ails  of Dr  M u e hlh a e u s e n’s wo rk  u po n  ni t ro-s t a r c h
c a n  b e  foun d  in Dingler’s Poly t e c h nisc h e s
Journal , p a p e r  “Die  ho e h r e n  S alp e t e r s a e u r e a e t h e r
d e r  S t a e rk e,” 1 8 9 2,  Ba n d  2 8 4,  s .  1 3 7-1 4 3,  a n d
a  Bibliog r a p hy u p  to  1 8 9 2  in Ar m s  and  Explosiv es ,
Dec e m b e r  1 8 9 2.
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M. Be r t h elo t  gives  t h e  h e a t  of for m a tion  of ni t ro-s t a r c h
a s  8 1 2  c als.  for  1  g r m.,  a n d  t h e  h e a t  of to t al  co m b u s tion
a s  e q u al  to  7 0 6.5  c als.  for  2 0 7  g r m s., o r  for  1  g r m.
3,41 3  c als.   The  h e a t  of d e co m posi tion  could  only
b e  c alcula t e d  if t h e  p ro d uc t s  of d e co m position  w e r e
give n,  b u t  t h ey  h ave  no t  a s  ye t  b e e n  s t u die d,  a n d
t h e  q u a n ti ty of oxyge n  con t ain e d  in t h e  co m po u n d  is
fa r  fro m  b eing  s ufficie n t  for  it s  co m ple t e  co m b u s tion.  
Be r t h elo t  a n d  Vieille  foun d  t h e  av e r a g e  veloci ti es
for  ni t ro-s t a r c h  po w d er, d e n si ty of c h a r g e  a bo u t  1 .2,
in  a  tin  t u b e  4  m m.  ex te r n al  di a m e t er, to  b e ,  in t wo
exp e ri m e n t s ,  5 ,22 2  m.  a n d  5,67 4  m.   In  a  tin  t u b e
5.5  m m.  ex t e r n al  di a m e t er, t h e  veloci ty w a s  5,81 5
m.,  a n d  in lea d  t u b e  5,00 6  m.  (de n si ty 1.1  to  1.2). 
The  s t a r c h  pow d e r  is hyg roscopic, a n d  is insoluble
in w a t e r  a n d  alcohol.  Whe n  d ry  it  is ve ry explosive,
a n d  t ak e s  fir e  a t  a bo u t  3 5 0  d e g.   F. M r  Alfre d
N o b el  h a s  t ak e n  ou t  a  p a t e n t  (En g.   Pa t.   No.
6,56 0,  8 8)  for  t h e  u s e  of ni t ro-s t a r c h.   His  inven tion
r el a t e s  to  t h e  t r e a t m e n t  of ni t ro-s t a r c h  a n d  ni t ro-d ext rine ,
for  t h e  p u r pos e  of p rod ucing  a n  explosive  po w d er,
to  b e  u s e d  in pl ac e  of g u n po w d er.  H e  inco rpo r a t e s
t h e s e  m a t e ri als  wi th  ni t ro-cellulose,  a n d  dis solves
t h e  w hole  in a c e to n e,  w hich  is af t e r w a r d s  dis tilled
off.  A p e rfec t  inco r po r a tion  of t h e  ing r e die n t s
is t h u s  b ro u g h t  a bo u t .

Ni tro-Jute.—It is ob t ain e d  by t r e a tin g
jut e  wi th  ni t ric  a cid.   I t s  p ro p e r ti es  h ave  b e e n
s t u die d  by M e s s r s  Cross  a n d  Beva n  (Jour.  Ch e m .  
S o c. , 1 8 8 9,  1 9 9), a n d  by M u e hlh a e u s e n.   The
la t t e r  u s e d  for  it s  ni t r a tion  a n  a cid  mixtu r e  co m pos e d
of e q u al  p a r t s  of ni t ric  a n d  s ulph u ric  a cid s,  w hich
w a s  allow e d  to  a c t  u po n  t h e  jut e  for  so m e  tim e.  
H e  foun d  t h a t  wi th  long  expos u r e ,  i.e ., fro m
t h r e e  to  fou r  ho u r s  in t h e  a cids,  t h e r e  w a s  a  di sin t e g r a ting
of t h e  fib r e-b u n dle s,  a n d  t h e  ni t r a tion  w a s  a t t e n d e d
by s eco n d a ry  d e co m position  a n d  conve r sion  in to  p rod uc t s
soluble  in t h e  a cid  mixtu r e .   C ross  a n d  Beva n’s
wo rk  u po n  t his  s u bjec t  le a ds  t h e m  to  conclud e  t h a t
t h e  hig h e s t  yield  of ni t r a t e  is r e p r e s e n t e d  by  a n  inc r e a s e
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of w eig h t  of 5 1  p e r  c e n t .   They give  ju t e  t h e
e m pi rical for m ula  C_{12 } H_{ 18 }O_{9 }  (C =  4 7  p e r  c e n t .  
H  =  6  p e r  ce n t .,  a n d  O =  4 7  p e r  c e n t .), a n d  b elieve
its  conve r sion  in to a  ni t ro  co m po u n d  to  t ak e  pl ac e
t h u s:—

C_{1 2 } H_{1 8 } O +  3 H N O_{3 }  =  C_{12 } H_{1 5 }O_{ 6 }(NO_{3 })_{3 }
+  3 H_{2 }O.

This  is e q uivale n t  to  a  g ain  in w eig h t  of 4 4  p e r  c e n t .
for  t h e  t r i-ni t r a t e ,  a n d  of 5 8  p e r  c e n t .  for  t h e
t e t r a-ni t r a t e .   The  for m a tion  of t h e  t e t r a-ni t r a t e
a p p e a r s  to  b e  t h e  limit  of ni t r a tion  of jut e-fib r e.  
In  o th e r  wo r d s,  if w e  r e p r e s e n t  t h e  ligno-cellulos e
m olec ule  by a  C_{1 2 }  for m ula,  it  will con t ain  fou r
hyd roxyl (OH) g ro u ps,  o r  two  les s  t h a n  c ellulos e  simila rly
r e p r e s e n t e d.   The  following  a r e  t h ei r  ni t r a tion
r e s ul t s:—

Acids  u s e d.—I.  H NO_{3 }  s p.  gr. 1 .4 3,
a n d  H_{ 2 } SO_{4 }  =  1.84  e q u al  p a r t s .  
            II.
1  vol.  H NO_{ 3 }(1.5), 1  vol.  H_{ 2 } SO_{4 }(1.84). 
           III.
1  vol.  H NO_{ 3 }(1.5), 7 5  vols.  H_{2 } SO_{4 }(1.84).
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I. =  1 4 4.4;  II. =  1 5 3.3; III. =  1 5 4.4  g r m s .; 1 0 0  g r m s.
of fib r e  b ein g  u s e d  in all t h r e e  c a s e s .

Du r a tion  of expos u r e ,  t hi r ty min u t e s  a t  1 8  d e g.  
C.

The  ni t ro g e n  w a s  d e t e r min e d  in t h e  p ro d uc t s,  a n d  e q u alled
1 0.5  p e r  c e n t .   Theo ry for  C_{12 } H_{1 5 }O_{6 }(NO_{3 })_{3 }
=  9.5  p e r  c e n t .  a n d  for  C_{1 2 } H_{ 15 }O_{ 6 }(NO_{3 })_{4 }
=  1 1.5  p e r  c e n t .   Thes e  ni t r a t e s  r e s e m ble  t hos e
of c ellulos e,  a n d  a r e  in  all e s s e n ti al poin t s  ni t r a t e s
of ligno-c ellulose .

M u e hlh a e u s e n  ob t ain e d  a  m u c h  low e r  yield,  a n d  p ro b a bly,
a s  poin t e d  ou t  by Cros s  a n d  Beva n,  a  s econ d a ry  d e co m posi tion
took pl ac e ,  a n d  hi s  p ro d uc t s,  t h e r efo re ,  p ro b a bly
a p p roxim a t e  to  t h e  d e riva tives  of c ellulos e  r a t h e r
t h a n  to  t hos e  of ligno-c ellulose,  t h e  m o r e  oxidis a ble,
no n-c ellulose,  o r  lignon e  cons ti t u e n t s  h aving  b e e n
d eco m pos e d.   In  fac t ,  h e  r e g a r d s  his  p ro d u c t  a s
c ellulos e  p e n t a-ni t r a t e  (C_{12 } H_{ 16 }O_{5 }(O NO_{2 })_{5 }).  
The  Ch e mi k er  Z ei tu n g , xxi., p .  1 6 3,  con t ains
a  fu r t h e r  p a p e r  by M u e hlh a e u s e n  on  t h e  explosive  ni t ro-jut e .  
Afte r  p u rifying  t h e  ju t e-fib r e  by  boiling  it  wi t h
a  1  p e r  c e n t .  solu tion  of sodiu m  c a r bo n a t e ,  a n d  w a s hing
wi th  w a t er, h e  t r e a t e d  1  p a r t  of t h e  p u rified  jut e
wi th  1 5  p a r t s  of ni t ro-s ulph u ric  a cid,  a n d  ob t ain e d
t h e  following  r e s ul t s  wi th  diffe r e n t  p ro po r tions  of
ni t ric  to  s ulp h u ric  a cids:—

Yield  Ignition  Ni t rog e n.
p e r  c e n t .    Poin t.  
Exp e rim e n t   I.— 1.   H NO_{ 3 }   1 .   H_{ 2 } SO_{4 }   1 2 9.5    1 7 0  d e g.   C.   
1 1 .96%
"      II.       "       2 .     "         1 3 2.2    1 6 7  d e g.   C.   1 2.15%
"     III.       "       3 .     "         1 3 5.8    1 6 9  d e g.   C.   1 1.9 1%

An exp e ri m e n t  m a d e  wit h  fine  c a r d e d  ju t e  a n d  t h e  s a m e
mixt u r e  of a cids  a s  in No.  II. g ave  1 4 5.4  p e r
c e n t .  ni t ro-ju t e ,  w hich  igni t e d  a t  1 9 2  d e g.   C.,
a n d  con t ain e d  1 2  p e r  c e n t .  ni t rog e n.   This  explosive
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is no t  a t  p r e s e n t  m a n ufac t u r e d  u po n  t h e  la rg e  s c ale,
a n d  M e s s r s  C ross  a n d  Beva n  a r e  of opinion  t h a t  t h e r e
is no  ve ry obvious  a dv a n t a g e  in t h e  u s e  of lignified
t extile  fib r e  a s  r a w  m a t e ri als  for  explosive  ni t r a t e s ,
s e ein g  t h a t  a  la rg e  n u m b e r  of r a w  m a t e ri als  co n t aining
c ellulos e  (chiefly a s  co t to n) c a n  b e  ob t ain e d  a t  a
c h e a p e r  r a t e ,  a n d  yield  also  1 5 0  to  1 7 0  p e r  c e n t .  of
explosive  m a t e ri al  w h e n  ni t r a t e d ,  a n d  a r e  in m a ny  w ays
s u p e rio r  to  t h e  p ro d uc t s  ob t ain e d  hi t h e r to  fro m  ju t e.

Ni tro-m a n ni t e  is for m e d  by t h e  a c tion  of ni t ric
a cid  on  m a n ni t e ,  a  h ex-a cid  alcohol clos ely r el a t e d
to  s u g ar.  I t  occ u r s  a b u n d a n tly in  m a n n a,  w hich
is t h e  p a r tly d rie d  s a p  of t h e  m a n n a-a s h  (Fraxinus
ornu s ).  I t  is for m e d  in t h e  lac tic  a cid  fe r m e n t a tion
of s u g ar, a n d  by t h e  a c tion  of n a s c e n t  hyd ro g e n  on
glucos e  a n d  c ellulos e,  o r  on  inve r t  s u g ar.  I t s
for m ula  is C_{6 } H_{8 }(OH)_{6 }  a n d  t h a t  of ni t ro-m a n ni t e
C_{6 } H_{8 }(NO_{3 })_{6 }.   M a n ni t e  c rys t allis e s
in n e e dle s  o r  r ho m bic  p ris m s,  w hich  a r e  soluble  in
w a t e r  a n d  alcohol, a n d  h av e  a  s w e e t  t a s t e .   Ni t ro-m a n ni t e
for m s  w hi t e  n e e dle-s h a p e d  c rys t als,  insoluble  in w a t er,
b u t  soluble  in e t h e r  o r  alcohol.  Whe n  r a pidly
h e a t e d ,  t h ey  igni t e  a t  a bo u t  3 7 4  d e g.   F., a n d
explod e  a t  a bo u t  5 9 0  d e g.   F. I t  is m o r e  s u s c e p tible
to  fric tion  a n d  p e r c u s sion  t h a n  ni t ro-glyce rin e,  a n d
u nle ss  p u r e  i t is liable  to  s po n t a n eo us  d e co m posi tion.  
I t  is consid e r e d  a s  t h e  ni t ric  e t h e r  of t h e  h exa to mic
alcohol m a n ni t e.   I t  is for m e d  by t h e  a c tion  of
a  mixtu r e  of ni t ric  a n d  s ulph u ric  a cid s  u po n  m a n ni t e—
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C_{6 } H_{8 }(OH)_{6 }  +  6 H NO_{ 3 }  =  C_{6 } H_{ 8 }(NO_{3 })_{ 6 }
+  6 H_{2 }O.

Its  p ro d uc t s  of explosion  a r e  a s  s how n  in t h e  following
e q u a tion:—

C_{6 } H_{8 }(OH)_{6 }  =  6CO_{2 }  +  4 H_{2 }O +  3 N_{ 2 }  +
O_{2 }.

Its  p e r c e n t a g e  co m posi tion  is a s  follows:—Ca r bo n,
1 5.9  p e r  c e n t .; hyd ro g e n,  1 .8  p e r  ce n t .; ni t rog e n,
1 8.6  p e r  c e n t .; a n d  oxyge n,  6 3.7  p e r  c e n t .   I t s
m el ting  poin t  is 1 1 2  to  1 1 3  d e g.   C., a n d  it solidifies
a t  9 3  d e g..   Wh e n  c a r efully p r e p a r e d  a n d  p u rified
by r e c rys t allis a tion  fro m  alcohol, a n d  ke p t  p ro t e c t e d
fro m  s u nligh t ,  it c a n  b e  ke p t  for  s eve r al  yea r s  wi t ho u t
al t e r a tion.

Ni t ro-m a n ni t e  is m o r e  d a n g e ro us  t h a n  ni t ro-glyce rin e,
a s  it is m o r e  s e n si tive  to  s hock.  I t  is in t e r m e dia t e
in it s  s h a t t e rin g  p ro p e r ti e s  b e t w e e n  ni t ro-glyce rin e
a n d  fulmin a t e  of m e r c u ry.  I t  explod e s  by  t h e  s hock
of cop p e r  on  iron  o r  cop p er, a n d  eve n  of po rc el ain
on  po rc elain,  p rovide d  t h e  la t t e r  s hock  b e  violen t .  
I t s  h e a t  of for m a tion  fro m  its  ele m e n t s  is + 1 5 6 .1
c alo rie s.   I t  is no t  m a n ufac t u r e d  u po n  t h e  co m m e r cial
sc al e.

Beside s  t h e  ni t ro  co m po u n d s  al r e a dy d e s c rib e d,  t h e r e
a r e  m a ny  ot h e r s,  b u t  t h ey  a r e  of lit tl e  im po r t a n c e,
a n d  a r e  no n e  of t h e m  m a d e  u po n  t h e  la rg e  s c al e.  
Among  s uc h  s u bs t a nc e s  a r e  ni tro-coal , w hich
is m a d e  by t h e  a c tion  of ni t ric  a cid  on  co al; ni tro-colle ,
a  p rod uc t  w hich  r e s ul t s  fro m  t h e  a c tion  of ni t ric
a cid  on  isingla s s  o r  g el a tin e,  so ak e d  in w a t er. 
I t  is t h e n  t r e a t e d  wi th  t h e  u s u al  a cid s.

Anot h e r  m e t ho d  is to  pl ac e  s t ro n g  glu e  in cold  w a t e r
u n til it  h a s  a b so r b e d  t h e  m axim u m  a mo u n t  of t h e  la t t er. 
The  mixtu r e  is solidified  by t h e  a d di tion  of ni t ric
a cid,  ni t r a t e d  in t h e  u s u al  w ay, a n d  w ell w a s h e d.  
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Abel’s Glyoxiline  is only ni t r a t e d  g u n-co t ton
imp r e g n a t e d  wi th  ni t ro-glyce rin e.   Ni t ro-lignin e
is only ni t ro-c ellulos e  m a d e  fro m  wood  ins t e a d  of
co t ton; a n d  ni t ro-s t r a w  is also  only ni t ro-c ellulos e.  
The  explosive  know n  a s  Keil’s Explosive
con t ain s  ni t ro-glucos e .   Ni t ro-m olas s e s ,  w hich
is a  liquid  p ro d uc t ,  h a s  al so  b e e n  p ro pos e d,  a n d  ni t ro-s a cc h a ros e,
t h e  p ro d uc t  ob t ain e d  by t h e  ni t r a tion  of s u g ar. 
I t  is a  w hi t e ,  s a n dy, explosive  s u bs t a nc e ,  soluble
in alcohol a n d  e t h er.  Whe n  m a d e  fro m  c a n e  s u g ar,
it  do e s  no t  c rys t allise;  b u t  if m a d e  fro m  milk s u g ar,
it  do e s.   I t  h a s  b e e n  u s e d  in p e r c u s sion  c a p s ,
b ein g  s t ron g e r  a n d  q uicke r  t h a n  ni t ro-glyce rin e.  
I t  is, how ever, ve ry s e n si tive  a n d  ve ry hyg roscopic,
a n d  ve ry p ro n e  to  d e co m posi tion.   Ni t ro-t ar, m a d e
fro m  c r u d e  t a r-oil, by  ni t r a tion  wi t h  ni t ric  a cid
of a  s p e cific g r avity of 1 .5 3  to  1.5 4.   Ni t ro-toluol
is u s e d ,  mixe d  wi th  ni t ro-glyce rin e.   This lis t ,
how ever, do e s  no t  exh a u s t  t h e  va rious  s u b s t a nc e s  t h a t
h ave  b e e n  ni t r a t e d  a n d  p ro pos e d  a s  explosives.  
Eve n  s uc h  u nlikely s u b s t a n c es  a s  ho r s e  d u n g  h ave  b e e n
exp e ri m e n t e d  wi th.   N o n e  of t h e m  a r e  ve ry m u c h
u s e d,  a n d  ve ry few of t h e m  a r e  m a d e  u po n  t h e  m a n ufac t u ring
sc al e.

CHAPTER IV.

DY N A MITE A ND GELATI NE S.
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Kies elg u h r  Dyn a mi t e—Classifica tion  of Dyn a mi te s—P rop e r ti e s
a n d
Efficiency of Or din a ry  Dyn a mi te—Ot h e r  For m s
of Dyn a mi te—Gela tin e  a n d
Gela tin e  Dyn a mi t e s,  S ui t a bl e  Gun-Cot ton  for, a n d  Tre a t m e n t
of—Ot h e r
M a t e ri als  u s e d—Co m position  of Geligni t e—Blas ting
Gela tin e—Gela tin e
Dyn a mi t e—Absor bing  M a t e ri als—Wood
P ulp—Pot as siu m  Nit r a t e ,  &c.—
M a n ufac t u r e  a n d  Appa r a t u s  u s e d,  a n d  P ro p e r ti e s  of
Gela tin e  Dyn a mi t e s—
Cor di t e—Co m position  a n d  M a n ufac t u r e .

Dyna mi t e .—Dyn a mit e  consis t s  of ni t ro-glyce rin e
ei t h e r  a b so r b e d  by so m e  po ro us  m a t e ri al, o r  mixe d
wi th  so m e  ot h e r  s u b s t a n c e  o r  s u bs t a nc e s  w hich  a r e
ei t h e r  explosives  o r  m e r ely ine r t  m a t e ri als.  Among
t h e  po ro us  s u bs t a nc e s  u s e d  is kie s elgu hr, a  silicious
e a r t h  w hic h  consis t s  c hiefly of t h e  skele tons  of va rious
s p eci es  of dia to m s.   This e a r t h  occu r s  in  b e d s
c hiefly in  H a nover, S w e d e n,  a n d  S co tl an d.   The
b e s t  q u ali ty for  t h e  p u r pos e  of m a n ufac t u ring  dyn a mit e
is t h a t  w hich  con t ains  t h e  la r g e s t  q u a n ti ty of t h e
long  t u b ula r  bacillariae , a n d  les s  of t h e  ro u n d
a n d  lanc e t-s h a p e d  for m s,  s uc h  a s  ple urosig m a ta
a n d  diclyochae , a s  t h e  t u b e-s h a p e d  di a to m s
a b so r b  t h e  ni t ro-glyce rine  b e t t er, a n d  it b e co m e s  p a ck e d
into  t h e  c e n t r e  of t h e  silicious  skel e to n  of t h e  di a to m s,
t h e  sk ele ton  a c tin g  a s  a  kind  of t a m pin g,  a n d  inc r e a sing
t h e  in t e nsi ty of t h e  explosion.

Dyn a mi t e s  a r e  cl as sified  by  t h e  la t e  Colon el Cu n dill,
R.A., in  his  “Diction a ry of Explosives”
a s  follows:—

1.   Dyn a mi t e s  wit h  a n  ine r t  b a s e ,  a c tin g  m e r ely
a s  a n  a b so r b e n t .

2 .   Dyn a mi t e s  wit h  a n  a c tive  b a s e ,  i.e .,
a n  explosive  b a s e .   No. 2  m ay  b e  a g ain  divide d
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in to  t h r e e  mi no r  cla s s e s ,  w hich  con t ain  a s  b a s e—

(a.) Ch a rco al.

(b. ) Gun pow d e r  o r  o t h e r  ni t r a t e ,  o r  chlo r a t e
mixt u r e.

(c. ) Gun-co t to n  o r  o th e r  ni t ro  co m po u n d  (ni t ro-b e nzol,
&c.).

The  firs t  of t h e s e,  vi z ., c h a r co al, w a s  on e  of
t h e  fir s t  a b so r b e n t s  for  ni t ro-glyce rin e  ev e r  u s e d;
t h e  s econ d  is r e p r e s e n t e d  by  t h e  w ell-know n  Atlas
pow d e r;  a n d  t h e  las t  includ e s  t h e  w ell-know n  a n d  la r g ely
u s e d  g el a tin e  co m po u n d s,  viz ., g elignit e  a n d
g ela tin e  dyn a mit e,  a n d  also  to nit e  No. 3 ,  &c.

In  t h e  yea r  1 8 6 7  N o b el  p ro d uc e d  dyn a mit e  by a b so r bin g
t h e  ni t ro-glyce rin e  in a n  ine r t  s u bs t a nc e ,  for ming
a  pl as tic  m a s s .   In  his  p a t e n t  h e  s ays:  “This
inve n tion  r ela t e s  to  t h e  u s e  of ni t ro-glyce rin e  in
a n  al t e r e d  con di tion,  w hich  r e n d e r s  it fa r  m o r e  p r a c tical
a n d  s afe  for  u s e.   The  al t e r e d  con di tion  of t h e
ni t ro-glyce rin e  is effec t e d  by  c a u sin g  it to  b e  a b s o r b e d
in po rous  u n explosive  s u bs t a n c e s ,  s uc h  a s  ch a rco al,
silica,  p a p er, o r  si mila r  m a t e ri als, w h e r e by it is
conve r t e d  in to  a  pow d er, w hich  I c all dyn a mi t e,  o r
N o b el’s s afe ty pow d er.  By t h e  a b so r p tion
of t h e  ni t ro-glyce rin e  in so m e  po ro us  s u bs t a nc e  it
a c q ui r e s  t h e  p ro p e r ty of b eing  in a  high  d e g r e e  inse n sible
to  s hocks,  a n d  it c a n  al so  b e  b u r n e d  ove r  a  fi r e  wit ho u t
exploding.”
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Or din a ry dyn a mit e  consis t s  of a  mixt u r e  of 7 5  p e r
c e n t .  of ni t ro-glyce rin e  a n d  2 5  p e r  ce n t .  of kies elg u hr. 
The  g u h r  a s  impo r t e d  (Mes s r s  A. H a a k e  & Co. a r e  t h e
c hief impo r t e r s)  con t ain s  fro m  2 0  to  3 0  p e r  c e n t .  of
w a t e r  a n d  o r g a nic  m a t t er.  The  w a t e r  m ay b e  ve ry
e a sily e s tim a t e d  by d rying  a  w eig h e d  q u a n ti ty in a
pl a tin u m  c r ucible  a t  1 0 0  d e g.   C. for  so m e  ti m e
a n d  r e-w eig hing,  a n d  t h e  o r g a nic  m a t t e r  by  igni ting
t h e  r e sid u e  s t ro n gly ove r  a  Buns e n  b u r n er.  Befor e
t h e  g u h r  c a n  b e  u s e d  for  m a king  dyn a mi t e  it m u s t  b e
c alcin e d,  in o r d e r  no t  only to  g e t  r id  of m ois t u r e ,
b u t  also  t h e  o r g a nic  m a t t er.

A good  g u h r  s ho uld  a b so r b  fou r  ti m es  it s  w eigh t  of
ni t ro-glyce rin e ,  a n d  s hould  t h e n  for m  a  co m p a r a tively
d ry  mixt u r e.   I t  s ho uld  b e  p al e  pink,  r e d  b row n,
o r  w hi t e .   The  pink  is g e n e r ally p r efe r r e d,  a n d
it  s hould  b e  a s  fre e  a s  pos sible  fro m  g ri t  of all
kinds ,  q u a r tz  p a r t icles,  &c., a n d  s ho uld  h ave  a  s moot h
feeling  w h e n  r u b b e d  b e t w e e n  t h e  fing e r  a n d  t h u m b,  a n d
s ho uld  s how  a  la r g e  q u a n ti ty of di a to m s  w h e n  view e d
u n d e r  t h e  mic roscop e.   The  following  w a s  t h e  a n alysis
of a  d ri ed  s a m ple  of kies elgu h r:—Silica,
9 4 .30; m a g n e si a,  2 .10; oxide  of iron  a n d  alu min a,  1 . 3;
o r g a nic  m a t t er, 0 .40;  m ois t u r e,  1 .90  p e r  c e n t .

The  g u h r  is g e n e r ally d rie d  in a  r eve r b e r a to ry m uffle
fu r n a c e .   I t  is s p r e a d  ou t  on  t h e  bo t to m  to  t h e
t hickn es s  of 3  o r  4  inch es ,  a n d  s hould  eve ry now  a n d
t h e n  b e  t u r n e d  ove r  a n d  r ak e d  a bo u t  wi th  a n  iron  r a b ble
o r  ho e.   The  t e m p e r a t u r e  s ho uld  b e  s ufficie n tly
hig h  to  m a k e  t h e  g u h r  r e d  ho t ,  o r  t h e  o r g a nic  m a t t e r
will no t  b e  b u r n t  off.  The  tim e  occ u pie d  in  c alcining
will d e p e n d  of cou r s e  u po n  t h e  q u ali ty of t h e  g u h r
b ein g  op e r a t e d  u po n.   Thos e  co n t aining  a  hig h
p e rc e n t a g e  of w a t e r  a n d  o r g a nic  m a t t e r  will of cou r s e
t ak e  long e r  t h a n  t hos e  t h a t  do  no t .   A s a m ple  of
t h e  c alcine d  g u h r  s hould  no t  con t ain  m o r e  t h a n  0.5
p e r  c e n t .  of m ois t u r e  a n d  o r g a nic  m a t t e r  tog e t h er.

Afte r  t h e  g u h r  is d ry  it  r e q ui r e s  to  b e  sif t e d  a n d
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c r u s h e d.   The  c r u s hing  is don e  by p a s sing  it b e t w e e n
iron  rolle r s  fixed  a t  t h e  bo t to m  of a  con e  o r  ho p p er,
a n d  r evolving  a t  a  m o d e r a t e  s p e e d.   Ben e a t h  t h e
rolle r s  a  fine  si eve  s ho uld  b e  pl ac e d,  t h ro u g h  w hich
t h e  g u h r  m u s t  b e  m a d e  to  p a s s.

The  kies elgu h r  h aving  b e e n  d ri e d,  c r u s h e d,  a n d  sift ed,
s ho uld  b e  p a ck e d  a w ay in b a g s ,  a n d  c a r e  s ho uld  b e
t ak e n  t h a t  it do e s  no t  a g ain  a b so r b  m ois t u r e ,  a s  if
it  con t ain s  a nyt hing  a bove  a bo u t  five-t e n t h s  p e r  c e n t .
of w a t e r  it  will c a u s e  t h e  dyn a mi te  m a d e  wi t h  it  to
exu d e.   The  g u h r  t h us  p r e p a r e d  is t ak e n  u p  to
t h e  d a n g e r  a r e a ,  a n d  mixe d  wi t h  ni t ro-glyce rin e .  
The  ni t ro-glyce rin e  u s e d  s hould  b e  q ui t e  fre e  fro m
w a t er, a n d  cle ar, a n d  s ho uld  h av e  b e e n  s t a n din g  for
a  d ay o r  t wo  in t h e  p r e cipi t a ting  ho u s e .   The
g u h r  a n d  ni t ro-glyce rin e  a r e  mixe d  in lea d  t a nks  (abou t
1-1/2  foot  d e e p,  a n d  2  to  3  fee t  long), in  t h e  p ro po r tions
of 7 5  of t h e  ni t ro-glyce rine  to  2 5  of t h e  g u hr, u nl e s s
t h e  g u h r  is foun d  to  b e  too  a b so r b e n t ,  w hich  will
c a u s e  t h e  dyn a mi t e  to  b e  too  d ry a n d  to  c r u m ble.  
In  t his  c a s e  a  s m all q u a n ti ty of b a riu m  s ulp h a t e ,
s ay a bo u t  1  p e r  c e n t .,  s ho uld  b e  a d d e d  to  t h e  g u hr. 
This  will le ss e n  it s  a b so r bin g  pow e r s ,  o r  a  hig hly
a b so r p tive  s a m ple  of g u h r  m ay  b e  mixe d  wi th  on e  of
les s  a b so r p tive  pow er, in t h e  p ro po r tions  foun d  by
exp e ri m e n t  to  b e  t h e  b e s t  s ui t e d  to  m a k e  a  fai rly m ois t
dyn a mi t e,  b u t  on e  t h a t  will no t  exu d e.
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The  mixing  its elf is g e n e r ally p e rfo r m e d  in a  s e p a r a t e
ho us e.   In  a  s e rie s  of le ad-line d  t a nks  t h e  g u h r
is w eig h e d,  plac e d  in  a  t a nk, a n d  t h e  ni t ro-glyce rin e
po u r e d  on  to  it.  The  ni t ro-glyce rin e  m ay  b e  w eigh e d
ou t  in india r u b b e r  b u ck e t s .   The  w hole  is t h e n
mixed  by h a n d,  a n d  w ell r u b b e d  b e t w e e n  t h e  h a n d s,
a n d  af t e r w a r d s  p a s s e d  t h ro u g h  a  sieve.   At t his
s t a g e  t h e  dyn a mit e  s ho uld  b e  d ry a n d  pow d e ry, a n d
of a  u nifo r m  colour.

It  is now  r e a dy to  b e  m a d e  u p  in to  c a r t ridg e s,  a n d
s ho uld  b e  t ak e n  ove r  to  t h e  c a r t ridg e  h u t s.   The s e
a r e  s m all b uildings  s u r ro u n d e d  wi t h  m o u n d s,  a n d  con t ain
a  single  c a r t ri dg e  m a c hin e.   E ac h  h u t  r e q ui r e s
t h r e e  gi rls—on e  to  work  t h e  p r e s s,  a n d
t wo to  w r a p  u p  t h e  c a r t ridg es .   The  c a r t ridg e  p r e s s
con sis t s  of a  s ho r t  cylind e r  of t h e  dia m e t e r  of t h e
c a r t rid g e  t h a t  it is in t e n d e d  to  m a k e.   In to  t his
cylind e r  a  pis to n,  poin t e d  wit h  ivory o r  lign u m  vit a e
wood,  wo rks  u p  a n d  dow n  fro m  a  s p ring  work e d  by a  lever. 
Roun d  t h e  u p p e r  e d g e  of t h e  cylind e r  is fas t e n e d  a
c a nvas  b a g,  into  w hich  t h e  pow d e ry  dyn a mi t e  is pl ac e d
by m e a n s  of a  wood e n  scoop,  a n d  t h e  d e s c e n ding  pis ton
forc e s  t h e  dyn a mi t e  dow n  t h e  cylind e r  a n d  ou t  of t h e
op e n  e n d,  w h e r e  t h e  co m p r e s s e d  dyn a mit e  c a n  b e  b rok e n
off a t  conve nie n t  leng t h s .   The  w hole  m a c hin e
s ho uld  b e  m a d e  of g u n-m e t al, a n d  s ho uld  b e  u p righ t
a g ain s t  t h e  w all of t h e  b uilding.   The  two  gi rls,
w ho  si t  a t  t a bl es  pl ac e d  on  e a c h  sid e  of t h e  p r e s s ,
w r a p  t h e  c a r t ri dg e s  in p a r c h m e n t  p a p er.  F ro m  t h e s e
h u t s  t h e  c a r t rid g e s  a r e  collec t e d  by boys  ev e ry t e n
min u t e s  o r  a  q u a r t e r  of a n  ho ur, a n d  t ak e n  to  t h e
p acking  roo m,  w h e r e  t h ey a r e  p ack e d  in 5-lb. c a r d bo a r d
boxes,  w hich  a r e  t h e n  fu r t h e r  p a ck e d  in d e al  boxes
line d  wi th  india r u b b er, a n d  fas t e n e d  dow n  ai r  tigh t .  
The  wood e n  lids  a r e  t h e n  n ailed  dow n  with  b r a s s  o r
zinc  n ails, a n d  a  lab el p a s t e d  on  t h e  ou t side  giving
t h e  w eigh t  a n d  d e s c rip tion  of t h e  con t e n t s .   The
boxes  s hould  t h e n  b e  r e m oved  to  t h e  m a g azine s.  
I t  is w ell to  t ak e  a  c e r t ain  n u m b e r  of c a r t ri dg e s
fro m  t h e  p a cking  ho u s e  a t  diffe r e n t  ti m es  d u rin g  t h e
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d ay, s ay  t h r e e  o r  fou r  s a m ples ,  a n d  to  t e s t  t h e m  by
t h e  h e a t  t e s t .   A s a m ple  c u t  fro m  a  c a r t rid g e ,
a bo u t  1  inch  long, s ho uld  b e  pl ac e d  u n d e r  a  gl as s  s h a d e,
tog e t h e r  wi th  w a t e r  (a  la rg e  d e sicc a tor, in fac t),
a n d  left  for  so m e  d ays.   A good  dyn a mi te  s ho uld
no t,  u n d e r  t h e s e  co n di tions,  s how  a ny signs  of exu d a tion,
eve n  af t e r  w e e ks.[A]

[Footno t e  A:  Fo r  a n alysis  of dyn a mit e ,  s e e  ch a p t e r
on  “Analysis,” a n d  a u t ho r’s a r ticle
in Ch e m.   N e w s , 2 3 r d  S e p t e m b e r  1 8 9 2.]

Prop er tie s  of  Kies elg u hr  Dyna mi t e. —On e
c u bic foot  of dyn a mit e  w eighs  7 6  lbs. 4  oz.  The
s p ecific g r avity of 7 5  p e r  c e n t .  dyn a mi t e  is, how ever,
1.50.   I t  is a  r e d  o r  g r ey  colour, a n d  r a t h e r  g r e a sy
to  t h e  to uc h.   I t  is m u c h  less  s e n si tive  to  s hock
t h a n  ni t ro-glyce rin e,  b u t  explode s  occa sion ally wi th
t h e  s hock  of a  r ifle  b ulle t ,  o r  w h e n  s t r uck.   The
a d di tion  of a  few p e r  c e n t .  of c a m p ho r  will conside r a bly
di minis h  it s  explosive  q u aliti es  to  s uc h  a n  ex te n t
t h a t  it c a n  b e  m a d e  no n-explosive  exce p t  to  a  ve ry
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s t ro n g  fulmin a t e  d e to n a tor.  The  di r ec t  co n t ac t
of w a t e r  disin t e g r a t e s  dyn a mi te ,  s e p a r a t ing  t h e  ni t ro-glyce rine ,
h e n c e  g r e a t  c a u tion  is n e c e s s a ry  in u sin g  it in w e t
pl ac e s.   I t  fr e eze s  a t  a bo u t  4 0  d e g.   Fa hr.
(4 d e g.   C.), a n d  r e m ains  froze n  a t  t e m p e r a t u r e s
con sid e r a bly exc e e din g  t h a t  poin t.   Wh e n  froze n,
it  is co m p a r a tively u s el e s s  a s  a n  explosive  a g e n t ,
a n d  m u s t  b e  t h a w e d  wi th  c a r e .   This  is b e s t  do n e
by pl acing  t h e  c a r t rid g e s  in  a  w a r ming  p a n,  w hich
con sis t s  of a  tin  c a n ,  wi th  do u ble  sid es  a n d  bo t to m,
in to  w hich  ho t  w a t e r  (130  d e g.   Fa hr.) c a n  b e  po u r e d.  
The  dyn a mi te  will r e q ui r e  to  b e  left  in for  so m e  conside r a ble
ti m e  b efor e  it  b e co m e s  soft.   O n  no  a cco u n t  m u s t
it  b e  pl ac e d  on  a  ho t  s tove  o r  n e a r  a  fir e,  a s  m a ny
s e rious  a c cide n t s  h ave  occu r r e d  in t his  w ay.

F roze n  dyn a mi t e  is a  h a r d  m a s s ,  wi th  al t e r e d  p rop e r ti e s,
a n d  r e q ui r e s  1.5  g r m.  of fulmin a t e  ins t e a d  of 0 .5
g r m.  to  explod e  it.  Thawing  m ay  al so  c a u s e  exu d a tion
of t h e  ni t ro-glyce rin e,  w hich  is m u c h  m o r e  s e n si tive
to  s hock, a n d  if a ccide n t ally s t r uck  wi th  a n  iron
tool, m ay  explod e.   I t  is a  d a n g e ro u s  t hin g  to
c u t  a  frozen  c a r t rid g e  wit h  a  knife.  R a m min g  is
eve n  m o r e  d a n g e ro u s;  in fac t  it  is no t  only d a n g e ro us,
b u t  w a s t eful, to  u s e  dyn a mi t e  w h e n  in a  froze n  s t a t e .

Dyn a mi t e  explod e s  a t  a  t e m p e r a t u r e  of 3 6 0  d e g.  
Fa hr., a n d  is ve ry s e nsi tive  to  fric tion  w h e n  ho t.  
In  ho t  cou n t ri e s  it s ho uld  n eve r  b e  expos e d  to  t h e
r ays  of t h e  s u n.   I t  s ho uld,  ho w ever, no t  b e  ke p t
in a  d a m p  o r  m ois t  pl ac e,  a s  t his  is liable  to  c a u s e
exu d a tion.   S u nligh t ,  if di r ec t ,  c a n  c a u s e  a  slow
d eco m position,  a s  wi t h  all ni t ro  a n d  ni t ric  co m po u n ds.  
Elec t ric  s p a rks  igni t e ,  wi t ho u t  exploding  it, a t  le a s t
w h e n  op e r a tin g  in t h e  op e n  air.

Dyn a mi t e,  w h e n  m a d e  wi th  n e u t r al  ni t ro-glyce rin e,
a p p e a r s  to  ke e p  ind efini t ely.  Sodiu m  or  c alciu m
c a r bo n a t e  to  t h e  ex t e n t  of 1  p e r  c e n t .  is oft e n  a d d e d
to  dyn a mit e  to  e n s u r e  it s  b eing  n e u t r al.   If it
h a s  co m m e n c e d  to  u n d e r go  c h a n g e,  how ever, it r a pidly
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b eco m e s  a cid,  a n d  so m e ti m e s  explod es  s po n t a n eo usly,
e s p e cially if con t ain e d  in  r e sis ting  e nvelop e s.  
N eve r t h el e s s,  n e u t r al  a n d  w ell-m a d e  dyn a mit e  h a s  b e e n
k e p t  for  ye a r s  in  a  m a g azin e  wi t ho u t  los s  of it s  explosive
forc e.   If w a t e r  is b ro u g h t  in to  con t ac t  wi th
it, t h e  ni t ro-glyce rin e  is g r a d u ally dis pl ac e d  fro m
t h e  silic a  (gu h r).  This  a c tion  t e n d s  to  r e n d e r
all w e t  dyn a mi t e  d a n g e ro u s.

It  h a s  b e e n  obs e rve d  t h a t  a  dyn a mi t e  m a d e  wit h  wood
s a w d u s t  c a n  b e  m ois t e n e d  a n d  t h e n  d ri ed  wi t ho u t  m a r k e d
al t e r a tion,  a n d  fro m  1 5  to  2 0  p e r  c e n t .  of w a t e r  m ay
b e  a d d e d  to  c ellulos e  dyn a mi t e  wi thou t  d e p riving  it
of t h e  po w e r  of exploding  by s t ro n g  d e to n a to r  ( this
is si mila r  to  w e t  g u n-co t ton).  I t  is,  ho w ever,
r e n d e r e d  m u c h  less  s e n si tive  to  s hock.  With  r e g a r d
to  t h e  pow e r  of No. 1  dyn a mi t e,  exp e ri m e n t s  m a d e  in
lea d  cylind e r s  give  t h e  r el a tive  value  of No.  1  dyn a mi t e,
1.0; bl a s ting  g el a tin e,  1 .4; a n d  ni t ro-glyce rine ,
1.4.   The  h e a t  libe r a t e d  by  t h e  s u d d e n  explosion
of dyn a mit e  is t h e  s a m e  a s  i t s  h e a t  of co m b u s tion,[A]
a n d  p ropo r tion a t e  to  t h e  w eig h t  of ni t ro-glyce rin e
con t ain e d  in t h e  mixtu r e .   The  g a s e s  for m e d  a r e
c a r bo nic  a cid,  w a t er, ni t ro g e n,  a n d  oxyge n.
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[Footno t e  A:  Be r t h elo t,  “Explosives  a n d
t h ei r  Pow er.”]

The  “explosive  w ave” (of Be r t h elo t) for
dyn a mi t e  is a bo u t  5 ,0 00  m e t r e s  p e r  s eco n d.   At
t his  r a t e  t h e  explosion  of a  c a r t rid g e  a  foot  long
wo uld  only occu py 1/240 0 0  p a r t  of a  s e con d,  w hile
a  ton  of dyn a mi te  c a r t ridg e s  a bo u t  7/8  di a m e t er, laid
e n d  to  e n d,  a n d  m e a s u rin g  on e  mile  in len g t h ,  would
b e  explod e d  in on e-q u a r t e r  of a  s econ d  by d e to n a ting
a  c a r t ridg e  a t  ei t h e r  e n d.[A] M r  C. N a pie r  H a k e,  F.I.C.,
t h e  Ins p e c to r  of Explosives  for  t h e  Victo ri a n  Gove r n m e n t,
in  hi s  p a p er, “Not e s  on  Explosives,” s ays: 
“The  t h eo r e tic al efficiency of a n  explosive
c a n no t  in p r a c tice  b e  r e alise d  in  u s eful wo rk  for
s eve r al  r e a so n s,  a s  for  ins t a nc e  in bl a s ting  rock—

“1.  Inco m ple t e  co m b u s tion.

“2.  Co m p r e s sion  a n d  ch e mic al c h a n g e s  induc e d
in s u r ro u n ding  m a t e r ial.

“3.  E n e r gy exp e n d e d  in c r a cking  a n d  h e a ting
of t h e  m a t e ri al w hich  is no t  dis plac e d.

“4.  The  e s c a p e  of g a s  t h ro u g h  t h e  bl a s t-hole
a n d  t h e  fiss u r e s  c a u s e d  by t h e  explosion.

“The  u s eful work  consis t s  p a r tly in dis pl acing
t h e  s h a t t e r e d  m a s s e s.   The  p ropo r tion  of u s eful
wo rk  ob t ain a ble  h a s  b e e n  va riously e s ti m a t e d  a t  fro m
1 4  to  3 3  p e r  c e n t .  of t h e  t h eo r e tical m axim u m  po t e n ti al.”

[Footno t e  A:  C.N.  H a k e,  “Not e s  on
Explosives,” Jour.  S oc.   Ch e m .  
Ind. , 1 8 8 9.]

Among  t h e  va rious  for m s  of dyn a mi t e  t h a t  a r e  m a n ufac t u r e d
is c a r bo-dyn a mi t e,  t h e  inven tion  of M e s s r s  Walte r
F. Reid  a n d  W.D.  Borla n d.   The  b a s e  is ni t ro-glyce rin e,
a n d  t h e  a b so r b e n t  is c a r bo n  in t h e  for m  of b u r n t  co rk.  
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It  is a s  c h e a p  a s  o rdin a ry  dyn a mi t e,  a n d  h a s  g r e a t e r
explosive  forc e,  s e eing  t h a t  9 0  p e r  c e n t .  of t h e  mixtu r e
is p u r e  ni t ro-glyce rin e,  a n d  t h e  a b so r b e n t  it s elf
is highly co m b us tible.   I t  is a lso  cl aim e d  t h a t
if t his  dyn a mi t e  b e co m e s  w e t ,  no  exu d a tion  t ak e s  pl ac e .

Atlas  po w d e r  is a  dyn a mi t e,  c hi efly m a n ufac t u r e d  in
Ame rica  a t  t h e  Re p a n no  Ch e mic al Works,  P hilad elp hia.  
I t  is a  co m posi tion  of ni t ro-glyce rine ,  wood-p ulp,
ni t r a t e  of so d a,  a n d  c a r bo n a t e  of m a g n e si a.   This
w a s  t h e  explosive  u s e d  in t h e  ou t r a g e s  co m mit t e d  in
London,  by  t h e  so-c alled  “dyn a mit e r s .” 
Diffe r e n t  va rie tie s  con t ain  fro m  2 0  to  7 5  p e r  c e n t .
of ni t ro-glyce rin e.

The  Rh e nish  dyn a mit e,  conside r a bly u s e d  in t h e  min e s
of Cor n w all, is co m pos e d  of 7 0  p a r t s  of a  solu tion
of 2  to  3  p e r  c e n t .  of n a p h t h al e n e  in ni t ro-glyce rin e,
3  p a r t s  of c h alk, 7  p a r t s  of s ulp h a t e  of b a r iu m,  a n d
2 0  of kie s elgu hr.

Kies elg u h r  dyn a mi t e s  a r e  b eing  la r g ely give n  u p  in
favou r  of g el a tine  explosives.   The  la t e  Colon el
Cu n dill, in  his  “Dic tion a ry of Explosives,”
gives  a  lis t  of a bo u t  1 2 5  kinds  of dyn a mit e s .  
M a ny of t h e s e ,  how ever, a r e  no t  m a n ufac t u r e d .  
Among  t h e  b e s t  know n  af t e r  t h e  o r din a ry No.  1  dyn a mit e
a r e  forci t e ,  a m m o nia  dyn a mit e,  litho-frac t e ur, r e n dock,
Atlas  po w d er, gi a n t  pow d er, a n d  t h e  va rious  explosive
g ela tin es .   They all con t ain  ni t ro-glyce rin e ,
mixed  wi th  a  va rie ty of o t h e r  s u b s t a n c e s,  s uc h  a s  a b so r b e n t
e a r t h s ,  wood-p ulp,  ni t ro-co t ton,  c a r bo n  in so m e  for m
or  o th er, ni t ro-b e nzol, p a r affin,  s ulph ur, ni t r a t e s ,
o r  c hlo r a t e s ,  &c. &c.
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Blas ting  Gelatin e  an d  Gelatine  Dyna mi t e . —The
g ela tin e  explosives  chiefly in u s e  a r e  know n  u n d e r
t h e  n a m e s  of bl a s ting  g el a tin e,  g el a tin e  dyn a mi te ,
a n d  g eligni t e .   They all consis t  of t h e  va rie ty
of ni t ro-c ellulos e  know n  a s  collodion-co t ton,  i.e .,
a  mixtu r e  of t h e  p e n t a- a n d  t e t r a-ni t r a t e s  di ssolved
in ni t ro-glyce rin e,  a n d  m a d e  u p  wi t h  va rious  p ro po r tions
of wood-p ulp,  a n d  so m e  ni t r a t e ,  o r  o th e r  m a t e ri al  of
a  simila r  n a t u r e .   As t h e  g u n-co t ton  con t ain s
too  lit tle  oxyge n  for  co m ple t e  co m b u s tion,  a n d  t h e
ni t ro-glyce rin e  a n  exc es s,  a  mixtu r e  of t h e  t wo  s u bs t a nc e s
is ve ry b e n eficial.

Bla s ting  g el a tine  consis t s  of collodion-co t to n  a n d
ni t ro-glyce rin e  wi thou t  a ny o th e r  s u b s t a nc e,  a n d  w a s
p a t e n t e d  by M r  Alfred  N o b el  in 1 8 7 5.   I t  is a
cle ar, s e mi-t r a n s p a r e n t ,  jelly-like  s u b s t a n c e,  of a
s p ecific g r avity of 1 .5  to  1.55,  sligh tly el a s tic,
r e s e m bling  india r u b b er, a n d  g e n e r ally consis t s  of
9 2  p e r  c e n t .  to  9 3  p e r  c e n t .  of ni t ro-glyce rin e,  a n d
7  to  8  p e r  c e n t .  of ni t ro-co t ton.   The  co t ton
fro m  w hich  it  is m a d e  s ho uld  b e  of good  q u ali ty. 
The  following  is t h e  a n alysis  of a  s a m ple  of ni t ro-c ellulose
w hich  m a d e  ve ry good  g el a tin e:-

Soluble  co t to n           9 9.11 8  p e r  c e n t .  
Gun-co t ton                0 .6 4 2       "
N o n-ni t r a t e d  co t ton       0 .2 40       "
Ni t rog e n                 1 1 .64        "
Total a s h                 0 .25        "

The  soluble  co t to n,  w hich  is a  mixtu r e  of t h e  t e t r a-
a n d  p e n t a-ni t r a t e s,  is soluble  in e t h e r-alcohol, a n d
also  in ni t ro-glyce rin e,  a n d  m a ny o th e r  solven t s,
w h e r e a s  t h e  h exa-ni t r a t e  (gu n-co t to n), C_{1 2 } H_{1 4 }O_{ 4 }
(ONO_{2 })_{6 },
is no t  soluble  in  t h e  a bove  liquids,  a l t ho u g h  it is
soluble  in a c e to n e  o r  a c e tic  e t h er.  I t  is ve ry
e s s e n ti al,  t h e r efo r e,  t h a t  t h e  ni t ro-co t ton  u s e d  in
t h e  m a n ufac t u r e  of t h e  g el a tin e  explosives  s hould
b e  a s  fr e e  a s  possible  fro m  g u n-co t to n,  o t h e r wis e  lit tl e
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lu m p s  of u n dissolved  ni t ro-co t to n  will b e  left  in t h e
finish e d  g el a tin e.   The  no n-ni t r a t e d  o r  u n co nve r t e d
co t ton  s ho uld  al so  b e  ve ry low, in fac t  consid e r a bly
u n d e r  1/2  p e r  c e n t .

The  ni t ro-co t to n  a n d  t h e  ni t ro-glyce rin e  u s e d  s ho uld
alw ays  b e  t e s t e d  b efo r e  u s e  by  t h e  h e a t  t e s t ,  b ec a u s e
if t h ey  do  no t  s e p a r a t ely s t a n d  t his  t e s t ,  i t  c a n no t
b e  exp ec t e d  t h a t  t h e  g el a tin e  m a d e  fro m  t h e m  will do
so.  I t  oft e n  occ u r s,  ho w ever, t h a t  al t hou g h  bo t h
t h e  ing r e dien t s  s t a n d  t his  t e s t  s e p a r a t ely b efo r e
b ein g  mixe d,  t h a t  af t e r  t h e  p roc e ss  of m a n ufac t u r e
on e  o r  o t h e r  o r  bo t h  fail to  do  so.

The  ni t ro-co t to n  m os t  s ui t a bl e  for  g el a tin e  m a king
is t h a t  w hich  h a s  b e e n  finely p ulp e d.   If it  is
no t  al r e a dy fine  e no u g h,  i t m u s t  b e  p a s s e d  t h ro u g h
a  fine  b r a s s  wi r e  sieve.   I t  will b e  foun d  t h a t
it  r e q ui r e s  to  b e  r u b b e d  t h ro u g h  by h a n d,  a n d  will
no t  go  t h ro u g h  a t  all if in t h e  lea s t  d e g r e e  d a m p.  
It  is b e t t er, t h e r efo r e ,  to  d ry  it  fi r s t .   The
p e rc e n t a g e  of ni t rog e n  in t h e  ni t r a t e d  co t ton  s ho uld
b e  ove r  1 1  p e r  c e n t .   I t  s hould  b e  a s  fre e  a s
pos sible  fro m  s a n d  o r  g r i t ,  a n d  s ho uld  give  b u t  lit tle
a s h  u po n  igni tion,  no t  m o r e  t h a n  0.2 5  p e r  c e n t .  
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The  co t to n,  w hich  is g e n e r ally p a ck e d  w e t  in  zinc-lined
wood e n  boxes,  will r e q ui r e  to  b e  d rie d,  a s  it is ve ry
e s s e n ti al ind e e d  t h a t  no n e  of t h e  m a t e ri als  u s e d  in
t h e  m a n ufac t u r e  of g el a tin e  s ho uld  con t ain  m o r e  t h a n
t h e  sligh t e s t  t r a c e  of w a t er.  If t h ey  do, t h e
g ela tin e  s u b s e q u e n tly m a d e  fro m  t h e m  will m os t  c e r t ainly
exu d e,  a n d  b e co m e  d a n g e ro u s  a n d  co m p a r a tively valu el e s s.  
I t  will a l so  b e  m u c h  m o r e  difficul t  to  m a k e  t h e  ni t ro-co t to n
dis solve  in t h e  ni t ro-glyce rin e  if e i t h e r  con t ain s
w a t er.

In  o r d e r  to  find  ou t  ho w  long  a ny s a m ple  of co t ton
r e q ui r e s  to  b e  d rie d,  a  s a m ple  s ho uld  b e  t ak e n  fro m
t h e  c e n t r e  of s eve r al  boxes ,  w ell mixed,  a n d  a bo u t
1,00 0  g r m s.  s p r e a d  ou t  on  a  p a p e r  t r ay, w eigh e d,  a n d
t h e  w hole  t h e n  plac e d  in t h e  w a t e r  ove n  a t  1 0 0  d e g.  
C., a n d  d ri e d  for  a n  ho u r  o r  so,  a n d  a g ain  w eigh e d,
a n d  t h e  p e r c e n t a g e  of m ois t u r e  c alcula t e d  fro m  t h e
loss  in w eigh t .   This  will b e  a  g uide  to  t h e  ti m e
t h a t  t h e  co t ton  will p rob a bly r e q ui r e  to  b e  in t h e
d rying  ho u s e .   S a m ples  g e n e r ally con t ain  fro m  2 0
to  3 0  p e r  c e n t .  of w a t er.  Afte r  d rying  for  a
p e riod  of for ty-eigh t  ho u r s,  a  s a m ple  s ho uld  b e  a g ain
d ri e d  in  t h e  ove n  a t  1 0 0  d e g.   C., a n d  t h e  m ois t u r e
d e t e r min e d,  a n d  so  on  a t  in t e rvals  u n til t h e  b ulk of
t h e  co t ton  is foun d  to  b e  d ry, i.e ., to  con t ain
fro m  0.25  to  0.5  p e r  c e n t .  of m ois t u r e .   I t  is
t h e n  r e a dy to  b e  sif t ed.   During  t h e  p roc e s s  of
r e m oving  to  t h e  sifting  ho u s e  a n d  t h e  sif ting  it s elf,
t h e  co t ton  s ho uld  b e  expos e d  to  t h e  ai r  a s  lit tl e
a s  possible,  a s  d ry ni t ro-co t ton  a b so r b s  a s  m u c h  a s
2  p e r  c e n t .  of m ois tu r e  fro m  t h e  ai r  a t  o rdin a ry  t e m p e r a t u r e s
a n d  ave r a g e  d ryn e s s.

The  d rying  ho us e  u s u ally co nsis t s  of a  wood e n  b uilding,
t h e  insid e  of w hich  is fit t e d  wi th  s h elves,  o r  r a t h e r
fra m e wo rk  to  con t ain  d r a w e r s ,  m a d e  of wood,  wi th  b r a s s
o r  cop p e r  wi r e  n e t ti ng  bo t to m s.   A c u r r e n t  of ho t
ai r  is m a d e  to  p a s s  t h ro u g h  t h e  s h elves  a n d  ove r  t h e
s u rfac e  of t h e  co t ton,  w hich  is s p r e a d  ou t  u po n  t h e m
to  t h e  d e p t h  of a bo u t  2  inch e s.   This c u r r e n t
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of ai r  c a n  b e  ob t ain e d  in a ny w ay t h a t  m ay  b e  foun d
conve nie n t ,  s uc h  a s  by  m e a n s  of a  fan  o r  Root’s
blow er, t h e  ai r  b ein g  p a s s e d  ove r  ho t  b ricks,  o r  ho t-w a t e r
pip e s  b efor e  e n t e rin g  t h e  b uilding.   The  co t ton
s ho uld  al so  b e  occ asion ally t u r n e d  ove r  by h a n d  in
o r d e r  t h a t  a  fr e s h  s u rfac e  m ay  b e  con tinu ally expos e d
to  t h e  a c tion  of t h e  ho t  air.  The  b uilding  it self
m ay b e  h e a t e d  by m e a n s  of ho t-w a t e r  pip e s,  b u t  on
no  a cco u n t  s hould  a ny of t h e  pip e s  b e  expos e d.  
They s ho uld  all b e  m o s t  c a r efully cove r e d  ove r  wi th
wood-wo rk, b ec a u s e  w h e n  t h e  d ry ni t ro-co t ton  is m ove d,
a s  in t u r ning  it  over, ve ry fine  p a r ticle s  g e t  in to
t h e  air, a n d  g r a d u ally s e t tling  on  t h e  pip es ,  win dow
led g e s ,  &c., m ay  b e co m e  ve ry ho t ,  w h e n  t h e  sligh t e s t
fric tion  mig h t  c a us e  explosion.   I t  is on  t his
a c co u n t  t h a t  t his  ho u s e  s hould  b e  ve ry c a r efully s w e p t
ou t  ev e ry d ay.  I t  is a l so  ve ry d e si r a bl e  t h a t
t h e  floor  of t his  ho us e  s ho uld  b e  cove r e d  wit h  oilcloth
o r  linole u m,  a s  b ein g  soft,  it  le ss e n s  t h e  fric tion.
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List  s ho e s  s ho uld  alw ays  b e  wor n  in t his  b uilding,
a n d  a  t h e r m o m e t e r  h u n g  u p  so m e w h e r e  a bo u t  t h e  c e n t r e
of t h e  ho u s e ,  a n d  on e  s hould  al so  b e  ke p t  in on e  of
t h e  t r ays  to  give  t h e  t e m p e r a t u r e  of t h e  co t ton,  e s p e ci ally
t h e  bo t to m  of t h e  t r ays.   The  on e  n e a r e s t  to  t h e
ho t  ai r  inle t  s ho uld  b e  s elec t e d .   If t h e  t e m p e r a t u r e
of t h e  ho u s e  is k e p t  a t  a bo u t  4 0  d e g.   C. it will
b e  q ui t e  high  e no u g h.   The  b uilding  m u s t  of cou r s e
b e  p ro p e rly ven til a t e d,  a n d  it  will b e  foun d  ve ry
u s eful to  h ave  t h e  w alls  m a d e  do u ble,  a n d  t h e  in t e rve nin g
s p ac e  filled  wi t h  cind e r s ,  a n d  t h e  roof cove r e d  wi th
fel t,  a s  t his  h elps  to  p r eve n t  t h e  los s  of h e a t  t h ro u g h
r a dia tion,  a n d  to  p r e s e rve  a  u nifo r m  t e m p e r a t u r e ,
w hich  is ve ry d e si r a bl e.

The  d ry  co t ton  t h u s  ob t ain e d,  if no t  al r e a dy fine
e no u g h,  s ho uld  b e  sif t e d  t h ro u g h  a  b r a s s  sieve,  a n d
p ack e d  a w ay r e a dy for  u s e  in zinc  ai r-t ig h t  c a s e s ,
o r  in india r u b b e r  b a g s .   The  va rious  g el a tin e  co m po u n ds,
g eligni t e ,  g el a tin e  dyn a mit e,  a n d  bl as tin g  g el a tin e,
a r e  m a n ufac t u r e d  in exac tly t h e  s a m e  w ay.  The
for m s  know n  a s  g el a tine  dyn a mit e  diffe r  fro m  bla s tin g
g ela tin e  in con t aining  c e r t ain  p ropo r tions  of wood-p ulp
a n d  po t a s siu m  ni t r a t e ,  &c.  The  following  a r e
a n alys es  of so m e  typical s a m ples  of t h e  t h r e e  co m po u n d s:—

Gela tin e        Blas ting
Geligni t e .    Dyn a mi t e.        Gela tin e.

Ni t ro-glyce rin e     6 0.51 4       7 1.12 8      9 2.9 4  p e r
c e n t .  
Ni t ro-c ellulos e      4 . 88 8        7 .6 3 2       7 .06   
 "
Wood-p ulp            7 .17 8        4 . 25 9        ...  
 "
Pot a s siu m  ni t r a t e   2 7.42 0       1 6 .72 0        ...  
 "
Wate r                 ...        0 .2 61        ...  
 "

The  g eligni t e  a n d  g el a tin e  dyn a mi t e s  consis t ,  t h e r efo r e,
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of bl a s ting  g el a tin e,  t hicke n e d  u p  wi th  a  mixt u r e
of a b so r bin g  m a t e ri als.  Althou g h  t h e  bl a s ting
g ela tin e  is w eig h t  for  w eig h t  m o r e  pow e rful, it  is
m o r e  difficul t  to  m a k e  t h a n  ei th e r  of t h e  o t h e r  t wo
co m po u n d s,  it b eing  so m e w h a t  difficul t  to  m a k e  it
s t a n d  t h e  exud a tion  a n d  m el ting  t e s t s .   The  hig h e r
p e rc e n t a g e  of ni t ro-co t to n,  too, m a k e s  it  exp e n sive.

Whe n  t h e  d ry  ni t ro-co t ton,  w hich  h a s  b e e n  c a r efully
w eig h e d  ou t  in t h e  p ro po r tions  n e c e s s a ry  ei t h e r  for
bl a s ting  g el a tine  o r  a ny of t h e  o t h e r  g el a tin e  explosives,
is b ro u g h t  to  t h e  g el a tin e  m a king  ho u s e ,  i t is pl ac e d
in a  lea d-line d  t r ou g h,  a n d  t h e  n e c e s s a ry  q u a n ti ty
of p u r e  d ry  ni t ro-glyce rin e  po u r e d  u po n  it.  
The  w hole  is t h e n  w ell s ti r r e d  u p ,  a n d  ke p t  a t  a  t e m p e r a t u r e
of fro m  4 0  d e g.  to  4 5  d e g.   C. I t  s ho uld  no t  b e
allow e d  to  go  m u c h  a bove  4 0  d e g.   C.; b u t  high e r
t e m p e r a t u r e s  m ay  b e  u s e d  if t h e  ni t ro-co t ton  is ve ry
obs tin a t e,[A] a n d  will no t  di ssolve.  Gr e a t  c a u tion
m u s t ,  how ever, b e  obs e rve d  in  t his  c a s e.   The
mixt u r e  s hould  b e  cons t a n tly work e d  a bo u t  by  t h e  wo rk m a n
wi th  a  wood e n  p a d dle  for  a t  le a s t  h alf a n  ho ur. 
At a  t e m p e r a t u r e  of 4 0  d e g.  to  4 5  d e g.  t h e  ni t ro-glyce rine
a c t s  u po n  t h e  ni t ro-co t ton  a n d  for ms  a  jelly. 
Withou t  h e a t  t h e  g el a tinis a tion  is ve ry imp e rfec t
ind e e d,  a n d  a t  t e m p e r a t u r e s  u n d e r  4 0  d e g.   C. t ak e s
plac e  ve ry slowly.
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[Footno t e  A:  Gen e r ally d u e  to  t h e  ni t ro-co t ton
b ein g  d a m p.]

[Illus t r a tion:  FIG. 3 0.—WERNER, P FLEIDERER,
& PERKINS’ MIXING MACHINE.]

The  limi t  of t e m p e r a t u r e  is 5 0  d e g.   C. o r  t h e r e a bo u t s .  
Beyon d  t his  t h e  jelly s hould  n eve r  b e  allow e d  to  go,
a n d  to  5 0  d e g.  only u n d e r  exc e p tion al ci rc u m s t a nc e s .

The  t a nk  in w hich  t h e  jelly is m a d e  is do u ble-line d,
in  o r d e r  to  allow of t h e  p a s s a g e  of ho t  w a t e r  b e t w e e n
its  inn e r  a n d  ou t e r  linings .   A s e ri es  of s uc h
t a nks  a r e  g e n e r ally b uil t  in a  wood e n  fra m e wo rk,  a n d
t h e  do u ble  linings  a r e  m a d e  to  co m m u nic a t e ,  so  t h a t
t h e  ho t  w a t e r  c a n  flow fro m  on e  to  t h e  o th e r  cons ec u tively. 
The  t e m p e r a t u r e  of t h e  w a t e r  s hould  b e  a bo u t  6 0  d e g.  
C. if it  is in t e n d e d  to  g ela tinise  a t  4 5  d e g.  
C., a n d  a bo u t  8 0  d e g.  if a t  5 0  d e g.   C.; b u t  t his
poin t  m u s t ,  of co u r s e ,  b e  foun d  by exp e ri m e n t  for  t h e
p a r t icul a r  pl a n t  u s e d.   An a r r a n g e m e n t  s ho uld  b e
m a d e  to  e n a ble  t h e  wo rk m a n  to  a t  onc e  cu t  off t h e
s u p ply of ho t  w a t e r  a n d  p a s s  cold  w a t e r  t h ro u g h  t h e
t a nks  in  c a s e  t h e  explosive  b e co m e s  too  ho t .

[Illus t r a tion:  FIG. 3 1.—MR M’ROBERTS’
MIXER FOR GELATINE EXPLOSIVES.]

The  b e s t  w ay to  ke e p  t h e  t e m p e r a t u r e  of t h e  w a t e r
con s t a n t  is to  h ave  a  la r g e  t a nk  of w a t e r  r ai s e d  u po n
a  pl a tfo r m,  so m e  5  o r  6  fee t  hig h,  ou t sid e  t h e  b uilding,
w hich  is a u to m a tic ally s u p plied  wi th  w a t er, a n d  in to
w hich  s t e a m  is t u r n e d.   A t h e r mo m e t e r  s t uck  t h ro u g h
a  pi ec e  of co rk  a n d  floa t e d  u po n  t h e  s u rfac e  of t h e
t a nk  will give  t h e  m e a n s  of r e g ula ting  t h e  t e m p e r a t u r e .

Whe n  t h e  jelly in  t h e  t a nks  h a s  b e co m e  s e mi-t r a n s p a r e n t
a n d  t h e  co t to n  h a s  e n ti r ely dis solved,  t h e  mixt u r e
s ho uld  b e  t r a n sfe r r e d  to  t h e  mixing  m a c hin e.  
The  mixing  m a c hin e s  a r e  s p eci ally d e sign e d  for  t hi s
wo rk,  a n d  a r e  b uil t  in  iron,  wi t h  s t e el o r  b ro nz e
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kn e a ding- a n d  mixing-bl ad e s ,  a cco r din g  to  r e q ui r e m e n t s .

A s ui t a bl e  m a c hin e  for  t h e  p u r pos e  is t h a t  know n  a s
t h e  Ni to-U nive r s al Inco r po r a tor, s how n  in Fig.  3 0,
w hich  h a s  b e e n  s p e cially cons t r uc t e d  by  M e s s r s  Wer n er,
Pfleid e r er, & Pe rkins,  Ltd.,  af t e r  m a ny ye a r s’
exp e ri e nc e  in t h e  mixing  of explosive  m a t e ri als, a n d
is now  al mos t  exclusively a do p t e d  in bo t h  Gove r n m e n t
a n d  p riva t e  fac to rie s.   M r  Geor g e  M’Rob e r t s’[A]
mixing  m a c hin e,  ho w ever, w hich  is s how n  in Fig.  3 1 ,
is s till u s e d  in so m e  fac to rie s  for  dyn a mit e  jelly.

[Footno t e  A:  S e e  Jour.  S oc.   Ch e m .  
Ind. , 1 8 9 0,  2 6 7.]

If it  is in t e n d e d  to  m a k e  g eligni t e ,  o r  g el a tine  dyn a mi te ,
it  is a t  t his  poin t  t h a t  t h e  p ro p e r  p ropo r tions  of
wood-p ulp[A] a n d  po t a s siu m  ni t r a t e  s ho uld  b e  a d d e d,
a n d  t h e  w hole  w ell mixed  for  a t  le a s t  h alf a n  ho ur,
u n til t h e  va rious  ing r e die n t s  a r e  t ho rou g hly inco r po r a t e d .
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[Footno t e  A:  Mos t  of t h e  wood-p ulp  u s e d  in E n gla n d
is ob t ain e d  fro m  pin e-t r e e s ,  b u t  poplar, lime,  bi rc h,
a n d  b e e c h  wood  a r e  also  u s e d.   I t  is c hiefly impo r t e d
a s  wood-p ulp.   The  p ulp  is p r e p a r e d  a s  follows:—The
b a rk  a n d  roo t s  a r e  firs t  r e move d,  a n d  t h e  logs  t h e n
s a w n  in to  bo a r d s,  fro m  w hich  t h e  kno t s  a r e  r e m ove d.  
The  piec es  of wood  a r e  af t e r w a r d s  p u t  t h ro u g h  a  m a c hin e
w hich  b r e aks  t h e m  u p  in to s m all pi ec es  a bo u t  a n  inch
long,  w hich  a r e  t h e n  c r u s h e d  b e t w e e n  rolle r s.  
The s e  fra g m e n t s  a r e  finally boiled  wi th  a  solu tion
of sodiu m  bisulphi t e ,  u n d e r  a  p r e s s u r e  of a bo u t  9 0
lbs. p e r  s q u a r e  inc h,  t h e  d u r a tion  of t h e  boiling
b ein g  fro m  t e n  to  t w elve  ho u r s.   S ulp h u ro us  a cid
h a s  also  b e e n  u s e d.   Pin e-wood  yields  a bo u t  4 5
p e r  c e n t .  a n d  bi rc h  a bo u t  4 0  p e r  c e n t .  of p ulp  w h e n
t r e a t e d  by t hi s  p roc e s s.   The  p ulp  is af t e r w a r d s
ble ac h e d  a n d  w a s h e d,  &c.

Birch.    Beec h.    Lim e.     Pin e.     Poplar. 
Cellulos e         5 5.5 2    4 5.4 7    5 3.0 9    5 6.9 9    6 2.7 7  p e r  ce n t .  
Resin              1 .1 4     0 .4 1     3 .93     0 .97     1 . 37     "
Aqu eo us  ex t r ac t    2 .6 5     2 .4 7     3 .56     1 .26     2 . 88     "
Wate r             1 2.48    1 2.57    1 0.10    1 3.87    1 2.10     "
Lignin e           2 8.2 1    3 9.1 4    2 9.3 2    2 6.9 1    2 0.8 8     “]

The  following  a n alysis  of woods  is by  Dr  H.  M u elle r:—The s e
mixing  m a c hin e s  c a n  ei t h e r  b e  t u r n e d  by h a n d,  o r  a
s h af t  c a n  b e  b ro u g h t  in to  t h e  ho u s e  a n d  t h e  m a c hin e
wo rk e d  by m e a n s  of a  b el t  a t  t w e n ty to  t hi r ty r evolu tions
p e r  min u t e .   The  b e a rin gs  s ho uld  b e  ke p t  cons t a n tly
g r e a s e d  a n d  ex a min e d,  a n d  t h e  explosive  mixtu r e  c a r efully
exclud e d.   Whe n  t h e  g el a tine  mixtu r e  h a s  b e e n
t ho ro u g hly inco r po r a t e d,  a n d  n ei t h e r  p a r ticles  of ni t r a t e
o r  wood  m e al  c a n  b e  d e t e c t e d  in  t h e  m a s s ,  it  s hould
b e  t r a n sfe r r e d  to  wood e n  boxes  a n d  c a r ri e d  a w ay to
t h e  c a r t ridg e-m a king  m a c hin e s  to  b e  work e d  u p  in to
c a r t rid g e s .

[Illus t r a tion:  FIG. 3 2.—PLAN OF THE
BOX CO NTAINING THE EXPLOSIVE, IN M’ROBERTS’
MACHIN E.]
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The  a p plica tion  of h e a t  in  t h e  m a n ufac t u r e  of t h e
jelly fro m  collodion-co t ton  a n d  ni t ro-glyce rin e  is
a b solu t ely n e c e s s a ry, u nles s  so m e  ot h e r  solve n t  is
u s e d  b e side s  t h e  ni t ro-glyc e rine ,  s uc h  a s  a c e ton e,
a c e tic  e t h er, m e t hyl, o r  e t hyl-alcohol. (They a r e
all too  exp e nsive,  wi th  t h e  exce p tion  of a c e to n e  a n d
m e t hyl-alcohol, for  u s e  u po n  t h e  la r g e  sc al e.) Thes e
liquids  no t  only dis solve  t h e  ni t ro-c ellulose  in t h e
cold,  b u t  r e n d e r  t h e  r e s ul ting  g el a tine  co m po u n d  les s
s e n si tive  to  conc u s sion,  a n d  r e d uc e  its  q uickn e s s
of explosion  (as  in  co r di t e).  They also  low e r
t h e  t e m p e r a t u r e  a t  w hic h  t h e  ni t ro-glyce rin e  b e co m e s
con g e ale d,  i.e ., t h ey lowe r  t h e  fr e ezing  poin t[A]
of t h e  r e s ul ting  g el a tin e.

[Footno t e  A:  I t  h a s  b e e n  p ro pos e d  to  mix dyn a mi t e
wi th  a myl alcohol for  t hi s  p u r pos e.   Di-ni t ro-m o no-c hlo r hyd rine
h a s  also  b e e n  p ropos e d.]

The  finish e d  g ela tine  p a s t e ,  u po n  e n t e rin g  t h e  c a r t rid g e
h u t s ,  is a t  onc e  t r a n sfe r r e d  to  t h e  c a r t rid g e-m a kin g
m a c hin e ,  w hich  is ve ry like  a n  o r din a ry  s a us a g e-m a king
m a c hin e[A] (Fig.  3 3).  The  w hole  t hin g  m u s t  b e
m a d e  of g u n-m e t al o r  b r a s s,  a n d  it consis t s  of a  conical
c a s e  con t aining  a  s h af t  a n d  sc r ew.  The  r evolu tions
of t h e  s h af t  c a u s e  t h e  t h r e a d  of t h e  sc r e w  to  p u s h
forw a r d  t h e  g el a tine  in t rod uc e d  by t h e  ho p p e r  on  t h e
top  to  t h e  nozzle,  t h e  a p ex of t h e  con e-s h a p e d  c a s e ,
fro m  w h e n c e  t h e  g el a tin e  iss u es  a s  a  con tinuo us  ro p e.  
The  nozzle  is of cou r s e  of a  di a m e t e r  a cco r ding  to
t h e  size  of c a r t ridg e  r e q ui r e d.
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[Footno t e  A:  G. M’Rob e r t s ,  Jour. 
S o c.   Ch e m.   Ind. , 3 1 s t  M a rc h  1 8 9 0,  p .
2 6 6.]

[Illus t r a tion:  FIG. 3 3.—CARTRIDGE-MAKING
MACHIN E FOR GELATINE EXPLOSIVES.]

The  iss uin g  g el a tin e  c a n  of cou r s e  b e  cu t  off a t  a ny
len g t h.   This is b e s t  do n e  wi th  a  pi ec e  of h a r d
wood  pl a n e d  dow n  to  a  c u t ting  e d g e,  i.e ., w e d g e-s h a p e d.  
M r  Tre nc h  h a s  d evis e d  a  kind  of b r a s s  fra m e,  in to  w hic h
t h e  g el a tine  iss uing  fro m  t h e  nozzle  of t h e  c a r t ridg e
m a c hin e  is force d,  finding  it s  w ay alon g  a  s e rie s
of g rooves.   Whe n  t h e  fr a m e  is full, a  wood e n
fra m e,  w hic h  is hin g e d  to  on e  e n d  of t h e  bo t to m  fr a m e,
a n d  fit t e d  wi th  a  s e ri es  of b r a s s  knives,  is s h u t
dow n,  t h e r e by c u t ting  t h e  g el a tine  u p  in to  len g t h s
of a bo u t  4  inch e s .

It  is e s s e n ti al t h a t  t h e  c a r t ridg e  m a c hin es  s ho uld
h ave  no  m e t allic con t a c t s  inside.   The  b e a ring
for  t h e  sc r e w  s h af t  m u s t  b e  fixed  ou t side  t h e  con e
con t aining  t h e  g ela tine .   On e  of t h e s e  m a c hin e s
c a n  co nve r t  fro m  5  to  1 0  cw t.  of g ela tine  in to  c a r t ridg e s
p e r  di e m,  d e p e n ding  u po n  t h e  di a m e t e r  of t h e  c a r t rid g e s
m a d e.

Afte r  b ein g  cu t  u p  in to  len g t h s  of a bo u t  3  inch es ,
t h e  g el a tine  is r olled  u p  in c a r t rid g e  p a p er. 
Wate r p roof p a p e r  is g e n e r ally u s e d .   The  c a r t ridg e s
a r e  t h e n  p ack e d  a w ay in c a r d bo a r d  boxes,  w hich  a r e
a g ain  p a ck e d  in d e al  boxes  line d  wi th  india r u b b er,
a n d  sc r e w e d  dow n  ai r  tigh t ,  b r a s s  sc r e w s  o r  zinc  o r
b r a s s  n ails  b eing  u s e d  for  t h e  p u r pos e.   Thes e
boxes  a r e  s e n t  to  t h e  m a g azin e s.   Befor e  t h e  boxes
a r e  fas t e n e d  dow n  a  c a r t rid g e  o r  so  s hould  b e  r e m ove d
a n d  t e s t e d  by  t h e  h e a t  t e s t ,  t h e  liquefac tion  t e s t ,
a n d  t h e  t e s t  for  liabili ty to  exud a tion.  (App e n dix,
p .  6 ,  Explosives  Act, 1 8 7 5.) A c a r t ridg e  al so  s hould
b e  s to r e d  in t h e  m a g azin e  in c a s e  of a ny s u b s e q u e n t
dis p u t e  af t e r  t h e  b ulk of t h e  m a t e ri al h a s  left  t h e
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fac to ry.

The  objec t  of t h e  liqu efac tion  t e s t  is to  e n s u r e  t h a t
t h e  g el a tine  s h all b e  a bl e  to  wi th s t a n d  a  fai rly high
t e m p e r a t u r e  (suc h  a s  it mig h t  e n cou n t e r  in a  s hip’s
hold) wi t ho u t  m el ting  o r  r u n ning  tog e t h er.  The
t e s t  is c a r ri ed  ou t  a s  follows:—A cylind e r
of t h e  g el a tine  dyn a mi te  is cu t  fro m  t h e  c a r t rid g e
of a  len g t h  e q u al  to  it s  di a m e t er.  The  e d g e s  m u s t
b e  s h a r p.   This  cylind e r  is to  b e  pl ac e d  on  e n d
on  a  fla t  s u rf ac e  (suc h  a s  p a p e r), a n d  s ec u r e d  by
a  pin  t h ro u g h  t h e  c e n t r e ,  a n d  expos e d  for  1 4 4  cons ec u tive
ho u r s  to  a  t e m p e r a t u r e  of 8 5  d e g.  to  9 0  d e g.  
F., a n d  d u ring  s uc h  ti m e  t h e  cylind e r  s ho uld  no t  di minis h
in h eig h t  by  m o r e  t h a n  on e-fou r t h  of a n  inch,  a n d  t h e
c u t  e d g e s  s ho uld  r e m ain  s h a r p .   The r e  s ho uld  al so
b e  no  s t ain  of ni t roglyce rine  u po n  t h e  p a p er.

The  exu d a tion  t e s t  consis t s  in  fre ezing  a n d  t h a win g
t h e  g el a tine  t h r e e  ti m es  in s ucc es sion.   U n d e r
t h e s e  con di tions  t h e r e  s ho uld  b e  no  exu d a tion  of ni t ro-glyce rin e .  
All t h e  m a t e ri als  u s e d  in t h e  m a n ufac t u r e  of g el a tine
explosives  s hould  b e  s u bjec t e d  to  a n aly tical ex a min a tion
b efo r e  u s e ,  a s  s ucc e s s  la rg ely d e p e n d s  u po n  t h e  p u ri ty
of t h e  r a w  m a t e ri als.   The  wood-p ulp,  for  ins t a n c e ,
m u s t  b e  exa min e d  for  a cidi ty.
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Prop er tie s  of  t h e  Gelatin e  Co m po u n d s. —Blas ting
g ela tin e  is g e n e r ally co m pos e d  of 9 3  to  9 5  p a r t s  ni t ro-glyce rin e,
a n d  5  to  7  p a r t s  of ni t ro-c ellulos e,  b u t  t h e  r el a tive
p ro po r tions  of explosive  b a s e  a n d  ni t ro-glyce rin e,
&c., in t h e  va rious  for m s  of t h e  g el a tine  explosives
do  no t  alw ays  co r r e s pon d  to  t hos e  n e c e s s a ry  for  to t al
co m b u s tion,  ei t h e r  b e c a u s e  a n  inco m ple t e  co m b u s tion
gives  ri se  to  a  g r e a t e r  volu m e  of g a s ,  o r  b e c a u s e
t h e  r a pidi ty of d e co m posi tion  a n d  t h e  law of exp a n sion
va rie s  a c co r din g  to  t h e  r el a tive  p ro po r tions  a n d  t h e
con di tions  of a p plica tion.   The  va rious  a d di tions
to  bl a s tin g  g el a tin e  g e n e r ally h ave  t h e  effec t  of low e rin g
t h e  s t r e n g t h  by  r e d ucing  t h e  a m o u n t  of ni t ro-glyce rin e,
b u t  t his  is so m e ti m es  do n e  in  o r d e r  to  c h a n g e  a  s h a t t e ring
a g e n t  in to  a  p ro p ulsive  forc e.   If t his  p roc es s
b e  c a r ri e d  too  far, w e  of cou r s e  los e  t h e  a dv a n t a g e s
d u e  to  t h e  p r e s e n c e  of ni t ro-glyce rin e.   The r e
is t h e r efo r e  a  limit  to  t h e s e  a d di tions.[A]

[Footno t e  A:  Mic a  is s aid  to  inc r e a s e  t h e  r a pidi ty
of explosion  w h e n  mixe d  wi th  g el a tin e.]

The  ho mo g e n e o us n e s s  a n d  s t a bili ty of t h e  mixtu r e  a r e
of t h e  hig h e s t  impo r t a nc e .   I t  is hig hly e s s e n ti al
t h a t  t h e  ni t ro-glyce rin e  s hould  b e  co m ple t ely a b so r b e d
by t h e  s u bs t a nc e s  wit h  w hic h  it  is mixe d,  a n d  t h a t
it  s hould  no t  s u b s e q u e n tly exu d e  w h e n  s u bjec t e d  to
h e a t  o r  d a m p.   It  is a lso  impo r t a n t  t h a t  t h e r e
s ho uld  b e  no  exc es s  of ni t ro-glyce rin e,  a s  t his  m ay
di minis h  ins t e a d  of a u g m e n t  t h e  s t r e n g t h,  owing  to
a  diffe r e nc e  in t h e  m o d e  of t h e  p rop a g a tion  of t h e
explosive  w ave  in t h e  liquid,  a n d  in t h e  mixtu r e .  
Ni t ro-glyce rin e  a t  it s  fr e ezing  poin t  h a s  a  t e n d e n cy
to  s e p a r a t e  fro m  its  a b so r bin g  m a t e ri al, in fac t  to
exu d e.   Wh e n  froze n,  too,  i t r e q ui r e s  a  m o r e  pow e rful
d e to n a tion  to  explod e  it, b u t  it  is les s  s e n si tive
to  s hock.  The  s p ecific g r avity of bl a s ting  g el a tin e
is 1 .5  (i.e., n e a rly e q u al  to  t h a t  of ni t ro-glyc e rol);
t h a t  of g u n-co t ton  (d ry) is 1 .0.

Bla s ting  g el a tine  b u r n s  in t h e  ai r  w h e n  u nco nfine d
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witho u t  explosion,  a t  le as t  in  s m all q u a n ti ti es  a n d
w h e n  no t  p r eviously h e a t e d ,  b u t  it  is r a t h e r  u n c e r t ain
in t his  r e s p e c t .   I t  c a n  b e  ke p t  a t  a  m o d e r a t ely
hig h  t e m p e r a t u r e  (70  d e g.   C.) wi thou t  d e co m position.  
At hig h e r  t e m p e r a t u r e s  t h e  ni t ro-glyce rine  will p a r t i ally
ev a po r a t e.   Wh e n  slowly h e a t e d,  i t explod es  a t
2 0 4  d e g.   C. If, how ever, it  con t ains  a s  m u c h
a s  1 0  p e r  ce n t .  of c a m p hor, it  b u r n s  wi t ho u t  exploding.  
Accor din g  to  Be r t h elo t,[A] g el a tin e  co m pos e d  of 9 1 .6
p e r  c e n t .  ni t ro-glyce rin e  a n d  8.4  p e r  c e n t .  of ni t ro-c ellulos e,
w hich  a r e  t h e  p ropo r tions  co r r e s po n din g  to  to t al  co m b u s tion,
p ro d uc e s  by explosion  1 7 7CO_{2 } +  1 4 3 H_{2 }O +  8 N_{2 }.

[Footno t e  A:  Be r t h elo t,  “Explosives  a n d
t h ei r  Pow e r s .”]

H e  t ak e s  C_{2 4 } H_{ 22 }(NO_{3 } H)_{9 }O_{ 11 }  a s  t h e  for m ula
of t h e  ni t ro-c ellulos e,  a n d  5 1C_{3 } H_{2 }(NO_{ 3 } H)_{3 }
+  C_{24 } H_{2 2 }(NO_{3 } H)_{9 }O_{1 1 }  a s  t h e  for m ula  of
t h e  g el a tine  it s elf, it s  e q uivale n t  w eig h t  b ein g  1 2,3 60
g r m s.   The  h e a t  libe r a t e d  by it s  explosion  is e q u al
to  1 9,38 1  c alo ries,  o r  for  1  kilo. 1 ,53 5  c alo rie s.  
Volum e  of g a s e s  r e d u c e d  t e m p e r a t u r e  e q u als  8 ,95 0  li t r e s.  
The  r el a tive  value[A] of bl a s tin g  g el a tin e  to  ni t ro-glyce rin e
is a s  1 .4  to  1.45,  kie s elgu h r  dyn a mi t e  b ein g  t ak e n
a s  1.0.
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[Footno t e  A:  Roux a n d  S a r r a n .]

CHAPTER V.

N IT R O-BE N Z OL, ROBU RITE, BELLITE, PICRIC ACID, &c.
Explosives  d e rived  fro m  Benze n e—Tolue n e
a n d  Ni t ro-Benz e n e—Di- a n d
Tri-ni t ro-Be nze n e—Robu ri t e:   P rop e r ti es
a n d  M a n ufac t u r e—Bellit e:  
P ro p e r ti es ,  &c.—S e c u ri t e—Tonit e
No.  3 .—Nit ro-Tolue n e—
Nit ro-N a p h t h al e n e—Am mo nit e—S p r e n g el’s
Explosives—Picric  Acid—
Picr a t e s—Picric  Powd e r s—M elini te—Abel’s
Mixtu r e—Bru g e r e’s  Pow d e r s—
The  F ul min a t e s—Co m position,  For m ul a,  P r e p a r a tion,
Dan g e r  of, &c.—
Deton a to r s:   Size s,  Co m posi tion,  M a n ufac t u r e—F u s e s ,
&c.

T h e  Ex plosive s  d erive d  fro m  B e n z e n e. —The r e
is a  la rg e  cla s s  of explosives  m a d e  fro m  t h e  ni t r a t e d
hyd ro-c a r bo ns—b e nz e n e,  C_{6 } H_{6 };  tolue n e,
C_{7 } H_{8 };  n a p h t h al e n e ,  C_{1 0 } H_{ 8 };  a n d  al so  fro m
p h e nol (or  c a r bolic a cid), C_{6 } H_{5 }O H.  The
b e nz e n e  hyd ro-c a r bo ns  a r e  g e n e r ally colou rl e s s  liquids,
insoluble  in  w a t er, b u t  soluble  in alcohol a n d  e t h er. 
They g e n e r ally dis til wi t ho u t  d e co m position.   They
b u r n  wit h  a  s moky fla m e,  a n d  h ave  a n  e t h e r e al  odour. 
They a r e  e a sily ni t r a t e d  a n d  s ulph u r a t e d;  m o no, di,
a n d  t ri  d e riva tives  a r e  r e a dily p r e p a r e d ,  a c co r din g
to  t h e  s t r e n g t h  of t h e  a cid s  u s e d .   I t  is only
t h e  H-a to m s  of t h e  b e nz e n e  n u cle us  w hich  e n t e r  in to
r e a c tion.

Benze n e  w a s  di scove r e d  by Fa r a d ay in 1 8 2 5,  a n d  d e t e c t e d
in coal-t a r  by H ofm a n n  in 1 8 4 5.   I t  c a n  b e  ob t ain e d
fro m  t h a t  po r tion  of coal-t a r  w hich  boils  a t  8 0  d e g.
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to  8 5  d e g.  by fr ac tion a ting  o r  fr e ezing.[A] The  o r din a ry
b e nz e n e  of co m m e r c e  con t ain s  t hiop h e n e  (C_{4 } H_{ 4 } S),
fro m  w hich  it  m ay  b e  fr e e d  by s h a king  wi th  s ulph u ric
a cid.   I t s  boiling  poin t  is 7 9  d e g.   C.; s p ecific
g r avity a t  0  d e g.  e q u als  0 .9.   I t  b u r n s  wit h  a
lu minous  s moky fla m e,  a n d  is a  good  solven t  for  fa t s ,
r e sins,  s ulp h ur, p hos p ho r u s,  &c.  Tolue n e  w a s
discove r e d  in 1 8 3 7,  a n d  is p r e p a r e d  fro m  co al-t ar. 
I t  boils  a t  1 1 0  d e g.   C., a n d  is s till liquid
a t  2 8  d e g.   C.

[Footno t e  A:  I t  m ay  b e  p r e p a r e d  ch e mic ally p u r e
by dis tilling  a  mixtu r e  of b e nzoic a cid  a n d  lime.]

The  m o no-, c hlo ro-, b ro mo-, a n d  iodo-b e nze n e s  a r e
colou rle s s  liquids  of p e c ulia r  odo ur.  Di-c hlo ro-,
di-b ro m o-b e nz e n e s ,  t r i- a n d  h ex a-c hlo ro- a n d  b ro mo-b e nz e n e s,
a r e  al so  know n; a n d  m o no-c hlo ro-, C_{6 } H_{ 4 } Cl(CH_{3 }),
a n d  b ro m o-tolue n e s ,  tog e t h e r  wi th  di d e riva tives  in
t h e  o r t ho,  m e t a ,  a n d  p a r a  m o difica tions.   The
ni t ro-b e nz e n e s  a n d  tolu e n e s  a r e  u s e d  a s  explosives.  
The  following  s u m m a ry is t ak e n  fro m  Dr  A. Be r n t h s e n’s
“Or g a nic  Ch e mis t ry":—
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S U M MARY.
____________________________________________________________
________
|                                                                     |
|  C_{6 } H_{ 5 }(N 0_{2 }) Ni t ro-b e nz e n e.   Liq.  B.Pt. 2 0 6  d e g.   C.               |
|                                                                     |
|  C_{6 } H_{ 4 }(NO_{2 })_{ 2 }  Or t ho-, m e t a-, a n d  p a r a- di-ni t ro-b e nz e n e s.  |
|  Solid.  M.P. 1 1 8  d e g., 9 0  d e g., a n d  1 7 2  d e g.   C.                                 |
|                                                                     |
|  C_{6 } H_{ 3 }(NO_{3 })_{ 3 }  S.-Tri-ni t ro-b e nz e n e.   Solid.   M.P. 1 2 1  d e g.   C.   
|
|___________________________________________________________
_________|
|                                                                     |
|  C_{6 } H_{ 4 }(CH_{3 })NO_{2 }  O r t ho-, m e t a-, a n d  p a r a- ni t ro-tolue n e s .   |
|  B.P. 2 1 8  d e g., 2 3 0  d e g., a n d  2 3 4  d e g.   C, Pa r a  co m po u n d  solid.                  |
|___________________________________________________________
_________|
|                                                                     |
|  C_{6 } H_{ 3 }(CH_{3 })_{2 } NO_{ 2 }  Ni t ro-xylen e .   Liquid.                  |
|___________________________________________________________
_________|
|                                                                     |
|  C_{6 } H_{ 2 }(CH_{3 })_{3 } NO_{ 2 }  Ni t ro-m e si tylen e.   Solid.              |
|___________________________________________________________
_________|
|                                                                     |
|  C_{6 } H_{ 3 }(CH_{3 })(NO_{2 })_{2 }  Di-ni t ro-tolue n e s .                   |
|___________________________________________________________
_________|
|                                                                     |
|  C_{6 } H_{ 4 } Cl(NO_{2 }) Ni t ro-chlo ro-b e nz e n e s .                         |
|                                                                     |
|  C_{6 }Br_{4 }(NO_{2 })_{2 }  Tet r a-b ro mo-di-ni t ro b e nz e n e.                |
|___________________________________________________________
_________|

The  ni t ro  co m po u n d s  a r e  m o s tly p al e  yellow liquids,
w hich  di s til u n c h a n g e d,  a n d  vola tilise  wi th  w a t e r
vapour, o r  colou rl es s  o r  p ale  yellow n e e dle s  o r  p ris m s.  
So m e  of t h e m,  how ever, a r e  of a n  in t e n s e  yellow colour. 
M a ny of t h e m  explod e  u po n  b ein g  h e a t e d .   They a r e

174



h e avie r  t h a n  w a t er, a n d  insoluble  in  it,  b u t  m os tly
soluble  in alcohol, e t h er, a n d  gl acial a c e tic  a cid.

Ni t ro-b e nz e n e,  C_{6 } H_{ 5 }(NO_{2 }), w a s  discove r e d
in 1 8 3 4  by Mit sc h e rlich.   I t  is a  yellow liquid,
wi th  a  m el ting  poin t  of + 3  d e g.   C. I t  h a s  a n  in t e n s e
odou r  of bi t t e r  al mo n d s.   I t  solidifies  in  t h e
cold.   In  di-ni t ro-b e nz e n e,  t h e  t wo  ni t ro  g ro u ps
m ay b e  in t h e  m e t a ,  o r t ho,  o r  p a r a  posi tion,  t h e  m e t a
posi tion  b eing  t h e  m o s t  g e n e r al  (se e  fig., p a g e  4). 
By r ec rys t allising  fro m  alcohol, p u r e  m e t a-di-ni t ro-b e nz e n e
m ay b e  ob t ain e d  in long  colou rle s s  n e e dle s.   The
o r t ho  co m po u n d  c rys t allise s  in  t a bl e s,  a n d  t h e  p a r a
in n e e dle s.   They a r e  bo t h  colou rle s s.   Whe n
tolue n e  is ni t r a t e d,  t h e  p a r a  a n d  o r t ho  a r e  chiefly
for m e d,  a n d  a  ve ry li t tl e  of t h e  m e t a  co m po u n d.
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Ni tro  Co m po u n d s  of  B e n z e n e  and  Tolue n e. —The
p r e p a r a tion  of t h e  ni t ro  d e riva tives  of t h e  hyd roc a r bo ns
of t h e  b e nz e n e  s e ri e s  is ve ry si m ple.   I t  is only
n ec es s a ry  to  b ring  t h e  hyd roc a r bo n  in to  con t ac t  wi th
s t ro n g  ni t ric  a cid,  w h e n  t h e  r e a c tion  t ak e s  pl ac e,
a n d  on e  o r  m o r e  of t h e  hyd rog e n  a to m s  of t h e  hyd roc a r bo n
a r e  r e pl ac e d  by t h e  ni t ryl g ro u p  (NO_{2 }).  Thus
by t h e  a c tion  of ni t ric  a cid  on  b e nz e n e  (or  b e nzol),
m o no-ni t ro-b e nz e n e  is for m e d:—

C_{6 } H_{6 }  +  H N O_{3 }  =  C_{6 } H_{ 5 }.NO_{ 2 }  + H_ { 2 }O. 
                       Mono-ni t ro-b e nze n e.

By t h e  a c tion  of a no t h e r  m olec ule  of ni t ric  a cid,
t h e  di-ni t ro-b e nz e n e  is for m e d:—

C_{6 } H_{5 }. NO_{2 }  +  H N O_{3 }  =  C_{6 } H_{ 4 }(NO_{2 })_{2 }
+  H_{2 }O. 
                               Di-ni t ro-b e nz e n e.

The s e  ni t ro  bo dies  a r e  no t  a cids,  no r  a r e  t h ey e t h e r e al
s al t s  of ni t ro us  a cid,  a s  ni t ro-glyce rin e  is of glyce rin e .  
They a r e  r e g a r d e d  a s  for m e d  fro m  ni t ric  a cid  by t h e
r e plac e m e n t  of hyd roxyl by b e nze n e  r a dic als .

M o no-ni tro B e n z e n e  is m a d e  by t r e a ting  b e nz e n e
wi th  conc e n t r a t e d  ni t ric  a cid,  o r  a  mixt u r e  of ni t ric
a n d  s ulp h u ric  a cids.   The  la t t er, a s  in t h e  c a s e
of t h e  ni t r a tion  of glyce rin e,  t ak e s  no  p a r t  in t h e
r e a c tion,  b u t  only p r eve n t s  t h e  dilu tion  of t h e  ni t ric
a cid  by t h e  w a t e r  for m e d  in t h e  r e a c tion.   S m all
q u a n ti ti es  m ay b e  m a d e  t h us:—Take  1 5 0  c.c.
of H_{2 } SO_{4 }  a n d  7 5  c.c.   H NO_{3 },  o r  1  p a r t
ni t ric  to  2  p a r t s  s ulp h u ric  a cid,  a n d  p u t  in a  b e ak e r
s t a n din g  in cold  w a t e r ;  t h e n  a d d  1 5  to  2 0  c.c.  of b e nz e n e,
d ro p  by d ro p,  w ai ting  b e t w e e n  e ac h  a d di tion  for  t h e
co m ple tion  of t h e  r e a c tion,  a n d  s h ak e  w ell d u ring
t h e  op e r a t ion.   Whe n  finish e d,  pou r  con t e n t s  of
b e a k e r  in to  a bo u t  a  lit r e  of cold  w a t e r ;  t h e  ni t ro-b e nzol
will sink  to  t h e  bo t to m.   Dec a n t  t h e  w a t er, a n d
w a s h  t h e  ni t ro-b e nzol t wo  o r  t h r e e  tim e s  in  a  s e p a r a tin g
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funn el  wi th  w a t er.  Fin ally, d ry  t h e  p ro d u c t  by
a d ding  a  li t tl e  g r a n ula t e d  c alciu m  c hlo rid e,  a n d  allowing
to  s t a n d  for  so m e  lit tle  ti m e,  it  m ay  t h e n  b e  di s tilled.  
Ni t ro-b e nz e n e  is a  h e avy oily liquid  w hich  boils  a t
2 0 5  d e g.   C., h a s  a  s p e cific g r avity of 1 .2,  a n d
a n  odou r  like  t h a t  of oil of bi t t e r  al mo n d s.  
In  t h e  a r t s  it is chiefly u s e d  in t h e  p r e p a r a tion
of a niline.

Di-ni tro B e n z e n e  is a  p ro d uc t  of t h e  fu r t h e r
a c tion  of ni t ric  a cid  on  b e nz e n e  o r  ni t ro-b e nz e n e.  
I t  c rys t allis e s  in long  fine  n e e dle s  o r  t hin  r ho m bic
pla t e s ,  a n d  m el t s  a t  8 9 .9  d e g.   C. I t  c a n  b e  m a d e
t h u s:—The  a cid  mixtu r e  u s e d  consis t s  of
e q u al  p a r t s  of ni t ric  a n d  s ulp h u ric  a cids,  s ay  5 0
c.c.  of e a c h,  a n d  wi t ho u t  cooling  a d d  ve ry slowly 1 0
c.c.  of b e nz e n e  fro m  a  pip e t t e .   Afte r  t h e  a c tion
is over, boil t h e  mixtu r e  for  a  s ho r t  t im e,  t h e n  pou r
in to  a bo u t  h alf a  lit r e  of w a t er, filt e r  off t h e  c rys t als
t h u s  p ro d uc e d,  p r e s s  b e t w e e n  laye r s  of filt e r  p a p er,
a n d  c rys t allis e  fro m  alcohol.  Di-ni t ro-b e nz e n e,
o r  m e t a-di-ni t ro-b e nz e n e,  a s  i t is so m e ti m e s  c alled,
e n t e r s  in to  t h e  co m posi tion  of s eve r al  explosives,
s uc h  a s  toni t e  No.  3 ,  ro b u ri t e ,  s ec u ri t e ,  b elli t e .
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Nit ro-b e nz e n e  is m a n ufac t u r e d  u po n  t h e  la rg e  sc ale
a s  follows:—Along  a  b e n c h  a  row  of gl a s s
flasks,  con t aining  1  g allon  e a c h  (1 to  2  lbs.  b e nz e n e),
a r e  pl ac e d,  a n d  t h e  a cid s  a d d e d  in s m all po r tions  a t
a  ti m e,  t h e  wo rk m e n  co m m e n cing  wi th  t h e  fir s t ,  a n d
a d ding  a  s m all q u a n ti ty to  e a c h  in t u r n ,  u n til t h e
ni t r a tion  w a s  co m ple t e .   This  p roc e s s  w a s  a  d a n g e ro us
on e,  a n d  is now  obsole t e .   The  fir s t  ni t ro-b e nze n e
m a d e  co m m e r cially in  E n gla n d,  by M e s s r s  Si m pson,  M a ule,
a n d  Nic holson,  of Kennin g ton,  in 1 8 5 6,  w a s  by  t his
p roc e s s.   N ow, ho w ever, ve r tical i ron  cylind e r s ,
m a d e  of c a s t-iron,  a r e  u s e d  for  t h e  ni t r a ting  op e r a tion.  
They a r e  a bo u t  4  fee t  in di a m e t e r  a n d  4  fee t  d e e p,
a n d  a  s e ri e s  a r e  g e n e r ally a r r a n g e d  in a  r ow, a t  a
conve nie n t  h eig h t  fro m  t h e  g ro u n d,  b e n e a t h  a  line  of
s h af ting.   E ac h  cylind e r  is cove r e d  wi th  a  c a s t-iron
lid h aving  a  r ais e d  ri m  all r o u n d.   A c e n t r al
o rifice  gives  p a s s a g e  to  a  ve r tic al s h af t ,  a n d  t wo
or  m o r e  o t h e r  conve nie n tly a r r a n g e d  op e nin gs  allow
t h e  b e nz e n e  a n d  t h e  mixed  a cid s  to  flow in.  E a c h
of t h e s e  op e nin gs  is s u r ro u n d e d  wi t h  a  d e e p  ri m,  so
t h a t  t h e  w hole  top  of t h e  cylind e r  c a n  b e  flood e d
wi th  w a t e r  so m e  inch e s  in d e p t h,  wi t ho u t  a ny of i t
r u n ning  into  t h e  in t e rio r  of t h e  ni t r a tor.  The
lid ove r h a n g s  t h e  cylind e r  so m e w h a t,  a n d  in  t h e  ou t e r
ri m  a  n u m b e r  of s ho t-hole s  o r  t u b e s  allow t h e  w a t e r
to  flow do w n  all ove r  t h e  ou t sid e  of t h e  cylind e r
in to  a  s h allow c a s t-iron  di sh,  in w hich  it s t a n d s .  
By m e a n s  of a  good  s u p ply of cold  w a t er, t h e  top,
sides ,  a n d  bo t to m  of t h e  w hole  a p p a r a t u s  is t h us  cooled
a n d  con tinu ally flood e d.   The  a gi t a to r  consis t s
of c a s t-iron  a r m s  keye d  to  a  ve r tical s h af t ,  wi th
fixed  a r m s  o r  d a s h-pl a t e s  s e c u r e d  to  t h e  side s  of
t h e  cylind er.  The  s h af t  h a s  a  mi t r e  w h e el  keyed
on  t h e  top,  w hich  wo rks  in to  a  co r r e s po n ding  w h e el
on  t h e  ho rizon t al  s h af ting  r u n nin g  alon g  t h e  top  of
t h e  conve r t e r s .   This  la t t e r  is s ec u r e d  to  a  clu t ch;
a n d  t h e r e  is a  fea t h e r  on  t h e  s h af t ,  so  t h a t  a ny on e
of t h e  conve r t e r s  c a n  if n e c e s s a ry b e  p u t  ei t h e r  in
o r  ou t  of g e ar.  This  a r r a n g e m e n t  is n e c e s s a ry,
a s  r ig g e r s  o r  b el t s  of lea t h er, co t ton,  o r  india r u b b e r
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will no t  s t a n d  t h e  a t m os p h e r e  of t h e  ni t ro-b e nzole
ho us e.   Above  a n d  close  to  e a c h  ni t r a to r  s t a n d s
its  a cid  s to r e  t a nk, of i ron  o r  s ton e w a r e .

The  b uilding  in w hich  t h e  ni t r a tion  is c a r ri e d  ou t
s ho uld  consis t  of on e  s to ry, h ave  a  ligh t  roof, w alls
of h a r d  b rick,  a n d  a  conc r e t e  floor  of 9  to  1 2  inch es
t hick, a n d  cove r e d  wi th  pi tch,  to  p ro t ec t  it s  s u rf ac e
fro m  t h e  a c tion  of t h e  a cid s.   The  floor  s ho uld
b e  incline d  to  a  d r ain,  to  s ave  a ny ni t ro-b e nzol s pil t.  
Fi r e  hyd r a n t s  s ho uld  b e  pl ac e d  a t  conve nie n t  pl ac e s,
a n d  it  s hould  b e  possible  to  a t  onc e  fill t h e  b uilding
wi th  s t e a m.   A 2-inc h  pipe ,  wi t h  a  cock ou t sid e
t h e  b uilding,  is a dvis a ble.   The  b uilding  s hould
al so  b e  a s  fa r  a s  possible  isola t e d .
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The  a cids  a r e  mixe d  b efor e h a n d,  a n d  allow e d  to  cool
b efo r e  u s e .   The  ni t ric  a cid  u s e d  h a s  a  s p ecific
g r avity of 1 .38 8,  a n d  s hould  b e  a s  fre e  a s  pos sible
fro m  t h e  low e r  oxides  of ni t rog e n.   The  s ulp h u ric
a cid  h a s  a  s p e cific g r avity of 1 .8 4 5,  a n d  con t ains
fro m  9 5  to  9 6  p e r  c e n t .  of m o no-hyd r a t e.   A good
mixt u r e  is 1 0 0  p a r t s  of ni t ric  to  1 4 0  p a r t s  of s ulph u ric
a cid,  a n d  7 8  p a r t s  of b e nz e n e;  o r  1 2 8  p a r t s  H N O_{3 },
1 7 9  of H_{2 } SO_{4 },  a n d  1 0 0  of b e nz e n e  (C_{6 } H_{6 }). 
The  b e nz e n e  h aving  b e e n  int rod uc e d  in to  t h e  cylind er,
t h e  w a t e r  is t u r n e d  on  a n d  t h e  a p p a r a t u s  cooled,  t h e
a gi t a to r s  a r e  s e t  r u n ning,  a n d  t h e  a cid  cock  t u r n e d
on  so  a s  to  allow it to  flow in a  ve ry t hin  s t r e a m
into  t h e  ni t r a tor.

S ho uld  it b e  n ec es s a ry  to  c h eck  t h e  m a c hin e ry eve n
for  a  m o m e n t ,  t h e  s t r e a m  of a cid  m u s t  b e  s to p p e d  a n d
t h e  a gi t a tion  con tinu e d  for  so m e  tim e,  a s  t h e  a c tion
p roc e e d s  wit h  s uc h  vigou r  t h a t  if t h e  b e nz e n e  b eing
ni t r a t e d  co m e s  to  r e s t  a n d  a cid  con tinu e s  to  flow,
loc al h e a ting  occu r s ,  a n d  t h e  mixt u r e  m ay  infla m e.  
Accide n t s  fro m  t his  c a u s e  h ave  b e e n  no t  inf r e q u e n t .  
The  op e r a tion  r e q ui r e s  b e t w e e n  eig h t  to  t e n  ho u r s,
a gi t a tion  a n d  cooling  b eing  ke p t  u p  all t h e  tim e.  
Whe n  all t h e  a cid  is a d d e d  t h e  w a t e r  is s h u t  off,
a n d  t h e  t e m p e r a t u r e  allow e d  to  ris e  a  li t tl e,  to  a bo u t
1 0 0  d e g.   C. Whe n  it c e a s es  to  ri se  t h e  a gi t a to r s
a r e  t h row n  ou t  of g e ar, a n d  t h e  mixtu r e  allow e d  so m e
ho u r s  to  cool a n d  s e t tl e.   The  a cid  is t h e n  d r a w n
off, a n d  t h e  ni t ro-b e nz e n e  is w ell w a s h e d  wi th  w a t er,
a n d  so m e ti m e s  dis tilled  wit h  w e t  s t e a m,  to  r e cove r
a  li t tl e  u nconve r t e d  b e nz e n e  a n d  a  t r ac e  of p a r affin
(a bo u t  .5  p e r  c e n t .  tog e t h e r).   At m a ny En glish
wo rks,  1 0 0  to  2 0 0  g allons,  o r  8 0 0  to  1,76 0  lbs., a r e
ni t r a t e d  a t  a  ti m e,  a n d  tolu e n e  is oft e n  u s e d  ins t e a d
of b e nz e n e,  e s p eci ally if t h e  ni t ro-b e nz e n e  is for
u s e  a s  e s s e nc e  of myr b a n e.   The  w a s t e  a cid s,  s p e cific
g r avity 1.6  to  1.7,  con t ain  a  lit tl e  ni t ro-b e nz e n e
in solu tion  a n d  so m e  oxalic a cid.   They a r e  conc e n t r a t e d
in c a s t-iron  po t s  a n d  u s e d  ove r  a g ain.
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Di-ni tro B e n z e n e  is ob t ain e d  by t r e a ting  a
c h a r g e  of t h e  hyd roc a r bo n  b e nze n e  wi th  do u ble  t h e
q u a n ti ty of mixe d  a cids  in t wo  op e r a tions,  o r  r a t h e r
in t wo  s t a g e s ,  t h e  s eco n d  lot  of a cid  b eing  r u n  in
di r e c tly af t e r  t h e  fir s t .   The  cooling  w a t e r  is
t h e n  s h u t  off, a n d  t h e  t e m p e r a t u r e  allow e d  to  ri s e
r a pidly, o r  ni t ro-b e nz e n e  al r e a dy m a n ufac t u r e d  is t ak e n
a n d  a g ain  ni t r a t e d  wi t h  a cids.   A la rg e  q u a n ti ty
of a cid  fum es  co m e  off, a n d  so m e  of t h e  ni t ro- a n d
di-ni t ro-b e nzol p ro d uc e d  co m e s  off a t  t h e  hig h  t e m p e r a t u r e
w hich  is a t t ain e d,  a n d  a  good  con d e n sing  a p p a r a t u s
of s ton e w a r e  m u s t  b e  u s e d  to  p r eve n t  loss.   The
p ro d uc t  is s e p a r a t e d  fro m  t h e  a cid s,  w a s h e d  wi t h  cold
w a t e r  a n d  t h e n  wit h  ho t .   I t  is sligh tly soluble
in w a t er, so  t h a t  t h e  w a s hing  w a t e r s  m u s t  b e  ke p t
a n d  u s e d  ove r  a g ain.   Fin ally it  is a llow e d  to
s e t tl e,  a n d  r u n  w hile  s till w a r m  in to  iron  t r ays,  in
w hich  it  solidifies  in m a s s e s  2  o r  4  inch e s  t hick. 
I t  s hould  no t  con t ain  a ny ni t ro-b e nzol, no r  soil a
pi ec e  of p a p e r  w h e n  laid  on  it,  s hould  b e  w ell c rys t allis ed,
fai rly h a r d ,  a n d  al mos t  odo u rle s s.   The  c hief
p ro d uc t  is m e t a-di-ni t ro-b e nze n e,  m el ting  poin t  8 9.8,
b u t  o r t ho-di-ni t ro-b e nz e n e,  m el ting  poin t  1 1 8  d e g.,
a n d  p a r a-di-ni t ro,  m el ting  poin t  1 7 2  d e g.,  a r e  al so
p ro d uc e d.   The  m el ting  poin t  of t h e  co m m e rcial
p ro d uc t  is b e t w e e n  8 5  d e g.  to  8 7  d e g.   C.
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Di-ni t ro-tolu e n e  is m a d e  in a  si mila r  m a n n er. 
The  t ri-ni t ro-b e nze n e  c a n  only b e  m a d e  by u sing  a
ve ry la r g e  exc es s  of t h e  mixed  a cids .   Ni t ro-b e nze n e,
w h e n  r e d uc e d  wi t h  iron,  zinc,  o r  tin,  a n d  hyd roc hlo ric
a cids ,  for m s  a niline.

Ro b urit e .—This  explosive  is t h e
inve n tion  of a  Ge r m a n  ch e mis t,  Dr  Ca rl  Roth  (En glish
p a t e n t  2 6 7A, 1 8 8 7), a n d  is now  m a n ufac t u r e d  in E n gla n d,
a t  Ga t h u r s t ,  n e a r  Wiga n.   I t  consis t s  of t wo  co m po n e n t
p a r t s ,  no n-explosive  in t h e m s elves  (Sp r e n g el’s
p rinciple), b u t  w hich,  w h e n  mixed,  for m  a  po w e rful
explosive.   The  t wo  s u bs t a nc e s  a r e  a m m o niu m  ni t r a t e
a n d  c hlo rina t e d  di-ni t ro-b e nzol.  Ni t ro-n a p h t h al e n e
is al so  u s e d .   Ni t r a t e  of so d a  a n d  s ulph a t e  of
a m m o niu m  a r e  allow e d  to  b e  mixe d  wi t h  i t.  The
a dva n t a g e s  claim e d  for  t h e  in t ro d uc tion  of c hlo rin e
in to  t h e  ni t ro  co m po u n d  a r e  t h a t  c hlo rine  exe r t s  a
loos e ning  effec t  u po n  t h e  NO_{ 2 }  g ro u p s,  a n d  e n a ble s
t h e  co m po u n d  to  b u r n  m o r e  r a pidly t h a n  w h e n  t h e  ni t ro
g ro u p s  alon e  a r e  p r e s e n t .

The  for m ula  of c hlo ro-di-ni t ro-b e nzol is C_{6 } H_{3 }Cl(NO_{2 })_{2 }.  
The  t h eo r e tical p e r c e n t a g e  of ni t rog e n,  t h e r efo r e,
is 1 3.82,  a n d  of c hlo rin e  1 7 .53.   Dr  Rot h  s t a t e s
t h a t ,  fro m  exp e ri m e n t s  h e  h a s  m a d e,  t h e  dyn a mic  effec t
is co nsid e r a bly inc r e a s e d  by t h e  in t ro d uc tion  of chlo rin e
in to  t h e  ni t ro  co m po u n d.   Rob u ri t e  b u r n s  q uickly,
a n d  is no t  s e n si tive  to  s hock; it  m u s t  b e  u s e d  d ry;
it  c a n no t  b e  m a d e  to  explod e  by  conc u ssion,  p r e s s u r e ,
fric tion,  fir e,  o r  ligh t nin g;  it  do e s  no t  fr e eze;  it
do es  no t  give  off d el e t e rious  fum e s,  a n d  it  is to
all in t e n t s  a n d  p u r pos e s  fla m eless;  a n d  w h e n  p ro p e rly
t a m p e d  a n d  fir e d  by el ec t rici ty, c a n  b e  s afely u s e d
in fie ry mi n e s,  n ei th e r  fine  d us t  no r  g a s e s  b ein g
ignit e d  by it.  The  a c tion  is r e n ding  a n d  no t
p ulve rising.   Co m p a r e d  to  g u n pow d er, it is m o r e
pow e rful in a  r a tio  r a n gin g  fro m  2-1/2  to  4  to  1,
a c co r din g  to  t h e  s u bs t a nc e  a c t e d  u po n.   I t  is
la rg ely u s e d  in bla s ting,  pi t  sinking,  q u a r rying, &c.,
b u t  e s p e cially in co al mi ning.   Accor ding  to  Dr
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Roth,  t h e  following  is t h e  e q u a tion  of i ts  d eco m posi tion:—

C_{6 } H_{3 }Cl(NO_{2 })_{2 }  +  9 H N_{4 } NO_{3 }  =  6CO_{2 }
+  2 0 N  +  HCl.

In  a p p e a r a n c e  ro b u ri t e  is a  b row nis h  yellow po w d er,
wi th  t h e  ch a r ac t e ri s tic  s m ell of ni t ro-b e nzol. 
I t s  s p ecific g r avi ty is 1 . 40.   The  Co m p a ny’s
s t a t e m e n t  t h a t  t h e  fu m e s  of ro b u ri t e  w e r e  h a r mle ss
h aving  b e e n  q u e s tion e d  by t h e  mi n e r s  of t h e  Gar s wood
Coal a n d  I ron  Works  Collie ry, a  scie n tific co m mit t e e
w a s  a p poin t e d  by t h e  m a n a g e m e n t  a n d  t h e  m e n  join tly
for  t h e  p u r pos e  of s e t t ling  t h e  q u e s tion.   The
m e m b e r s  of t hi s  co m mit t e e  w e r e  Dr  N. H a n n a h,  Dr  D.J. 
Mo u n c ey, a n d  P rofes so r  H.B.  Dixon, F.R.S., of
Ow e n s  Colleg e .   Afte r  a  p ro t r a c t e d  inves tig a tion,
a  long  a n d  t e c h nical r e po r t  w a s  iss u e d,  co m ple t ely
vindica ting  t h e  innocuo us n e s s  of r o b u ri t e  w h e n  p ro p e rly
u s e d.   In  t h e  wo r ds  of T h e  Iron  and  Coal Trad e s’
R e vie w  (M ay 2 4,  1 8 8 9), “The  ve r dic t,  t ho u g h
no t  on  eve ry poin t  in  favou r  of t h e  u s e  in all ci r cu m s t a n c e s
of ro b u ri t e  in  co al min e s,  is ye t  of so  p ro no u nc e d
a  c h a r a c t e r  in  it s  favou r  a s  a n  explosive  t h a t  it  is
impossible  to  r e si s t  t h e  conclusion  t h a t  t h e  cl aim s
p u t  forw a r d  on  its  b e h alf r e s t  on  solid  g ro u n d s.”
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Rob u ri t e  w a s  al so  on e  of t h e  explosives  inves tig a t e d
by t h e  co m mit t e e  a p poin t e d  in  S e p t e m b e r  1 8 8 9  by t h e
Du r h a m  Coalow n e r s’ a n d  Mine r s’ Associa tions,
for  t h e  p u r pos e  of d e t e r mining  w h e t h e r  t h e  fu m e s  p ro d uc e d
by c e r t ain  explosives  a r e  inju rious  to  h e al th .  
Both  ow n e r s  a n d  wo rk m e n  w e r e  r e p r e s e n t e d  on  t h e  co m mit t e e ,
w hich  el ec t e d  M r  T. Bell, H.M.  Ins p ec to r  of Min e s,
a s  it s  c h ai r m a n,  wi th  P rofe sso r  P.P.  Be dson  a n d
Drs  Dru m m o n d  a n d  H u m e  a s  p rofes sion al a dvis e r s .  
The  p ro ble m  conside r e d  w a s  w h e t h e r  t h e  fum e s  p rod uc e d
by t h e  co m b u s tion  of ce r t ain  explosives,  on e  of w hich
w a s  ro b u ri t e ,  w e r e  inju rious  to  h e al t h.   The  t ri al
co m p ris e d  t h e  c h e mic al a n alysis  of t h e  ai r  a t  t h e
“in t ak e ,” a n d  of t h e  viti a t e d  ai r  d u ring
t h e  firing  of t h e  s ho ts  a t  t h e  “r e t u r n,”
a n d  also  of t h e  s moky ai r  in t h e  vicini ty of t h e  s ho t-hole s.  
Five  po u n d s  a n d  a  h alf of r o b u ri t e  w e r e  u s e d  in t w e n ty-t h r e e
s ho t s.   I t  h a d  b e e n  a s s e r t e d  t h a t  t h e  fu m e s  fro m
t his  explosive  con t ain e d  c a r bo n-m o noxide,  CO, b u t
no  t r a c e  of t his  g a s  could  b e  discove r e d  af t e r  t h e
explosion.   On  a no t h e r  occ a sion,  how ever, w h e n
4.7  lbs. of r o b u ri t e  w e r e  explod e d  in t w e n ty-t h r e e
s ho t s,  t h e  ai r  a t  t h e  “ re t u r n”  s how e d
t r a c e s  of CO g a s  to  t h e  ex t e n t  of .042  to  .019  p e r
c e n t .   The  m e dic al r e po r t  w hich  Drs  H u m e  a n d  Dr u m m o n d
p r e s e n t e d  to  t h e  co m mit t e e  s hows  t h a t  t h ey inves tig a t e d
eve ry c a s e  of s u s p e c t e d  illne s s  p ro d uc e d  by expos u r e
to  fum e s,  a n d  t h ey could  find  no  evide nc e  of a c u t e
illnes s  b ein g  c a us e d.   They s ay, “No c a s e
of a c u t e  illne s s  h a s,  t h rou g ho u t  t h e  inqui ry, b e e n
b ro u g h t  to  ou r  knowled g e,  a n d  w e  a r e  led  to  t h e  conclusion
t h a t  s uc h  c a s es  h ave  no t  occu r r e d .”

M a n ufac t ur e.—As no w  m a d e,  ro b u ri t e
is a  mixtu r e  of a m m o niu m  ni t r a t e  a n d  c hlo rin a t e d  di-ni t ro-b e nzol. 
The  ni t r a t e  of a m m o nia  is fi r s t  d rie d  a n d  g ro u n d,
a n d  t h e n  h e a t e d  in  a  clos e d  s t e a m-jacke t e d  ves s el to
a  t e m p e r a t u r e  of 8 0  d e g.   C., a n d  t h e  m el t e d  o r g a nic
co m po u n d  is a d d e d,  a n d  t h e  w hole  s ti r r e d  u n til a n
in tim a t e  mixtu r e  is ob t aine d.   On  cooling,  t h e
yellow pow d e r  is r e a dy for  u s e,  a n d  is s to r e d  in  s t r aigh t
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c a nis t e r s  o r  m a d e  u p  in to  c a r t rid g e s .   Owing  to
t h e  d eliqu e sc e n t  n a t u r e  of t h e  ni t r a t e  of a m m o nia,
t h e  finish e d  explosive  m u s t  b e  ke p t  ou t  of con t ac t
wi th  t h e  air, a n d  for  t his  r e a so n  t h e  c a r t ri dg e s  a r e
w a t e r p roofe d  by dip ping  t h e m  in m el t e d  w ax.  Rob u ri t e
is m a d e  in Ge r m a ny, a t  Witt e n,  Westp h alia; a n d  al so
a t  t h e  E n glish  Co m p a ny’s ex t e n sive  wo rks  a t
Gat h u r s t ,  n e a r  Wiga n,  w hich  h ave  b e e n  a t  work  now
for  so m e  eig h t e e n  ye a r s ,  h aving  s t a r t e d  in 1 8 8 8.  
The s e  wo rks  a r e  of consid e r a ble  ex t e n t ,  cove ring  3 0
a c r e s  of g ro u n d,  a n d  a r e  e q u al  to  a n  ou t p u t  of 1 0
tons  a  d ay.  A c a n al r u n s  t h ro u g h  t h e  c e n t r e ,  s e p a r a tin g
t h e  ch e mic al fro m  t h e  explosive  po r tions  of t h e  wo rks,
a n d  t h e  Lanc a s hi r e  a n d  Yorks hi r e  Railw ay r u n s  u p  to
t h e  doo r s.   Besid es  s e n din g  la rg e  q u a n ti ti es  of
ro b u ri t e  it s elf a b ro a d,  t h e  Co m p a ny also  expo r t  to
t h e  va rious  colonie s  t h e  two  co m po n e n t s ,  a s  m a n ufac t u r e d
in t h e  ch e mic al wo rks,  a n d  w hich  s e p a r a t ely a r e  q ui t e
no n-explosive,  a n d  w hich,  h aving  a r rived  a t  t h ei r
d e s tin a tion,  c a n  b e  e a sily mixe d  in t h e  p rop e r  p ro po r tions.
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Among  t h e  s p e cial a dv a n t a g e s  cl aim e d  for  r ob u ri t e
a r e :—Fir s t ,  t h a t  it  is impossible  to  explod e
a  c a r t ridg e  by  p e r c us sion,  fi r e ,  o r  el ec t ric  s p a rks.  
If a  c a r t ridg e  o r  laye r  b e  s t r u ck  wi th  a  h e avy h a m m er,
t h e  po r tion  s t r uck  is d eco m pos e d,  owing  to  t h e  la rg e
a m o u n t  of h e a t  d evelop e d  by t h e  blow.  The  r e m aining
explosive  is no t  in t h e  lea s t  affec t e d,  a n d  no  d e to n a tion
w h a t eve r  t ak e s  pl ac e .   If r o b u ri t e  b e  mixe d  wi th
g u n pow d er, a n d  t h e  g u n pow d e r  fi r e d,  t h e  explosion
si m ply sc a t t e r s  t h e  ro b u ri t e  wi thou t  affec ting  it
in  t h e  le as t .   In  fac t,  t h e  only w ay to  explod e
ro b u ri t e  is to  d e to n a t e  it by m e a n s  of a  c a p  of fulmin a t e ,
con t aining  a t  le a s t  1  g r a m m e  of fulmina t e  of m e r c u ry. 
S e con dly, its  g r e a t  s afe ty for  u s e  in co al min e s .  
Rob u ri t e  h a s  t h e  g r e a t  a dva n t a g e  of exploding  by d e ton a tion
a t  a  ve ry low t e m p e r a t u r e ,  ind e e d  so  low t h a t  a  ve ry
sligh t  a m o u n t  of t a m pin g  is r e q ui r e d  w h e n  fir ed  in
t h e  m o s t  explosive  mixtu r e  of ai r  a n d  co al g a s  pos sible,
a n d  no t  a t  a ll in a  mixt u r e  of ai r  a n d  co al d u s t—a
con di tion  in w hich  t h e  u s e  of g u n po w d e r  is hig hly
d a n g e ro u s.

M r  W.J.  Or s m a n,  F.I.C., in a  p a p e r  r e a d  a t  t h e
U nive r si ty Colleg e,  N o t ting h a m,  in 1 8 9 3,  gives  t h e
t e m p e r a t u r e  of d e ton a tion  of r o b u ri t e  a s  b elow 2,10 0
d e g.   C., a n d  of a m m o niu m  ni t r a t e  a s  1 ,1 30  d e g.  
C., w h e r e a s  t h a t  of bl a s ting  g el a tine  is a s  m u c h  a s
3,22 0  d e g.   C. With  r e g a r d  to  t h e  co m position
of t h e  fu m e s  for m e d  by t h e  explosion  of ro b u ri t e ,  M r
Ors m a n  s ays:  “With  ce r t ain  s afe ty explosives—ro b u ri t e ,
for  ins t a nc e—a n  exc es s  of t h e  oxidising
m a t e ri al  is a d d e d,  n a m ely, ni t r a t e  of a m m o nia;  b u t
in t his  c a s e  t h e  exc es s  of oxyge n  h e r e  c a us e s  a  di min u tion
of t e m p e r a t u r e ,  a s  t h e  ni t r a t e  of a m m o nia  on  b eing
d eco m pos e d  a b so r bs  h e a t .   This  exc e ss  of oxyge n
effec t u ally p r eve n t s  t h e  for m a tion  of c a r bo n  m o noxide
(CO) a n d  t h e  oxides  of ni t rog e n.”

The  following  t a bl e  (A), al so  fro m  M r  O rs m a n’s
p a p er, gives  t h e  co m posi tion  of five  p ro min e n t  explosives,
a n d  s how s  t h e  co m posi tion  of t h e  g a s e s  for m e d  on  explosion.  
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The  g a s e s  w e r e  collec t e d  af t e r  d e to n a tin g  1 0  g r m s.
of e a c h  in a  close d  s t ro n g  s t e el cylind er, h aving  a n
in t e r n al  dia m e t e r  of 5  inc h e s.

With  r e s p e c t  to  t h e  influe nc e  of a m m o niu m  ni t r a t e
in lowe rin g  t h e  t e m p e r a t u r e  of explosion  of t h e  va rious
s u b s t a n c e s  to  w hich  it  is a d d e d,  it w a s  foun d  by a
F r e nc h  Co m mission  t h a t ,  w h e n  d ry  a n d  finely pow d e r e d,
a m m o niu m  ni t r a t e  s ucc e e d s  in d e p r e cia ting  t h e  h e a t
of d e co m position  wi thou t  r e d u cin g  t h e  pow e r  of t h e
explosive  b elow a  u s eful limit.   The  following
t a ble  (B) s how s  t h e  co m posi tion  of t h e  explosives  ex a min e d,
a n d  t h e  t e m p e r a t u r e s  w hich  a c co m p a nie d  t h ei r  explosion.
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A
____________________________________________________________
__________
|                                    |        |                           |
|                                    |        |    Co m position  of Gas e s.   |
|                                    |Volu m e  |__________________________|
|           Explosive.                | of Gas  |        |      |       |      |
|                                    |fo r m e d. |CO_{2 }. |  CO. |C H_{4 } |   N. |
|                                    |        |        |      |  &H.  |      |
|___________________________________|_______|_______|_____|_
_____|_____|
|                                    |        |        |      |       |      |
|                                    |        |   Pe r   |  Pe r  |  Pe r   |  Pe r  |
|                                    |   c.c.  |  c e n t .  | c e n t . | c e n t .  | c e n t . |
|G u n pow d e r--                        |        |        |      |       |      |
|   Ni t r e                    7 5  p a r t s  |        |        |      |       |      |
|   S ulph u r                  1 0   ‘’   |  2 ,21 4  |   5 1 .3  |   3 . 5 |   3 .5  |  4 1.7 |
|   Ch a rco al                1 5   ‘’   |        |        |      |       |      |
|G eligni t e--                        |        |        |      |       |      |
|   Ni t ro-glyce rin e        5 6 .5  p a r t s  |        |        |      |       |      |
|   Ni t ro-co t ton            3 .5   ‘’   |  4 ,98 0  |   2 5    |   7   |   ... |  6 7   |
|   Wood-m e al               8 . 0   ‘’   |        |        |      |       |      |
|   KNO_{3 }                3 2.0   ‘’   |        |        |      |       |      |
|Toni t e--                           |        |        |      |       |      |
|   Ni t ro-Cot ton                      |  3 ,7 5 0  |   3 0    |   8   |   ... |  6 2   |
|   Ba riu m  ni t r a t e                    |        |        |      |       |      |
|Rob u ri t e--                         |        |        |      |       |      |
|   Am mo niu m  ni t r a t e ,        8 6  p a r t s  |        |        |      |       |      |
|   Di-ni t ro-c hlo ro-b e nzol  1 4   ‘’   |  4 , 78 0  |   3 2    |  ... |   ... |  6 8   |
|C a r bo ni t e                           |        |        |      |       |      |
|   Ni t ro-glyce rin e          2 5  p a r t s  |        |        |      |       |      |
|   Wood-m e al                4 0   ‘’   |  2 ,10 0  |   1 9    |  1 5   |  2 6    |  ... |
|   Pot a s .  ni t r a t e           3 4   ‘’   |        |        |      |       |      |
|___________________________________|_______|_______|_____|_
_____|_____|

B
____________________________________________________________
________
|                           |              |              |              |
|                           |    Origin al  |  Pe rc e n t a g e   |     Fin al     |
|         Explosive.         |  Temp e r a t u r e  | N H_{4 }. NO_{3 } |  Tem p e r a t u r e  |
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|                           |Co-efficien t . |    a d d e d.     |Co-efficien t . |
|__________________________|_____________|_____________|____
_________|
|                           |              |              |              |
| Ni t ro-glyce rin e            |     3 ,20 0     |       ...    |      ...     |
|Blas ting  g el a tin e          |              |              |              |
|   (8  p e r  ce n t .  g u n-co t to n) |     3 ,0 90     |       8 8      |     1 ,4 9 3     |
|Dyn a mi t e                   |              |              |              |
B ellit e  is t h e  p a t e n t  of M r  Ca rl La m m,  M a n a ging
Direc to r  of t h e  Roe t e b ro  Explosive  Co m p a ny, of S tockholm,
a n d  is lice ns e d  for  m a n ufac t u r e  in E n gla n d.   I t
con sis t s  of a  mixtu r e  of ni t r a t e  of a m m o nia  wi th  di-
o r  t ri-ni t ro-b e nzol, i t h a s  a  s p e cific g r avity of
1.2  to  1.4  in  it s  g r a n ula t e d  s t a t e ,  a n d  1  li t r e  w eig hs
8 0 0  to  8 7 5  g r m s.   H e a t e d  in a n  op e n  vess el, b elli t e
los es  it s  consis t e ncy a t  9 0  d e g.   C., b u t  do es
no t  co m m e n c e  to  s e p a r a t e  b efo r e  a  t e m p e r a t u r e  of 2 0 0
d e g.   C. is r e a c h e d,  w h e n  it ev a po r a t e s  wi thou t
exploding.   If h e a t e d  s u d d e nly, it b u r n s  wi t h  a
soo ty fla m e,  so m e w h a t  like  t ar, b u t  if t h e  sou rc e
of h e a t  is r e m ove d,  it  will c e a s e  b u r nin g,  a n d  a s s u m e
a  c a r a m el-like  s t r uc t u r e .   I t  a b so r bs  ve ry li t tle
m ois t u r e  fro m  t h e  ai r  af t e r  it  h a s  b e e n  p r e s s e d,  a n d
if t h e  op e r a tion  h a s  b e e n  p e rfo r m e d  w hile  t h e  explosive
is ho t,  t h e  s u b s e q u e n t  inc r e a s e  of w eigh t  is only 2
p e r  c e n t .   Wh e n  s u bjec t e d  to  t h e  m os t  pow e rful
blow with  a  s t e el  h a m m e r  u po n  a n  iron  pl a t e ,  i t n ei t h e r
explod es  no r  ignit e s.   A rifle  b ulle t  fir e d  in to
it  a t  5 0  ya r d s’ di s t a n c e  will no t  explod e  it. 
Gr a n ula t e d  b elli t e  explod e s  fully by t h e  aid  of fulmina ting
m e r c u ry.  Fift e e n  g r m s.  of b elli t e  fir ed  by m e a n s
of fulmin a t e ,  p rojec t e d  a  s ho t  fro m  a n  o rdin a ry  m o r t ar,
w eig hin g  9 0  lbs., a  dis t a n c e  of 7 5  ya r d s,  1 5  g r m s.
of g u n pow d er, u n d e r  t h e  s a m e  con di tions,  t h rowing
it  only 1 2  ya r d s.   A w eig h t  of 7-1/2  lbs.  falling
1 4 5  c e n tim e t r e s  failed  to  explod e  1  g r m.  of b elli t e .

Various  exp e ri m e n t s  a n d  t r i als  h av e  b e e n  m a d e  wi th
t his  explosive  by  P rofesso r  P.T.  Cleve,  M.P.F. 
Ch alon, C.N.  H ak e,  a n d  by a  co m mit t e e  of office r s
of t h e  S w e dish  Royal Artille ry.  I t  is claim e d
t h a t  it is a  ve ry po w e rful a n d  ex t r e m ely s afe  explosive;
t h a t  it c a n no t  b e  m a d e  to  explod e  by fric tion,  s hock,
o r  p r e s s u r e ,  no r  by  el ec t rici ty, fir e ,  ligh t nin g,  &c.,
a n d  t h a t  it is s p e ci ally a d a p t e d  for  u s e  in co al mi n e s ,
&c.; t h a t  it c a n  only b e  explod e d  by m e a n s  of a  fulmin a t e
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d e to n a tor, a n d  is p e rfec tly s afe  to  h a n dle  a n d  m a n ufac t u r e ;
t h a t  it do e s  no t  fr e eze ,  c a n  b e  u s e d  a s  a  filling
for  s h ells, a n d  las tly, c a n  b e  ch e a ply m a n ufac t u r e d .

S e c uri t e  consis t s  of 2 6  p a r t s  of m e t a-di-ni t ro-b e nzol
a n d  7 4  p a r t s  of a m m o niu m  ni t r a t e .   I t  is a  yellow
pow d er, wit h  a n  odou r  of ni t ro-b e nzol.  It  w a s
lice ns e d  in 1 8 8 6.   I t  so m e tim e s  con t ain s  t ri-ni t ro-b e nzol,
a n d  t ri-ni t ro-n a p h t h al e n e .   The  e q u a tion  of i ts
co m b u s tion  is given  a s

C_{6 } H_{4 }(NO_{2 })_{2 }  +  1 0(N H_{4 } NO_{3 }) =  6CO_{2 }
+  2 2 H_{ 2 } O +  1 1 N_{ 2 }

190



Page 95

a n d,  like  b elli t e  a n d  ro b u ri t e ,  i t is claim e d  to  b e
p e rfec tly s afe  to  u s e  in  t h e  p r e s e n c e  of fi r e  d a m p
a n d  coal d u s t .[A] The  va ri e ty know n  a s  Fl a m ele s s  S ec u ri t e
con sis t s  of a  mixtu r e  of ni t r a t e  a n d  oxala t e  of a m m o nia
a n d  di-ni t ro-b e nzol.

[Footno t e  A:  S e e  p a p e r  by  S.B.  Coxon,  N or t h
of  E n g.   Ins t.   Mi nin g  and  M e c h.   E n g. ,
1 1 ,  2 ,  8 7.]

Kine ti t e .—A few yea r s  a go  a n  explosive
c alle d  “Kine ti t e"[A] w a s  in t rod uc e d,  b u t  is
no t  m a n ufac t u r e d  in  E n gla n d.   I t  w a s  t h e  p a t e n t
of M e s s r s  Pe t ry a n d  Falle ns t ein,  a n d  consis t e d  of
ni t ro-b e nzol, t hicke n e d  o r  g el a tinis e d  by  t h e  a d di tion
of so m e  collodion-co t to n,  inco r po r a t e d  wi th  finely
g ro u n d  c hlo r a t e  of po t a s h  a n d  p r ecipi t a t e d  s ulp hide
of a n t imony.  An a n alysis  g ave  t h e  following  p e rc e n t a g e s:—

Nit ro-b e nzol, 1 9.4  p e r  c e n t .  
Chlor a t e  of po t a s h ,  7 6 .9  p e r  c e n t .  
S ulphid e  of a n ti mony ni t ro-co t ton,  3 .7  p e r  c e n t .

[Footno t e  A:  V. Watson  S mit h,  Jour.  S oc.  
Ch e m.   Ind. , Janu a ry  1 8 8 7.]

It  r e q ui r e s  a  ve ry hig h  t e m p e r a t u r e  to  ignit e  it,
a n d  c a n no t ,  u n d e r  o rdin a ry  ci rc u m s t a nc e s ,  w h e n  u n co nfine d,
b e  explod e d  by t h e  a p plic a tion  of h e a t .   I t  is
li t tle  affec t e d  by  im m e r sion  in w a t er, u nl es s  p rolong e d,
w h e n  t h e  c hlo r a t e  dis solves  ou t,  le aving  a  p r ac tic al
inexplosive  r e sid u e.[A] It  w a s  foun d  to  b e  ve ry s e n si tive
to  co m bin e d  fric tion  a n d  p e rc u ssion,  a n d  to  b e  r e a dily
ignit e d  by a  gl a ncing  blow of wood  u po n  wood.  
I t  w a s  al so  d eficien t  in  c h e mic al s t a bili ty, a n d  h a s
b e e n  know n  to  igni t e  s po n t a n eo u sly bo t h  in t h e  labo r a to ry
a n d  in a  m a g azine .   I t  is a n  o r a n g e-colou r e d
pla s tic  m a s s,  a n d  s m ells  of ni t ro-b e nzol.

[Footno t e  A:  Col.  Cu n dill, R.A., “Dict.
of Explosives,” s ays:  “If, ho w ever,
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it  b e  expos e d  to  m ois t  a n d  d ry ai r  a l t e r n a t ely, t h e
c hlo r a t e  c rys t allise s  ou t  on  t h e  s u rfac e s,  a n d  r e n d e r s
t h e  explosive  ve ry s e n si tive.”]

Toni t e  N o.  3  co n t ain s  1 0  to  1 4  p e r  c e n t .  of
ni t ro-b e nzol (se e  Tonit e).  Tre nc h’s Fl a m ele ss
Explosive  con t ains  1 0  p e r  c e n t .  of di-ni t ro-b e nzol,
tog e t h e r  wi th  8 5  p e r  c e n t .  of ni t r a t e  of a m m o nia,  a n d
5  p e r  c e n t .  of a  mixtu r e  of alu m,  a n d  t h e  c hlo rid es
of sodiu m  a n d  a m m o nia.

Tri-ni tro-Tolue n e.—Tolue n e,  C_{7 } H_{8 },
now  chiefly ob t aine d  fro m  co al-t ar, w a s  for m e rly
ob t ain e d  by t h e  d ry di s tilla tion  of tolu-b al s a m.  
It  m ay  b e  r e g a r d e d  a s  m e t hyl-b e nz e n e,  o r  b e nze n e  in
w hich  on e  hyd rog e n  is r e pl ac e d  by m e t hyl (CH_{3 }),
t h u s  (C_{6 } H_{5 }C H_{3 }),  o r  a s  p h e nyl-m e t h a n e,  o r
m e t h a n e  in w hich  on e  hyd ro g e n  a to m  is r e pl ac e d  by t h e
r a dical p h e nyl (C_{6 } H_{5 }), t h u s  (CH_{3 }C_{6 } H_{ 5 }). 
Tolue n e  is a  colou rl es s  liquid,  boiling  a t  1 1 0  d e g.  
C., h a s  a  s p ecific g r avi ty of .88 24  a t  0  d e g.  
C., a n d  a n  a ro m a tic  odour.  Tri-ni t ro-tolu e n e
is for m e d  by t h e  a c tion  of ni t ric  a cid  on  tolu e n e.  
Accor din g  to  H a e u s s e r m a n n,  it  is m o r e  a dva n t a g e o us
to  s t a r t  wi th  t h e  o r t ho-p a r a-di-ni t ro-tolu e n e,  w hich
is p r e p a r e d  by allowing  a  mixtu r e  of 7 5  p a r t s  of 9 1
to  9 2  p e r  c e n t .  ni t ric  a cid  a n d  1 5 0  p a r t s  of 9 5  to
9 6  p e r  c e n t .  s ulph u ric  a cid  to  r u n  in  a  t hin  s t r e a m
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in to  1 0 0  p a r t s  of p a r a-ni t ro-tolu e n e,  w hile  t h e  la t t e r
is k e p t  a t  a  t e m p e r a t u r e  b e t w e e n  6 0  d e g.  to  6 5  d e g.  
C., a n d  con tinu ally s ti r r e d .   Whe n  t h e  a cid  h a s
all b e e n  r u n  in, t his  mixtu r e  is h e a t e d  for  h alf a n
ho u r  to  8 0  d e g.   C., a n d  allow e d  to  s t a n d  till
cold.   The  exc es s  of ni t ric  a cid  is t h e n  r e move d.  
The  r e sidu e  af t e r  t his  t r e a t m e n t  is a  ho m o g e n eo u s
c rys t alline  m a s s  of o r t ho-p a r a-di-ni t ro-tolue n e,
of w hich  t h e  solidifying  poin t  is 6 9.5  d e g.   C.
To conve r t  t his  m a s s  in to  t ri-ni t ro  d e riva tive,  it
is dis solved  by g e n tly h e a ting  it wi th  fou r  tim e s
its  w eigh t  of s ulp h u ric  a cid  (95  to  9 6  p e r  ce n t .),
a n d  it  is t h e n  mixe d  wi th  1-1/2  ti m e s  it s  w eig h t  of
ni t ric  a cid  (90  to  9 2  p e r  c e n t .), t h e  mixtu r e  b ein g
k e p t  cool.  Afte rw a r d s  it is dig es t e d  a t  9 0  d e g.
to  9 5  d e g.   C., wi t h  occ asion al  s ti r rin g,  u n til
t h e  evolu tion  of g a s  c e a s e s .   This  t ak e s  pl ac e
in a bo u t  fou r  o r  five ho u r s .

The  op e r a tion  is now  s top p e d,  t h e  p rod uc t  allow e d
to  cool, a n d  t h e  exc es s  of ni t ric  a cid  s e p a r a t e d  fro m
it.  The  r e sid u e  is t h e n  w a s h e d  wi th  ho t  w a t e r
a n d  ve ry dilu t e  sod a  solu tion,  a n d  allow e d  to  solidify
wi tho u t  p u rifica tion.   The  solidifying  poin t  is
7 0  d e g.   C., a n d  t h e  m a s s  is t h e n  w hi t e ,  wi th
a  r a dia ting  c rys t alline  s t r uc t u r e .   Brigh t  s p a rkling
c rys t als , m el ting  a t  8 1.5  d e g.   C. m ay, how ever,
b e  ob t aine d  by r e c rys t allis a tion  fro m  ho t  alcohol. 
The  yield  is fro m  1 0 0  p a r t s  di-ni t ro-tolue n e,  1 5 0  p a r t s
of t h e  t ri-ni t ro  d e riva tive.   H a e u s s e r m a n n  s t a t e s
al so  t h a t  1:2:4:6  t r i-ni t ro-tolue n e  c a n  b e  ob t ain e d
fro m  o r din a ry co m m e r cial di-ni t ro-tolue n e  m el ting
a t  6 0  d e g.  to  6 4  d e g.   C.; b u t  w h e n  t his  is u s e d,
g r e a t e r  p r e c a u tions  m u s t  b e  exe r cise d,  for  t h e  r e a c tions
a r e  m o r e  violen t .   Mor eover, 1 0  p e r  c e n t .  m o r e
ni t ric  a cid  is r e q ui r e d,  a n d  t h e  yield  is 1 0  p e r  c e n t .
les s.   H e  al so  d r a w s  a t t e n tion  to  t h e  sligh t  solubili ty
of t ri-ni t ro-tolu e n e  in ho t  w a t er, a n d  to  t h e  fac t
t h a t  it is d e co m pos e d  by dilu t e  alkalies  a n d  alkaline
c a r bo n a t e s—fac ts  w hich  m u s t  b e  bo r n e  in
min d  in w a s hin g  t h e  s u b s t a n c e .   This  m a t e ri al
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is n ei th e r  difficul t  no r  d a n g e ro us  to  m a k e.   I t
b e h aves  a s  a  ve ry s t a bl e  s u bs t a nc e  w h e n  expos e d  to
t h e  ai r  u n d e r  va rying  con di tions  of t e m p e r a t u r e  (-1 0
d e g.  to  + 5 0  d e g.   C.) for  s eve r al m o n t h s .  
I t  c a n no t  b e  explod e d  by fla m e,  no r  by h e a t ing  it
in  a n  op e n  vess el.  I t  is only sligh tly d eco m pos e d
by s t ro n g  p e r c us sion  on  a n  a nvil.  A fulmin a t e
d e to n a to r  p ro d u c e s  t h e  b e s t  explosive  effec t  wi th
t ri-ni t ro-tolue n e.   I t  c a n  b e  u s e d  in conjunc tion
wi th  a m m o niu m  ni t r a t e ,  b u t  s uc h  a d mixtu r e  w e ak e n s  t h e
explosive  pow e r;  b u t  eve n  t h e n  it  is s t a t e d  to  b e
s t ro n g e r  t h a n  a n  e q uivale n t  mixtu r e  of di-ni t ro-b e nze n e
a n d  a m m o niu m  ni t r a t e .   Mo w b r ay p a t e n t e d  a  mixt u r e
of 3  p a r t s  ni t ro-toluol to  7  of ni t ro-glyce rin e,  al so
in t h e  p ro po r tions  of 1  to  3,  w hich  h e  s t a t e s  to  b e
a  ve ry s afe  explosive.

Favers ha m  Pow d er.—On e  of t h e  explosives
on  t h e  p e r mi t t e d  lis t  (coal min e s)  is ex t e n sively
u s e d,  a n d  is m a n ufac t u r e d  by  t h e  Cot ton  Powd e r  Co. 
Ltd.  a t  Fave r s h a m.   I t  is co m pos e d  of t r i-ni t ro-toluol
1 1  p a r t s ,  a m m o niu m  ni t r a t e  9 3  p a r t s ,  a n d  m ois t u r e
1  p a r t .   This  explosive  m u s t  b e  u s e d  only w h e n
con t ain e d  in a  c a s e  of a n  alloy of le a d,  tin,  zinc,
a n d  a n ti mony t ho rou g hly w a t e r p roof; it m u s t  b e  u s e d
only wit h  a  d e ton a to r  o r  el ec t ric  d e ton a to r  of no t
les s  s t r e n g t h  t h a n  t h a t  know n  a s  No. 6 .
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Ni tro-N a p h t hale n e .—Nit ro-n a p h t h al e n e
is for m e d  by t h e  a c tion  of ni t ric  a cid  on  n a p h t h al e n e
(C_{10 } H_{8 }).  I t s  for m ula  is C_{10 } H_{7 } N O_{2 },
a n d  it  for m s  yellow n e e dle s,  m el ting  a t  6 1  d e g.  
C.; a n d  of di-ni t ro-n a p h t h al e n e  (C_{10 } H_{6 }(NO_{2 })_{2 }),
m el ting  poin t  2 1 6  d e g.   C. The r e  a r e  al so  t r i-ni t ro
a n d  t e t r a-ni t ro  a n d  [alph a]  a n d  [be t a]  d e riva tives
of ni t ro-n a p h t h al e n e.   I t  is t h e  di-ni t ro-n a p h t h al e n e
t h a t  is chiefly u s e d  in explosives.   I t  is co n t ain e d
in ro b u ri t e ,  s ec u ri t e,  r o mi t,  Volney’s pow d er,
&c.  Fe hve n  h a s  p a t e n t e d  a n  explosive  consis ting
of 1 0  p a r t s  of ni t ro-n a p h t h al e n e  mixe d  wi t h  t h e  c r u d e
ing r e die n t s  of g u n pow d e r  a s  follows:—Nit ro-n a p h t h al e n e ,
1 0  p a r t s;  s al t p e t r e ,  7 5  p a r t s;  c h a rco al, 1 2.5  p a r t s ;
a n d  s ulp h ur, 1 2 .5  p a r t s .   H e  s t a t e s  t h a t  h e  ob t ains
a  m o no-ni t ro-n a p h t h al e n e ,  con t aining  a  s m all p ro po r tion
of di-ni t ro-n a p h t h al e n e ,  by  dig es tin g  1  p a r t  of n a p h t h al e n e ,
wi th  o r  wi thou t  h e a t ,  in  4  p a r t s  of ni t ric  a cid  (sp ecific
g r avity 1.40)  for  five  d ays.

Qui t e  la t ely a  p a t e n t  h a s  b e e n  t ak e n  ou t  for  a  mixtu r e
of ni t ro-n a p h t h al e n e  o r  di-ni t ro-b e nz e n e  wit h  a m m o niu m
nit r a t e ,  a n d  consis t s  in u sing  a  solve n t  for  on e  o r
o th e r  o r  bo t h  of t h e  ing r e die n t s,  effec t e d  in a  w e t
s t a t e ,  a n d  t h e n  ev a po r a tin g  off t h e  solven t ,  c a r e  b ein g
t ak e n  no t  to  m el t  t h e  hyd roc a r bo n.   In  t his  w ay
a  m o r e  in tim a t e  mixt u r e  is e n s u r e d  b e t w e e n  t h e  p a r ticle s
of t h e  co m po n e n t s ,  a n d  t h e  explosive  t h u s  p r e p a r e d
c a n  b e  fir ed  by a  s m all d e to n a tor, vi z ., by  0.5 4
g r m s.  of fulmin a t e .   Favie r’s explosive
al so  con t ain s  m o no-ni t ro-n a p h t h al e n e  (8.5  p a r t s),
tog e t h e r  wi th  9 1.5  p a r t s  of ni t r a t e  of a m m o nia.  
This  explosive  is m a d e  in E n gla n d  by t h e  Min e r s’
S afe ty Explosive  Co.  A va rie ty of r ob u ri t e  con t ains
c hlo ro-ni t ro-n a p h t h ale n e .   Ro mit  consis t s  of 1 0 0
p a r t s  a m m o niu m  ni t r a t e  a n d  7  p a r t s  po t a s siu m  c hlo r a t e
mixed  wi th  a  solu tion  of 1  p a r t  ni t ro-n a p h t h al e n e
a n d  2  p a r t s  r ec tified  p a r affin  oil.

A m m o ni t e .—This explosive  w a s  o rigin ally
m a d e  a t  Vilvord e  in Belgiu m, u n d e r  t h e  ti tle  of t h e

195



Favie r  Explosive, consis ting  of a  co m p r e s s e d  hollow
cylind e r  co m pos e d  of 9 1.5  p e r  c e n t .  of ni t r a t e  of a m m o nia,
a n d  8.5  p e r  c e n t .  of m o no-ni t ro-n a p h t h al e n e  filled
insid e  wi th  loos e  pow d e r  of t h e  s a m e  co m posi tion.  
The  c a r t ri dg e s  w e r e  w r a p p e d  in p a p e r  s a t u r a t e d  wi t h
p a r affin-w ax, a n d  af t e r w a r d s  dipp e d  in ho t  p a r affin
to  s ec u r e  t h ei r  b eing  w a t e r-tigh t .   The  Min e r s’
S afe ty Explosives  Co., w h e n  m a king  t his  explosive
a t  t h ei r  fac to ry a t  S t a nfor d-le-H o p e,  Ess ex, a b a n do n e d
af t e r  a  s ho r t  t ri al t h e  a bove  co m posi tion,  a n d  s u bs ti t u t e d
di-ni t ro-n a p h t h al e n e  1 1.5  p e r  ce n t .  for  t h e  m o no-ni t ro-n a p h t h al e n e ,
a n d  u s e d  t hin  lea d  e nvelope s  filled  wi th  loos e  po w d e r
sligh tly p r e s s e d  in, in pl ac e  of t h e  co m p r e s s e d  cylind e r s
con t aining  loos e  pow d er.  The  p roc es s  of m a n ufac t u r e
is s ho r tly a s  follows:—1 3 2-3/4  lbs.  of
t ho ro u g hly d ri e d  ni t r a t e  of a m m o niu m  is pl ac e d  in
a  mill p a n ,  h e a t e d  a t  t h e  bo t to m  with  live s t e a m,  a n d
g ro u n d  for  a bo u t  tw e n ty min u t e s  u n til it b eco m e s  so
d ry  t h a t  a  sligh t  d u s t  follows  t h e  rolle r s;  t h e n  1 7-1/2
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lbs. of t ho ro u g hly d ry di-ni t ro-n a p h t h al e n e  is a d d e d,
a n d  t h e  g rin ding  con tinu e d  for  a bo u t  t e n  min u t e s .  
Cold  w a t e r  is t h e n  ci rc ula t e d  t h ro u g h  t h e  bo t to m  of
t h e  p a n  u n til t h e  m a t e ri al  a p p e a r s  of a  ligh tis h  colou r
a n d  falls  to  pow d er. (While  t h e  p a n  is ho t  t h e  w hole
m a s s  looks  sligh tly pl a s tic  a n d  of a  d a rk e r  colou r
t h a n  w h e n  cold.) A slide  in t h e  bo t to m  of t h e  p a n
is t h e n  wi t h d r a w n,  t h e  w hole  m a s s  wo rking  ou t  u n til
t h e  p a n  is e m p ty; it  is now  r e m ove d  to  t h e  sif ting
m a c hin e ,  b r u s h e d  t h ro u g h  a  wi r e  sieve  of a bo u t  1 2
hole s  to  t h e  inch,  a n d  is t h e n  r e a dy for  filling  in to
c a r t rid g e s .   The  h a r d  co r e  is r e t u r n e d  fro m  t h e
sifting  m a c hin e  a n d  t u r n e d  in to  on e  of t h e  p a n s  a
few min u t e s  b efo r e  t h e  ch a r g e  is wit h d r a w n.

The  a m m o ni t e  is filled  in to  t h e  m e t allic c a r t ridg es
by m e a n s  of a n  a r c hi m e dia n  sc r e w  working  t h ro u g h  a
b r a s s  t u b e ,  p u s hin g  off t h e  c a r t rid g e s  a s  t h e  explosive
is fed  in to  t h e m  a g ains t  a  sligh t  b a ck  p r e s s u r e;  a
cove r  is sc r e w e d  on,  a n d  t h ey t h e n  go  to  t h e  dippin g
roo m,  w h e r e  t h ey a r e  dip p e d  in ho t  w ax to  s e al t h e
e n d s;  t h ey  a r e  t h e n  p ack e d  in boxes  of 5  lbs.  e ac h
a n d  a r e  r e a dy for  d elive ry.  The  di-ni t ro-n a p h t h al e n e
is m a d e  a t  t h e  fac to ry.  Mo no-ni t ro-n a p h t h al e n e
is fir s t  m a d e  a s  follows:—1 2  p a r t s  of co m m e rcial
ni t r a t e  of so d a  a r e  g ro u n d  to  a  fine  pow d er, a n d  fu r t h e r
g ro u n d  wit h  t h e  a d di tion  of 1 5  p a r t s  of r efin e d  n a p h t h al e n e
u n til t ho ro u g hly inco rpo r a t e d;  it  is t h e n  pl ac e d  in
a n  e a r t h e n w a r e  p a n,  a n d  3 0  p a r t s  of s ulp h u ric  a cid
of 6 6  d e g.   B. a d d e d,  2  p a r t s  a t  a  ti m e,  d u rin g
for ty-eigh t  ho u r s  (t h e  r a t e  of a d ding  H_{2 } SO_{4 }
d e p e n d s  on  t h e  con di tion  of t h e  c h a r g e ,  a n d  ke e pin g
it  in a  fluid s t a t e),  wit h  fre q u e n t  a gi t a tion,  d ay
a n d  nigh t ,  d u rin g  t h e  fir s t  t h r e e  o r  fou r  d ays,  af t e r w a r d s
t h r e e  o r  fou r  t im e s  a  d ay.  In  all fou r t e e n  d ays
a r e  occ u pie d  in t h e  ni t r a tion  p roc e s s.   I t  is
t h e n  s t r ain e d  t h ro u g h  a n  e a r t h e n w a r e  s t r ain er, w a s h e d
wi th  w a r m  w a t er, d r ain e d,  a n d  d ri e d.   For  t h e
p u r pos e  of p ro d ucing  t his  m a t e ri al  in  a  g r a n ula t e d
con di tion,  w hic h  is foun d  m o r e  conve nie n t  for  d rying,
a n d  fu r t h e r  ni t rifica tion,  it  is pl ac e d  in  a  t u b,
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a n d  live  s t e a m  p a s s e d  t h ro u g h,  u n til b ro u g h t  u p  to
t h e  boiling  poin t  (t h e  t u b  s hould  b e  a bo u t  h alf full),
cold  w a t e r  is t h e n  r u n  in w hils t  violen tly a gi t a tin g
t h e  con t e n t s  u n til t h e  n a p h t h al e n e  solidifies;  it
c a n  t h e n  b e  e a sily d r ain e d  a n d  d rie d.   For  t h e
fu r t h e r  t r e a t m e n t  to  m a k e  di-ni t ro-n a p h t h al e n e,  1 8
p a r t s  of ni t ro-n a p h t h al e n e  a r e  pl ac e d  in  a n  e a r t h e n w a r e
p a n,  tog e t h e r  wi th  3 9  p a r t s  of s ulph u ric  a cid  of 6 6
d e g.   B., t h e n  1 5  p a r t s  of ni t ric  a cid  of 4 0  d e g.  
B. a r e  a d d e d,  in  s m all q u a n ti tie s  a t  a  tim e,  s ti r ring
t h e  mixtu r e  con tin u ally.  This  a d din g  of ni t ric
a cid  is con t rolled  by  t h e  fu ming,  w hic h  s ho uld  b e
k e p t  dow n  a s  m u c h  a s  pos sible.   The  op e r a tion  t a k e s
t e n  to  tw elve  d ays,  w h e n  1 0 0  ti m e s  t h e  a bove  q u a n ti ti es,
t ak e n  in kilog r a m m e s,  a r e  t ak e n.   At t h e  e n d  of
t h e  ni t r a tion  t h e  di-ni t ro-n a p h t h al e n e  is r e move d  to
e a r t h e n w a r e  s t r ain e r s,  a llow e d  to  d r ain,  w a s h e d  wi t h
ho t  w a t e r  a n d  sod a  u n til a ll a cid  is r e m ove d,  w a s h e d
wi th  w a t e r  a n d  d ri e d.   The  di-ni t ro-n a p h t h al e n e
gives  so m e  t ro u ble  in w a s hing,  a s  so m e  a cid  is h eld
in t h e  c rys t als  w hich  is liable  to  m a k e  it s  a p p e a r a n c e
w h e n  c r u s h e d.   To avoid  t hi s  i t s ho uld  b e  g ro u n d
a n d  w a s h e d  wi t h  c a r bo n a t e  of sod a  b efor e  d rying;  a n
exc es s  of c a r bo n a t e  of sod a  s hould  no t ,  ho w ever, b e
u s e d.
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Elec troni t e.—This  is a  hig h  explosive
d e sign e d  to  affo rd  s afe ty in coal g e t ting.   This
impor t a n t  e n d  h a s  b e e n  a t t ain e d  by u sing  s uc h  ing r e die n t s,
a n d  so  p ropo r tioning  t h e m,  a s  will e n s u r e  on  d e to n a tion
a  d e g r e e  of h e a t  ins ufficie n t  u n d e r  t h e  con di tions
of a  “blow n-ou t” s ho t ,  to  igni t e  fir e
d a m p  o r  co al d u s t .   I t  is of t h e  ni t r a t e  of a m m o niu m
cla ss  of p e r mi t t e d  explosives.   I t  co n t ain s  a bo u t
7 5  p e r  c e n t .  of ni t r a t e  of a m m o niu m,  wi th  t h e  a d di tion
of ni t r a t e  of b a riu m,  wood  m e al,  a n d  s t a r c h.   The
g a s e s  r e s ul ting  fro m  d e to n a tion  a r e  c hiefly w a t e r
in t h e  g a s eo u s  for m,  ni t rog e n,  a n d  a  lit tl e  c a r bo n
dioxide.   I t  is g r a n ula t e d  wi th  t h e  objec t  of
p r eve n tin g  mis sfir e s  fro m  r a m mi n g,  to  w hich  ni t r a t e
of a m m o niu m  explosives  a r e  so m e w h a t  s u sc e p tible.  
This  explosive  u n d e r w e n t  so m e  exh a u s tive  exp e ri m e n t s
a t  t h e  exp e ri m e n t al s t a tion  n e a r  Wiga n  in 1 8 9 5,  w h e n
8  oz. o r  1 2  oz. c h a r g e s  w e r e  fir e d  u n s t e m m e d  in to
a n  a d mixtu r e  of coal d u s t  a n d  1 0  p e r  c e n t .  of g a s ,
wi tho u t  a ny igni tion  t akin g  pl ac e.   I t  is m a n ufac t u r e d
by M e s s r s  Cu r tis’s  & H a rvey Ltd.  a t  t h ei r  fac to ry,
Tonb ridg e,  Kent .

S pr e n g el’s Explosiv e s.—This
is a  la rg e  cla s s  of explosives.   The  e s s e n ti al
p rinciple  of t h e m  all is t h e  a d mixt u r e  of a n  oxidising
wi th  a  co m b u s tible  a g e n t  a t  t h e  tim e  of, o r  jus t  b efo r e ,
b ein g  r e q ui r e d  for  u s e,  t h e  cons ti t u e n t s  of t h e  mixtu r e
b ein g  ve ry of t e n  no n-explosive  bo die s.   This  typ e
of explosive  is d u e  to  t h e  la t e  Dr  H e r m a n  S p r e n g el,
F.R.S.  Following  u p  t h e  ide a  t h a t  a n  explosion
is a  s u d d e n  co m b u s tion,  h e  s u b mi t t e d  a  va rie ty of
mixt u r e s  of oxidising  a n d  co m b u s tible  a g e n t s  to  t h e
violen t  s hock  of a  d e to n a to r  of fulmin a t e .   Thes e
mixt u r e s  w e r e  m a d e  in  s uc h  p ro po r tions  t h a t  t h e  m u t u al
oxida tion  o r  d e-oxida tion  s ho uld  b e  t h eo r e tic ally
co m ple t e .   Among  t h e m  a r e  t h e  following:—

1.   On e  c h e mical e q uivale n t  of ni t ro-b e nz e n e  to
e q uivale n t s  of ni t ric  a cid.
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2.   Five  e q uivale n t s  of pic ric  a cid  to  1 3  e q uivale n t s
of ni t ric  a cid.

3.   Eig h ty-s eve n  e q uivale n t s  of ni t ro-n a p h t h al e n e
to  4 1 3  e q uivale n t s  of ni t r ic  a cid.

4.   Poro us  c ak e s,  o r  lum ps  of chlo r a t e  of po t a s h ,
explod e d  violen tly wi t h  bis ulp hide  of c a r bo n,  ni t ro-b e nzol,
c a r bo nic  a cid,  s ulph ur, b e nz e n e,  a n d  mixtu r e s  of t h e s e
s u b s t a n c e s.

No.  1  cove r s  t h e  explosive  know n  a s  H ellhoffi t e ,
a n d  No. 2  is r e ally oxoni t e ,  a n d  No.  4  r e s e m bles  r a ck-a-rock,
a n  explosive  inven t e d  by M r  S.R.  Divine,  a n d
con sis ting  of a  mixtu r e  of c hlo r a t e  of po t a s h  a n d  ni t ro-b e nzol. 
Rob u ri t e ,  b elli t e,  a n d  s e c u ri t e  s hould  p e r h a p s  b e  r e g a r d e d
a s  b elonging  to  t h e  S p r e n g el  clas s  of explosives,
o th e r wise  t his  clas s  is no t  m a n ufac t u r e d  o r  u s e d  in
E n gla n d.   The  p rincip al m e m b e r s  a r e  know n  a s  H ellhoffi t e ,
con sis ting  of a  mixtu r e  of ni t ro-p e t role u m  o r  ni t ro-t a r
oils  a n d  ni t ric  a cid,  o r  of m e t a-di-ni t ro-b e nzol a n d
ni t ric  a cid; Oxoni t e , consis ting  of pic ric
a n d  ni t ric  a cid s; a n d  Panclas ti t e , a  n a m e  give n
to  va rious  mixt u r e s ,  p ro pos e d  by M.  Tu rpin,  s uc h  a s
liquid  ni t ric  p e roxide,  wi t h  bis ulphid e  of c a r bo n,
b e nzol, p e t role u m,  e t h er, o r  min e r al  oils.
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Picric  Acid,  Tri-ni tro-Phe nol, or Carbazo tic  Acid. —Picric
a cid,  o r  a  t ri-ni t ro-p h e nol (C_{6 } H_{ 2 }(NO_{2 })_{3 }O H)[2:4:6],
is p ro d u c e d  by t h e  a c tion  of ni t r ic  a cid  on  m a ny  o rg a nic
s u b s t a n c e s,  s uc h  a s  p h e nol, indigo, wool, a niline,
r e sins,  &c.  At on e  ti m e  a  yellow g u m  fro m  Bot a ny
Bay (Xan t horrho ea  has tilis ) w a s  c hi efly u s e d.  
On e  p a r t  of p h e nol (ca r bolic a cid), C_{6 } H_{5 } O H,
is a d d e d  to  3  p a r t s  of s t ro n g  fumin g  ni t ric  a cid,
sligh tly w a r m e d,  a n d  w h e n  t h e  violenc e  of t h e  r e a c tion
h a s  s u b side d,  boiled  till ni t rous  fu m e s  a r e  no  long e r
evolved.   The  r e sinous  m a s s  t h us  p ro d uc e d  is boiled
wi th  w a t er, t h e  r e s ul ting  pic ric  a cid  is conve r t e d
in to  a  so diu m  s al t  by a  solu tion  of sodiu m  c a r bo n a t e ,
w hich  t h row s  dow n  sodiu m  pic r a t e  in c rys t als.

P h e nol-s ulph u ric  a cid  is now, how ever, m o r e  g e n e r ally
u s e d,  a n d  t h e  a p p a r a t u s  e m ploye d  for  p rod ucin g  it
clos ely r e s e m bles  t h a t  u s e d  in m a king  ni t ro-b e nzol. 
I t  is a l so  m a d e  co m m e r cially by  m el ting  c a r bolic  a cid,
a n d  mixing  it wi th  s t ro n g  s ulp h u ric  a cid,  t h e n  dilu ting
t h e  “s ulpho-c a r bolic"[A] a cid  wit h  w a t er, a n d
af t e r w a r d s  r u n nin g  it  slowly in to a  s ton e  t a nk  con t aining
ni t ric  a cid.   This  is allow e d  to  cool, w h e r e  t h e
c r u d e  pic ric  a cid  c rys t allis es  ou t ,  a n d  t h e  a cid  liquid
(w hich  con t ain s  p r ac tic ally no  pic ric  a cid,  b u t  only
s ulp h u ric  a cid,  wi th  so m e  ni t ric  a cid) b eing  po u r e d
dow n  t h e  d r ain s.   The  c r u d e  pic ric  a cid  is t h e n
dis solved  in w a t e r  by  t h e  aid  of s t e a m,  a n d  allow e d
to  cool w h e n  m o s t  of t h e  pic ric  a cid  r e c rys t allis e s.  
The  m o t h e r  liquo r  is t r a n sfe r r e d  to  a  t a nk  a n d  t r e a t e d
wi th  s ulp h u ric  a cid,  w h e n  a  fu r t h e r  c rop  of pic ric
a cid  c rys t als  is ob t ain e d.   The  c rys t als  of pic ric
a cid  a r e  fu r t h e r  p u rified  by  r e c rys t allis a tion,  d r ain e d,
a n d  d ri e d  a t  1 0 0  d e g.   F. on  glaze d  e a r t h e n w a r e
t r ays  by  t h e  aid  of s t e a m.   I t  c a n  al so  b e  ob t ain e d
by t h e  a c tion  of ni t ric  a cid  on  o r t ho-ni t ro-p h e nol,
p a r a-ni t ro-p h e nol, a n d  di-ni t ro-p h e nol (2:4  a n d  2:6),
b u t  no t  fro m  m e t a-ni t ro-p h e nol, a  fac t  w hich  indica t e s
its  cons ti t u tion.[B]

[Footno t e  A:  O. a n d  p .  p h e nolsulpho nic a cids.
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C_{3 } H_{4 }(OH).SO_{3 } H  +  3 H NO_{3 }  =  C_{6 } H_{2 }(NO_{2 })_{3 }O H
+  H_{2 } SO_{4 }  +  2 H_{ 2 }O.                         
   (Pic ric  a cid).]

[Footno t e  B:  Ca r ey  Le a,  A m er.  Jour. 
S ci. , (ii.), xxxii. 1 8 0.]

Pic ric  a cid  c rys t allis es  in yellow s hining  p ris m s
o r  la min a e  h aving  a n  in t e n s ely bi t t e r  t a s t e ,  a n d  is
poisono us.   I t  m el t s  a t  1 2 2.5  d e g.   C., s u blim e s
w h e n  c a u tiously h e a t e d ,  dis solves  s p a rin gly in  cold
w a t er, m o r e  e a sily in  ho t  w a t er, s till m o r e  in alcohol. 
I t  s t ains  t h e  skin  a n  in t e n s e  yellow colour, a n d  is
u s e d  a s  a  dye  for  wool a n d  silk.  I t  is a  s t ro n g
a cid,  for ming  w ell c rys t allis ed  yellow s al t s ,  w hich
d e to n a t e  violen tly w h e n  h e a t e d,  so m e  of t h e m  also
by p e rc u s sion.   The  po t a s siu m  s al t ,  C_{6 } H_{2 }(NO_{2 })_{3 }OK,
c rys t allis e s  in long  n e e dle s  ve ry sligh tly soluble
in w a t er.  The  sodiu m,  a m m o niu m,  a n d  b a riu m  s al t s
a r e ,  ho w ever, e a sily soluble  in w a t er.  Pic ric
a cid,  w h e n  h e a t e d,  b u r n s  wi th  a  luminous  a n d  s moky
fla m e,  a n d  m ay  b e  b u r n t  a w ay in la r g e  q u a n ti ty wi thou t
explosion; b u t  t h e  m e r e  con t a c t  of c e r t ain  m e t allic
oxides,  wi t h  pic ric  a cid,  in t h e  p r e s e n c e  of h e a t ,
d evelops  pow e rful explosives,  w hich  a r e  c a p a ble  of
a c ting  a s  d e to n a to r s  to  a n  ind efini te  a m o u n t  of t h e
a cid,  w e t  o r  d ry, w hich  is wit hin  r e a c h  of t h ei r  d e to n a tive
influe nc e .   The  for m ula  of pic ric  a cid  is
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C_{6 } H_{2 } |(NO_{2 })_{3 }
|O H.

w hich  s how s  it s  for m a tion  fro m  p h e nol (C_{6 } H_{ 5 }O H.),
t h r e e  hyd ro g e n  a to m s  b eing  dis place d  by t h e  N O_{ 2 }
g ro u p.   The  e q u a tion  of it s  for m a tion  fro m  p h e nol
is a s  follows:—

C_{6 } H_{5 }.O H  +  3 H N O_{3 }  =  C_{6 } H_{2 }(NO_{2 })_{3 }O H
+  3 H_{2 }O.

Accor din g  to  Be r t h elo t,  it s  h e a t  of for m a tion  fro m
its  el e m e n t s  e q u als  4 9.1  c alo rie s,  a n d  it s  h e a t  of
to t al  co m b u s tion  by fre e  oxyge n  is e q u al  to  + 6 1 8.4
c als.  I t  h a r dly con t ains  m o r e  t h a n  h alf t h e  oxyge n
n ec es s a ry  for  it s  co m ple t e  co m b u s tion.

2C_{6 } H_{2 }(NO_{2 })_{3 }O H  +  O_{10 }  =  1 2CO_{2 }  +  3 H_{2 }
+  3 N_{ 2 }.

The  p e r c e n t a g e  co m posi tion  of pic ric  a cid  is—Nit rog e n,
1 8.34; oxyge n,  4 9.2 2; hyd rog e n,  1 .00;  a n d  c a r bo n,
3 1.44,  e q u al  to  6 0.26  p e r  c e n t .  of N O_{2 }.   The
p ro d uc t s  of d e co m posi tion  a r e  c a r bo nic a cid,  c a r bo nic
oxide,  c a r bo n,  hyd rog e n,  a n d  ni t rog e n,  a n d  t h e  h e a t
libe r a t e d,  a cco r din g  to  Be r t h elo t,  would  b e  1 3 0.6
c als., o r  5 7 0  c als . p e r  kilog r a m m e.   The  r e d uc e d
volu m e  of t h e  g a s e s  would  b e  1 9 0  li t r e s  p e r  e q uivale n t ,
o r  8 2 9  lit r e s  p e r  kilog r a m m e.   To ob t ain  a  to t al
co m b u s tion  of pic ric  a cid  it  is n e c e s s a ry to  mix wit h
it  a n  oxidising  a g e n t ,  s uc h  a s  a  ni t r a t e ,  c hlo r a t e ,
&c.  I t  h a s  b e e n  p ro pos e d  to  mix pic ric  a cid  (10
p a r t s)  wi th  sodiu m  ni t r a t e  (10  p a r t s)  a n d  po t a s siu m
bich ro m a t e  (8.3  p a r t s).  Thes e  p ropo r tions  would
fur nis h  a  t hi rd  of oxyge n  in exc e s s  of t h e  n e c e ss a ry
p ro po r tion.

Pic ric  a cid  w a s  no t  conside r e d  to  b e  a n  explosive,
p ro p e rly so  c alled,  for  a  long  ti m e  af t e r  it s  discove ry,
b u t  t h e  dis a s t ro us  a c cide n t  w hich  occu r r e d  a t  M a nc h e s t e r
(vide  Gov.  Rep.   No.   LXXXI., by
Colon el (now Si r  V.D.) M aje n die,  C.B.), a n d  so m e  exp e ri m e n t s
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m a d e  by Dr  Dup r e  a n d  Colon el M ajen die  to  a s c e r t ain
t h e  c a u s e  of t h e  a ccide n t ,  conclusively p rove d  t h a t
t his  view w a s  w ro n g.   The  exp e ri m e n t s  of Be r t h elo t
(B ull. d e  la S o c.   Chi m.  d e  Paris , xlix.,
p .  4 5 6) on  t h e  explosive  d e co m posi tion  of pic ric  a cid
a r e  al so  d e s e rving  of a t t e n tion  in t his  con n e c tion.  
If a  s m all q u a n ti ty of pic ric  a cid  b e  h e a t e d  in a
m o d e r a t e  fir e,  in  a  c r ucible,  o r  eve n  in a n  op e n  t e s t
t u b e ,  it  will m el t  (a t  1 2 0  d e g.   C. co m m e r cial
a cid), t h e n  give  off vapo u r s  w hich  c a t c h  fir e  u po n
con t ac t  wi th  air, a n d  b u r n  wi t h  a  soo ty fla m e,  wi thou t
exploding.   If t h e  b u r ning  liquid  b e  po u r e d  ou t
u po n  a  cold  sla b,  i t will soon  go  ou t .   A s m all
q u a n ti ty c a r efully h e a t e d  in a  t u b e ,  clos e d  a t  on e
e n d,  c a n  eve n  b e  co m ple t ely vola tilise d  wi tho u t  a p p a r e n t
d eco m position.   I t  is t h us  obvious  t h a t  pic ric
a cid  is m u c h  les s  explosive  t h a n  t h e  ni t ric  e t h e r s,
s uc h  a s  ni t ro-glyce rol a n d  ni t ro-c ellulos e,  a n d  ve ry
con sid e r a bly les s  explosive  t h a n  t h e  ni t rog e n  co m po u n d s
a n d  fulmin a t e s.
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It  would,  ho w ever, b e  q ui t e  e r ro n eo u s  to  a s s u m e  t h a t
pic ric  a cid  c a n no t  explode  w h e n  sim ply h e a t e d .  
On  t h e  con t r a ry, Be r t h elo t  h a s  p rove d  t h a t  t his  is
no t  t h e  c a s e .   If a  gl a s s  t u b e  b e  h e a t e d  to  r e d n e s s ,
a n d  a  min u t e  q u a n ti ty of pic ric  a cid  c rys t als  b e  t h e n
t h row n  in, it will explod e  wi th  a  c u rious  ch a r ac t e ri s tic
nois e.   If t h e  q u a n ti ty b e  inc r e a s e d  so  t h a t  t h e
t e m p e r a t u r e  of t h e  t u b e  is m a t e ri ally r e d uc e d,  no  explosion
will t ak e  pl ac e  a t  onc e,  b u t  t h e  s u bs t a nc e  will vola tilis e
a n d  t h e n  explod e,  t hou g h  wi th  m u c h  les s  violenc e  t h a n
b efo r e,  in t h e  u p p e r  p a r t  of t h e  t u b e .   Fin ally,
if t h e  a m o u n t  of pic ric  a cid  b e  s till fu r t h e r  inc r e a s e d
u n d e r  t h e s e  con di tions,  i t will u n d e r go  p a r ti al  d e co m posi tion
a n d  vola tilis e,  b u t  will no t  ev e n  d eflag r a t e .  
Ni t ro-b e nz e n e,  di-ni t ro b e nze n e,  a n d  m o no-, di-, a n d
t ri-ni t ro-n a p h t h al e n e s  b e h ave  simila rly.

The  m a n n e r  in w hic h  pic ric  a cid  will d e co m pos e  is
t h u s  d e p e n d e n t  u po n  t h e  ini ti al t e m p e r a t u r e  of t h e
d eco m position,  a n d  if t h e  s u r ro u n ding  m a t e ri al a b so r b
h e a t  a s  fas t  a s  it  is p rod uc e d  by t h e  d eco m posi tion,
t h e r e  will b e  no  explosion  a n d  no  d eflag r a tion.  
If, how ever, t h e  a b so r p tion  is no t  s ufficie n t  to  p r ev e n t
d eflag r a tion,  t his  m ay  so  inc r e a s e  t h e  t e m p e r a t u r e
of t h e  s u r ro u n din g  m a t e ri als  t h a t  t h e  d efla g r a tion
will t h e n  e n d  in explosion.   Thus,  if a n  explosion
w e r e  s t a r t e d  in a n  isola t e d  s po t,  it  wo uld  ex te n d
t h ro u g ho u t  t h e  m a s s ,  a n d  give  ri s e  to  a  g e n e r al  explosion.

In  t h e  m a n ufac t u r e  of pic ric  a cid  t h e  fir s t  obvious
a n d  m os t  n ec e s s a ry p r e c a u tion  is to  isola t e  t h e  s u b s t a n c e
fro m  o th e r  c h e mic als  wi th  w hich  it mi g h t  a c cide n t ally
co m e  in to  con t a c t .   If p u r e  m a t e r ials  only a r e
u s e d,  t h e  m a n ufac t u r e  p r e s e n t s  no  d a n g er.  The
finish e d  m a t e ri al, how ever, m u s t  b e  c a r efully k e p t
fro m  con t a c t  wi t h  ni t r a t e s ,  c hlo r a t e s ,  o r  oxides.  
If only a  lit tle  bi t  of lime  o r  pl a s t e r  b e co m e  a ccide n t ally
mixed  wi th  it, it  m ay  b e co m e  highly d a n g e ro us.  
A local explosion  m ay  occ u r  w hich  mi g h t  h ave  t h e  effec t
of c a u sin g  t h e  explosion  of t h e  w hole  m a s s .   Pic ric
a cid  c a n  b e  fir e d  by a  d e to n a tor, 5-g r ain  fulmin a t e ,

205



a n d  M. Tur pin  p a t e n t e d  t h e  u s e  of pic ric  a cid,  u n mixe d
wi th  a ny o t h e r  s u b s t a n c e,  in 1 8 8 5.   The  d e to n a tion
of a  s m all q u a n ti ty of d ry pic ric  a cid  is s ufficien t
to  d e to n a t e  a  m u c h  la r g e r  q u a n ti ty co n t aining  a s  m u c h
a s  1 7  p e r  ce n t .  of w a t er.

I t  is c hi efly d u e  to  F r e n c h  c h e mis t s  (an d  to  Dr  S p r e n g el)
t h a t  pic ric  a cid  h a s  co m e  to  t h e  fron t  a s  a n  explosive.  
M elini te ,[A] a  s u b s t a n c e  u s e d  by t h e  F r e nc h  Gove r n m e n t
for  filling  s h ells, w a s  d u e  to  M. Tur pin,  a n d  is s u p pos e d
to  b e  lit tle  els e  t h a n  fus e d  pic ric  a cid  mixe d  wi th
g u n-cot ton  dis solved  in so m e  solven t  (ac e to n e  o r  e t h e r-alcohol). 
Si r  F.A.  Abel h a s  al so  p ro pos e d  to  u s e  pic ric
a cid,  mixe d  wit h  ni t r a t e  of po t a s h  (3 p a r t s)  a n d  pic r a t e
of a m m o nia  (2 p a r t s)  a s  a  filling  for  s h ells. 
This  s u bs t a nc e  r e q ui r e s  a  violen t  blow a n d  s t ro n g
confine m e n t  to  explod e  it.  I a m  no t  a w a r e ,  how ever,
t h a t  it h a s  eve r  b e e n  officially a do p t e d  in  t his  cou n t ry. 
M e s s r s  Designolles  a n d  Bru g e r e  h av e  in t rod u c e d  milit a ry
pow d e r s ,  consis ting  of mixt u r e s  of po t a s siu m  a n d  a m m o niu m
pic r a t e s  wi th  ni t r a t e  of po t a s siu m.   M. Desig nolles
in t rod u c e d  t h r e e  kinds  of pic r a t e  pow d e r s ,  co m pos e d
a s  follows:—
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_______________________________________________________
____________
|                    |                |                    |            |
|                    |  For  Torpe do e s  |       For  Guns.     |  Fo r  S m all |
|                    |  a n d  S h ells.   |  Or din a ry.   H e avy. |    Arms.    |
|___________________|_______________|___________________|___
________|
|                    |                |            |        |            |
|  Pic r a t e  of Pot a s h  |  5 5-5 0          |  1 6.4- 9 .6  |   9     |  2 8 .6-2 2.9  |
|  S al tp e t r e          |  4 5-5 0          |  7 4.4-7 9.7  |  8 0     |  6 5.0-6 9.4  |
|  Ch a rco al          |  ...           |   9 .2-1 0.7  |  1 1     |   6 .4- 7 .7  |
|___________________|_______________|___________|_______|___
________|

They w e r e  m a d e  m u c h  like  o r din a ry g u n pow d er, 6  to
1 4  p e r  c e n t .  of m ois t u r e  b ein g  a d d e d  w h e n  b ein g  milled.  
The  a dva n t a g e s  claim e d  ove r  g u n pow d e r  a r e  g r e a t e r
s t r e n g t h ,  a n d  cons e q u e n tly g r e a t e r  b allis tic  o r  dis r u p tive
effec t,  co m p a r a tive  a b s e n c e  of s m ok e,  a n d  fre e do m
fro m  inju rious  a c tion  on  t h e  bo r e s  of g u n s,  owing
to  t h e  a b s e nc e  of s ulp h ur.  Bru g e r e’s pow d e r
is co m pos e d  of a m m o niu m  pic r a t e  a n d  ni t r e ,  t h e  p ropo r tions
b ein g  5 4  p e r  c e n t .  pic r a t e  of a m m o nia  a n d  4 6  p e r  c e n t .
po t a s sic  ni t r a t e .   I t  is s t a ble,  s afe  to  m a n ufac t u r e
a n d  h a n dle,  b u t  exp e n sive.   I t  gives  good  r e s ul t s
in  t h e  Ch as s e po t  r ifle,  ve ry lit tl e  s m ok e,  a n d  its
r e sid u e  is s m all, a n d  consis t s  of c a r bo n a t e  of po t a s h .  
I t  is s t a t e d  t h a t  2 . 6  g r m s.  u s e d  in a  r ifle  g ave  a n
effec t  e q u al  to  5.5  g r m s.  of o r din a ry g u n pow d er.

[Footno t e  A:  The  Bri tis h  Lydit e  a n d  t h e  Jap a n e s e
S hi mos e  a r e  s aid  to  b e  ide n tic al wi th  M elini t e .]

Tu r pin  h a s  p a t e n t e d  va rious  mixtu r e s  of pic ric  a cid,
wi th  g u m-a r a bic,  oils, fa t s ,  collodion  jelly, &c. 
Whe n  t h e  las t-n a m e d  s u bs t a nc e  is dilu t e d  in  t h e  p ro po r tion
of fro m  3  to  5  p e r  c e n t .  in a  mixtu r e  of e t h e r  a n d
alcohol, h e  s t a t e s  t h a t  t h e  blocks  of pic ric  a cid  m o uld e d
wi th  it  will explod e  in a  clos e d  c h a m b e r  wi th  a  p ri ming
of fro m  1  to  3  g r a m m e s  of fulmin a t e.   H e  al so
c a s t s  pic ric  a cid  in to p rojec tiles,  t h e  c a s t  a cid
h aving  a  d e n si ty of a bo u t  1 .6.   In  t his  s t a t e  it
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r e si s t s  t h e  s hock  p rod uc e d  by t h e  firing  of a  c a n no n,
w h e n  con t ain e d  in  a  p rojec tile, h aving  a n  ini tial
veloci ty of 6 0 0  m e t r e s .   I t  is m a d e  in t h e  following
w ay:—The  a cid  is fus e d  in a  vess el p rovide d
wi th  a  false  bo t to m,  h e a t e d  to  1 3 0  d e g.  to  1 4 5  d e g.  
C. by  a  c u r r e n t  of s t e a m  u n d e r  p r e s s u r e ,  o r  si m ply
by t h e  ci rc ula tion  u n d e r  t h e  fals e  bo t to m  of a  liquid,
s uc h  a s  oil, c hlo ride  of zinc, glyce rin e,  &c., h e a t e d
to  t h e  s a m e  t e m p e r a t u r e .   The  m el t e d  pic ric  a cid
is r u n  in to  m o ulds  of a  for m  co r r e s po n ding  to  t h a t
of t h e  blocks  r e q ui r e d ,  o r  i t m ay  b e  r u n  in to p rojec tiles,
w hich  s ho uld  b e  h e a t e d  to  a  t e m p e r a t u r e  of a bo u t  1 0 0
d e g.   C., in o r d e r  to  p r eve n t  too  r a pid  solidifica tion.

Whe n  c r e sylic a cid  (or  c r e sol, C_{6 } H_{4 }(CH_{ 3 })OH.)
is a c t e d  u po n  by ni t ric  a cid  it  p rod uc e s  a  s e ri e s
of ni t ro  co m po u n d s  ve ry simila r  to  t hos e  for m e d  by
ni t ric  a cid s  on  p h e nol, s uc h  a s  sodiu m  di-ni t ro-c r e syla t e ,
know n  in t h e  a r t s  a s  vic to ria  yellow.  N a p h t hol,
a  p h e nol-like  body ob t aine d  fro m  n a p h t h al e n e ,  u n d e r
t h e  s a m e  con di tions,  p rod uc e s  sodiu m  di-ni t ro-n a p h t h alic
a cid,  C_{ 10 } H_{ 6 }(NO_{2 })_{2 }O.  The  explosive
know n  a s  “rob u ri t e” con t ain s  c hlo ro-ni t ro-n a p h t h al e n e ,
a n d  ro mit,  a  S w e dis h  explosive,  ni t ro-n a p h t h al e n e .
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Tri-ni tro-cr e sol , C_{7 } H_{4 }(NO_{2 })_{3 }O H.—A
body ve ry simila r  to  t r i-ni t ro-p h e nol, c rys t allis es
in yellow n e e dle s,  sligh tly soluble  in cold  w a t er,
r a t h e r  m o r e  so  in boiling  w a t er, a lcohol, a n d  e t h er. 
I t  m el t s  a t  a bo u t  1 0 0  d e g.   C. In  F r a n c e  it is
know n  a s  “Cre silit e,” a n d  mixe d  wi th  m elini t e ,
is u s e d  for  c h a r ging  s h ells.  By n e u t r alising  a
boiling  s a t u r a t e d  solu tion  of t r i-ni t ro-c r e sol wi th
a m m o nia,  a  do u ble  s al t  of a m m o niu m  a n d  ni t ro-c r e sol
c rys t allis e s  ou t  u po n  cooling,  w hich  is si mila r  to
a m m o niu m  pic r a t e .   This  s al t  is know n  a s  “Ec r a si t e ,”
a n d  h a s  b e e n  u s e d  in Aust ri a  for  c h a r gin g  s h ells. 
I t  is a  b rig h t  yellow solid,  g r e a sy to  t h e  touc h,
m el t s  a t  1 0 0  d e g.   C., is u n affec t e d  by m ois t u r e,
h e a t ,  o r  cold, igni t e s  w h e n  b ro u g h t  in to  con t ac t  wi th
a n  inc a n d e s c e n t  body o r  op e n  fla m e,  b u r ning  h a r mle ssly
a w ay u nle s s  s t ro n gly co nfine d,  a n d  is ins e n si tive  to
fric tion  o r  conc us sion.   I t  is claim e d  to  poss e ss
do u ble  t h e  s t r e n g t h  of dyn a mit e ,  a n d  r e q ui r e s  a  s p e ci al
d e to n a to r  (no t  les s  t h a n  2  g r m s.  of fulmin a t e)  to
p rovoke  its  full forc e.   N o t wit h s t a n ding  t h e  exc ellen t
p ro p e r ti e s  a t t r ibu t e d  to  t his  explosive,  Lieu t.  
W. Walke  ("Lec t u r e s  on  Explosives,” p .  1 8 1)
s ays,  “S eve r al  imp e rfec tly explain e d  a n d  u n exp ec t e d
explosions  h av e  occ u r r e d  in loa ding  s h ells  wit h  t his
s u b s t a n c e ,  a n d  h ave  p r eve n t e d  it s  g e n e r al  a do p tion
u p  to  t h e  p r e s e n t  ti m e.”

T h e  Ful mina t e s .—The  fulmin a t e s  a r e
s al t s  of fulminic a cid,  C_{2 } N_{2 } O_{2 } H_{ 2 }.  
Their  cons ti t u tion  is no t  ve ry w ell u n d e r s tood.  
Dr  E.  Dive r s,  F.R.S., a n d  M r  Kaw aki t a  (Ch e m.  
S o c.   Jour., 1 8 8 4,  p p.  1 3-1 9), give  t h e  for m ula e
of m e r c u ry  a n d  silve r  fulmin a t e s  a s

OC =  N          AgOC =  N
/  |      \          |     \
H g    |       O  a n d     |      O
\  |      /          |     /
-C =  N           AgC =  N
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w h e r e a s  Dr  H.E.  Arms t ro n g,  F.R.S., wo uld  p r efe r
to  w ri t e  t h e  for m ula  of fulminic  a cid

ON.C.OH.
|
C(N.OH),

a n d  A.F.  H olle m a n  (B erich t e , v. xxvi.,
p .  1 4 0 3), a s signs  to  m e r c u ry fulmin a t e  t h e  for m ula

C:N.O
H g  |    |
C:N.O,

a n d  R. Sc hol (B er., v. xxiii., p .  3 5 0 5),

C:NO
| |     H g.  
C:NO

They a r e  ve ry g e n e r ally r e g a r d e d  a s  iso-ni t ro so  co m po u n d s.

The  p rincip al co m po u n d  of fulminic a cid  is t h e  m e r c u ry
s al t  co m m o nly know n  a s  fulmin a ting  m e r c u ry.  I t
is p r e p a r e d  by dis solving  m e r c u ry in ni t r ic  a cid,
a n d  t h e n  a d din g  alcohol to  t h e  solu tion,  1  p a r t  of
m e r c u ry  a n d  1 2  p a r t s  of ni t r ic  a cid  of s p e cific g r avity
1.36,  a n d  5-1/2  p a r t s  of 9 0  p e r  ce n t .  alcohol b ein g
u s e d.   As soon  a s  t h e  mixt u r e  is in violen t  r e a c tion,
6  p a r t s  m o r e  of alcohol a r e  a d d e d  slowly to  m o d e r a t e
t h e  a c tion.   At fir s t  t h e  mixtu r e  bl ack e n s  fro m
t h e  s e p a r a tion  of m e r c u ry, b u t  t hi s  soon  vanish e s,
a n d  is s ucc e e d e d  by c rys t alline  flocks  of m e r c u ry  fulmin a t e
w hich  fall to  t h e  bo t to m  of t h e  vess el.  Durin g
t h e  r e a c tion,  la r g e  q u a n ti tie s  of vola tile  oxida tion
p ro d uc t s  of alcohol, s uc h  a s  ald e hyd e,  e t hylic ni t r a t e ,
&c., a r e  evolved  fro m  t h e  boiling  liquid,  w hils t  o t h e r s,

210



Page 105

s uc h  a s  glycollic a cid,  r e m ain  in  solu tion.   The
m e r c u ry  fulmin a t e  is t h e n  c rys t allise d  fro m  ho t  w a t er. 
I t  for m s  w hi t e  silky, d elica t e  n e e dle s,  w hich  a r e
wi th  difficul ty soluble  in cold  w a t er.  In  t h e
d ry  s t a t e  it  is ex t r e m ely explosive,  d e to n a ting  on
h e a ting,  o r  by  fric tion  o r  p e r c u s sion,  a s  al so  on
con t ac t  wi th  conc e n t r a t e d  s ulph u ric  a cid.   The
r e a c tion  t h a t  t ak e s  plac e  u po n  it s  d e co m posi tion  is
a s  follows:—

C_{2 } N_{2 } O_{2 } H g  =  H g  +  2CO +  N_{2 }
(28 4)

Accor din g  to  t his  e q u a tion  1  g r m.  of t h e  fulmin a t e
s ho uld  yield  2 3 5.8  c.c. ( =  6 6.9 6  lit r e s  for  2 8 4  g r m s.). 
Be r t h elo t  a n d  Vicille  h ave  ob t ain e d  a  yield  of 2 3 4.2
c.c., e q u al  to  6 6 .7  lit r e s  for  on e  e q uivale n t  2 8 4  g r m s.

Dry fulmin a t e  explod es  violen tly w h e n  s t r uck,  co m p r e s s e d ,
o r  touc h e d  wit h  s ulp h u ric  a cid,  o r  a s  a n  inc a n d e s c e n t
body.  If h e a t e d  slowly, i t explod e s  a t  1 5 2  d e g.  
C., o r  if h e a t e d  r a pidly, a t  1 8 7  d e g.   C. I t  is
oft e n  u s e d  mixe d  wi th  po t a s siu m  chlo r a t e  in d e to n a to r s.  
The  r e a c tion  w hich  t ak e s  pl ac e  in t his  c a s e  is 3C_{2 } N_{ 2 }O_{2 } H g
+  2KClO_{3 }  =  3 H g  +  6CO_{2 }  +  3 N_{2 }  +  2KCl.

On  a d ding  cop p e r  o r  zinc  to  a  ho t  s a t u r a t e d  solu tion
of t h e  s al t ,  fulmin a t e  of cop p e r  o r  zinc  is for m e d.  
The  cop p e r  s al t  for m s  hig hly explosive  g r e e n  c rys t als .  
The r e  is al so  a  do u ble  fulmin a t e  of cop p e r  of a m m o nia,
a n d  of cop p e r  a n d  po t a s siu m.   Silve r  fulminit e,
C_{2 } N_{2 } O_{2 }Ag_{2 },  is p r e p a r e d  in a  simila r  m a n n e r
to  t h e  m e r c u ry s al t .   It  s e p a r a t e s  in fine  w hi t e
n e e dle s,  w hic h  di ssolve  in 3 6  p a r t s  of boiling  w a t er,
a n d  a r e  wi t h  difficul ty soluble  in cold  w a t er. 
At a bove  1 0 0  d e g.   C., o r  on  t h e  w e ak es t  blow,
it  explod e s  wi th  fea rful violenc e .   Eve n  w h e n
cove r e d  wi th  w a t e r  it is m o r e  s e n si tive  t h a n  t h e  m e r c u ry
s al t .   I t  for m s  a  ve ry s e nsi tive  do u ble  s al t  wi t h
a m m o nia  a n d  s eve r al  o t h e r  m e t al s.   With  hyd ro g e n
it  for m s  t h e  a cid  fulmin a t e  of silver.  I t  is u s e d
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in  c r ack e r s  a n d  bon-bo ns,  a n d  o th e r  toy fir e works,
in  mi n u t e  q u a n ti tie s.   Gay Luss ac  foun d  it  to
b e  co m pos e d  a s  follows:—Ca r bo n,  7 .92  p e r
c e n t .;  ni t ro g e n,  9 .24  p e r  c e n t .;  silver, 7 2.19  p e r
c e n t .;  oxyge n,  1 0.65  p e r  c e n t .; a n d  h e  a s sign e d  to
it  t h e  for m ula,  C_{2 } N_{2 }Ag_{2 }O_{ 2 }.   Lau r e n t
a n d  Ge r h a r d t  give  it  t h e  for m ula,  C_{2 } N(NO_{2 })Ag_{2 },
a n d  t h u s  s u p pos e  it  to  con t ain  ni t ryl, N O_{2 }.

On  a d ding  po t a s siu m  chlo ride  to  a  boiling  solu tion
of a r g e n tic  fulmin a t e ,  a s  long  a s  a  p r e cipi t a t e  of
a r g e n tic  c hlo rid e  for m s,  t h e r e  is ob t ain e d  on  ev a po r a tion
b rillian t  w hi t e  pl a t e s ,  of a  ve ry explosive  n a t u r e ,
of po t a s sic  a r g e n tic  fulmin a t e ,  C(NO_{2 })KAg.CN, fro m
w hos e  a q u eo u s  solu tion  ni t ric  a cid  p r e cipi t a t e s  a
w hi t e  pow d e r  of hyd ric  a r g e n tic  fulmin a t e ,  C(NO_{2 })HAg.CN. 
All a t t e m p t s  to  p r e p a r e  fulminic a cid,  o r  ni t ro-a c e to-ni t rile,
C(NO_{2 })H_{ 2 }CN, fro m  t h e  fulmin a t e s  h ave  failed.  
The r e  is a  fulmin a t e  of gold,  w hich  is a  violen tly
explosive  b uff p r e cipi t a t e ,  for m e d  w h e n  a m m o nia  is
a d d e d  to  t e r-c hlo ride  of gold,  a n d  fulmin a t e  of pl a tinu m,
a  bl ack  p r e cipi t a t e  for m e d  by t h e  a d di tion  of a m m o nia
to  a  solu tion  of oxide  pla tin u m,  in dilu t e  s ulp h u ric
a cid.
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F ul min a ting  silve r  is a  co m po u n d  ob t ain e d  by t h e  a c tion
of a m m o nia  on  oxide  of silver.  I t  is a  ve ry viole n t
explosive.   P u r e  m e r c u ry  fulmin a t e  m ay  b e  ke p t
a n  ind efini t e  leng t h  of tim e.   Wate r  do e s  no t  affec t
it.  I t  explod es  a t  1 8 7  d e g.   C., a n d  on  con t a c t
wi th  a n  ignit e d  body.  It  is ve ry s e n si tive  to
s hock a n d  fric tion,  eve n  t h a t  of wood  u po n  wood.  
I t  is u s e d  for  di sc h a r ging  b ulle t s  in  s aloon  rifles.  
I t s  infla m m a tion  is so  s u d d e n  t h a t  it sc a t t e r s  bl ack
pow d e r  on  w hich  it is pl ac e d  wi tho u t  igni ting  it,
b u t  it is s ufficie n t  to  pl ac e  it  in a n  e nvelop e,  how eve r
w e a k,  for  igni tion  to  t ak e  pl ac e ,  a n d  t h e  m o r e  r e sis ting
t h e  e nvelop e  t h e  m o r e  violen t  is t h e  s hock, a  ci rc u m s t a nc e
t h a t  plays  a n  impor t a n t  p a r t  in c a p s  a n d  d e to n a to r s.  
The  p r e s e n c e  of 3 0  p e r  c e n t .  of w a t e r  p r eve n t s  d eco m position,
1 0  p e r  c e n t .  p r eve n t s  explosion.   This is, ho w ever,
only t r u e  for  s m all q u a n ti ti es,  a n d  do e s  no t  a p ply
to  silve r  fulmin a t e ,  w hich  explod e s  u n d e r  w a t e r  by
fric tion.   Mois t  fulmina t e s  slowly d eco m pos e  on
con t ac t  wi th  t h e  oxidisa ble  m e t al s.   The  (re d uc e d)
volu m e  of g a s e s  ob t ain e d  fro m  1  kilo. is a cco r ding
to  Be r t h elo t,  2 3 5.6  lit r e s .   The  e q u a tion  of it s
d eco m position  is C_{2 } H g N_{ 2 }O_{2 }  =  2CO +  N_{ 2 }  +
H g.

F ul min a t e  of m e r c u ry is m a n ufac t u r e d  u po n  t h e  la rg e
sc al e  by  t wo  m e t ho ds.   On e  of t h e s e ,  co m m o nly
know n  a s  t h e  Ger m a n  m e t ho d,  is con d u c t e d  a s  follows:—On e
p a r t  of m e r c u ry  is di ssolved  in 1 2  p a r t s  of ni t r ic
a cid  of a  s p e cific g r avity of 1 .37 5,  a n d  to  t his  solu tion
1 6.5  p a r t s  of a b solu t e  alcohol a r e  a d d e d  by d e g r e e s ,
a n d  h e a t  is t h e n  slowly a p plie d  to  t h e  mixt u r e  u n til
t h e  d e n s e  fu m e s  fir s t  for m e d  h ave  dis a p p e a r e d ,  a n d
w h e n  t h e  a c tion  h a s  b e co m e  m o r e  violen t  so m e  m o r e
alcohol is a d d e d,  e q u al  in volu m e  to  t h a t  w hich  h a s
al r e a dy b e e n  a d d e d.   This  is a d d e d  ve ry g r a d u ally. 
The  p ro d u c t  ob t ain e d,  w hich  is m e r c u ry fulmin a t e ,
is 1 1 2  p e r  c e n t .  of t h e  m e r c u ry e m ploye d.   Anoth e r
m e t ho d  is to  di ssolve  1 0  p a r t s  of m e r c u ry  in  1 0 0  p a r t s
of ni t ric  a cid  of a  g r avi ty of 1 .4,  a n d  w h e n  t h e  solu tion
h a s  r e ac h e d  a  t e m p e r a t u r e  of 5 4  d e g.   C, to  pou r
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it  slowly t h ro u g h  a  gl a s s  funn el  in to  8 3  p a r t s  of
alcohol.  Wh e n  t h e  effe rvesc e nc e  c e a s e s ,  i t is
filt e r e d  t h ro u g h  p a p e r  fil te r s ,  w a s h e d,  a n d  d ri e d
ove r  ho t  w a t er, a t  a  t e m p e r a t u r e  no t  exc e e din g  1 0 0
d e g.   C. The  fulmina t e  is t h e n  c a r efully p a ck e d
in p a p e r  boxes,  o r  in co rk e d  bo t tl e s.   The  p rod uc t
ob t ain e d  by t his  p roc e s s  is 1 3 0  p e r  c e n t .  of t h e  m e rc u ry
t ak e n.   This  p roc e ss  is t h e  s afe s t ,  a n d  a t  t h e
s a m e  ti m e  t h e  ch e a p e s t .   F ul min a t e  s hould  b e  ke p t ,
if pos sible,  in a  d a m p  s t a t e .   Co m m e r cial fulmin a t e
is oft e n  a d ul t e r a t e d  wi t h  c hlo r a t e  of po t a s h .

Detona tors , o r  c a p s ,  a r e  m e t allic c a p s ule s,
u s u ally of cop p er, a n d  r e s e m ble  ve ry long  p e rc u ssion
c a p s.   The  explosive  is p u r e  fulmin a t e  of m e r c u ry,
o r  a  mixtu r e  of t h a t  s u b s t a n c e  wi th  ni t r a t e  o r  c hlo r a t e
of po t a s h ,  g u n-pow d er, o r  s ulp h ur.  The  following
is a  co m m o n  c a p  mixtu r e:— 1 0 0  p a r t s  of
fulmin a t e  of m e r c u ry a n d  5 0  p a r t s  of po t a s siu m  ni t r a t e ,
o r  1 0 0  p a r t s  of fulmina t e  a n d  6 0  p a r t s  of m e al  pow d er. 
Silve r  fulmin a t e  is also  so m e ti m e s  u s e d  in  c a ps .  
The r e  a r e  eig h t  sizes  m a d e,  w hich  va ry in  di m e n sions
a n d  in a m o u n t  of explosive  co n t ain e d.   They a r e
fu r t h e r  dis ting uish e d  a s  single s,  dou ble s,  t r e bl es ,
&c., a cco r ding  to  t h ei r  n u m b er.  Colon el Cu n dill,
R.A. ("Dict. of Explosives"), gives  t h e  following
lis t:—
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No. 1  con t ains  3 0 0  g r m s.  of explosive  p e r  1 0 0 0.  "
 2      "    4 0 0    "    "     "      "    " "  3  
   "    5 4 0    "    "     "      "    " "  4      "
   6 5 0    "    "     "      "    " "  5      "    8 0 0
  "    "     "      "    " "  6      "  1 ,0 00    "
   "     "      "    " "  7      "  1 , 50 0    "    "
    "      "    " "  8      "  2 , 00 0    "    "    
"      "    "

Tre ble s  a r e  g e n e r ally u s e d  for  o r din a ry dyn a mit e ,
5,  6 ,  o r  7  for  g u n-co t ton,  bl as ting  g el a tin e,  r o b u ri t e ,
&c.

In  t h e  Bri tish  s e rvice  p e r c u ssion  c a ps ,  fuse s,  &c.,
a r e  for m e d  of 6  p a r t s  by  w eig h t  of fulmin a t e  of m e r c u ry,
6  of c hlo r a t e  of po t a s h,  a n d  4  of s ulp hide  of a n ti mo ny;
ti m e  fus es  of 4  p a r t s  of fulmin a t e ,  6  of po t a s siu m
c hlor a t e ,  4  of s ulp hide  of a n ti mo ny, t h e  mixt u r e  b ein g
d a m p e d  wit h  a  va r nis h  consis ting  of 6 4 5  g r ain s  of
s h ellac  dis solve d  in a  pin t  of m e t hyla t e d  s pi ri t.  
Abel’s fus e  (No. 1)  consis t s  of a  mixtu r e  of
s ulp hide  of cop p er, p hos p hid e  of cop p er, c hlo r a t e
of po t a s h ,  a n d  No. 2  of a  mixtu r e  of g u n-co t ton  a n d
g u n-pow d er.  They a r e  d e ton a t e d  by  m e a n s  of a  pl a tin u m
wi re  h e a t e d  to  r e d n e s s  by m e a n s  of a n  el ec t ric  c u r r e n t .  
Bain’s fus e  mixtu r e  is a  mixtu r e  of s u b p hos p hid e
of cop p er, s ulphid e  of a n ti mony, a n d  c hlo r a t e  of po t a s h .

In  t h e  m a n ufac t u r e  of p e r c u s sion  c a p s  a n d  d e to n a to r s
t h e  cop p e r  bl a nks  a r e  c u t  fro m  cop p e r  s t r ips  a n d  s t a m p e d
to  t h e  r e q ui r e d  s h a p e.   The  bl a nks  a r e  t h e n  pl ac e d
in a  g u n-m e t al  pl a t e ,  wi th  t h e  conc ave  side  u p p e r m os t—a
tool co m pos e d  of a  pl a t e  of g u n-m e t al, in w hich  a r e
ins e r t e d  a  n u m b e r  of copp e r  poin t s,  e a c h  of t h e  s a m e
len g t h,  a n d  so  s p ac e d  a p a r t  a s  to  ex ac tly fit  e a c h
poin t  in to  a  c a p  w h e n  inve r t e d  ove r  a  pl a t e  con t ainin g
t h e  bl a nks.   The  poin t s  a r e  dip p e d  in to  a  vess el
con t aining  t h e  c a p  co m posi tion,  w hich  h a s  b e e n  p r eviously
m ois t e n e d  wi th  m e t hyla t e d  s pi ri t.   I t  is t h e n  r e m ove d
a n d  pl ac e d  ove r  t h e  bl a nks,  a n d  a  sligh t  blow s e rve s
to  d e posi t  a  s m all po r tion  of t h e  c a p  mixtu r e  in to
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e a c h  c a p .   A si mila r  tool is t h e n  dipp e d  in to
s h ellac  va rnis h,  r e m oved  a n d  pl ac e d  ove r  t h e  c a ps ,
w h e n  a  d ro p  of va r nis h  fro m  e a c h  of t h e  cop p e r  poin t s
falls  in to  t h e  c a p s,  w hich  a r e  t h e n  allow e d  to  d ry. 
This  is a  ve ry s afe  a n d  efficacious  m e t ho d  of wo rking.

At t h e  wo rks  of t h e  Cot ton-Pow d e r  Co m p a ny Limit e d,
a t  Fave r s h a m,  t h e  fulmin a t e  is mixe d  w e t  wi th  a  ve ry
finely g ro u n d  mixtu r e  of g u n-co t ton  a n d  c hlo r a t e  of
po t a s h ,  in a bo u t  t h e  p ropo r tions  of 6  p a r t s  fulmin a t e ,
1  p a r t  g u n-co t ton,  a n d  1  p a r t  c hlo r a t e .   The  w a t e r
in w hich  t h e  fulmina t e  is u s u ally s to r e d  is fi r s t
d r ain e d  off, a n d  r e pl ac e d  by dis plac e m e n t  by  m e t hyl-alcohol. 
While  t h e  fulmin a t e  is m ois t  wi th  alcohol, t h e  g u n-co t to n
a n d  c hlo r a t e  mixtu r e  is a d d e d,  a n d  w ell mixe d  wi t h
it.  This  mixtu r e  is t h e n  dis t ribu t e d  in  t h e  d e to n a to r s
s t a n din g  in a  fra m e,  a n d  e a c h  d e to n a to r  is p u t  s e p a r a t ely
in to  a  m a c hin e  for  t h e  p u r pos e  of p r e s sing  t h e  p a s t e
in to  t h e  d e to n a to r  s h ell.
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At t h e  el eve n t h  a n n u al  m e e tin g  of t h e  r e p r e s e n t a tives
of t h e  Bava ri a n  c h e mic al indus t rie s  a t  Reg e n s b u r g,
a t t e n tion  w a s  d r a w n  to  t h e  u n h e al t hy n a t u r e  of t h e
p roc e s s  of c h a r gin g  p e rc u ssion  c a ps .   N u m e ro us
minia t u r e  explosions  occur, a n d  t h e  ai r  b e co m e s  lad e n
wi th  m e r c u ri al vapo u r s,  w hich  exe rcise  a  d el e t e rious
influe nc e  u po n  t h e  h e al th  of t h e  op e r a tives.   The r e
is e q u ally jus t  c a u s e  for  a p p r e h e n sion  in  r e s p e c t  to
t h e  poisono us  g a s e s  w hich  a r e  evolve d  d u ring  t h e  solu tion
of m e r c u ry  in  ni t ric  a cid,  a n d  e s p eci ally d u ring  t h e
s u b s e q u e n t  t r e a t m e n t  wi th  alcohol.  M a ny m e t ho ds
h ave  b e e n  p ro pos e d  for  d e aling  wi t h  t h e  w a s t e  p ro d uc t s
a r ising  d u rin g  t h e  m a n ufac t u r e  a n d  m a nip ula tion  of
fulmin a t e  of m e r c u ry, b u t  a c co r din g  to  Kae m m e r er,
only on e  of co m p a r a t ively r ec e n t  in t rod uc tion  a p p e a r s
to  b e  a t  a ll s a tisfac to ry.  I t  is b a s e d  u po n  t h e
fac t  t h a t  m e r c u ric  fulmin a t e ,  w h e n  h e a t e d  wit h  a  la r g e
volu m e  of w a t e r  u n d e r  hig h  p r e s s u r e ,  s plit s  u p  in to
m e t allic m e r c u ry  a n d  no n-explosive  m e r c u ri al  co m po u n d s
of u nk now n  co m posi tion.

In  mixing  t h e  va rious  ing r e die n t s  wi t h  m e r c u ry  fulmin a t e
to  for m  c a p  mixt u r e s ,  t h ey  s hould  no t  b e  too  d ry;
in  fac t ,  t h ey a r e  g e n e r ally m o r e  o r  less  w e t ,  a n d
mixed  in s m all q u a n ti ti es  a t  a  tim e,  in a  s p e ci al ho us e ,
t h e  floors  of w hich  a r e  cove r e d  wi th  c a r p e t ,  a n d  t h e
t a bles  wit h  fel t.   Fel t  s ho es  a r e  al so  wor n  by
t h e  wo rkp eople  e m ployed.   All t h e  tools  a n d  a p p a r a t u s
u s e d  m u s t  b e  ke p t  ve ry cle a n;  for  g r a n ul a ting,  h ai r
sieves  a r e  u s e d,  a n d  t h e  g r a n ula t e d  mixtu r e  is af t e r w a r d s
d ri e d  on  ligh t  fr a m e s,  wi th  c a nv as  t r ays  t h e  bo t to m s
of w hich  a r e  cove r e d  wi th  t hin  p a p er, a n d  t h e  fr a m e s
fit t e d  wi th  india r u b b e r  c us hions,  to  r e d u c e  a ny ja r s
t h ey m ay  r e c eive.   The  win dow s  of t h e  b uilding
s ho uld  b e  p ain t e d  w hi t e  to  ke e p  ou t  t h e  r ays  of t h e
s u n.

M r  H.  M axim, of N e w  York, h a s  la t ely p a t e n t e d  a  co m posi tion
for  d e to n a to r s  for  u s e  wi t h  hig h  explosives,  w hich
c a n  al so  b e  t h row n  fro m  or d n a nc e  in conside r a ble  q u a n ti tie s
wi th  s afe ty.  The  co m position  is p r e p a r e d  a s  follows:—Nit ro-glyce rin e
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is t hicke n e d  wi th  pyroxyline  to  t h e  consis t e ncy of
r a w  r u b b er.  This is do n e  by e m ploying  a bo u t  7 5
to  8 5  p e r  c e n t .  of ni t ro-glyce rin e,  a n d  1 5  to  2 5  p e r
c e n t .  of py roxyline,  a cco r din g  to  t h e  s tiffnes s  o r
el a s tici ty of t h e  co m po u n d  d e si r e d.   So m e  solven t
t h a t  dis solves  t h e  ni t ro-co t ton  is al so  u s e d.  
The  p ro d u c t  t h u s  for m e d  is a  kind  of bl a s ting  g el a tine,
a n d  s hould  b e  in  a  p a s ty con di tion,  in o rd e r  t h a t  i t
m ay b e  mixe d  wit h  fulmin a t e  of m e r c u ry.  The  solven t
u s e d  is a c e to n e,  a n d  t h e  q u a n ti ty of fulmin a t e  is
b e t w e e n  7 5  to  8 5  p e r  c e n t .  of t h e  e n t i r e  co m po u n d.  
If d e si r e d,  t h e  co m po u n d  c a n  b e  m a d e  less  s e n si tive
to  s hocks  by giving  it a  s po n gy consis t e ncy by a gi t a ting
it  wi t h  ai r  w hile  i t is s till in a  sy ru py con di tion.  
The  ni t ro-glyce rin e,  e s p e ci ally in t hi s  la t t e r  c a s e ,
m ay b e  o mit t e d.   In  so m e  c as es ,  w h e n  it  is d e si r a ble
to  a d d  a  d e t e r rin g  m e diu m,  ni t ro-b e nz e n e  o r  so m e  s ui t a bl e
g u m  is a d d e d.

[Illus t r a tion:  FIG. 3 4.   M ETHOD OF PREPARING
THE CHARGE.]
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The  m e t ho d  of p r e p a rin g  a  bl a s ting  c h a r g e  is a s  follows:—A
piec e  of Bickfor d  fuse  of t h e  r e q ui r e d  len g t h  is cu t
cle a n  a n d  is ins e r t e d  in to  a  d e ton a to r  u n til it r e a c h e s
t h e  fulmin a t e .   The  u p p e r  po r tion  of t h e  d e ton a to r
is t h e n  s q u e ez e d  ro u n d  t h e  fuse  wi th  a  p ai r  of nipp e r s.  
The  objec t  of t his  is no t  only to  s ec u r e  t h a t  t h e
full po w e r  of t h e  d e ton a to r  m ay  b e  d evelop e d,  b u t
al so  to  fix t h e  fus e  in t h e  c a p  (Fig. 3 4).  Wh e n
t h e  d e to n a tor, &c., is to  b e  u s e d  u n d e r  w a t er, o r
in  a  d a m p  si t u a tion,  g r e a s e  o r  t allow s ho uld  b e  pl ac e d
ro u n d  t h e  junc tion  of t h e  c a p  wi th  t h e  fuse,  in o r d e r
to  m a k e  a  w a t e r-tig h t  join t.   A c a r t rid g e  is t h e n
op e n e d  a n d  a  hole  m a d e  in it s  u p p e r  e n d,  a n d  t h e  d e to n a to r
p u s h e d  in n e a rly u p  to  t h e  top.   Gun-co t ton  o r
toni t e  c a r t ri dg es  g e n e r ally h ave  a  hole  al r e a dy m a d e
in t h e  e n d  of t h e  ch a r g e .   S m all c h a r g e s  of d ry
g u n-cot ton,  know n  a s  p ri m e r s ,  a r e  g e n e r ally u s e d  to
explod e  w e t  g u n-co t ton.   The  d e ton a to r s  (which
a r e  oft e n  fir e d  by  el ec t rical m e a n s)  a r e  plac e d  insid e
t h e s e  p rim e r s  (Fig. 3 5).

[Illus t r a tion:  FIG. 3 5.   PRIMER.]

On e  of t h e  for m s  of el ec t ric  explode r s  u s e d  is s how n
in Fig.  3 6.   This a p p a r a t u s  is m a d e  by M e s s r s
John  Davis  & Son,  a n d  is sim ply a  s m all h a n d  dyn a m o,
c a p a ble  of p ro d ucing  a  c u r r e n t  of el ec t rici ty of hig h
t e n sion.   This  fir m  a r e  also  m a k e r s  of va rious
for m s  of low t e n sion  explod e r s .   A c h a r g e  h aving
b e e n  p r e p a r e d,  a s  in  Fig.  3 4,  ins e r t  in to  t h e  bo r e-hole
on e  o r  m o r e  c a r t ridg e s  a s  jud g e d  n ec es s a ry, a n d  s q u e eze
e a c h  on e  dow n  s e p a r a t ely wi th  a  w oo d e n  r a m m er,
so  a s  to  leave  no  s p a c e  ro u n d  t h e  c h a r g e ,  a n d  a bove
t his  ins e r t  t h e  c a r t rid g e  con t aining  t h e  fus e  a n d
d e to n a tor.  No w  fill u p  t h e  r e s t  of t h e  bo r e-hole
wi th  s a n d,  g r av el, w a t er, o r  o t h e r  t a m ping.   With
g ela tin e  dyn a mit e s  a  fir m  t a m pin g  m ay  b e  u s e d,  b u t
wi th  o r din a ry  dyn a mit e  loos e  s a n d  is b e t t er.  The
c h a r g e  is no w  r e a dy for  firing.
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[Illus t r a tion:  FIG. 3 6.—ELECTRIC EXPLODER.]

CHAPTER VI.

S M OKELE S S  PO WDER S.
S mok ele ss  Powd e r  in Ge n e r al—Cor di t e—Axite—Ballis ti t e—U.S. 
N av al
Pow d e r—Sc h ul tze’s E.G.  Powd e r—Ind u ri t e—Vielle
Pou d r e—Riflei t e—
Ca n no ni t e—Wals rod e—Coopp al  Pow d e r s—Amb e ri t e—Troisdo rf—M aximit e
—
Picric  Acid Pow d e r s ,  &c., &c.

The  p ro g r e s s  m a d e  in  r e c e n t  yea r s  in t h e  m a n ufac t u r e
of s m ok ele s s  pow d e r s  h a s  b e e n  ve ry g r e a t .   With
a  few exc e p tions,  n e a rly all t h e s e  pow d e r s  a r e  ni t ro
co m po u n d s,  a n d  chiefly consis t  of so m e  for m  of ni t ro-c ellulos e,
ei t h e r  in t h e  for m  of ni t ro-co t ton  o r  ni t ro-lignin e;
o r  els e  con t ain,  in a d di tion  to  t h e  a bove,  ni t ro-glyce rin e,
wi th  ve ry of t e n  so m e  s uc h  s u b s t a nc e  a s  c a m p hor, w hich
is u s e d  to  r e d u c e  t h e  s e n si tiven e s s  of t h e  explosive.  
Ot h e r  ni t ro  bodie s  t h a t  a r e  u s e d,  o r  h ave  b e e n  p ro pos e d,
a r e  ni t ro-s t a r c h,  ni t ro-jut e ,  ni t r a t e d  p a p er, ni t ro-b e nz e n e,
di-ni t ro-b e nz e n e,  mixe d  wi th  a  la r g e  n u m b e r  of o t h e r
c h e mic al s u b s t a n c e s,  s uc h  a s  ni t r a t e s ,  c hlo r a t e s,
&c.  And las tly, t h e r e  a r e  t h e  pic r a t e  pow d e r s ,
con sis ting  of pic ric  a cid,  e i t h e r  alon e  o r  mixe d  wi th
o th e r  s u bs t a nc e s .
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The  va rious  s mok ele s s  pow d e r s  m ay  b e  ro u g hly divide d
into  milit a ry  a n d  s po r ting  pow d e r s .   But  t his
cla s sifica tion  is ve ry ro u g h;  b e c a u s e  al tho u g h  so m e
of t h e  b e t t e r  know n  p u r ely mili t a ry pow d e r s  a r e  no t
s ui t e d  for  u s e  in  s po r ting  g u n s,  n e a rly all t h e  m a n ufac t u r e r s
of s po r ting  pow d e r s  also  m a n ufac t u r e  a  s p e cial va ri e ty
of t h ei r  p a r ticul a r  explosive,  fit t e d  for  u s e  in m o d e r n
rifles  o r  m a c hin e  g u n s,  a n d  occ asion ally, i t is claim e d,
for  big  g u n s  also.

Of t h e  p u r ely mili t a ry pow d e r s,  t h e  b e s t  know n  a r e
co r di t e ,  b allis ti t e ,  a n d  t h e  F r e n c h  B.N. pow d er, t h e
Ge r m a n  s m ok ele s s  (which  con t ains  ni t ro-glyce rin e
a n d  ni t ro-cot ton); a n d  a m o n g  t h e  g e n e r al  pow d e r s ,  two
va rie ti es  of w hich  a r e  m a n ufac t u r e d  ei th e r  for  r ifles
o r  s po r ting  g u n s,  Sc h ul tze’s, t h e  E.C. 
Pow d e r s ,  Wals rod e  pow d er, c a n no nit e ,  Coopp al  pow d er,
a m b e ri t e ,  &c., &c.

Cordi t e , t h e  s m ok ele ss  pow d e r  a do p t e d  by  t h e
Bri tish  Gove r n m e n t,  is t h e  p a t e n t  of t h e  la t e  Si r
F.A.  Abel a n d  Si r  Jam e s  De w ar, a n d  is so m e w h a t
si mila r  to  bl a s ting  g ela tine .   I t  is c hi efly m a n ufac t u r e d
a t  t h e  Royal Gun pow d e r  Fac to ry a t  Walth a m  Abbey, b u t
al so  a t  t wo  o r  t h r e e  p riva t e  fac to ri e s,  includin g
t hos e  of t h e  N a tion al Explosives  Co m p a ny Limit e d,  t h e
N e w  Explosives  Co m p a ny Limit ed,  t h e  Cot ton-Powd e r  Co m p a ny
Limit e d,  M e s s r s  Kynock’s, &c.   As fir s t
m a n ufac t u r e d  it consis t e d  of g u n-co t ton  3 7  p e r  c e n t .,
ni t ro-glyce rin e  5 8  p e r  c e n t .,  a n d  vas elin e  5  p e r  c e n t .,
b u t  t h e  m o dified  co r di t e  no w  m a d e  consis t s  of 6 5  p e r
c e n t .  g u n-cot ton,  3 0  p e r  c e n t .  of ni t ro-glyce rin e,
a n d  5  p e r  c e n t .  of vas eline.   The  g u n-co t to n  u s e d
is co m pos e d  c hiefly of t h e  h exa-ni t r a t e ,[A] w hich  is
no t  soluble  in  ni t ro-glyce rin e.   I t  is t h e r efo r e
n ec es s a ry  to  u s e  so m e  solven t  s uc h  a s  a c e to n e,  in
o r d e r  to  for m  t h e  jelly wi t h  ni t ro-glyce rin e.  
The  p roc e ss  of m a n ufac t u r e  of co r di t e  is ve ry similar,
a s  fa r  a s  t h e  c h e mical p a r t  of t h e  p roc e ss  is conc e r n e d,
to  t h a t  of bl a s ting  g el a tine,  wi th  t h e  exce p tion  t h a t
so m e  solve n t  for  t h e  g u n-co t ton,  o th e r  t h a n  ni t ro-glyce rin e
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h a s  to  b e  u s e d .   Both  t h e  ni t ro-glyce rine  a n d
t h e  g u n-co t ton  e m ployed  m u s t  b e  a s  d ry  a s  pos sible,
a n d  t h e  la t t e r  s ho uld  no t  con t ain  m o r e  t h a n  .6  p e r
c e n t .  of mi n e r al  m a t t e r  a n d  no t  m o r e  t h a n  1 0  p e r  c e n t .
of soluble  ni t ro-c ellulos e,  a n d  a  ni t rog e n  con t e n t
of no t  les s  t h a n  1 2.5  p e r  c e n t .   The  d ry  g u n-co t to n
(a bo u t  1  p e r  c e n t .  of m ois t u r e)  is pl ac e d  in a n  incor po r a tin g
t a nk, w hich  consis t s  of a  b r a s s-line d  box, so m e  of
t h e  a c e ton e  is a d d e d,  a n d  t h e  m a c hin e  (Fig.  2 9), is
s t a r t e d;  af t e r  so m e  ti m e  t h e  r e s t  of t h e  a c e to n e  is
a d d e d  (20  p e r  c e n t .  in all) a n d  t h e  p a s t e  kn e a d e d  for
t h r e e  a n d  a  h alf ho u r s.   At t h e  e n d  of t hi s  ti m e
t h e  Vaseline  is a d d e d,  a n d  t h e  kn e a ding  con tinu e d
for  a  fu r t h e r  t h r e e  a n d  a  h alf ho u r s.   The  kn e a ding
m a c hin e  (Fig. 2 9)  consis t s  of a  t rou g h,  co m pos e d  of
t wo  h alves  of a  cylind er, in e a c h  of w hich  is a  s h af t
w hich  c a r ri e s  a  r evolving  bl a d e .   Thes e  bl a d e s
r evolve  in op posi t e  di r ec tions,  a n d  on e  m a k e s  a bo u t
h alf t h e  n u m b e r  of r evolu tions  of t h e  o t h er. 
As t h e  bl a d e s  ve ry n e a rly touc h  t h e  bo t to m  of t h e  t ro u g h,
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a ny m a t e ri al b ro u g h t  in to  t h e  m a c hin e  is divide d  in to
t wo  p a r t s ,  kn e a d e d  a g ain s t  t h e  bo t to m,  t h e n  p u s h e d
alon g  t h e  bl a d e ,  t u r n e d  over, a n d  co m ple t ely mixe d.  
Du ring  kn e a din g  t h e  a c e ton e  g r a d u ally p e n e t r a t e s  t h e
mixt u r e,  a n d  dis solves  bo t h  t h e  ni t ro-c ellulos e  a n d
ni t ro-glyce rin e ,  a n d  a  u nifor m  do u g h  is ob t ain e d  w hich
g r a d u ally a s s u m e s  a  b uff colour.  Durin g  kn e a ding
t h e  m a s s  b eco m e s  h e a t e d ,  a n d  t h e r efo r e  cold  w a t e r  is
p a s s e d  t h ro u g h  t h e  jacke t  of t h e  m a c hin e  to  p r eve n t
h e a ting  t h e  mixtu r e  a bove  t h e  no r m al t e m p e r a t u r e ,
a n d  cons e q u e n t  eva po r a tion  of t h e  a c e to n e.   The
top  of t h e  m a c hin e  is close d  in wi th  a  gl a s s  door,
in  o r d e r  to  p r eve n t  a s  fa r  a s  possible  t h e  ev a po r a tion
of t h e  solve n t .   Whe n  t h e  va rious  ing r e die n t s  a r e
for m e d  in to  a  ho mo g e n eo us  m a s s ,  t h e  mixtu r e  is t ak e n
to  t h e  p r e s s  ho us e ,  w h e r e  in t h e  for m  of a  pl a s tic
m a s s  it  is pl ac e d  in  cylind rical m o ulds.   The
m o uld  is inse r t e d  in  a  s p ecially d e sign e d  p r e s s,  a n d
t h e  co r di t e  p a s t e  forc e d  t h ro u g h  a  di e  wi th  on e  o r
m o r e  hole s.   The  p a s t e  is p r e s s e d  ou t  by  hyd r a ulic
p r e s s u r e,  a n d  t h e  long  co r d  is wou n d  on  a  m e t al  d r u m
(Fig.  3 8), o r  cu t  in to  leng t h s;  in  ei t h e r  c a s e  t h e
co r di t e  is no w  s e n t  to  t h e  d rying  ho u s e s,  a n d  d rie d
a t  a  t e m p e r a t u r e  of a bo u t  1 0 0  d e g.   F. fro m  t h r e e
to  fou r t e e n  d ays,  t h e  ti m e  va rying  wi th  t h e  size.  
This  op e r a tion  d rives  off t h e  a c e to n e,  a n d  a ny m ois t u r e
t h e  co r di t e  m ay  s till con t ain,  a n d  its  dia m e t e r  d e c r e a s e s
so m e w h a t.   In  c a s e  of t h e  fine r  co r di t e ,  s uc h  a s
t h e  rifle  co r di t e ,  t h e  n ex t  op e r a tion  is ble n ding.  
This  p roc es s  consis t s  in  m o u n ting  t e n  of t h e  m e t al
d r u m s  on  a  r e eling  m a c hin e  si mila r  to  t hos e  u s e d  for
ya r ns ,  a n d  win ding  t h e  t e n  co r ds  on  to  on e  d r u m.  
This  op e r a tion  is know n  a s  “te n-s t r a n din g.” 
F u r t h e r m o r e,  six “t e n-s t r a n d e d” r e els  a r e
af t e r w a r d s  wo u n d  u po n  on e,  a n d  t h e  “sixty-s t r a n d e d”
r e el  is t h e n  r e a dy to  b e  s e n t  a w ay, This  is do n e  in
o r d e r  to  ob t ain  a  u nifor m  ble n ding  of t h e  m a t e ri al. 
With  co r di t e  of a  la r g e r  di a m e t er, t h e  co r d  is c u t
in to  leng t h s  of 1 2  inch es .   Eve ry lot  of co r di t e
fro m  e ac h  m a n ufac t u r e r  h a s  a  cons ec u tive  n u m b er, n u m b e r s
r e p r e s e n ting  t h e  size  a n d  on e  o r  m o r e  ini tial le t t e r s
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to  ide n tify t h e  m a n ufac t u r er.  The s e  r e g ula tions
do  no t  a p ply to  t h e  Royal Gun pow d e r  Fac to ry, Walth a m
Abbey.  The  finish e d  co r di t e  r e s e m bles  a  co r d  of
g u t t a-p e rc h a,  a n d  it s  colou r  va rie s  fro m  ligh t  to  d a rk
b row n.   I t  s hould  no t  look bl ack  o r  s h rivelled,
a n d  s hould  alw ays  poss e s s  s ufficien t  ela s tici ty to
r e t u r n  to  it s  o rigin al for m  af t e r  sligh t  b e n din g.  
Co r di t e  is p r a c tically s mok ele ss.   On  explosion
a  ve ry t hin  va po u r  is p ro d uc e d,  w hich  is dissip a t e d
r a pidly.  This s mokeless n e s s  c a n  b e  u n d e r s tood
fro m  t h e  fac t  t h a t  t h e  p ro d uc t s  of co m b u s tion  a r e
n e a rly all no n-con d e n sible  g a s e s ,  a n d  con t ain  no  solid
p ro d uc t s  of co m b u s tion  w hich  wo uld  c a u s e  s m ok e.  
For  t h e  s a m e  m uzzle  veloci ty a  s m alle r  ch a r g e  of co r di t e
t h a n  g u n po w d e r  is r e q ui r e d  owing  to  t h e  g r e a t e r  a m o u n t
of g a s  p ro d uc e d.   Co r di t e  is ve ry slow in b u r ning
co m p a r e d  to  g u n po w d er.  For  firing  bl a nk  c a r t ri dg es
co r di t e  c hips  con t aining  no  vas eline  is u s e d.  
The  r a t e  a t  w hich  co r di t e  explod e s  d e p e n d s  in a  m e a s u r e
u po n  t h e  di a m e t e r  of t h e  co r ds ,  a n d  t h e  p r e s s u r e  d evelop e d
u po n  it s  m e c h a nic al s t a t e .   The  size s  of co r di t e
u s e d  a r e  give n  by Colon el Ba rker, R.A., a s  follows:—
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For  t h e  .303  rifle                .037 5  inch  di a m e t er.
   "    1 2  Pr.  B.L. g u n       
   .05         "
   "        "                    .075
      "
   "    4 .7-inch  Q.F. g u n         .100
      "
   "    6-inc h  Q.F. g u n           .300
      "
   "    h e avy g u n s                .40
to  .50  "

For  rifles  t h e  co r di t e  is u s e d  in b u n dle s  of sixty
s t r a n d s,  in field-g u n s  in leng t h s  of 1 1  to  1 2  inch e s,
a n d  t h e  t hicke r  co r di t e  is c u t  u p  in to  1 4-inch  leng t h s.  
Colon el Ba rk e r  s ays  t h a t  t h e  effec t  of h e a t  u po n  co r di t e
is no t  g r e a t e r  a s  r e g a r d s  it s  s hoo ting  q u alities  t h a n
u po n  bl ack  pow d er, a n d  in  s p e akin g  of t h e  effec t  t h a t
co r di t e  h a s  u po n  t h e  g u n s  in w hich  it is u s e d  (R.A. 
Ins t.) s aid  t h a t  t h ey h a d  a t  Walth a m  Abbey a  4.7-inch
Q.F. g u n  t h a t  h a d  fir e d  4 0  ro u n d s  of bl ack  pow d er,
a n d  2 4 9  ro u n d s  of co r di t e  (58  p e r  c e n t .  ni t ro-glyc e rin e)
a n d  w a s  s till in excelle n t  con di tion,  a n d  s how e d  ve ry
lit tle  sign  of a c tion,  a n d  al so  a  1 2-lb.  B.L.
g u n  t h a t  h a d  b e e n  m u c h  u s e d  a n d  w a s  in no  wis e  inju r e d.

[Footno t e  A:  The  g u n-co t ton  u s e d  con t ain s  1 2
p e r  c e n t .  of soluble  g u n-co t ton,  a n d  a  ni t rog e n  con t e n t
of no t  les s  t h a n  1 2.8  to  1 3 .1  p e r  c e n t .]

[Illus t r a tion:  Fig.  3 7  Sc ale,  1  inch  =  1  foot.  
Single  S t r a n d  Re el.]

[Illus t r a tion:  FIG. 3 8.—“TEN-STRANDING.”]

In  so m e  exp e ri m e n t s  m a d e  by Ca p t ain  Si r  A. N o ble,[A]
wi th  t h e  old  co r di t e  con t aining  5 8  p e r  c e n t .  ni t ro-glyce rin e,
a  c h a r g e  of 5  lbs.  1 0  oz. of co r di t e  of 0 .2  inc h  di a m e t e r
w a s  fir e d.   The  m e a n  c h a m b e r  c r u s h e r  g a u g e  p r e s s u r e
w a s  1 3.3  to ns  p e r  s q u a r e  inch  (m axim u m  1 3.6,  mi nim u m
1 2.9), o r  a  m e a n  of 2 ,02 7  a t m os p h e r e s  (m ax. 2 ,0 7 0,

225



min.  1 ,9 7 0).  The  m uzzle  veloci ty w a s  2,14 6  foot
s eco n ds,  a n d  t h e  m uzzle  e n e r gy 1,43 7  foot  to ns.  
A g r a m m e  of co r di t e  g e n e r a t e d  7 0 0  c.c.  of p e r m a n e n t
g a s e s  a t  0  d e g.   C. a n d  7 6 0  m m.  p r e s s u r e .  
The  q u a n ti ty of h e a t  d evelop e d  w a s  1,2 60  g r a m m e  u ni t s.  
In  t h e  c a s e  of co r di t e ,  a s  also  wi th  b allis ti t e ,  a
con sid e r a ble  q u a n ti ty of a q u eo u s  vapo u r  h a s  to  b e
a d d e d  to  t h e  p e r m a n e n t  g a s e s  for m e d.   A si mila r
t r i al, in w hich  1 2  lbs. of o r din a ry p e b ble  pow d e r  w a s
u s e d,  g ave  a  p r e s s u r e  of 1 5.9  to ns  p e r  s q u a r e  inch,
o r  a  m e a n  of 2 ,42 4  a t mos p h e r e s .   I t  g av e  a  4 5-lb.
p rojec tile  a  m e a n  m uzzle  veloci ty of 1 ,8 3 9  foot  s eco n ds,
t h u s  d eveloping  a  m uzzle  e n e r gy of 1 ,05 5  foot  tons.  
A g r a m m e  of t his  pow d e r  a t  0  d e g.   C. a n d  7 6 0
m m.  g e n e r a t e s  2 8 0  c.c.  of p e r m a n e n t  g a s e s ,  a n d  d evelops
7 2 0  g r m.  u ni t s  of h e a t .

[Footno t e  A:  Proc.  Roy.  S oc . ,
vol. lii., No. 3 1 5.]

In  a  s e ri es  of exp e ri m e n t s  con d uc t e d  by  t h e  War  Office
Ch e mical Co m mit t e e  on  Explosives  in 1 8 9 1,  it  w a s  conclusively
s how n  t h a t  consid e r a ble  q u a n ti ti es  of co r di t e  m ay
b e  b u r n t  a w ay wi t ho u t  explosion.   A n u m b e r  of
wood e n  c a s e s ,  con t aining  5 0 0  to  6 0 0  lbs.  e a c h  of co r di t e ,
w e r e  pl ac e d  u po n  a  la rg e  bo nfi r e  of wood,  a n d  b u r n e d
for  ove r  a  q u a r t e r  of a n  ho u r  wi thou t  explosion.  
At Woolwich  in 1 8 9 2  a  b row n  p a p e r  p a ck e t  con t aining
t e n  co r di t e  c a r t rid g e s  w a s  fir e d  in to  wit h  a  r ifle
(.30 3) load e d  wi t h  co r di t e ,  wi thou t  t h e  explosion
of a  single  on e  of t h e m,  w hich  s how s  it s  ins e nsibili ty
to  s hock.
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With  r e s p e c t  to  t h e  a c tion  of co r di t e  u po n  g u n s,  Si r
A. N o ble  poin t s  ou t  t h a t  t h e  e ro sion  c a u s e d  is of
a  to t ally diffe r e n t  kind  to  t h a t  of bl ack  pow d er. 
The  s u rf ac e  of t h e  b a r r el in t h e  c a s e  of co r di t e  a p p e a r s
to  b e  w a s h e d  a w ay s m oot hly by t h e  g a s e s ,  a n d  no t  pi t t e d
a n d  e a t e n  in to  a s  wi t h  black  pow d er.  The  e ro sion
also  ex t e n d s  ove r  a  s ho r t e r  leng t h  of s u rf ac e ,  a n d
in s m all a r m s  it is s aid  to  b e  no  g r e a t e r  t h a n  in t h e
c a s e  of bl ack  pow d er.  Si r  A. N o ble  s ays  in t his
con n e c tion:  “It  is al mos t  u n n e c es s a ry to
explain  t h a t  fr e e do m  fro m  r a pid  e ro sion  is of ve ry
hig h  impor t a nc e  in view of t h e  r a pid  d e t e rio r a tion
of t h e  bo r e s  of la rg e  g u n s  w h e n  fir e d  wi th  c h a r g e s
d eveloping  ve ry hig h  e n e r gi e s.   As mi g h t  p e r h a p s
b e  a n ticip a t e d  fro m  t h e  hig h e r  h e a t  of b allis ti t e ,
it s  e ro sive  pow e r  is sligh tly g r e a t e r  t h a n  t h a t  of
co r di t e ,  w hile  t h e  e ro sive  pow e r  of co r di t e  is a g ain
sligh tly g r e a t e r  t h a n  t h a t  of b ro w n  p ri s m a tic.  
Amide  pow d er, on  t h e  o t h e r  h a n d,  pos s e s s e s  t h e  p e c ulia ri ty
of e ro din g  ve ry m u c h  les s  t h a n  a ny o th e r  pow d e r  wi t h
w hich  I h ave  exp e ri m e n t e d ,  i t s  e ro sive  pow e r  b eing
only on e-fou r t h  of t h a t  of t h e  o th e r  pow d e r s  e n u m e r a t e d.”

TABLE GIVING SO ME OF SIR.  A. NOBLE’S EXPERIME NTS.
____________________________________________________________
____________
|                                                                         |
|                           VELOCITIES OBTAINED.                          |
|___________________________________________________________
_____________|
|                             |           |           |           |           |
|                             |  In  a  4 0   |  In  a  5 0   |  In  a  7 5   |  In  a  1 0 0  |
|                             |  Cal.  Gun. |  Cal.  Gu n. |  Cal.  Gun. |  C al.  Gun. |
|____________________________|__________|__________|________
__|__________|
|                             |           |           |           |           |
|                             |Foo t  S e cs . |Foot  S e cs . |Foot  S e e s . |Foot  S e cs . |
|                             |           |           |           |           |
|With  co r di t e  0 .4  in. di a m.   |    2 , 79 4   |    2 , 94 0   |    3 ,1 66   |    3 ,28 6   |
|   "     "    0 .3       "     |    2 ,46 9   |    2 , 61 9   |    2 ,8 1 1   |    2 ,9 05   |
|   " b allis ti t e  0 .3  in. c u b e s |    2 , 41 6   |    2 , 53 7   |    2 ,7 13   |    2 ,80 6   |
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|   " F r e nc h  B.N. for          |           |           |           |           |
|         6-inch  g u n s          |    2 ,24 9   |    2 , 36 0   |    2 ,5 3 6   |    2 ,61 6   |
|   " p ri s m a tic  a mid e          |    2 ,2 18   |    2 ,34 2   |    2 , 51 1   |    2 ,5 7 4   |
|                             |           |           |           |           |
|____________________________|__________|__________|________
__|__________|
|                                                                         |
|                   E N ERGIES REPRESE NTED BY ABOVE VELOCITIES.             |
|___________________________________________________________
_____________|
|                             |           |           |           |           |
|                             |Foo t  Tons. |Foo t  Tons. |Foo t  Tons. |Foo t  Tons. |
And a g ain,  in  s p e akin g  of hi s  ow n  exp e ri m e n t s,  h e
s ays:  “One  4.7-inch  g u n  h a s  fi r e d  1,21 9
ro u n d s,  a n d  a no t h e r  9 5 3,  all wi th  full c h a r g e s  of co r di t e ,
w hile  a  6-inch  g u n  h a s  fir e d  5 8 8  ro u n d s  wi t h  full c h a r g e s,
of w hich  3 5 5  w e r e  co r di t e .   In  t h e  w hole  of t h e s e
g u n s,  so  fa r  a s  I c a n  jud g e,  t h e  e ro sion  is ce r t ainly
no t  g r e a t e r  t h a n  wi th  o rdin a ry  pow d er, a n d  diffe r s
fro m  it  r e m a rk a bly in a p p e a r a n c e.   With  o r din a ry
pow d e r  a  g u n,  w h e n  m u c h  e ro d e d,  is d e e ply fu r row e d
(th e s e  fu r row s  h aving  a  g r e a t  t e n d e ncy to  d evelop
into  c r a cks), a n d  p r e s e n t s  m u c h  t h e  a p p e a r a n c e  in minia t u r e
of a  ve ry ro u g hly ploug h e d  field.  With  co r di t e ,
on  t h e  con t r a ry, t h e  s u rf ac e  a p p e a r s  to  b e  p r e t ty
s m oo t hly s w e p t  a w ay, w hile  t h e  leng t h  of t h e  s u rfac e
e ro d e d  is conside r a bly les s.”

[Illus t r a tion:  FIG. 3 9.—COMPARATIVE
PRESSURE CURVES OF CORDITE AND BLACK POWDER. a ,
Ch a r g e ,  4 8  lbs. pow d e r;  b , ch a r g e ,  1 3  lbs.  4
oz. co r di t e;  c , c h a r g e,  1 3  lbs. 4  oz. po w d er. 
Weigh t  of p rojec tile,  1 0 0  lbs.  in  6-inch  g u n.  
M.V.  Co r di t e  =  1 9 6 0  fee t  s econ d s.]

The  p r e s s u r e s  give n  by co r di t e  co m p a r e d  wi t h  t hos e
give n  by bl ack  pow d e r  in t h e  6-inch  g u n  will b e  s e e n
u po n  r efe r e n c e  to  Fig.  3 9 ,  w hich  is t ak e n  fro m  P rofe sso r
V.B.  Lew e s’s p a p er, r e a d  b efo r e  t h e  Socie ty
of Arts; a n d  d u e  to  Dr  W. Ande r so n,  F.R.S., t h e  Dir ec to r-Ge n e r al
of Or d n a n c e  Fac to rie s.

I t  h a s  b e e n  foun d  t h a t  t h e  e ro sive  effec t  is in di r e c t
p ro po r tion  to  t h e  ni t ro-glyce rin e  p r e s e n t .   The
co r di t e  M.D., w hich  con t ain s  only 3 0  p e r  c e n t .  ni t ro-glyc e rin e,
gives  only a bo u t  h alf t h e  e ro sive  effec t  of t h e  old
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s e rvice  co r di t e .   With  r e g a r d  to  t h e  h e a ting  effec t
of co r di t e  a n d  co r di t e  M.D. on  a  rifle, M r  T.W. 
Jones  m a d e  so m e  exp e ri m e n t s.   H e  fir ed  fifty ro u n d s
of .30 3  c a r t rid g e s  in  fift e e n  min u t e s  in t h e  s e rvice
rifle.  Co r di t e  r ais e d  t h e  t e m p e r a t u r e  of t h e
rifle  2 7 0  d e g.   F., a n d  co r di t e  M.D. 1 6 0  d e g.  
F. only.

With  r e g a r d  to  t h e  effec t  of h e a t  u po n  co r di t e ,  t h e r e
is so m e  diffe r e nc e  of opinion.   Dr  W. Ande r so n,
F.R.S., s ays  t h a t  t h e r e  is no  dou b t  t h a t  t h e  effec t
of h e a t  u po n  co r di t e  is g r e a t e r  t h a n  u po n  bl ack  pow d er. 
At a  t e m p e r a t u r e  of 1 1 0  d e g.   F. t h e  co r di t e  u s e d
in t h e  4.7-inch  g u n  is conside r a bly affec t e d  a s  r e g a r d s
p r e s s u r e.
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Colon el Ba rk er, R.A., in  r e ply to  a  q u e s tion  r ai s e d
by Colon el Tre nc h,  R.A. (a t  t h e  Royal Artille ry Ins ti t u tion),
conc e r ning  t h e  s hoo ting  q u ali ties  of co r di t e  h e a t e d
to  a  t e m p e r a t u r e  of 1 1 0  d e g.   F., s aid:  “H e a tin g
co r di t e  a n d  firing  it ho t  u n do u b t e dly do e s  dis t u r b
its  s hoo ting  q u ali ti es,  b u t  a s  fa r  a s  w e  c a n  s e e ,
no t  m u c h  m o r e  t h a n  g u n po w d er.  I fea r  t h a t  w e
m u s t  alw ays  exp ec t  a b no r m al r e s ul t s  wit h  h e a t e d  p ro p ellan t s,
ei t h e r  g u n po w d e r  o r  co r di t e;  a n d  w h e n  fir ed  ho t ,  t h e
inc r e a s e  in p r e s s u r e  a n d  velociti es  will d e p e n d  u po n
t h e  h e a t  a bove  t h e  no r m al o r  ave r a g e  t e m p e r a t u r e  a t
w hich  firing  t ak e s  pl ac e.”  Colon el Ba rk e r
al so, in r efe r ring  to  exp e ri m e n t s  t h a t  h a d  b e e n  m a d e
in for eign  clim a t e s ,  s aid:  “Clim a tic  t r i als
h ave  b e e n  c a r r ie d  ou t  all ove r  t h e  world,  a n d  t h ey
h ave  so  fa r  p rove d  e min e n tly s a tisfac to ry.  The
Arctic  cold  of t h e  win t e r  in  Ca n a d a,  wi th  t h e  t e m p e r a t u r e
b elow ze ro,  a n d  t h e  t ropic al s u n  of India,  h ave  a s
ye t  failed  to  s h ak e  t h e  s t a bili ty of t h e  co m posi tion,
o r  a b no r m ally inju r e  it s  s hoo ting  q u ali ties.” 
Dr  Ande r son  is of opinion  t h a t  co r di t e  s hould  no t
b e  s to r e d  in n av al m a g azin e s  n e a r  to  t h e  boile r s .  
P rofes so r  Vivian  B. Lew es,  in  his  r e c e n t  Ca n to r  Lec t u r e s
b efo r e  t h e  Socie ty of Art s,  s u g g e s t s  t h a t  t h e  m a g azines
of w a r s hips  s ho uld  b e  w a t e r-jacke t e d,  a n d  m ain t ain e d
a t  a  t e m p e r a t u r e  t h a t  do es  no t  r i se  a bove  1 0 0  d e g.  
F.

Axit e .—This  pow d e r  is m a n ufac t u r e d
by M e s s r s  Kynock Limit e d,  a t  t h ei r  wo rks  a t  Wit ton,
Bir min g h a m.   The  m ain  cons ti t u e n t s  of co r di t e  a r e
r e t ain e d  al t hou g h  t h e  p ropo r tions  a r e  al t e r e d;  ing r e die n t s
a r e  a d d e d  w hich  imp a r t  p ro p e r ti es  no t  pos s e s s e d  by
co r di t e ,  a n d  t h e  m e t ho ds  of it s  m a n ufac t u r e  h ave  b e e n
m o dified.   The  for m  h a s  al so  b e e n  al t e r e d .  
Axite  is m a d e  in  t h e  for m  of a  r ib bon,  t h e  c ro ss  s ec tion
b ein g  si mila r  in s h a p e  to  a  dou ble-h e a d e d  r ail. 
I t  is claim e d  for  t his  pow d er, t h a t  it  do es  no t  co r rod e
t h e  b a r r el in t h e  w ay co r di t e  do e s ,  t h a t  wi th  e q u al
p r e s s u r e  i t gives  g r e a tly inc r e a s e d  veloci ty, a n d
t h e r efo r e  fla t t e r  t r aj ec to ry.  Tha t  t h e  effec t
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of t e m p e r a t u r e  on  t h e  p r e s s u r e  a n d  veloci ty wit h  axi t e
is only h alf t h a t  wi th  co r di t e .   Tha t  t h e  m axim u m
fla m e  t e m p e r a t u r e  of axi t e  is co nsid e r a bly les s  t h a n
t h a t  of co r di t e ,  a n d  t h e  e ro sive  effec t  is t h e r efo r e
con sid e r a bly les s.   Tha t  t h e  d e posi t  lef t  in t h e
b a r r el  af t e r  fi ring  axit e  c a r t ri dg e s  r e d u c e s  t h e  fric tion
b e t w e e n  t h e  b ulle t  a n d  t h e  b a r r el.   I t  is t h e r efo r e
p r a c tic a ble  to  u s e  axi t e  c a r t ri dg e s  giving  high e r  veloci ti es
t h a n  c a n  b e  e m ployed  wi t h  co r di t e,  a s  wi th  s uc h  veloci ties
t h e  la t t e r  wo uld  nickel t h e  b a r r el  by  exc es sive  friction.  
I t  is a l so  claim e d  t h a t  t h e  a cc u r a cy is g r e a t ly inc r e a s e d.  
The  following  r e s ul t s  h ave  b e e n  ob t ain e d  wi th  t his
s a m e  ti m e,  a n d  u n d e r  t h e  s a m e  con di tions:—

Axit e  Ca r t ridg e s  wi th  2 0 0-g r ain  b ulle t s .  
  Veloci ty     2 , 72 6  F.S. 
  P r e s s u r e      2 0 .95  to ns.

Axit e  Ca r t ridg e s  wi th  2 1 5-g r ain  b ulle t s .  
  Veloci ty     2 , 49 8  F.S. 
  P r e s s u r e      1 9 .24  to ns.

Axit e  S e rvice  Ca r t ridg e s .  
  Veloci ty     2 , 17 9  F.S. 
  P r e s s u r e      1 5 .76  to ns.
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Cordi t e  S e rvice  Ca r t ridg e s .  
  Veloci ty     2 , 01 0  F.S. 
  P r e s s u r e      1 5 .67  to ns.

Five  ro u n ds  fro m  t h e  S e rvice  axi t e  a n d  S e rvice  co r di t e
w e r e  pl ac e d  in a n  ove n  a n d  h e a t e d  to  a  t e m p e r a t u r e
of 1 1 0  d e g.   F. for  on e  ho ur, a n d  w e r e  t h e n  fir e d
for  p r e s s u r e .   The  following  r e s ul t s  w e r e  ob t ain e d:—
Axit e .                   Cordi t e .
Befor e  h e a tin g      1 5.76  tons  p e r  s q.  in.    1 5.6 7  tons  p e r  s q.  in. 
Afte r     "         1 6 .73    "       "         1 7 .21    "       "
_____                     _____

Inc r e a s e        .97  =  6.1% 
             1 . 54  =  9.8%

Aver a g e  Veloci ti es—
  Before  h e a tin g      2 , 15 0  F.S.        
       2 , 03 0  F.S. 
  Afte r     "         2 ,18 0   "          
       2 , 09 0   "
                     _____
                    _____

Inc r e a s e         3 0  F.S. =  1-1/2%
         6 0.0  F.S. =  3%

In o r d e r  to  s ho w  t h e  a cc u r a cy given  by axi te ,  s eve n
ro u n d s  w e r e  fir ed  fro m  a  m a c hin e  r e s t  a t  a  t a r g e t
fixed  a t  1 0 0  ya rd s  fro m  a  rifle.   Six of t h e  s eve n
s ho t s  could  b e  cove r e d  by a  p e n ny piec e,  t h e  o t h e r
b ein g  jus t  ou t sid e.   In  o r d e r  to  a s c e r t ain  t h e
r el a tive  h e a t  imp a r t e d  to  a  r ifle  by  t h e  explosion
of axi t e  a n d  co r di t e ,  t e n  ro u n d s  e a c h  of axi t e  a n d
co r di t e  c a r t ridg e s  w e r e  fir e d  fro m  a  .303  rifle, a t
in t e rvals  of t e n  s econ d s,  t h e  t e m p e r a t u r e  of t h e  rifle
b a r r el  b eing  t ak e n  b efo r e  a n d  af t e r  e a c h  s e ri e s:—
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THE RISE IN TEMPERATURE OF THE RIFLE BARREL

With  axit e  w a s                    7 1  d e g.   F.
With  co r di t e  w a s                  8 9  d e g.   F.
Diffe r e n c e  in favou r  of axi t e     1 8  d e g.   F. =
2 0.2%

The  lub ric a ting  a c tion  of axi t e  is s ho w n  by t h e  fac t
t h a t  a  s e ri e s  of co r di t e  c a r t ridg e s  fir ed  fro m  a  .303
rifle  in t h e  o r din a ry w ay, follow e d  by a  s eco n d  s e ri e s,
t h e  b a r r el b eing  lub ric a t e d  b e t w e e n  e a c h  s ho t  by  firing
a n  axit e  c a r t rid g e  al t e r n a t ely wi th  t h e  co r di t e  c a r t rid g e .  
The  m e a n  veloci ty of t h e  fir s t  s e ri e s  of co r di t e  c a r t ri dg e s
w a s  1,97 4  ft. p e r  s e co n d;  t h e  m e a n  veloci ty of t h e
s eco n d  s e ri e s  w a s  2,07 1  ft. p e r  s e con d;  t h e  inc r e a s e d
veloci ty d u e  to  t h e  lub rica ting  effec t  of axi t e  t h e r efo r e
w a s  9 7  ft. p e r  s e con d.   This pow d er, it is evide n t ,
h a s  ve ry m a ny ve ry exc ellen t  q u ali ti es,  a n d  consid e r a ble
a dva n t a g e s  ove r  co r di t e .   I t  is u n d e r s tood  t h a t
axi t e  is a t  p r e s e n t  u n d e r  t h e  consid e r a t ion  of t h e
Bri tish  Gove r n m e n t  for  u s e  a s  t h e  S e rvice  pow d er.

Ballis ti t e.—N o b el’s pow d er,
know n  a s  b allis ti t e ,  o rigin ally co nsis t e d  of a  c a m p ho r a t e d
bla s ting  g el a tine,  a n d  w a s  m a d e  of 1 0  p a r t s  of c a m p ho r
in 1 0 0  p a r t s  of ni t ro-glyce rin e,  to  w hich  2 0 0  p a r t s
of b e nzol w e r e  t h e n  a d d e d,  a n d  5 0  p a r t s  of ni t ro-cot ton
(soluble) w e r e  t h e n  s t e e p e d  in t his  mixt u r e,  w hich
w a s  t h e n  h e a t e d  to  ev a po r a t e  off t h e  b e nzol, a n d  t h e
r e s ul ting  co m po u n d  af t e rw a r d s  p a s s e d  b e t w e e n  s t e a m-h e a t e d
rolle r s,  a n d  for m e d  in to  s h e e t s ,  w hic h  w e r e  t h e n  finally
c u t  u p  in to  s m all s q u a r e s  o r  o t h e r  s h a p e s  a s  conve nie n t .  
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The  c a m p ho r  con t ain e d  in  t his  s u bs t a nc e  w a s,  how ever,
foun d  to  b e  a  dis a dva n t a g e ,  a n d  its  u s e  discon tinu e d.  
The  co m posi tion  is now  5 0  p e r  c e n t .  of soluble  ni t ro-co t ton
a n d  5 0  p e r  c e n t .  of ni t ro-glyce rin e.   As ni t ro-glyc e rine
will no t  dis solve  it s  ow n  w eig h t  of ni t ro-co t ton  (eve n
t h e  soluble  va rie ty), b e nzol is u s e d  a s  a  solven t,
b u t  is af t e r w a r d s  r e move d  fro m  t h e  finish e d  p ro d uc t ,
jus t  a s  t h e  a c e ton e  is r e m ove d  fro m  co r di t e .  
Abou t  1  p e r  c e n t .  of dip h e nyla min e  is a d d e d  for  t h e
p u r pos e  of inc r e a sin g  it s  s t a bili ty.

The  colou r  of b allis ti t e  is a  d a rkish  b ro w n.  
I t  b u r n s  in laye r s  w h e n  igni t e d,  a n d  e mit s  s p a rks.  
The  size  of t h e  c u b es  in to  w hich  it  is c u t  is a  0 .2-inch
c u b e.   I t s  d e n si ty is 1 .6.   I t  is a l so, by
m e a n s  of a  s p ecial m a c hin e ,  p r e p a r e d  in t h e  for m  of
s h e e t s,  af t e r  b ein g  mixe d  in a  wood e n  t ro u g h  fit t e d
wi th  dou ble  zinc  pl a t e s ,  a n d  s u bjec t e d  to  t h e  h e a tin g
p roc e s s  by  m e a n s  of ho t-w a t e r  pip es.   I t  is p a s s e d
b e t w e e n  ho t  r olle r s,  a n d  rolled  in to  s h e e t s ,  w hich
a r e  af t e r w a r d s  p u t  t h ro u g h  a  c u t ti ng  m a c hin e  a n d  g r a n ula t e d.  
Si r  A. N o b el’s exp e rim e n t s[A] wi t h  t his  pow d e r
g ave  t h e  following  r e s ul t s:—The  ch a r g e
u s e d  w a s  5  lbs.  8  oz., t h e  size  of t h e  c u b e s  b eing
0.2  inch.   The  m e a n  c r u s h e r-g a u g e  p r e s s u r e  w a s
1 4.3  to ns  p e r  s q u a r e  inch  (m axim u m,  2,21 0;  mini m u m,
2,14 2), a n d  av e r a g e  p r e s s u r e  2,18 0  a t m os p h e r e s .  
The  m uzzle  veloci ty w a s  2,14 0  foot  s eco n ds,  a n d  t h e
m uzzle  e n e r gy 1,42 9  foot  tons.   A g r a m m e  of b allis ti t e
g e n e r a t e s  6 1 5  c.c. of p e r m a n e n t  g a s e s ,  a n d  gives  ri s e
to  1,3 65  g r m.  u ni t s  of h e a t .   Ballis ti t e  is m a n ufac t u r e d
a t  Arde e r  in Sco tl a n d,  a t  Chilwor t h  in S u r r ey, a n d
also  in It aly, u n d e r  t h e  n a m e  of Fili t e ,  w hich  is
in  t h e  for m  of co r ds  ins t e a d  of cu b e s .   The  b allis ti t e
m a d e  in Ge r m a ny con t ain e d  m o r e  ni t ro-c ellulose ,  a n d
t h e  finish e d  pow d e r  w a s  co a t e d  wi th  g r a p hi t e .  
I t s  u s e  h a s  b e e n  discon tin u e d  a s  t h e  S e rvice  pow d e r
in Ge r m a ny, b u t  it is s till t h e  S e rvice  pow d e r  in
It aly.

[Footno t e  A:  Proc.  Roy.  S oc . ,
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vol. lii., p .  3 1 5.]

U.S.  N a val S m o k ele ss  Pow d er.—This
pow d e r  is m a n ufac t u r e d  a t  t h e  U.S.  N aval Torp e do
S t a tion  for  u s e  in g u n s  of all c alib r e s  in t h e  U.S. 
N avy.  I t  is a  ni t ro-c ellulos e  pow d er, a  mixtu r e
of insoluble  a n d  soluble  ni t ro-cellulose  tog e t h e r
wi th  t h e  ni t r a t e s  of b a riu m  a n d  po t a s siu m,  a n d  a  s m all
p e r c e n t a g e  of c alciu m  c a r bo n a t e .   The  p ro po r tions
in t h e  c a s e  of t h e  po w d e r  for  t h e  6-inc h  r a pid-fir e
g u n  a r e  a s  follows:—Mixed  ni t ro-c ellulose
(soluble  a n d  insoluble) 8 0  p a r t s ,  b a riu m  ni t r a t e  1 5
p a r t s ,  po t a s siu m  ni t r a t e  4  p a r t s ,  a n d  c alciu m  c a r bo n a t e
1  p a r t .   The  p e r c e n t a g e  of ni t ro g e n  con t ain e d
in t h e  insoluble  ni t ro-c ellulos e  m u s t  b e  1 3.30 +-0.15,
a n d  in t h e  soluble  1 1.6 0 +-0.15,  a n d  t h e  m e a n  ni t r a tion
s t r e n g t h  of t h e  mixtu r e  m u s t  b e  1 2.7 5  p e r  c e n t .  of
ni t rog e n.   The  solve n t  u s e d  in m a king  t h e  pow d e r
is a  mixtu r e  of e t h e r  (sp.  gr. 0 .72 0) 2  p a r t s ,  a n d
alcohol (95  p e r  c e n t .  by volu m e) 1  p a r t .   The
p roc e s s  of m a n ufac t u r e  is b ri efly a s  follows:[A]—The
soluble  a n d  insoluble  ni t ro-cellulose  a r e  d ri e d  s e p a r a t ely
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a t  a  t e m p e r a t u r e  fro m  3 8  d e g.  to  4 1  d e g.   C.,
u n til t h ey do  no t  con t ain  m o r e  t h a n  0.1  p e r  c e n t .
of m ois t u r e .   The  c alciu m  c a r bo n a t e  is al so  finely
p ulve ris e d  a n d  d ri ed,  a n d  is a d d e d  to  t h e  mixe d  ni t ro-c ellulos es
af t e r  t h ey h ave  b e e n  sift e d  t h ro u g h  a  1 6-m e s h  si eve.  
The  ni t r a t e s  a r e  n ext  w eigh e d  ou t  a n d  dis solve d  in
ho t  w a t er, a n d  to  t hi s  solu tion  is a d d e d  t h e  mixt u r e
of ni t ro-c ellulos es  a n d  c alciu m  c a r bo n a t e  wi th  cons t a n t
s ti r r ing  u n til t h e  e n ti r e  m a s s  b eco m e s  a  ho mo g e n e o us
p a s t e .   This p a s ty m a s s  is n ex t  s p r e a d  u po n  t r ays
a n d  r e-d ri e d  a t  a  t e m p e r a t u r e  b e t w e e n  3 8  d e g.  a n d  4 8
d e g.   C., a n d  w h e n  t ho rou g hly d ry  it is t r a n sfe r r e d
to  t h e  kn e a din g  m a c hin e.   The  e t h e r-alcohol mixtu r e
is now  a d d e d,  a n d  t h e  p roc e ss  of kn e a din g  b e g u n.  
I t  h a s  b e e n  foun d  by exp e ri m e n t  t h a t  t h e  a mo u n t  of
solven t  r e q ui r e d  to  s ec u r e  t ho ro u g h  inco rpo r a tion
is a bo u t  5 0 0  c.c.  to  e a c h  5 0 0  g r m s.  of d ri e d  p a s t e .  
To p r eve n t  loss  of solve n t  d u e  to  ev a po r a tion,  t h e
kn e a ding  m a c hin e  is m a d e  va po u r  ligh t .   The  mixing
o r  kn e a ding  is con tinu e d  u n til t h e  r e s ul ting  g r eyish-yellow
p a s t e  is a b s olu t ely ho m o g e n eo u s  so  fa r  a s  c a n  b e  d e t e c t e d
by t h e  eye,  w hich  r e q ui r e s  fro m  t h r e e  to  fou r  ho u r s .  
The  p a s t e  is n ext  t r e a t e d  in a  p r elimin a ry  p r e s s  (know n
a s  t h e  block p r e s s  a n d  is a c t u a t e d  by hyd r a ulic pow e r),
w h e r e  it is p r e s s e d  in to a  cylind rical m a s s  of u nifo r m
d e n si ty a n d  of s uc h  di m e n sions  a s  to  fit it  for  t h e
final o r  pow d e r  p r e s s .   The  cylind ric al m a s s e s
fro m  t h e  block p r e s s  a r e  t r a n sfe r r e d  to  t h e  final
p r e s s ,  w h e nc e  t h ey  a r e  force d  ou t  of a  di e  u n d e r  a
p r e s s u r e  of a bo u t  5 0 0  lbs.  p e r  s q u a r e  inch.   As
it  e m e r g e s  fro m  t h e  final p r e s s  t h e  po w d e r  is in  t h e
for m  of a  r ib bo n  o r  s h e e t ,  t h e  wid t h  a n d  t hickn es s
of w hich  is d e t e r min e d  by t h e  di m e n sions  of t h e  pow d e r
c h a m b e r  of t h e  g u n  in w hich  t h e  po w d e r  is to  b e  u s e d.  
On  t h e  inn e r  s u rfac e  of t h e  die  a r e  ribs  ext e n din g
in t h e  di r ec tion  of t h e  pow d e r  a s  it  e m e r g e s  fro m  t h e
p r e s s ,  t h e  objec t  of t h e s e  ribs  b eing  to  sco r e  t h e
s h e e t s  o r  r ib bons  in t h e  di r ec tion  of t h ei r  leng t h,
so  t h a t  t h e  pow d e r  will yield  u nifor mly to  t h e  p r e s s u r e
of t h e  g a s e s  g e n e r a t e d  in t h e  g u n  d u rin g  t h e  co m b u s tion
of t h e  ch a r g e .   The  rib bon  o r  s h e e t  is n ex t  c u t
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in to  pi ec es  of a  wid t h  a n d  len g t h  co r r e s po n din g  to
t h e  ch a m b e r  of t h e  g u n  for  w hich  it  is in t e n d e d,  t h e
g e n e r al  r ul e  b ein g  t h a t  t h e  t hickn e s s  of t h e  g r ain
(w h e n  p e rf ec tly d ry) s h all b e  fifte e n  on e-t hou s a n d t h s
(.01 5) of t h e  c alib r e  of t h e  g u n,  a n d  t h e  leng t h  e q u al
to  t h e  leng t h  to  fit  t h e  pow d e r  ch a m b er.  Thus,
in  c a s e  of t h e  6-inch  r a pid-fir e  g u n  t h e  t hickn e s s
of t h e  g r ain  (or  s h e e t)  is 0 . 09  of a n  inch  a n d  t h e
len g t h  3 2  inch es .   The  s h e e t s  a r e  n ext  t ho ro u g hly
d ri e d,  fir s t  b e t w e e n  s h e e t s  of po ro us  blo t ting-p a p e r
u n d e r  m o d e r a t e  p r e s s u r e  a n d  a t  a  t e m p e r a t u r e  b e t w e e n
1 5  d e g.   C. a n d  2 1.5  d e g.   C. for  t h r e e  d ays,
a n d  t h e n  expos e d  to  fre e  ci rc ula tion  of t h e  ai r  a t
a bo u t  2 1.5  d e g.   C. for  s eve n  d ays,  a n d  finally
s u bjec t e d  for  a  w e e k  o r  long e r  to  a  t e m p e r a t u r e  no t
exc e e din g  3 8  d e g.   C. u n til t h ey  ce a s e  to  lose
w eig h t .

[Footno t e  A:  Lieu t .   W. Walke,  “Lec t u r e s
on  Explosives,” p .  3 3 0.]
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The  s h e e t s ,  w h e n  t ho ro u g hly d ri e d,  a r e  of a  u nifo r m
yellowish-g r ey  colour, a n d  of t h e  c h a r a c t e ris tic  colloidal
con sis t e n cy; t h ey  pos s e s s  a  p e rfec tly s moot h  s u rf ac e ,
a n d  a r e  fre e  fro m  in t e r n al  blis t e r s  o r  c r acks.  
The  t e m p e r a t u r e  of ignition  of t h e  finish e d  pow d e r
s ho uld  no t  b e  b elow 1 7 2  d e g.   C., a n d  w h e n  s u bjec t e d
to  t h e  h e a t  o r  s t a bili ty t e s t ,  it  is r e q ui r e d  to  r e sis t
expos u r e  to  a  t e m p e r a t u r e  of 7 1  d e g.   C. for  t hi r ty
min u t e s  wi thou t  c a using  discolo r a tion  of t h e  t e s t
p a p er.

W.A.  Pow d er.—This  pow d e r  is
m a d e  by t h e  Ame rica n  S mok ele ss  Powd e r  Co m p a ny, a n d
it  w a s  p ropos e d  for  u s e  in t h e  U ni t e d  S t a t e s  Army a n d
N avy.  I t  is m a d e  in s eve r al g r a d e s  a cco r din g
to  t h e  b allis tic  con di tions  r e q ui r e d.   I t  consis t s
of insoluble  g u n-co t to n  a n d  ni t ro-glyce rin e,  tog e t h e r
wi th  m e t allic ni t r a t e s  a n d  a n  o rg a nic  s u bs t a nc e  u s e d
a s  a  d e t e r r e n t  o r  r e g ula tor.  The  d e t ails  of its
m a n ufac t u r e  a r e  ve ry si mila r  to  t hos e  of co r di t e ,
wi th  t h e  exc e p tion  t h a t  t h e  ni t ro-glyce rin e  is di ssolved
in a  po r tion  of t h e  a c e to n e,  b efo r e  it  is a d d e d  to
t h e  g u n-co t ton.   The  pow d e r  is p r e s s e d  in to  solid
t h r e a d s ,  o r  t u b ula r  co r ds  o r  cylind e r s,  a cco r din g
to  t h e  c alib r e  of t h e  g u n  in w hich  t h e  pow d e r  is to
b e  u s e d.   As t h e  t h r e a d s  e m e r g e  fro m  t h e  p r e s s
t h ey a r e  r e c eived  u po n  a  c a nv as  b el t ,  w hich  p a s s e s
ove r  s t e a m-h e a t e d  pipe s ,  a n d  d e posi t e d  in wi r e  b a sk e t s.  
The  la r g e r  co r ds  o r  cylind e r s  a r e  cu t  in to  t h e  p ro p e r
len g t h s  a n d  expos e d  u po n  t r ays  in t h e  d rying-ho us e .  
The  po w d e r  for  s m all a r m s  is g r a n ula t e d  by  c u t ting
t h e  t h r e a d s  in to  s ho r t  cylind e r s ,  w hich  a r e  s u b s e q u e n tly
t u m ble d,  d u s t e d,  a n d,  if no t  p e rfec tly d ry, a g ain
plac e d  u po n  t r ays  in t h e  d rying-ho us e .   Befor e
b ein g  s e n t  a w ay fro m  t h e  fac to ry, fro m  five to  t e n
lot s  of 5 0 0  lbs.  e ac h  a r e  mixe d  in a  ble n ding  m a c hin e,
in  o r d e r  to  ob t ain  g r e a t e r  u nifo r mi ty.  The  colou r
of t h e  W.A. pow d e r  is ve ry ligh t  g r ey, t h e  g r ain s
a r e  ve ry u nifor m  in size,  d ry  a n d  h a r d .   The  pow d e r
for  la r g e r  g u n s  is of a  yellowish  colour, al mos t  t r a n sluc e n t ,
a n d  al mos t  a s  h a r d  a s  vulca ni t e.   The  pow d e r  is
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s aid  to  b e  u n affec t e d  by  a t mos p h e ric  o r  clim a tic  co n di tions,
to  b e  s t a bl e,  a n d  to  h av e  give n  exc ellen t  b allis tic
r e s ul t s;  i t is no t  s e n si tive  to  t h e  imp ac t  of b ulle t s,
a n d  w h e n  igni t e d  b u r n s  q uie tly, u nle s s  s t ron gly confine d.

Tu r ning  no w  to  t h e  s mokele ss  pow d e r s ,  in w hich  t h e
c hief ing r e die n t  is ni t ro-cellulose  in so m e  for m  (ei th e r
g u n-cot ton  o r  ni t ro-lignine,  &c.), on e  of t h e  fir s t
of t h e s e  w a s  P r e n tice’s g u n-co t ton,  w hich  consis t e d
of ni t r a t e d  p a p e r  1 5  p a r t s ,  mixe d  wi th  8 5  p a r t s  of
u n conve r t e d  c ellulose .   I t  w a s  rolled  in to  a  cylind er. 
Anot h e r  w a s  P u n s ho n’s g u n-co t ton  pow d er, w hic h
con sis t e d  of g u n-co t ton  so ak e d  in a  solu tion  of s u g ar,
a n d  t h e n  mixed  wi th  a  ni t r a t e ,  s uc h  a s  sodiu m  or  po t a s siu m
ni t r a t e .   Ba riu m  ni t r a t e  w a s  af t e r w a r d s  u s e d ,
a n d  t h e  m a t e ri al w a s  g r a n ula t e d,  a n d  consis t e d  of
ni t r a t e d  g u n-co t ton.

The  explosive  know n  a s  toni t e ,  m a d e  a t  Fave r s h a m,
w a s  a t  fir s t  in t e n d e d  for  u s e  a s  a  g u n pow d er, b u t
is now  only u s e d  for  bl a s ting.
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T h e  S c h ul t z e  Pow d er.—On e  of t h e
e a rli es t  of t h e  s ucc e s sful pow d e r s  in t ro d uc e d  in to
t his  cou n t ry w a s  Sc h ul tze’s pow d er, t h e  inve n tion
of Colon el Sc h ul tze,  of t h e  P r u s si a n  Artille ry, a n d
is now  m a n ufac t u r e d  by t h e  Sc h ul tze  Gun pow d e r  Co m p a ny
Limit e d,  of Londo n.   The  co m posi tion  of t his  pow d er,
a s  given  in  t h e  “Diction a ry  of Explosives”
by t h e  la t e  Colon el Cu n d all, is a s  follows:—

Soluble  ni t ro-lignine        1 4.8 3  p e r  c e n t .  
Insoluble        "           2 3.36     "
Lignin e  (unconve r t e d)        1 3.1 4     "
Ni t r a t e s  of K a n d  Ba         3 2.35     "
Pa r affin                      3 .6 5     "
M a t t e r s  soluble  in alcohol   0 .1 1     "
Mois t u r e                      2 .56     "

This  pow d e r  w a s  t h e  fi r s t  to  solve  t h e  difficul ty
of m a king  a  s mokele s s,  o r  n e a rly s mokele s s  pow d e r
w hich  could  b e  u s e d  wi t h  s afe ty a n d  s ucc e s s  in s m all
a r m s.   P r eviously, g u n-co t ton  h a d  b e e n  t r i e d  in
va rious  for m s,  a n d  in  n e a rly eve ry  ins t a nc e  dis a s t e r
to  t h e  w e a po n  h a d  follow e d,  owing  to  t h e  difficul ty
of t a ming  t h e  co m b u s tion  to  a  s afe  d e g r e e .   Bu t
a bo u t  1 8 6 6  Colon el Sc h ul tze  p ro d uc e d,  a s  t h e  r e s ul t
of exp e ri m e n t s,  a  ni t r a t e d  wood  fib r e  w hich  g av e  g r e a t
p ro mis e  of b ein g  m o r e  pliabl e  a n d  m o r e  e a sily r e g ula t e d
in it s  b u r nin g  t h a n  g u n-co t ton,  a n d  t his  w a s  a t  onc e
in t rod u c e d  in to  E n gla n d,  a n d  t h e  Sc h ul tze  Gu n pow d e r
Co m p a ny Limit e d  w a s  for m e d  to  co m m e n c e  it s  m a n ufac t u r e ,
w hich  it  did  in t h e  ye a r  1 8 6 8.   During  t h e  ye a r s
fro m  its  fi rs t  a p p e a r a n c e ,  Sc h ul tze  g u n pow d e r  h a s  p a s s e d
t h ro u g h  va rious  m o difica tions .   I t  w a s  fir s t  m a d e
in a  s m all cu bic al g r ain  for m e d  by c u t ti ng  t h e  a c t u al
fib r e  of ti m b e r  t r a n sve r s ely, a n d  t h e n  b r e a kin g  t his
ven e e r  in to  c u b e s .   La t e r  on  imp rove m e n t s  w e r e
in t rod u c e d,  a n d  t h e  wood  fib r e  so  p rod uc e d  w a s  c r u s h e d
to  a  fine  d e g r e e ,  a n d  t h e n  r efo r m e d  in to  s m all i r r e g ula r
g r ain s.   Again,  a n  a dv a nc e  w a s  m a d e  in t h e  for m
of t h e  wood  fib r e  u s e d,  t h e  fib r e  b ein g  b rok e n  dow n
by t h e  a c tion  of c h e mic al s  u n d e r  hig h  t e m p e r a t u r e ,
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a n d  so  p rod ucin g  a n  ex t r e m ely p u r e  for m  of woody fib r e.  
The  n ext  imp rove m e n t  w a s  to  r e n d e r  t h e  g r ain s  of t h e
pow d e r  p r a c tically w a t e r p roof a n d  less  affec t e d  by
t h e  a t m os p h e ric  influe nc e s  of m ois t u r e  a n d  d ryn es s,
a n d  t h e  las t  im p rove m e n t  to  t h e  p roc e s s  w a s  t h a t  of
h a r d e ning  t h e  g r ains  by  m e a n s  of a  solve n t  of ni t ro-lignine,
so  a s  to  do  a w ay wi t h  t h e  d u s t  t h a t  w a s  oft e n  for m e d
fro m  t h e  r u b bin g  of t h e  g r ain s  d u rin g  t r a n si t .

Mino r  m o difica tions  h ave  fro m  ti m e  to  ti m e  also  b e e n
m a d e,  in o r d e r  to  m e e t  t h e  g r a d u al  al t e r a tion  w hich
h a s  t ak e n  pl ac e  d u ring  t his  long  p e riod  in t h e  m a n ufac t u r e
of s po r ting  g u n s  a n d  c a r t ridg e  c a s e s  to  b e  u s e d  wi th
t his  pow d er, b u t  t h ro u g h  all it s  evolu tion  t his  Co m p a ny
h a s  a d h e r e d  to  t h e  fir s t  ide a  of u sing  woody fib r e
in p r efe r e n c e  to  co t ton  a s  t h e  b a sis  of t h ei r  s m ok eles s
pow d er, a s  exp e rie nc e  h a s  confi r m e d  t h e  o rigin al opinion
t h a t  a  pow d e r  c a n  b e  t h us  m a d e  less  s e n si tive  to  occa sion al
diffe r e nc e s  in  loadin g,  a n d  m o r e  s a tisfac to ry all
r o u n d  t h a n  w h e n  m a d e  fro m  t h e  cot ton  b a s e .   The
pow d e r  h a s  alw ays  b e e n  r e g ula t e d  so  t h a t  b ulk for  b ulk
it  occu pies  t h e  s a m e  m e a s u r e  a s  t h e  b e s t  bl ack  pow d er,
a n d  a s  r e g a r d s  it s  w eigh t,  jus t  on e  h alf of t h a t  of
bl ack.
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The  p roc e ss  of m a n ufac t u r e  of t his  po w d e r  is b ri efly
a s  follows:—

Wood of cle a n  g row t h  is t r e a t e d  by t h e  w ell-know n
s ulp hi t e  p roc e s s  for  p ro d ucing  p u r e  woody fib r e,  w hic h
is ve ry c a r efully p u rified,  a n d  t his,  af t e r  d rying,
is s t e e p e d  in a  mixtu r e  of ni t r ic  a n d  s ulp h u ric  a cids,
to  r e n d e r  it  a  ni t ro-co m po u n d  a n d  t h e  explosive  b a s e
of t h e  po w d er.  This ni t ro  co m po u n d  is c a r efully
p u rified  u n til it s t a n d s  t h e  ve ry high  p u ri ty r e q ui r e m e n t s
of t h e  Ho m e  Office,  a n d  is t h e n  g ro u n d  wi th  oxyg e n-b e a ring
s al t s ,  &c., a n d  t h e  w hole  is for m e d  in to  li t tl e  ir r e g ula r-s h a p e d
g r ain s  of t h e  d e si r e d  size,  w hich  g r ains  a r e  d ri e d
a n d  h a r d e n e d  by s t e e pin g  in a  s ui t a bl e  solven t  for
t h e  ni t ro  co m po u n d,  a n d  af t e r  finally d rying, sif ting,
&c., t h e  pow d e r  is s to r e d  in m a g azine s  for  s eve r al
m o n t h s  b efor e  it is iss u e d.   Whe n  iss u e d,  a  ve ry
la rg e  bl e n d  is m a d e  of m a ny tons  w eig h t ,  w hich  e n s u r e s
a b solu t e  u nifo r mity in  t h e  m a t e ri al.

The r e  is in E n gla n d  a  s t a n d a r d  loa d  a do p t e d  by eve ry
on e  for  t e s ting  a  s po r ting  pow d e r;  t his  ch a r g e  is
4 2  g r ain s  of pow d e r  a n d  1-1/8  oz.  No.  6  s ho t—t his
s ho t  fir e d  fro m  a  1 2-bo r e  g u n,  p a t t e r n s  b ein g  t ak e n
a t  4 0  ya r d s,  t h e  veloci ty a t  a ny r e q ui r e d  dis t a nc e.

The  s t a n d a r d  m uzzle  veloci ty of S c h ul tze  g u n pow d e r
is 1 ,22 0  fee t  p e r  s e co n d.

The  m e a n  4 0  ya r ds  di t to  is 8 7 5  fee t  p e r  s e co n d.

The  m e a n  2 0  ya r ds  di t to  is 1 ,0 50  fee t  p e r  s e con d.

The  in t e r n al  p r e s s u r e  no t  to  exc e e d  3.5  tons.

This  Co m p a ny al so  m a n ufac t u r e s  a  n e w  for m  of pow d er,
know n  a s  Im p e ri al  Sc h ul tze.   I t  is a  po w d e r  so m e w h a t
ligh t e r  in  g r avi ty; 3 3  g r ain s  occ u pie s  t h e  b ulk c h a r g e ,
a s  co m p a r e d  wi th  t h e  4 2  g r ains  of t h e  old.  I t
follows  in i t s  co m position  m u c h  t h e  lines  of t h e  old e r
pow d er, b u t  it  is q ui t e  fr e e  fro m  s mok e,  a n d  leaves
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no  r e sid u e  w h a t ever.

T h e  E.G.  Pow d er.—This is on e
of t h e  olde s t  of t h e  ni t ro  pow d e r s .   I t  w a s  inve n t e d
by Reid  a n d  Johnson  in 1 8 8 2.   I t  is now  m a n ufac t u r e d
by t h e  E.G.  Pow d e r  Co m p a ny Limit e d,  a t  t h ei r
fac to ry n e a r  Da r tfo rd,  Ken t,  a n d  in  Ame rica  by  t h e
Anglo-Ame rica n  E.G.  Pow d e r  Co m p a ny, a t  N e w  Jer s ey. 
The  b a sis  of t hi s  pow d e r  is a  fine  for m  of c ellulos e,
d e rived  fro m  co t to n,  c a r efully p u rified,  a n d  fre e d
fro m  all for eig n  s u bs t a n c e s ,  a n d  c a r efully ni t r a t e d .  
I t s  m a n ufac t u r e  is so m e w h a t  a s  follows:—P u r e
ni t ro-co t ton,  in t h e  for m  of a  fine  pow d er, is ro t a t e d
in a  d r u m,  s p rinkled  wi th  w a t er, a n d  t h e  d r u m  ro t a t e d
u n til t h e  ni t ro-co t to n  h a s  t ak e n  t h e  for m  of g r ain s.  
The  g r ains  a r e  t h e n  d rie d  a n d  m ois t e n e d  wi th  e t h e r-alcohol,
w h e r e by t h e  m ois t u r e  is g el a tinis e d,  a n d  af t e r w a r d s
colou r e d  wi th  a u rin e ,  w hich  gives  t h e m  a n  o r a n g e  colour. 
They a r e  t h e n  d ri ed  a n d  p u t  t h ro u g h  a  si eve,  in  o r d e r
to  s e p a r a t e  t h e  g r ains  w hich  m ay  h av e  s t uck  tog e t h e r
d u ring  t h e  g el a tinising  p roc e ss.
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Sinc e  its  in t ro d uc tion  soon  af t e r  1 8 8 1,  E.G. pow d e r
h a s  u n d e r go n e  conside r a ble  m o difica tions,  a n d  is no w
a  dis tinc tly diffe r e n t  p ro d u c t  fro m  a  p r a c tical poin t
of view.  I t  is now  a n d  h a s  b e e n  since  1 8 9 7  w h a t
is know n  a s  a  3 3-g r ain  pow d er, t h a t  is to  s ay, t h e
old  s t a n d a r d  c h a r g e  of 3  d r a m s  by m e a s u r e  for  a  1 2-bo r e
g u n  w eigh s  3 3  g r ains,  a s  co m p a r e d  wit h  4 2  g r ains  for
t h e  o rigin al E.G. a n d  o th e r  ni t ro  pow d e r s .   This
imp rove m e n t  w a s  effec t e d  by a  r e d uc tion  of t h e  b a r iu m
ni t r a t e  a n d  t h e  u s e  of ni t ro-c ellulose  of a  high e r
d e g r e e  of ni t r a tion,  a n d  al so  m o r e  g el a tinisa tion  in
m a n ufac t u r e .   The  g r a n ule s  a r e  ve ry h a r d ,  a n d  r e sis t
m ois t u r e  to  a n  ext e n t  hi th e r to  u n a t t ain a ble  by a ny
“bulk” pow d er.

Ir r e g ula ri ti es  of p r e s s u r e  in loading  h ave  al so  a
mini m u m  effec t  by r e a s on  of t h e  h a r d n e s s  of t h e  g r ain s.  
The  colou ring  m a t t e r  u s e d  is a u rin e,  a n d  t h e  s m all
q u a n ti ty of ni t r a t e  u s e d  is t h e  b a riu m  s al t .   The
pow d e r  is s t a n d a r di s e d  for  p r e s s u r e  veloci ty wi t h
Boule n g e  c h ro nog r a p h,[A] p a t t e r n  a n d  g r avim e t ric  d e n si ty
by el a bo r a t e  d aily t e s t s ,  a n d  is con tin u ally s u bjec t e d
to  s eve r e  t r i als  for  s t a bili ty u n d e r  va rious  con di tions
of s to r a g e ,  t h e  r e s ul t  b eing  t h a t  it  m ay  b e  ke p t  for
w h a t  in p r a c tic e  a m o u n t  to  ind efini t e  p e r iods  of tim e,
ei t h e r  in c a r t rid g e s  o r  in b ulk wit ho u t  a ny al t e r a tion
b ein g  fea r e d.   The  E.C. pow d e r s  a r e  u s e d  in s po r ting
g u n s.   No. 1  a n d  No.  2  E.C. a r e  no t  a t  p r e s e n t
m a n ufac t u r e d,  E.C.  No. 3  h aving  t ak e n  t h ei r  pl ac e
e n ti r ely.  Sinc e  1 8 9 0  t h es e  pow d e r s  h ave  b e e n  m a n ufac t u r e d
u n d e r  t h e  Borla n d-Johnso n  p a t e n t s,  t h e s e  imp rove d  pow d e r s
b ein g  for  so m e  ti m e  know n  a s  t h e  J.B. pow d e r s.  
The  E.C.  No. 1  w a s  s u p e r s e d e d  by t h e  E.C. 
No.  2 ,  m a d e  u n d e r  t h e  Borl a n d-Johnson  p a t e n t s ,  a n d
t his  in  it s  t u r n  by t h e  E.C.  No. 3  (in  1 8 9 7).

[Footno t e  A:  Inve n t e d  in  1 8 6 9  by M ajo r  Le Boule n g e,
Belgian  Artille ry.  I t  is in t e n d e d  to  r eco r d  t h e
m e a n  veloci ty b e t w e e n  a ny t wo  poin t s,  a n d  fro m  its
si m plici ty a n d  a cc u r a cy is la r g ely e m ploye d.   Ot h e r
for m s  h ave  b e e n  inve n t e d  by  Ca p t .   Br e g er, F r e n c h
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Artille ri e  d e  la  M a rin e,  a n d  Ca p t .   H olde n,  R.A.]

Ind uri t e  is t h e  inven tion  of P rofes so r  C.E. 
M u n ro e,  of t h e  U.S.  N aval Torp e do  S t a tion.  
I t  is m a d e  fro m  insoluble  ni t ro-co t ton,  t r e a t e d  in
a  p a r ticula r  m a n n e r  by s t e a m,  a n d  mixe d  wi th  ni t ro-b e nze n e.  
The  Dupo n t  po w d e r  is ve ry simila r  to  Ind uri t e . 
M.E.  Leon a r d ,  of t h e  U ni t e d  S t a t e s ,  inven t e d
a  pow d e r  consis ting  of 7 5  p a r t s  of ni t ro-glyce rine ,
2 5  p a r t s  of g u n-co t to n,  5  p a r t s  of lycopodiu m  pow d er,
a n d  4  p a r t s  of u r e a  c rys t als  di ssolved  in a c e to n e.  
The  F r e n c h  s mok ele ss  pow d er, Vielle  po u d r e  (pou d r e
B), u s e d  in t h e  Leb el  r ifle, is a  mixtu r e  of ni t ro-c ellulos e
a n d  t a n nin,  mixed  wi t h  b a riu m  a n d  po t a s siu m  ni t r a t e s .  
I t  gives  a  ve ry fee ble  r e po r t ,  a n d  ve ry li t tl e  bluis h
s m ok e.   The  N o b el Co m p a ny is s aid  to  b e  p e rfec ting
a  s m ok ele ss  pow d e r  in w hich  t h e  c hief ing r e die n t s
a r e  ni t ro-a mido- a n d  t r i-ni t ro-b e nz e n e.   C.O. 
Lund holm  h a s  p a t e n t e d  (U.S.  Pa t,  7 0 1,59 1,  1 9 0 1)
a  s m ok ele ss  pow d e r  con t aining  ni t ro-glyce rin e  3 0,
ni t ro-c ellulos e  6 0,  di a myl p h t h al a t e  1 0  (or  di a myl
p h t h al a t e  5,  a n d  min e r al  jelly 5).  The  di a myl
p h t h al a t e  is a d d e d,  wi th  o r  wi t ho u t  t h e  min e r al  jelly
to  ni t ro-glyce rin e  a n d  ni t ro-c ellulos e.
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Walsrod e  Pow d er.—The  s mok ele ss  pow d e r
know n  a s  Wals rod e  pow d e r  consis t s  of a b solu t ely p u r e
g ela tinis e d  ni t ro-c ellulos e,  g r ain e d  by a  c h e mical
no t  a  m e c h a nical p roc e ss ,  cons e q u e n tly t h e  g r ains
do  no t  n e e d  facing  wi th  g el a tin e  to  p r eve n t  t h ei r
b r e akin g  u p,  a s  is t h e  c a s e  wi th  m a ny  ni t ro  pow d e r s .  
For  t his  s a m e  r e a son,  a s  w ell a s  fro m  t h e  m e t ho d  of
g e t tin g  rid  of t h e  solven t  u s e d,  t h e  Wals rod e  h a s
no  t e n d e n cy w h a t eve r  to  a b so r b  m ois t u r e .   In  fac t ,
it  c a n  lie in w a t e r  for  s eve r al d ays,  a n d  w h e n  t ak e n
ou t  a n d  d ri e d  a g ain  a t  a  m o d e r a t e  t e m p e r a t u r e  will
b e  foun d  a s  good  a s  b efo r e.   N o r  is it influe nc e d
by h e a t ,  w h e t h e r  d ry  o r  d a m p,  a n d  it c a n  b e  s to r e d
for  ye a r s  wi thou t  b eing  in t h e  le as t  affec t e d.  
I t  is claim e d  also  t h a t  it  h e a t s  t h e  b a r r els  of g u n s
m u c h  less  t h a n  bl ack  pow d er, a n d  do e s  no t  inju r e  t h e m.

The  s t a n d a r d  c h a r g e  is 3 0  g r ain s,  a n d  it is clai m e d
t h a t  wi th  t his  c h a r g e  Wals rod e  pow d e r  will p rove  s e co n d
to  no n e.   A la rg e  c a p  is n e c e s s a ry, a s  t h e  g r ains
of t his  pow d e r  a r e  ve ry h a r d,  a n d  r e q ui r e  a  la r g e  fla m e
to  p ro p e rly ignit e  t h e m.   In  loading  c a r t rid g e s
for  s po r tin g  p u r pos e s,  a n  ex t r a  fel t  w a d  is r e q ui r e d
to  co m p e n s a t e  for  t h e  s m all s p a c e  occ u pie d  by  t h e
c h a r g e;  b u t  for  milit a ry  u s e  t h e  pow d e r  c a n  b e  left
q ui t e  loos e.   The  g a s  p r e s s u r e  of t his  pow d e r
is low (in s eve r al milit a ry  rifles  only on e-h alf
t h a t  of o t h e r  ni t ro s), a n d  t h e  r e coil co ns e q u e n tly
s m all; a n d  it is cl aim e d  t h a t  wit h  t h e  sligh t  inc r e a s e
of t h e  ch a r g e  (fro m  2 9  to  3 0  g r s .) bo t h  p e n e t r a tion
a n d  ini tial veloci ty will b e  la r g ely inc r e a s e d ,  w hils t
t h e  g a s  p r e s s u r e  a n d  r ecoil will no t  b e  g r e a t er.

This  pow d e r  w a s  u s e d  a t  Bisley, a t  t h e  N a tion al Rifle
Associa tion’s M e e tin g,  wi th  s a tisfac to ry r e s ul t s .  
I t  is m a d e  by t h e  Wals rod e  S mok ele ss  a n d  Wate r p roof
Gun pow d e r  Co m p a ny.  The  ni t ro-cot ton  is g el a tinis e d
by m e a n s  of a c e tic  e t h er, a n d  t h e  skin  p ro d u c e d  r e t a r d s
b u r nin g.   The  ni t ro-co t ton  is mixed  wi th  a c e tic
e t h er, a n d  w h e n  t h e  g el a tinis a tion  h a s  t ak e n  pl ac e,
t h e  pl a s tic  m a s s  is forc e d  t h ro u g h  holes  in a  m e t al
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pla t e  in to  s t rips ,  w hich  a r e  t h e n  c u t  u p  in to  pi ec e s
t h e  size  of g r ain s.   The  M.H.  Wals rod e  pow d e r
is a  leafle t  pow d er, ligh t  in  colour, a bo u t  4 0  g r ains
of w hich  give  a  m uzzle  veloci ty of 1 ,35 0  fee t  a n d
a  p r e s s u r e  of 3  tons .   I t  is, like  t h e  o t h e r  Wals rod e
pow d e r s ,  w a t e r p roof a n d  h e a t-p roof.

Cooppal Pow d er  is m a n ufac t u r e d  by  M e ss r s  Coop p al
& Co. a t  t h ei r  ex t e n sive  pow d e r  wo rks  in Belgiu m.  
It  consis t s  of ni t ro-ju t e  o r  ni t ro-co t ton,  wi th  o r
wi tho u t  ni t r a t e s ,  t r e a t e d  wi th  a  solve n t  to  for m  a
g ela tinis e d  m a s s.   The r e  a r e  a  g r e a t  m a ny va rie ti e s
of t his  pow d er.  On e  kind  is in t h e  for m  of li t tl e
s q u a r e s;  a no t h er, for  u s e  in  H o tc hkis s  g u n s,  is for m e d
into  3-millim e t r e  c u b e s ,  a n d  is bl ack.   Oth e r  va rie ti es
a r e  colou r e d  wit h  a niline  dyes  of diffe r e n t  colou r s.
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A m b eri t e  is a  ni t ro-c ellulose  pow d e r  of t h e
4 2-g r ain  typ e  of s po r ting  g u n po w d e r s ,  a n d  is m a n ufac t u r e d
by M e s s r s  Cu r tis’s  & H a rvey Limit e d,  a t  t h ei r
S mok ele ss  Powd e r  Fac to ry, Tonb ridg e,  Ken t .   I t
con sis t s  of a  mixtu r e  of ni t ro-c ellulos e,  p a r affin,
b a riu m,  ni t r a t e ,  a n d  so m e  ot h e r  ing r e die n t s.  
I t  is claim e d  for  t his  pow d e r  t h a t  it  co m bin e s  h a r d
s hoo ting  wi th  s afe ty, g r e a t  p e n e t r a tion,  a n d  m o d e r a t e
s t r ain  on  t h e  g u n.   I t  is h a r d  a n d  tou g h  in g r ain,
a n d  m ay  b e  load e d  like  bl ack  pow d er, a n d  s u bjec t e d
to  h a r d  fric tion  wi thou t  b r e aking  in to  po w d er, t h a t
it  is s m okele ss ,  a n d  leaves  no  r e sidu e  in t h e  g u n.  
The  ch a r g e  for  1 2  bo r e s  is 4 2  g r ain s  by w eig h t ,  a n d
1-1/8  oz. o r  1-1/16  oz. s ho t .   The  pow d e r s  know n
a s  c a n no ni t e[A] a n d  r u by po w d er, al so  m a n ufac t u r e d
by M e s s r s  Cu r tis’s  & H a rvey Limit e d,  a r e  a n alogous
p ro d uc t s  h aving  t h e  s a m e  g e n e r al  c h a r a c t e ris tics.

[Footno t e  A:  Fo r  fu r t h e r  d e t ails  of c a n no ni t e ,
s e e  Fi r s t  E di tion,  p .  1 8 1.]

S m o k el es s  Dia m o n d , al so  m a n ufac t u r e d  by t h e
a bove  m e n tion e d  fir m,  is a  ni t ro-c ellulos e  pow d e r
of t h e  3 3-g r ain  typ e  of s po r tin g  g u n pow d e r s .   I t
w a s  inve n t e d  by M r  H.M.  Ch a p m a n.   The  m a n ufac t u r e
of S mok eles s  Dia mo n d,  a s  c a r ri e d  ou t  a t  Tonb ridg e,
is s ho r tly a s  follows:—The  g u n-co t to n,  w hich
is t h e  c hief ing r e die n t  of t his  po w d er, is fir s t  s tove d,
t h e n  mixed  wi t h  c e r t ain  co m po u n d s  w hich  a c t  a s  m o d e r a to r s,
a n d  af t e r  t h e  solven t s  a r e  a d d e d,  is wo rk e d  u p  in to
a  ho m og e n eo us  pl a s tic  con di tion.   I t  t h e n  u n d e r go e s
t h e  p roc e ss e s  of g r a n ul a tion,  sif ting,  d u s ting,  d rying,
a n d  gl azing.   In  o rd e r  to  e n s u r e  u nifor mi ty s eve r al
b a t c h e s  a r e  ble n d e d  tog e t h er, a n d  s to r e d  for  so m e
ti m e  b efor e  b eing  issu e d  for  u s e .

It  is claim e d  for  t his  pow d e r  t h a t  it  is q uick  of
ignition,  t h e  q uickn e s s  b ein g  p ro b a bly d u e  to  t h e
p ec ulia r  s t r uc t u r e  of t h e  g r ain s  w hic h,  w h e n  looke d
a t  u n d e r  t h e  mic roscop e,  h ave  t h e  a p p e a r a n c e  of coke.  
The  ch a r g e  for  a  1 2  bo r e  is 3 3  g r ain s  a n d  1-1/16  oz.
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s ho t ,  w hich  gives  a  veloci ty of 1 ,05 0  fee t  p e r  s e con d,
a n d  a  p r e s s u r e  of 3  to ns  p e r  s q u a r e  inch.

Grein er’s Pow d er  co nsis t s  of ni t ro-cellulose,
ni t ro-b e nzol, g r a p hi t e,  a n d  la m p black.

B.N.  Pow d er.—This pow d e r  is
of a  ligh t  g r ey  o r  d r a b  colour, p e rf ec tly op a q u e,
a n d  ro u g h  to  t h e  touc h.   I t  consis t s  of a  mixtu r e ,
ni t ro-c ellulos e  a n d  t h e  ni t r a t e s  of b a riu m  a n d  po t a s siu m.  
Its  co m posi tion  is a s  follows:—

Insoluble  ni t ro-c ellulos e    2 9.13  p a r t s
Soluble  ni t ro-c ellulos e      4 1 .31    "
Ba riu m  ni t r a t e               1 9.00    "
Pot a s siu m  ni t r a t e             7 .9 7    "
Sodiu m  c a r bo n a t e              2 .03    "
Vola tile  m a t t e r               1 .4 3    "

This  pow d e r  is a  m o difica tion  of t h e  Poud r e  B., o r
Vieille’s pow d e r  inve n t e d  for  u s e  in t h e  Leb el
rifle, a n d  w hich  consis t e d  of a  mixtu r e  of t h e  ni t ro-c ellulose s
wi th  p a r affin.

Von Fos t er’s Pow d er  con t ains  no t hing
b u t  p u r e  g el a tinis e d  ni t ro-c ellulos e,  tog e t h e r  wi th
a  s m all q u a n ti ty of c a r bo n a t e  of lim e.

The  Ge r m a n  Troisdorf  Pow d er  is a  mixtu r e  of
g el a tinis e d  ni t ro-c ellulos e,  wi th  o r  wi tho u t  ni t r a t e s .

249



Page 125

M a xi mi t e  is t h e  inven tion  of M r  H u d son  M axim,
a n d  is a  ni t ro-co m po u n d,  t h e  b a s e  b eing  g u n-cot ton.  
The  ex ac t  co m position  a n d  m e t ho d  of m a n ufac t u r e  a r e ,
how ever, ke p t  s e c r e t .   I t  is m a d e  by t h e  Colu m bia
Pow d e r  M a n ufac t u ring  Co m p a ny, of N e w  York, a n d  in
t wo  for m s—on e  for  u s e  a s  a  s mokele s s  r ifle
pow d er, a n d  t h e  o t h e r  for  bl a s ting  p u r pos e s.

We t t er e n  Pow d er.—This  pow d e r  w a s
m a n ufac t u r e d  a t  t h e  Royal Gun pow d e r  Fac to ry a t  Wet t e r e n,
a n d  u s e d  in  t h e  Belgia n  s e rvice.   Origin ally i t
w a s  a  mixtu r e  of ni t ro-glyce rin e  a n d  ni t ro-c ellulos e,
wi th  a myl a c e t a t e  a s  solve n t .   I t s  co m posi tion
h a s,  how ever, b e e n  al t e r e d  fro m  tim e  to  tim e.  
On e  va rie ty consis t s  chiefly of ni t ro-c ellulos e,  wi t h
a myl a c e t a t e  a s  solven t .   I t  is of a  d a rk  b ro w n
colour, a n d  of t h e  consis t e n cy of india r u b b er. 
I t  is r olled  in to  s h e e t s  a n d  finally g r a n ula t e d.

H e nrit e  is a  ni t ro-c ellulos e  pow d er.

N or m al Pow d er.—The  S w e dis h  pow d e r
know n  a s  “Nor m al” S mok ele ss  Powd er, a n d
m a n ufac t u r e d  by  t h e  S w e dis h  Pow d e r  M a n ufac t u rin g  Co m p a ny,
of Land sk ro n a,  S w e d e n,  a n d  u s e d  for  so m e  ye a r s  p a s t
in  t h e  S wiss  Army, is m a d e  in  fou r  for m s.   For
field g u ns  of 8 .4  c alib r e ,  it is u s e d  in t h e  for m
of cylind ric al g r ain s  of a  yellow colour, of a  di a m e t e r
of .8  to  .9  m m.  a n d  d e n si ty of .79 0—a bo u t
8 4 0  g r ain s  of i t go  to  on e  g u n.   For  r ifles,  it
is u s e d  in  t h e  for m  of g r ey  s q u a r e s ,  d e n si ty .750,
a n d  1  g r m.  e q u als  a bo u t  1 ,0 1 4  g r ains.   On e  h u n d r e d
ro u n d s  of t his  pow d er, fi r e d  in eigh t e e n  min u t e s,
r ais e d  t h e  t e m p e r a t u r e  of t h e  g u n  b a r r el  2 8 4  d e g.  
F. A ni t ro-glyce rin e  pow d er, fi r e d  u n d e r  t h e  s a m e
con di tions ,  g ave  a  t e m p e r a t u r e  of 4 6 4  d e g.   F.

This  pow d e r  is s aid  to  ke e p  w ell—a  s a m ple
k e p t  3-1/2  ye a r s  g ave  a s  good  r e s ul t s  a s  w h e n  fir s t
m a d e—is e a sy to  m a k e,  ve ry s t a bl e,  igni t e s
e a sily, no t  ve ry s e n si tive  to  s hock  o r  fric tion,  is
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ve ry ligh t ,  &c.  Eigh t  h u n d r e d  ro u n d s  fir e d  fro m
a  h e avy g u n  p rod uc e d  no  inju ry to  t h e  in t e rio r  of t h e
w e a po n.   S a m ples  ke p t  for  el eve n  m o n t hs  in  t h e
m ois t  a t m os p h e r e  of a  c ellar, w h e n  fir e d  g ave  a  m uzzle
veloci ty of 1 ,45 0  ft. s ec s.  a n d  p r e s s u r e  of 1 ,31 2
a t m os p h e r e s,  a n d  t h e  m ois t u r e  w a s  foun d  to  h av e  ri s e n
fro m  1.2  to  1.6  p e r  c e n t .   Afte r  t w e n ty-t h r e e
m o n t h s  in t h e  d a m p  it  con t ain e d  2  p e r  c e n t .  m ois t u r e,
g ave  a  m uzzle  veloci ty of 1 ,47 8  ft. s e e s.,  a n d  p r e s s u r e
of 1,3 5 6  a t mos p h e r e s .   In  a  7 .5  millim e t r e  rifle,
1 3 .8  g r m.  b ulle t ,  a n d  c h a r g e  of 2  g r m s.,  it  gives
a  m uzzle  veloci ty of 2 ,03 5  ft. s ec s.  a n d  a  p r e s s u r e
of 2,2 0 0  a t mos p h e r e s .   In  t h e  8.4  c m. field-g u n,
wi th  c h a r g e  of 6 0 0  g r m s., a n d  p rojec tile  of 6 .7  kilog r a m m e s,
m uzzle  veloci ty w a s  e q u al  to  1,64 0  ft. s ec s.  a n d  p r e s s u r e
1,75 0.   A s a m ple  of t h e  po w d e r  for  u s e  in t h e  .303
M. rifle, la t ely a n alys e d  by t h e  a u t hor, g av e  t h e
following  r e s ul t:—

Gun-co t ton                 9 6 .21  p e r  c e n t .  
Soluble  co t to n              1 . 80      "
N o n-ni t r a t e d  co t ton        t r ac e .  
Resin  a n d  o t h e r  m a t t e r s     1 .99      "
                        _______

1 0 0.0 0
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The  va rious  for m s  of pow d e r  inve n t e d  a n d  m a n ufac t u r e d
by M r  C.F.  H e n g s t  a r e  c hi efly co m pos e d  of ni t r a t e d
s t r a w  t h a t  h a s  b e e n  finely p ulp e d.   The  s t r a w
is t r e a t e d  fir s t  wit h  a cids  a n d  af t e rw a r d s  wi th  alkalies,
a n d  t h e  r e s ul t  is a  fi rm  fib rous  s u b s t a n c e  w hich  is
g r a n ul a t e d.   I t  is claim e d  t h a t  t his  pow d e r  is
e n ti r ely s mok ele ss  a n d  fla m ele ss,  t h a t  i t do es  no t
foul t h e  g u n  no r  h e a t  t h e  b a r r el,  a n d  is a t  t h e  s a m e
ti m e  1 5 0  p e r  c e n t .  s t ro n g e r  t h a n  bl ack  po w d er.

The  Ge r m a n  “Troisdo r f” pow d e r  consis t s
of ni t ro-c ellulos e  t h a t  h a s  b e e n  g el a tinise d  tog e t h e r
wi th  a  ni t r a t e .   Kolf’s po w d e r  is also  g el a tinise d
wi th  ni t ro-c ellulos e.   The  pow d e r s  inven t e d  by
M r  E.J.  Ryves  con t ain  ni t ro-glyce rine ,  ni t ro-co t ton,
c a s to r-oil, p a p e r-p ulp,  a n d  c a r bo n a t e  of m a g n e si a.  
M axim  po w d e r  con t ains  bo t h  soluble  a n d  insoluble  ni t ro-c ellulose ,
ni t ro-glyce rin e ,  a n d  c a r bo n a t e  of sod a.   The  s mokele s s
pow d e r  m a d e  by t h e  “Dyna mit e  Actien g e s ellsch af t
N o b el” consis t s  of ni t ro-s t a r c h  7 0  to  9 9  p a r t s ,
a n d  of di- o r  t ri-ni t ro-b e nze n e  1  to  3 0  p a r t s .

An Ame ric a n  wood  pow d er, know n  a s  Br acke t’s
S po r ting  Powd er, consis t s  of soluble  a n d  insoluble
ni t ro-lignin e,  mixed  wi th  c h a r r e d  lignine,  h u m u s,
a n d  ni t r a t e  of sod a.   M r  F.H.  S nyd er, of N e w
York, is t h e  inve n to r  of a  s h ell po w d e r  know n  a s  t h e
“Snyd e r  Explosive,” co nsis ting  of 9 4  p e r
c e n t .  ni t ro-glyc e rine ,  6  p e r  c e n t .  of soluble  ni t ro-co t to n,
a n d  c a m p hor, w hich  is s aid  to  b e  s afe  in u s e.  
Exp e rim e n t s  w e r e  m a d e  wi th  it in a  6-inch  rifled  g u n,
fir e d  a t  a  t a r g e t  2 2 0  ya rds  a w ay, co m pos e d  of t w elve
1-inch  s t e el  pla t e s  w elde d  to g e t h er, a n d  b a ck e d  wit h
1 2-inc h  a n d  1 4-inch  oak  b e a m s,  a n d  w eighing  2 0  tons.  
The  s ho t s  e n ti r ely d e s t royed  it.  The  c h a r g e  of
explosive  u s e d  w a s  1 0  lbs. in e ac h  s h ell.

Co m parative  Tes t s  of  Blac k  and  N i t ro  Pow d ers,  fro m
“Am erican  Field."— The  r e s ul t s
give n  in t a bl e  b elow w e r e  ob t ain e d  a t  t h e  Ger m a n  S hooting
Associa tion’s g ro u n d s  a t  Coe p e nick,  Be rlin.  
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Pen e t r a tion  w a s  c alcula t e d  by  pl acing  fra m e s,  e a c h
holding  five c a r d s  of 1  millim e t r e  in t hickn e s s  (eq u als
.039 3 7  inch), a n d  3  inch e s  a p a r t ,  in a  b e e-line,  a t
dis t a n c e s  of 2 0  inch e s.   Veloci ty, p a t t e r n,  a n d
p e n e t r a tion  w e r e  t ak e n  a t  4 0  ya r d s  fro m  t h e  m uzzle
of a  1 2-g a u g e  c hoke-bo r e  do u ble-b a r r el g u n.   Gas
p r e s s u r e  w a s  t ak e n  by a  s p e ci al a p p a r a t u s .   All
s h ells  w e r e  loa d e d  wit h  1-1/8  oz. of No. 3  s ho t ,  e q u al
to  1 2 0  p elle t s,  a n d  t h e  n u m b e r  give n  b elow r e p r e s e n t s
t h e  ave r a g e  n u m b e r  in  t h e  3 0-inch  p a t t e r n .   The
n u m b e r  of s h e e t s  p a s s e d  t h rou g h  gives  t h e  av e r a g e
p e n e t r a tion.   On e  a t mos p h e r e  e q u als  p r e s s u r e  e q u al
to  1  kilog r a m m e  (2.2  lbs.) on  t h e  s q u a r e  ce n tim e t r e ,
h e n c e  1,0 0 0  a t m os p h e r e s  e q u al  2 ,20 0  lbs. on  t h e  s q u a r e
c e n ti m e t r e .   The  E.C., S c h ul tze,  a n d  Wals rod e
pow d e r s  w e r e  load e d  in Elcy’s s p e ci al s h ells,
2-1/2  inch e s  long.  The  av e r a g e s  w e r e  t ak e n  fro m
a  la rg e  n u m b e r  of s ho t s,  a n d  t h e  s a m e  s e ri e s  of s ho t s
fir e d  u n d e r  p r e cis ely t h e  s a m e  con ditions.
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_______________________________________________________
________________
|                   |             |            |             |               |
|                   |     Gas      |            |             |               |
|                   |  P r e s s u r e .   |  Velocity. |   Pa t t e r n .   |  Pe n e t r a tion.  |
|__________________|____________|___________|____________|__
____________|
|                   |             |            |             |               |
|                   |At mos p h e r e s. |   M e t r e s .   |             |    S h e e t s .     |
|                   |             |            |             |               |
| Fin e-g r ain e d  bl ack |             |            |             |               |
| po w d er, s t a n d a r d   |             |            |             |               |
| c h a r g e             |    5 1 4.2     |    2 8 0      |  7 8 .6  =  6 6% |     1 9 .O      |
|                   |             |            |             |               |
|Co a r s e-g r ain e d     |             |            |             |               |
| black  pow d er,     |             |            |             |               |
| s t a n d a r d  c h a r g e    |    4 7 3.4     |    2 8 1.4    |  7 8.2  =  6 5% |     1 9.4       |
|                   |             |            |             |               |
| S c h ul tze  pow d er,  |             |            |             |               |
| 4 2  g r ain s          |    9 2 1.0     |    2 9 0.0    |  6 4.2  =  5 4% |     2 0.2       |
|                   |             |            |             |               |
| S c h ul tze  pow d er,  |             |            |             |               |
| 4 5  g r ain s          |   1 0 5 2.8     |    3 0 5.8    |  5 2.2  =  4 2%  |     2 0.6       |
|                   |             |            |             |               |
| E.G. s mok eles s,    |             |            |             |               |
| 4 2  g r ain s          |    9 2 0.2     |    2 9 8.4    |  8 1.4  =  6 7% |     1 8.8       |
|                   |             |            |             |               |
|Wals rod e,          |             |            |             |               |
| 2 9  g r ain s          |    5 8 6.4     |    2 8 0.6    |  8 3.0  =  6 9% |     1 9.0       |
|__________________|____________|___________|____________|__
____________|

Ba ro m e t er, 7 6 0  m m.   The r mo m e t er, 3 0  d e g.  
C. Hyd ro m e t e r  =  6 5.   Wind, S.W.

Picric  Pow d ers.—The  c hief of t h e s e
is M elini t e , t h e  co m position  of w hich  is no t
know n  with  ce r t ain ty.  I t  is b elieve d  to  b e  m el t e d
pic ric  a cid  tog e t h e r  wit h  g u n-co t ton  di ssolved  in
a c e to n e  o r  e t h e r-alcohol.  Walke  gives  t h e  following
p ro po r tions—3 0  p a r t s  of t ri-ni t ro-c ellulose
dis solved  in 4 5  p a r t s  of e t h e r-alcohol (2 to  1), a n d
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7 0  p a r t s  of fus e d  a n d  p ulve ris e d  pic ric  a cid.  
The  e t h e r-alcohol mixt u r e  is allow e d  to  eva po r a t e
s pon t a n e o usly, a n d  t h e  r e s ul ting  c ak e  g r a n ul a t e d .  
The  F r e n c h  claim,  ho w ever, t h a t  t h e  o riginal inve n tion
h a s  b e e n  so  m o dified  a n d  p e rfec t e d  t h a t  t h e  m elini t e
of to-d ay c a n no t  b e  r e co g nise d  in t h e  e a rlie r  p rod uc t .  
M elini te  h a s  a  yellow colour, is a l mos t  wi t ho u t  c rys t alline
a p p e a r a nc e ,  a n d  w h e n  igni t e d  by  a  fla m e  o r  h e a t e d
wi r e ,  i t b u r n s  wi th  a  r e d dis h-yellow fla m e,  giving
off copious  volu m e s  of bl ack  s m oke.   M elini t e  a s
a t  p r e s e n t  u s e d  is s aid  to  b e  a  p e rf ec tly s afe  explosive,
bo t h  a s  r e g a r d s  m a n ufac t u r e ,  h a n dling,  a n d  s to r a g e .
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Ly ddi t e ,[A] t h e  pic ric  a cid  explosive  u s e d
in t h e  Bri tish  s e rvice,  is s u p pos e d  to  b e  ide n tic al
wi th  t h e  o rigin al m elini te ,  b u t  it s  co m posi tion  h a s
no t  b e e n  m a d e  p u blic.

[Footno t e  A:  Sc hi mos e,  t h e  Jap a n e s e  pow d er, is
s t a t e d  to  b e  ide n tic al wit h  Lyddi t e  a n d  M elini t e  (Ch e m.  
Ce n tr., 1 9 0 6,  1 ,  1 1 9 6).]

Pic r a t e s  a r e  m o r e  of t e n  u s e d  t h a n  pic ric  a cid  i t s elf
in  pow d e r s.   On e  of t h e  b e s t  know n  is Br u g er e’s
Pow d er , w hich  is a  mixt u r e  of 5 4  p a r t s  of pic r a t e
of a m m o nia  a n d  4 5  p a r t s  of s al t p e t r e .   I t  is s t a bl e
a n d  s afe  to  m a n ufac t u r e .   I t  h a s  b e e n  u s e d  in
t h e  Ch as s e po t  r ifle  wit h  good  r e s ul t s ,  gives  li t tl e
s m ok e,  a n d  a  s m all r e sidu e  only of c a r bo n a t e  of po t a s h.

The  n ext  in impo r t a n c e  is Designolle’s Pow d er ,
m a d e  a t  Bouc hon,  consis ting  of pic r a t e  of po t a s h ,
s al tp e t r e ,  a n d  c h a rco al.  I t  w a s  m a d e  in  t h r e e
va rie ti es,  vi z ., for  r ifles,  big  g u n s,  a n d  to r p e do e s
a n d  s h ells.  Thes e  po w d e r s  a r e  m a d e  m u c h  in t h e
s a m e  w ay a s  g u n pow d er.  The  a dva n t a g e s  claim e d
for  t h e m  ove r  g u n pow d e r  a r e ,  g r e a t e r  s t r e n g t h,  co m p a r a tive
a b s e n c e  of s mok e,  a n d  fre e do m  fro m  inju rious  a c tion
on  t h e  bo r e s  of g u n s.

E m m e n si t e  is t h e  inve n tion  of Dr  S t e p h e n  E m m e n s,
of t h e  U ni t e d  S t a t e s .   The  E m m e n s  “crys t als”
a r e  p ro d uc e d  by t r e a ting  pic ric  a cid  wi th  fu ming  ni t r ic
a cid  of s p ecific g r avity of 1 .52.   The  a cid  dis solves
wi th  t h e  evolu tion  of r e d  fum e s.   The  liquid,
w h e n  cooled,  d e posi t s  c rys t als,  s t a t e d  to  b e  diffe r e n t
to  pic ric  a cid,  a n d  lus t rou s  flake s.   Thes e  flakes,
w h e n  h e a t e d  in w a t er, s e p a r a t e  in to  t wo  n e w  bo dies .  
On e  of t h e s e  e n t e r s  in to  solu tion  a n d  for m s  c rys t al s
u nlike  t h e  fir s t ,  w hile  t h e  o th e r  body r e m ains  u n dissolve d.  
The  a cid  c rys t als  a r e  u s e d  mixe d  wi th  a  ni t r a t e .

E m m e n sit e  h a s  b e e n  s u bjec t e d  to  exp e ri m e n t  by t h e
di r e c tion  of t h e  U.S.  S ec r e t a ry  for  War, a n d
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foun d  s a tisfac to ry.  A s a m ple  of E m m e n si t e ,  in
t h e  for m  of a  co a r s e  pow d er, w a s  fir s t  t r i e d  in  a
pis tol, a n d  p rove d  s u p e rio r  in p ro p elling  pow e r  to
o r din a ry g u n pow d er.  Whe n  t e s t e d  a g ain s t  explosive
g ela tin e,  i t did  ve ry good  wo rk  in s h a t t e rin g  iron
pla t e s .   I t  is clai m e d  for  t his  explosive  t h a t
it  e njoys  t h e  dis tinc tion  of b ein g  t h e  only hig h  explosive
w hich  m ay b e  u s e d  bo t h  for  fir e a r m s  a n d  bla s ting.  
This  view is s u p po r t e d  by t h e  t ri als  m a d e  by t h e  Ame ric a n
War  Office  a u t ho ri ti es,  a n d  s hows  E m m e n si t e  to  b e
a  u s eful explosive  bo t h  for  bl a s ting  a n d  a s  a  s mokeles s
pow d er.  I t s  explosive  pow er, a s  t e s t e d,  is 2 8 3
tons  p e r  s q u a r e  inch,  a n d  it s  s p e cific g r avi ty is
1.8.

Abel p ro pos e d  to  u s e  pic ric  a cid  for  filling  s h ells. 
His  Picric  Pow d er  consis t e d  of 3  p a r t s  of s al tp e t r e ,
a n d  2  of pic r a t e  of a m m o nia.  Victori t e  co nsis t s
of c hlo r a t e  of po t a s h ,  pic ric  a cid,  a n d  olive  oil,
a n d  wi t h  occ asion ally so m e  c h a rco al.  I t  h a s  t h e
for m  of a  coa r s e  yellowish  g r ey  pow d er, a n d  leaves
a n  oily s t ain  on  p a p er, a n d  it  is ve ry s e nsi tive  to
fric tion  a n d  p e r c us sion.   The  co m posi tion  is a s
follows:—KClO_{3 }  =  8 0  p a r t s;  pic ric  a cid,
1 1 0  p a r t s;  s al t p e t r e ,  1 0  p a r t s;  c h a r co al, 5  p a r t s .  
I t  is no t  m a n ufac t u r e d  in E n gla n d.  Tschin er’s
Pow d er  is ve ry si mila r  to  Victo ri t e  in  co m position,
b u t  con t ains  r e sin.   A lis t  of t h e  chief pic ric
pow d e r s  will b e  foun d  in t h e  la t e  Colon el J.P. 
Cu n dill, R.A.’s “Dic tion a ry of Explosives.”
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CHAPTER VII.

A N ALY SI S  OF EXPLO SIVE S.
Kies elg u h r  Dyn a mi t e—Gela tine  Co m po u n d s—Tonit e—Cor dit e—Vaseline—
Aceton e—Sc h e m e  for  Analysis  of Explosives—Nit ro-Cot ton—Solubili ty
Test— N o n-Ni t r a t e d  Cot ton—Alkalinity—Ash
a n d  Inor g a nic  M a t t e r—Det e r min a tion  of Ni t rog e n—Lun g e,
Ch a m pion  a n d  Pelle t’s, Sc h ul tze-Tie m a n,  a n d  Kjelda hl’s
M e t ho ds—Celluloid—Picric  Acid
a n d  Pic r a t e s—Resinous  a n d  Tar ry M a t t e r s—
S ulph u ric  Acid a n d  Hyd roc hlo ric  Acid a n d  Oxalic Acid—Nit ric
Acid— Ino r g a nic  Im p u ri ti es—Ge n e r al
Im p u ri tie s  a n d  Adul te r a tions—Pot as siu m
Picr a t e ,  &c.—Picr a t e s  of t h e  Alkaloids—Analysis
of Glyce rin e—Residu e— Silve r
Test—Nit r a tion—Total Acid E q uivale n t—N e u t r ali ty—F r e e
Fa t ty Acids—Co m bin e d  Fa t ty Acids—Im p u ri tie s—Oleic
Acid—Sodiu m  Chloride— Det e r min a tion
of Glyce rin e—Wast e  Acids—Sodiu m
Ni t r a t e—M e rc u ry F ul min a t e—Ca p
Co m position—Table  for  Cor r ec tion  of Volum e s
of Gas es ,  for  Tem p e r a t u r e  a n d  P r e s s u r e

Kies elg u hr  Dyna mi t e .—The  m a t e ri al
g e n e r ally consis t s  of 7 5  p e r  c e n t .  of ni t ro-glyce rin e
a n d  2 5  p e r  c e n t .  of t h e  infuso rial  e a r t h  kies elg u hr. 
The  a n alysis  is ve ry si m ple,  a n d  m ay  b e  con d uc t e d
a s  follows:—Weigh  ou t  a bo u t  1 0  g r m s.  of
t h e  s u bs t a n c e ,  a n d  pl ac e  ove r  c alciu m  c hlo rid e  in  a
d e sicc a to r  for  so m e  six to  eig h t  d ays,  a n d  t h e n  r e-w eigh.  
The  loss  of w eigh t  gives  t h e  m ois t u r e .   This will
g e n e r ally b e  ve ry s m all, p ro b a bly n eve r  m o r e  t h a n
1  p e r  c e n t .,  a n d  u s u ally less.

M r  Ja m e s  O. H a n dy, in o rd e r  to  s ave  tim e,  p ro pos e s
to  d ry  dyn a mi t e  in t h e  following  m a n n er.  H e  pl ac e s
1  g r m.  of t h e  m a t e ri al  in a  po rc el ain  c r ucible  1  inch
in di a m e t er.  The  c r ucible  is t h e n  s u p po r t e d  a t
t h e  bo t to m  of a n  ext r a  wide-m o u t h e d  bo t tl e  of a bo u t
6 0 0  c.c. c a p aci ty.  Air, w hich  h a s  b e e n  d ri e d
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by b u b bling  t h ro u g h  s t ro n g  s ulp h u ric  a cid,  is now  d r a w n
ove r  t h e  s u rfac e  of t h e  s a m ple  for  t h r e e  ho u r s  by
m e a n s  of a n  o r din a ry a s pi r a tor.  The  ai r  s hould
p a s s  a p p roxim a t ely a t  t h e  r a t e  of 1 0  c.c. p e r  s e con d.  
The  t u b e  by  w hich  t h e  d ry  ai r  e n t e r s  t h e  bo t tl e  ex t e n d s
to  wi thin  1  inch  of t h e  c r ucible  con t aining  t h e  dyn a mi t e.  
An e m p ty s afe ty bo t tl e  is co n n e c t e d  wi th  t h e  inle t ,
a n d  a no t h e r  wi t h  t h e  ou tle t  of t h e  wid e-m o u t h e d  bo t tl e.  
The  firs t  g u a r d s  a g ains t  t h e  m e c h a nic al c a r rying  ove r
by t h e  ai r  c u r r e n t  of s ulph u ric  a cid  fro m  t h e  a cid
bo t tl e  in to  t h e  s a m ple,  w hils t  t h e  s e co n d  p r eve n t s
s p a s mo dic  ou t b u r s t s  of w a t e r  fro m  t h e  exh a u s t  fro m
r e a c hin g  t h e  s a m ple.   The  m e t hod  also  g ave  s a tisfac to ry
r e s ul t s  wi th  ni t ro-glyce rin e.   The  d ry  s u b s t a n c e
m ay no w  b e  w r a p p e d  in filt e r  p a p er, t h e  w hole  w eig h e d,
a n d  t h e  ni t ro-glyce rin e  ex t r ac t e d  in t h e  Soxhle t  a p p a r a t u s
wi th  e t h er.  The  e t h e r  s ho uld  b e  dis tilled  ove r
a t  le a s t  t w e n ty-fou r  tim e s.
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I h ave  foun d,  how ever, t h a t  m u c h  q uicker, a n d  q ui t e
a s  a cc u r a t e ,  r e s ul t s  m ay  b e  ob t aine d  by leaving  t h e
dyn a mi t e  in con t ac t  wi th  e t h e r  in a  s m all E rle n m eye r
flask  for  t w e n ty-fou r  ho u r s—leaving  it ove r nigh t
is b e t t e r— a n d  d e c a n ting,  a n d  a g ain  allowing
t h e  s u bs t a n c e  to  r e m ain  in con t a c t  wi th  a  lit tl e  fr e s h
e t h e r  for  a n  ho ur, a n d  finally filt e ring  t h ro u g h  a
w eig h e d  fil t er, d rying  a t  1 0 0  d e g.   C., a n d  w eig hin g.  
This  gives  t h e  w eig h t  of t h e  kies elgu hr.  The
ni t ro-glyce rin e  m u s t  b e  ob t ain e d  by diffe r e nc e ,  a s
it  is q ui t e  u s el es s  to  ev a po r a t e  dow n  t h e  e t h e r e al
solu tion  to  ob t ain  it, a s  it  is it s elf vola tile  to
a  ve ry conside r a ble  ext e n t  a t  t h e  t e m p e r a t u r e  of eva po r a tion
of t h e  e t h er, a n d  t h e  r e s ul t ,  t h e r efo r e ,  will a lw ays
b e  m u c h  too  low.  The  d ry  g u h r  c a n,  of cou r s e ,
b e  ex a min e d,  ei t h e r  q u ali t a tively o r  q u a n ti t a tively,
for  o t h e r  mi n e r al  s al t s ,  s uc h  a s  c a r bo n a t e  of so d a,
&c.  An a c t u al  a n alysis  of dyn a mit e  No.  1  m a d e
by t h e  a u t ho r  a t  H ayle  g ave— Mois t u r e ,
0.92  p e r  c e n t .; kies elg u hr, 2 6.15  p e r  c e n t .; a n d  ni t ro-glyce rin e,
7 2 .93  p e r  c e n t .,  t h e  las t  b ein g  ob t ain e d  by diffe r e nc e .

Ni tro-Glycerine .—It is so m e ti m e s
d e si r e d  to  t e s t  a n  explosive  s u bs t a nc e  for  ni t ro-glyce rin e.  
If a n  oily liquid  is oozing  fro m  t h e  s u b s t a nc e ,  so ak
a  d rop  of i t in filt e r  p a p er.  If it  is ni t ro-glyce rin e
it  will m a k e  a  g r e a sy s po t.   If t h e  p a p e r  is no w
plac e d  u po n  a n  iron  a nvil, a n d  s t r uck  wi th  a n  iron
h a m m er, i t will explod e  wi th  a  s h a r p  r e po r t ,  if ligh t e d
it  b u r n s  wi th  a  yellowish  to  g r e e nis h  fla m e,  e mi t ting
a  c r ackling  so u n d,  a n d  pl ac e d  u po n  a n  iron  pla t e  a n d
h e a t e d  fro m  b e n e a t h ,  it explod es  s h a r ply.

If a  few d ro ps  of ni t ro-glyce rin e  a r e  pl ac e d  in a
t e s t  t u b e ,  a n d  s h ak e n  u p  wi th  m e t hyl-alcohol (p r eviously
t e s t e d  wit h  dis tilled  w a t er, to  s e e  t h a t  it p ro d uc e s
no  t u r bidi ty), a n d  filt e r e d ,  on  t h e  a d di tion  of di s tilled
w a t er, t h e  solu tion  will b e co m e  milky, a n d  t h e  ni t ro-glyc e rine
will s e p a r a t e  ou t ,  a n d  finally collec t  a t  t h e  bo t to m
of t h e  t u b e .

260



If to  a  solu tion  of a  t r a c e  of ni t ro-glyce rin e  in
m e t hyl-alcohol, a  few d rop s  of a  solu tion,  co m pos e d
of 1  volu m e  of a niline,  a n d  4 0  volu m e s  s ulph u ric  a cid
(1.84) b e  a d d e d,  a  d e e p  p u r ple  colou r  will b e  p rod uc e d.  
This  colou r  ch a n g e s  to  g r e e n  u po n  t h e  a d di tion  of w a t er. 
If it  is n ec e s s a ry  to  d e t e r min e  t h e  ni t ro-glyce rin e
q u a n ti t a tively in a n  explosive,  t h e  sc h e m e  on  p a g e
2 1 3  m ay  b e  followe d.   E t h e r  is t h e  b e s t  solve n t
to  u s e.   Ni t rog e n  s hould  b e  d e t e r min e d  in t h e
ni t ro m e t er.

Gelatine  Co m p o u n d s.—The  si m ple s t
of t h e s e  co m po u n d s  is, of cou r s e ,  bla s ting  g el a tine ,
a s  it co nsis t s  of no t hing  b u t  ni t ro-co t to n  a n d  ni t ro-glyce rin e,
t h e  ni t ro-c ellulos e  b eing  dis solved  in t h e  glyce rin e
to  for m  a  cle a r  jelly, t h e  u s u al p ro po r tions  b ein g
a bo u t  9 2  p e r  c e n t .  of ni t ro-glyce rin e  to  8  p e r  ce n t .
ni t ro-co t ton,  b u t  t h e  co t ton  is foun d  a s  high  a s  1 0
p e r  c e n t .  in so m e  g el a tine s .   Gela tin e  dyn a mi t e
a n d  g eligni t e  a r e  bl as ting  g ela tine s ,  wi th  va rying
p ro po r tions  of wood-p ulp  a n d  s al t p e t r e  (KNO_{3 }) mixed
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with  a  t hin  bl a s ting  g el a tine.   The  m e t ho d  of a n alysis
is a s  follows:—Weigh  ou t  1 0  g r m s.  of t h e
s u b s t a n c e ,  p r eviously c u t  u p  in to s m all pi ec es  wi th
a  pl a tin u m  s p a t ul a,  a n d  pl ac e  ove r  c alciu m  c hlo rid e
in a  d e sicc a to r  for  so m e  d ays.   Rew eig h.  
The  loss  e q u als  m ois t u r e .   This is g e n e r ally ve ry
s m all.  Or  H a n dy’s m e t ho d  m ay  b e  u s e d .  
The  d rie d  s a m ple  is t h e n  t r a n sfe r r e d  to  a  s m all t his tl e-h e a d e d
funn el  w hich  h a s  b e e n  c u t  off fro m  its  s t e m,  a n d  t h e
op e nin g  plug g e d  wi t h  a  li t tl e  gla s s  wool, a n d  ro u n d
t h e  top  ri m  of w hich  a  pi ec e  of fine  pl a tin u m  wi r e
h a s  b e e n  fas t e n e d,  in o r d e r  t h a t  it m ay  af t e r w a r d s
b e  e a sily r e m ove d  fro m  t h e  Soxhle t  t u b e .   The
w eig h t  of t his  fun n el a n d  t h e  gla s s  wool m u s t  b e  a cc u r a t ely
know n.   I t  is t h e n  t r a n sfe r r e d  to  t h e  Soxhle t
t u b e  a n d  exh a u s t e d  wi t h  e t h er, w hich  dissolves  ou t
t h e  ni t ro-glyce rin e.   The  w eig h e d  r e sidu e  m u s t
af t e r w a r d s  b e  t r e a t e d  in a  flask  wi th  e t h e r-alcohol
to  dissolve  ou t  t h e  ni t ro-co t to n.

But  t h e  m o r e  exp e di tious  m e t ho d,  a n d  on e  q ui t e  a s
a c c u r a t e ,  is to  t r a n sfe r  t h e  d ri e d  g ela tine  to  a  conical
E rle n m ey e r  flask  of a bo u t  5 0 0  c.c.  c a p a ci ty, a n d  a d d
2 5 0  c.c. of a  mixtu r e  of e t h e r-alcohol (2 e t h e r  to
1  alcohol), a n d  allow to  s t a n d  ove r nigh t .   So m e tim e s
a  fu r t h e r  a d di tion  of e t h e r-alcohol is n e c e s s a ry. 
I t  is a lw ays  b e t t e r  to  a d d  a no t h e r  3 0 0  c.c., a n d  leave
for  t w e n ty min u t e s  o r  so  af t e r  t h e  solu tion  h a s  b e e n
filt e r e d  off.  The  u n dis solved  po r tion,  w hich
con sis t s  of wood-p ulp,  po t a s siu m  ni t r a t e ,  a n d  o t h e r
s al t s ,  is filt e r e d  off t h ro u g h  a  line n  o r  p a p e r  fil t er,
d ri e d  a n d  w eigh e d.

S olu tion.—The  e t h e r-alcohol solu tion
con t ain s  t h e  ni t ro-co t ton  a n d  t h e  ni t ro-glyce rin e
in solu tion.[A] To t hi s  solu tion  a d d  exc e ss  of c hlo rofor m
(a bo u t  1 0 0  c.c. will b e  r e q ui r e d),  w h e n  t h e  ni t ro-c ellulose
will b e  p r e cipi t a t e d  in a  g el a tinous  for m.  This
s ho uld  b e  filt e r e d  off t h rou g h  a  line n  filt er, a n d
allow e d  to  d r ain.   I t  is u s el e s s  to  a t t e m p t  to
u s e  a  filt e r  p u m p,  a s  i t g e n e r ally c a u s e s  i t to  s e t
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solid.   The  p r e cipi t a t e d  co t to n  s ho uld  t h e n  b e
r e dis solved  in e t h e r-alcohol, a n d  a g ain  p r e cipi t a t e d
wi th  c hlo rofor m  (20  c.c. of e t h e r-alcohol s hould  b e
u s e d).  This  p r e c a u tion  is a b solu t ely n e c e s s a ry,
if t h e  s u b s t a nc e  h a s  b e e n  t r e a t e d  wi th  e t h e r-alcohol
a t  fir s t  ins t e a d  of e t h e r  only, o t h e r wise  t h e  r e s ul t s
will b e  m u c h  too  hig h,  owing  to  t h e  g el a tinous  p r ecipi t a t e
r e t aining  ve ry conside r a ble  q u a n ti ti es  of ni t ro-glyce rine .  
The  p r e cipi t a t e  is t h e n  allow e d  to  d r ain  a s  co m ple t ely
a s  possible,  a n d  finally allow e d  to  d ry in t h e  ai r
b a t h  a t  4 0  d e g.   C., u n til i t is e a sily d e t a c h e d
fro m  t h e  line n  fil te r  by t h e  aid  of a  s p a t ul a,  a n d
is t h e n  t r a n sfe r r e d  to  a  w eigh e d  w a tc h-gla s s,  r e pl ac e d
in t h e  oven,  a n d  d ri e d  a t  4 0  d e g.   C. u n til cons t a n t
in w eig h t .   The  w eig h t  foun d,  c alcul a t e d  u po n
t h e  1 0  g r m s.  t ak e n,  gives  t h e  p e r c e n t a g e  of ni t ro-c ellulos e.

[Footno t e  A:  If t h e  s u bs t a nc e  h a s  b e e n  t r e a t e d
wi th  e t h e r  alon e  in t h e  Soxhle t,  t h e  ni t ro-glyce rin e
will of cou r s e  b e  dis solve d  ou t  fi r s t ,  a n d  t h e  e t h e r-alcohol
solu tion  will only con t ain  t h e  ni t ro-c ellulos e.]
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T h e  R e sidu e  lef t  af t e r  t r e a tin g  t h e  g el a tin e
wi th  e t h e r-alcohol is, in t h e  c a s e  of bl a s ting  g el a tine,
ve ry s m all, a n d  will p ro b a bly consis t  of no t hing  b u t
c a r bo n a t e  of sod a.   I t  s hould  b e  d rie d  a t  1 0 0  d e g.  
C. a n d  w eig h e d,  b u t  in  t h e  c a s e  of ei t h e r  g eligni t e
o r  g el a tin e  dyn a mit e  t his  r e sidu e  s ho uld  b e  t r a n sfe r r e d
to  a  b e ak e r  a n d  boiled  wi t h  dis tilled  w a t er, a n d  t h e
w a t e r  d ec a n t e d  so m e  eig h t  o r  t e n  tim e s,  a n d  t h e  r e sidu e
finally t r a n sfe r r e d  to  a  t a r r e d  filt e r  a n d  w a s h e d
for  so m e  tim e  wi th  ho t  w a t er.  The  r e sid u e  left
u po n  t h e  fil t e r  is wood-p ulp.   This  is d ri ed  a t
1 0 0  d e g.   C. u n til cons t a n t ,  a n d  w eigh e d.  
The  solu tion  a n d  w a s hing s  fro m  t h e  wood  a r e  eva po r a t e d
dow n  in a  pl a tin u m  dis h,  a n d  d ri e d  a t  1 0 0  d e g.  
C. I t  will consis t  of t h e  po t a s siu m  ni t r a t e ,  a n d  a ny
o th e r  mi n e r al  s al t s ,  s uc h  a s  c a r bo n a t e  of sod a,  w hic h
s ho uld  alw ays  b e  t e s t e d  for  by  a d din g  a  few d rop s  of
ni t ric  a cid  a n d  a  li t tl e  w a t e r  to  t h e  r e sidu e,  a n d
a g ain  ev a po r a tin g  to  d ryn e s s  a n d  r e-w eig hin g.  
F ro m  t h e  diffe r e n c e  in w eigh t  t h e  sod a  c a n  b e  c alcula t e d ,
sodiu m  ni t r a t e  h aving  b e e n  for m e d.   Thus—

N a_{ 2 }CO_{3 }  +  2 H NO_{3 }  =  2 N a N O_{3 }  +  CO_{2 }  +  H_{ 2 }O.

Mol. w t.  =  1 0 6  =  1 7 0

(17 0  — 1 0 6  =  6 4)  a n d  x  =  (106  x d )/64

w h e r e  x  e q u als  g r m s.  of sodiu m  c a r bo n a t e  in
r e sid u e,  a n d  d  e q u als  t h e  diffe r e n c e  in w eig h t
of r e sid u e,  b efo r e  a n d  af t e r  t r e a t m e n t  wit h  ni t ric
a cid.

The  ni t ro-glyce rin e  is b e s t  foun d  by diffe r e nc e ,  b u t
if d e si r e d  t h e  solu tions  fro m  t h e  p r e cipi t a tion  of
t h e  ni t ro-c ellulos e  m ay  b e  ev a po r a t e d  do w n  u po n  t h e
w a t e r  b a t h  a t  3 0  d e g.  to  4 0  d e g.   C., a n d  finally
d ri e d  ove r  CaCl_{2 }  u n til no  s m ell of e t h e r  o r  chlo rofor m
c a n  b e  d e t e c t e d,  a n d  t h e  ni t ro-glyce rine  w eig h e d.  
I t  will, how ever, a lw ays  b e  m u c h  too  low.  An a c t u al
a n alysis  of a  s a m ple  of g el a tin e  dyn a mit e  g ave  t h e

264



following  r e s ul t:—

Nit roc ellulos e  (collodion)    3 .81 9  p e r  c e n t .  
Ni t ro-glyce rin e               6 6.6 9 1     "
Wood-p ulp                     1 6.29 0     "
KNO_{ 3 }                       1 2.89 0     "
N a_{ 2 }CO_{3 }                  Nil.
Wate r                          0 .34 0     "

This  s a m ple  w a s  p rob a bly in t e n d e d  to  con t ain  3 0  p e r
c e n t .  of a b so r bin g  m a t e ri al  to  7 0  p e r  ce n t .  of explosive
s u b s t a n c e s.   M a ny dyn a mit e s  con t ain  o t h e r  s u b s t a nc e s
t h a n  t h e  a bove,  s uc h  a s  p a r affin, r e sin,  s ulp h ur, wood,
co al-d u s t ,  ch a r co al, a lso  min e r al  s al t s ,  s uc h  a s  c a r bo n a t e
of m a g n e sia,  c hlo r a t e  of po t a s h,  &c.  In  t h e s e
c a s e s  t h e  a bove-d e sc rib e d  m e t ho ds  m u s t  of cou r s e  b e
con sid e r a bly m o dified.   Pa r affin, r e sin,  a n d  m o s t
of t h e  s ulph u r  will b e  foun d  in t h e  e t h e r  solu tion
if p r e s e n t .   The  solu tion  s ho uld  b e  eva po r a t e d
(a n d  in t his  c a s e  t h e  explosive  s ho uld  in t h e  fir s t
c a s e  b e  t r e a t e d  wi t h  e t h e r  only, a n d  no t  e t h e r-alcohol),
a n d  t h e  r e sidu e  w eig h e d,  a n d  t h e n  t r e a t e d  on  t h e  w a t e r
b a t h  wi t h  a  solu tion  of c a u s tic  sod a.   The  r e sin
go es  in to solu tion,  a n d  is s e p a r a t e d  by d e c a n t a tion
fro m  t h e  r e sid u e,  a n d  p r e cipi t a t e d  by hyd roc hlo ric
a cid,  a n d  collec t e d  on  a  t a r r e d  filt e r  (d rie d  a t  1 0 0
d e g.   C.), a n d  d ri e d  a t  1 0 0  d e g.   C. a n d  w eigh e d.  
The  ni t ro-glyce rin e  r e sid u e  is t r e a t e d  wit h  s t ro n g
alcohol, d e c a n t e d,  a n d  t h e  r e sidu e  of p a r affin  a n d
s ulp h u r  w a s h e d  wi th  alcohol, d ri e d,  a n d  w eigh e d.
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To s e p a r a t e  t h e  p a r affin  fro m  t h e  s ulp h u r  t h e  r e sidu e
is h e a t e d  wi th  a  solu tion  of a m m o niu m  s ulp hide .  
Afte r  cooling  t h e  p a r affin  collec t s  a s  a  c r u s t  u po n
t h e  s u rfac e  of t h e  liquid,  a n d  by p ricking  a  s m all
hole  t h ro u g h  it  wi th  a  gl a s s  ro d  t h e  liquid  u n d e r n e a t h
c a n  b e  po u r e d  off, a n d  t h e  p a r affin  t h e n  w a s h e d  wi th
w a t er, d ri e d,  a n d  w eigh e d.   S ulp h u r  is foun d  by
diffe r e nc e .   M r  F.W.  S mit h  (Jour. 
A m er.  Ch e m.   S oc. , 1 9 0 1,  2 3  [8], 5 8 5-5 8 9)
d e t e r min es  t h e  s ulph u r  in dyn a mi te  g el a tin e  a s  follows:—Abou t
2  g r m s.  a r e  w a r m e d  in a  1 0 0  c.c.  silve r  c r ucible  on
t h e  w a t e r  b a t h  wi t h  a n  alcoholic solu tion  of sodiu m
hyd roxide,  a n d  w h e r e  t h e  ni t ro-glyce rin e  is d e co m pos e d,
t h e  liquid  is ev a po r a t e d  to  d ryn es s.   The  r e sid u e
is fus e d  wi th  4 0  g r m s.  of KOH a n d  5  g r m s.  of po t a s siu m
ni t r a t e ,  t h e  m a s s  dis solve d  in  dilu t e  a c e tic  a cid
a n d  filt e r e d,  a n d  t h e  s ulph a t e s  p r e cipi t a t e d  in t h e
u s u al  w ay.  If c a m p ho r  is p r e s e n t ,  i t c a n  b e  ex t r a c t e d
wi th  bis ulphid e  of c a r bo n  af t e r  t h e  m a t e r ial h a s  b e e n
t r e a t e d  wi th  e t h e r-alcohol.  In  t h a t  c a s e  t h e
s ulp h ur, p a r affin, a n d  r e sin  will a l so  b e  di ssolved. 
The  c a m p ho r  b ein g  e a sily vola tile,  c a n  b e  s e p a r a t e d
by eva po r a tion.   Le t  t h e  w eigh t  of t h e  ex t r a c t ,
fr e e d  fro m  e t h e r-alcohol b efo r e  t r e a t m e n t  wi th  bis ulp hide
of c a r bo n,  e q u al  A, a n d  t h e  w eigh t  of ex t r ac t  af t e r
t r e a t m e n t  wi t h  CS_{2 }  a n d  eva po r a tion  of t h e  s a m e
e q u al  B; a n d  w eigh t  of t h e  r e sid u e  w hic h  is left  af t e r
ev a po r a tion  of t h e  CS_{2 }  a n d  t h e  c a m p ho r  in solu tion
e q u al  C, t h e  p e r c e n t a g e  of c a m p ho r  will b e  A —
B — C. The  r e sid u e  C m ay  con t ain  t r a c es  of ni t ro-glyce rin e ,
r e sin,  o r  s ulp h ur.

Ca m p ho r  m ay b e  s e p a r a t e d  fro m  ni t ro-glyce rin e  by  m e a n s
of CS_{2 }.   If t h e  solu tion  of c a m p ho r  in  ni t ro-glyce rin e
b e  s h ak e n  wi th  CS_{2 },  t h e  c a m p ho r  a n d  a  lit tle  of
t h e  ni t ro-glyce rin e  will dis solve.   The  bis ulphid e
solu tion  is d e c a n t e d ,  o r  po u r e d  in to  a  s e p a r a ting
funn el  a n d  s e p a r a t e d  fro m  t h e  ni t ro-glyce rine .  
The  two  solu tions  a r e  t h e n  h e a t e d  on  t h e  w a t e r  b a t h
to  2 0  d e g.   C. a n d  t h e n  to  6 0  d e g.   C., a n d
af t e r w a r d s  in a  vac u u m  ove r  CaCl_{2 }  u n til t h e  CS_{2 }
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h a s  eva po r a t e d  fro m  t h e m.   The  c a m p ho r  eva po r a t e s,
a n d  leaves  t h e  s m all q u a n ti ty of ni t ro-glyce rin e  w hich
h a d  b e e n  di ssolve d  wi t h  it.  The  o t h e r  po r tion
is t h e  ni t ro-glyce rin e,  no w  fre e  fro m  CS_{2 }.  
The  two  a r e  w eigh e d  a n d  t h ei r  w eigh t s  a d d e d  tog e t h er,
a n d  e q u als  t h e  ni t ro-glyce rine  p r e s e n t .   The r e
is a  loss  of ni t ro-glyce rin e,  it b eing  p a r tly ev a po r a t e d
alon g  wi th  t h e  CS_{2 }.   Ca p t ain  H e s s  h a s  s how n
t h a t  it is e q u al  to  a bo u t  1 .2 5  p e r  c e n t .   This
q u a n ti ty s hould  t h e r efo r e  b e  a d d e d  to  t h a t  foun d  by
a n alysis.  Mor ton  Liebsc h u tz, in a  p a p e r  in t h e
M o ni t e ur  S ci e n tifiqu e  for  Jan u a ry  1 8 9 3,  ve ry
righ tly obs e rves  t h a t  t h e  va rie ty of dyn a mi t e s  m a n ufac t u r e d
is ve ry g r e a t ,  all of t h e m  h aving  a  s p e ci al co m posi tion
w hich, good  o r  b a d ,  is so m e ti m e s  of so  co m plica t e d
a  n a t u r e  t h a t  t h e  d e t e r min a tion  of t h ei r  ele m e n t s
is difficul t .
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The  d e t e r min a tion  of ni t ro-glyce rin e  in si m ple  dyn a mi t e
No.  1  is e a sy; b u t  no t  so  w h e n  t h e  dyn a mit e  con t ains
s u b s t a n c e s  soluble  in e t h er, s uc h  a s  s ulp h ur, r e sin,
p a r affin, a n d  n a p h t h al e n e.   Afte r  d e t ailing  a t
len g t h  t h e  m e t hod s  h e  e m ploys, h e  conclud e s  wit h  t h e
obs e rva tion  t h a t  t h e  knowled g e  of t h e  u s e  of a c e tic
a cid—in w hich  ni t ro-glyce rin e  di ssolves—for
t h e  d e t e r min a tion  of ni t ro-glyce rin e  m ay b e  s e rvice a ble.  
M r  F.W.  S mit h[A] gives  t h e  following  indi r e c t
m e t ho d  of d e t e r mining  ni t ro-glyce rin e  in g el a tin e
dyn a mi t e,  &c.  About  1 5  g r m s.  of t h e  s a m ple  a r e
ex t r ac t e d  wi th  c hlo rofor m  in a  Soxhle t  a p p a r a t u s,
a n d  t h e  loss  in w eigh t  d e t e r min e d.   In  a  s eco n d
po r tion  t h e  m ois t u r e  is d e t e r min e d.   A t hi rd  po r tion
of a bo u t  2  g r m s .  is m a c e r a t e d  wi th  e t h e r  in a  s m all
b e a k er, t h e  e t h e r e al  ex t r a c t  filt e r e d,  a n d  t h e  p roc e ss
of ex t r ac tion  r e p e a t e d  t h r e e  o r  fou r  tim e s.   The
u ni t e d  filt r a t e s  a r e  allow e d  to  ev a po r a t e  s po n t a n eo usly,
a n d  t h e  r e sidu e  w a r m e d  g e n tly on  t h e  w a t e r  b a t h  wi t h
5  c.c. of a m m o niu m  s ulphid e  solu tion,  a n d  1 0  c.c.
of alcohol u n til t h e  ni t ro-glyce rin e  is d e co m pos e d,
af t e r  w hich  a bo u t  2 5 0  c.c. of w a t e r  a n d  s ufficien t
hyd roc hlo ric  a cid  to  r e n d e r  t h e  liquid  s t ron gly a cid,
a r e  a d d e d,  a n d  t h e  liquid  fil t e r e d .   The  p r ecipi t a t e
is w a s h e d  fre e  fro m  a cid,  a n d  t h e n  w a s h e d  t h ro u g h  t h e
filt e r  wi t h  s t ro n g  alcohol a n d  c hlo rofor m  in to  a  w eigh e d
pla tin u m  dis h,  w hich  is d rie d  to  cons t a n t  w eigh t  a t
5 0  d e g.   C. The  con t e n t s  of t h e  dis h  a r e  no w  t r a n sfe r r e d
to  a  silve r  c r ucible,  a n d  t h e  s ulph u r  d e t e r min e d.  
This  a m o u n t  of s ulp h ur, d e d uc t e d  fro m  t h e  w eig h t  of
t h e  con t e n t s  of t h e  pl a tinu m  dish,  gives  t h e  q u a n ti ty
of s u b s t a n c e s  soluble  in c hlo rofor m  with  t h e  exc e p tion
of t h e  ni t ro-glyce rin e,  m ois t u r e ,  a n d  s ulph ur. 
The  a m o u n t  of t h e  for m e r  s u bs t a nc e s  plus  t h e
m ois t u r e  a n d  s ulp h ur, d e d uc t e d  fro m  t h e  to t al  loss
on  ext r a c tion  wit h  c hlo rofor m,  gives  t h e  q u a n ti ty of
ni t ro-glyce rin e .   Ni t ro-b e nz e n e  m ay  b e  d e t ec t e d ,
a c co r din g  to  J. M a r p u r go, in t h e  following  m a n n e r:—In
a  po rc el ain  b a sin  a r e  pl ac e d  t wo  d ro p s  of liquid  p h e nol,
t h r e e  d ro ps  of w a t er, a n d  a  fra g m e n t  of po t a s h  a s
la rg e  a s  a  p e a .   The  mixtu r e  is boiled,  a n d  t h e
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a q u eo u s  solu tion  to  b e  t e s t e d  t h e n  a d d e d.   On  p rolong e d
boiling  ni t ro-b e nz e n e  p ro d uc e s  a t  t h e  e d g e  of t h e  liquid
a  c ri mson  rin g,  w hich  on  t h e  a d di tion  of a  solu tion
of ble ac hing  pow d e r  t u r n s  e m e r ald-g r e e n.   And
ni t ro-glyce rin e  in e t h e r  solu tion,  by pl acing  a  few
d ro ps  of t h e  s u s p ec t e d  solu tion,  tog e t h e r  wi th  a  d ro p
o r  t wo  of a niline,  u po n  a  w a t c h-gla s s,  ev a po r a ting
off t h e  e t h er, a n d  t h e n  a d din g  a  d ro p  of conc e n t r a t e d
s ulp h u ric  a cid  to  t h e  r e sidu e,  w h e n,  if ni t ro-glyce rin e
is p r e s e n t ,  t h e  H_{ 2 } SO_{ 4 }  will s t r ike  a  c rim so n
colour, d u e  to  t h e  a c tion  of t h e  a niline  s ulph a t e
u po n  t h e  ni t ric  a cid  libe r a t e d  fro m  t h e  ni t ro-glyce rin e.

[Footno t e  A:  “Not e s  on  t h e  Analysis  of
Explosives,” Jour.  A m er.  Ch e m .  
S o c. , 1 9 0 1,  2 3  [8], 5 8 5-5 8 9.]
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Toni t e .—The  a n alysis  of t his  explosive
is a  co m p a r a tively e a sy  m a t t er, a n d  c a n  b e  p e rfo r m e d
a s  follows:—Weigh  ou t  1 0  g r m s., o r  a  s m alle r
q u a n ti ty, a n d  boil wit h  w a t e r  in a  b e ak er, d ec a n tin g
t h e  liquid  fou r  o r  five t im e s,  a n d  filt er.  The
a q u eo u s  solu tion  will con t ain  t h e  ni t r a t e  of b a riu m.  
The n  p u t  t h e  r e sid u e  on  t h e  filt er, a n d  w a s h  t wo  o r
t h r e e  ti m e s  wit h  boiling  w a t er.  Eva po r a t e  t h e
filt r a t e  to  d ryn e s s  in a  pla tinu m  dis h.   Dry a n d
w eig h.   This  e q u als  t h e  Ba(NO_{3 })_{2 }.   If
t h e  s a m ple  is to ni t e  No. 3 ,  a n d  con t ains  di-ni t ro-b e nzol,
t r e a t  fi r s t  wi th  e t h e r  to  di ssolve  ou t  t hi s  s u b s t a n c e.  
Filt e r  in to  a  dis h,  a n d  ev a po r a t e  off t h e  e t h er, a n d
w eig h  t h e  di-ni t ro-b e nzol, a n d  af t e r w a r d s  t r e a t  r e sid u e
wi th  w a t e r  a s  b efo r e.   The  r e sid u e  is d ri e d  a n d
w eig h e d,  a n d  e q u als  t h e  g u n-co t ton  p r e s e n t .   I t
s ho uld  t h e n  b e  t r e a t e d  wit h  a  solu tion  of e t h e r-alcohol
in a  conical flask,  allow e d  to  s t a n d  so m e  t h r e e  ho u r s,
t h e n  filt e r e d  t h rou g h  a  w eig h e d  fil t e r  p a p er, d ri e d
a t  4 0  d e g.   C., a n d  w eig h e d.   This  will give
t h e  g u n-co t ton,  a n d  t h e  diffe r e nc e  b e t w e e n  t his  las t
w eig h t  a n d  t h e  p r evious  on e  will give  t h e  collodion-co t to n.  
A po r tion  of t h e  r e sidu e  con t aining  bo t h  t h e  g u n-co t ton
a n d  t h e  soluble  co t to n  c a n  b e  t e s t e d  in t h e  ni t ro m e t er,
a n d  t h e  ni t ro g e n  d e t e r min e d.

Cordi t e .—This  explosive  consis t s
of g u n-co t ton  (with  a  li t tl e  collodion-co t to n  in it
a s  imp u ri ty), ni t ro-glyce rin e,  a n d  vas eline—t h e
p ro po r tions  b ein g  given  a s  3 0  p e r  c e n t .  ni t ro-glyce rin e,
6 5  p e r  c e n t .  g u n-co t ton,  a n d  5  p e r  ce n t .  vas eline.  
I t s  a n alysis  is p e rfo r m e d  by a  m o difica tion  of t h e
m e t ho d  give n  for  g el a tin e s .   Five  g r m s .  m ay  b e
dis solved  in e t h e r-alcohol in  a  conical flask,  allow e d
to  s t a n d  all nigh t,  a n d  t h e n  fil te r e d  t h rou g h  a  line n
filt er.  The  r e sid u e  is w a s h e d  wi th  a  li t tle  e t h er,
p r e s s e d ,  a n d  d rie d  a t  4 0  d e g.   C., a n d  w eig h e d.  
I t  e q u als  t h e  g u n-co t ton.   The  solu tion  con t ains
t h e  ni t ro-glyce rin e,  soluble  co t ton,  a n d  vas eline.  
The  co t to n  is p r ecipi t a t e d  wi th  c hlo rofor m,  filt e r e d
off, d ri e d,  a n d  w eig h e d.   The  t wo  e t h e r-alcohol
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solu tions  a r e  mixe d,  a n d  c a r efully ev a po r a t e d  do w n
in a  pl a tinu m  dis h  u po n  t h e  w a t e r  b a t h  a t  a  low t e m p e r a t u r e .  
The  r e sidu e  is af t e r w a r d s  t r e a t e d  wi th  s t ro n g  8 0  p e r
c e n t .  a c e tic  a cid,  w hich  dis solves  ou t  a ny ni t ro-glyce rin e
lef t  in i t.  The  ni t ro-glyce rin e  is t h e n  ob t ain e d
by diffe r e nc e,  o r  t h e  m e t ho d  s u g g e s t e d  to  m e  p riva t ely
by M r  W.J.  Willia ms  m ay b e  u s e d .   The  r e sid u e
ob t ain e d  by eva po r a tion  of t h e  e t h e r-alcohol solu tion,
af t e r  w eig hing,  is t r e a t e d  wi th  alcoholic po t a s h  to
d eco m pos e  t h e  ni t ro-glyce rin e,  w a t e r  is a d d e d  a n d  t h e
alcohol eva po r a t e d  off.  So m e  e t h e r  is t h e n  a d d e d,
a n d  t h e  mixtu r e  s h a k e n,  a n d  t h e  e t h e r  s e p a r a t e d  a n d
ev a po r a t e d,  a n d  t h e  r e sidu e  w eig h e d  a s  vas eline.

The  m ois tu r e  s ho uld,  ho w ever, b e  d e t e r min e d  by t h e
m e t ho d  d evise d  by M r  Arth u r  M a r s h all, F.I.C., of t h e
Royal Gu n pow d e r  Works,  Walth a m  Abb ey, w hich  is c a r ri ed
ou t  a s  follows:—The  co r di t e  o r  o t h e r  explosive
is p r e p a r e d  in t h e  m a n n e r  laid dow n  for  t h e  Abel h e a t
t e s t ,  t h a t  is t  s ay, it  is g ro u n d  in a  s m all mill,
a n d  t h a t  po r tion  is s el ec t e d  w hich  p a s s e s  t h ro u g h
a  sieve  h aving  hole s  of t h e  size  of No. 8  wi r e  g a u g e,
b u t  no t  t h ro u g h  on e  wi th  holes  No.  1 4  wi r e  g a u g e.
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[Illus t r a tion:  FIG. 4 0.—MARS HALL’S
APPARATUS FOR MOISTURE IN CORDITE.]

The  for m  of a p p a r a t u s  u s e d  is s how n  in Fig.  4 0.  
I t  consis t s  of a n  alu miniu m  dish  A, h aving  t h e  di m e n sions
s how n,  a n d  t h e  gl a s s  con e  B w eighin g  no t  m o r e  t h a n
3 0  g r m s.   Five  g r m s.  of t h e  co r di t e  a r e  w eigh e d
into  t h e  alu miniu m  dish  A. This is cove r e d  wi th  t h e
con e  B, a n d  t h e  w hole  is a cc u r a t ely w eigh e d,  a n d  is
t h e n  pl ac e d  u po n  a  m e t al  pl a t e  h e a t e d  by  s t e a m  fro m
a  w a t e r  b a t h .   I t  is lef t  u po n  t h e  b a t h  u n til a ll
t h e  m ois tu r e  h a s  b e e n  d rive n  off, t h e n  it is allow e d
to  cool for  a bo u t  h alf-a n-ho u r  in a  d e sicca to r  a n d
is w eig h e d.   The  loss  in w eig h t  gives  a cc u r a t ely
t h e  m ois tu r e  of t h e  s a m ple.   For  co r di t e  of t h e
o rigin al co m posi tion,  on e  ho u r’s h e a t ing  is
s ufficien t  to  e n ti r ely d rive  off t h e  m ois t u r e;  for
m o dified  co r di t e  con t aining  6 5  p e r  c e n t .  of g u n-co t ton,
t wo  ho u r s  is e no u g h,  p rovide d  t h a t  t h e r e  b e  no t  m o r e
t h a n  1.3  p e r  c e n t .  of m ois t u r e  p r e s e n t .

If t h e  p ro po r tion  of ni t ro-glyce rin e  b e  high er, a
long e r  h e a tin g  is n e c e s s a ry.  The  alu miniu m  dis h
m u s t  no t  b e  s h allow e r  t h a n  s how n  in t h e  figu r e ,  for
if t h e  dis t a nc e  b e t w e e n  t h e  s u b s t a n c e  a n d  t h e  e d g e
of t h e  gla s s  con e  b e  less  t h a n  h alf a n  inch,  so m e
ni t ro-glyce rin e  will b e  los t .   Again,  t h e  s a m ple
m u s t  no t  b e  g ro u n d  fine r  t h a n  s t a t e d,  el s e  so m e  of
t h e  m ois tu r e  will b e  los t  in t h e  g rinding  a n d  sieving
op e r a tions,  a n d  t h e  r e s ul t  will b e  too  low.  In
o r d e r  to  b e  a bl e  to  d rive  off all t h e  m ois t u r e  in
t h e  tim e s  m e n tion e d,  i t is e s s e n ti al t h a t  t h e  gla s s
con e  s h all no t  fit  too  clos ely on  t h e  alu miniu m  dis h,
con s e q u e n tly t h e  ho rizon t al ledg e  ro u n d  t h e  top  of
t h e  dis h  s ho uld  b e  b e n t ,  so  a s  to  r e n d e r  it sligh tly
u n t r u e ,  a n d  le ave  a  cle a r a n c e  of a bo u t  0 .02  inch  in
so m e  pl ac e s.   If t h e s e  few si m ple  p r e c a u tions
b e  t ak e n,  t h e  m e t hod  will b e  foun d  to  b e  ve ry a cc u r a t e.  
Duplica t e  d e t e r min a tions  do  no t  diffe r  m o r e  t h a n  0.01
p e r  c e n t .[A]
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[Footno t e  A:  “Det e r min a tion  of Mois t u r e
in Ni t ro-glyce rin e  Explosives,” by  A. M a r s h all,
Jour.  S oc.   Ch e m .   Ind. , Fe b.  2 9,
1 9 0 4,  p .  1 5 4.]

T h e  Vaseline  (C_{16 } H_{ 3 4 }), o r  p e t role u m  jelly,
u s e d  h a s  a  flas h-poin t  of 4 0 0  d e g.   F. I t  m u s t
no t  con t ain  m o r e  t h a n  0.2  p e r  c e n t .  vola tile  m a t t e r
w h e n  h e a t e d  for  1 2  ho u r s  on  t h e  w a t e r  b a t h,  a n d  s hould
h ave  a  s p ecific g r avity of 0 .8 7  a t  1 0 0  d e g.   F.,
a n d  a  m el ting  poin t  of 8 6  d e g.   F. I t  is ob t ain e d
d u ring  t h e  dis tilla tion  of p e t role u m,  a n d  consis t s
m ainly of t h e  po r tions  di s tilling  a bove  2 0 0  d e g.  
C. I t  boils  a t  a bo u t  2 7 8  d e g.   C.

Ac e ton e  (CH_{3 }CO.CH_{3 }), o r  di m e t hyl ke to n e,
is for m e d  w h e n  iso-p ro pyl alcohol is oxidis e d  wi th
po t a s siu m  bich ro m a t e  a n d  s ulph u ric.  It  is a lso
p ro d uc e d  in conside r a ble  q u a n ti ti es  d u rin g  t h e  d ry
dis tilla tion  of wood,  a n d  m a ny o th e r  o r g a nic  co m po u n d s.  
C r u d e  wood  s pi ri t,  w hich  h a s  b e e n  fre e d  fro m  a c e tic
a cid,  consis t s  in  t h e  m ain  of a  mixtu r e  of a c e ton e
a n d  m e t hyl-alcohol.  The  t wo  s u b s t a nc e s  m ay  b e
ro u g hly s e p a r a t e d  by t h e  a d di tion  of c alciu m  c hlo rid e,
w hich  co m bine s  wi th  t h e  m e t hyl-alcohol.  On  s u b s e q u e n t
dis tilla tion  c r u d e  a c e to n e  p a s s e s  over, a n d  m ay  b e
p u rified  by  conve r sion  in to t h e  bi sulphi t e  co m po u n d.
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Aceton e  is u s u ally p r e p a r e d ,  ho w ever, by t h e  d ry  dis tilla tion
of c r u d e  c alciu m  or  b a riu m  a c e t a t e .

(CH_{3 }.COO)_{2 }C a  =  CH_{3 }.CO.CH_{3 }  +  CaCO_{3 }.

The  dis tilla t e  is fr ac tion a t e d,  a n d  t h e  po r tion,  boiling
b e t w e e n  5 0  d e g.  a n d  6 0  d e g.   C., mixed  wi t h  s t ro n g
solu tion  of sodiu m  bis ulphit e .   The  c rys t alline
c ak e  of a c e ton e  so diu m  bisulp hi t e ,  w hich  s e p a r a t e s
on  s t a n ding,  is w ell p r e s s e d ,  to  fr e e  it  fro m  imp u ri ti es,
d eco m pos e d  by dis tilla tion  wit h  dilu t e  sodiu m  c a r bo n a t e ,
a n d  t h e  a q u eo u s  di s tilla t e  of p u r e  a c e to n e  d e hyd r a t e d
ove r  c alciu m  chlo ride.   Ace ton e  is a  colou rle s s,
m o bile  liquid  of s p.  gr. .792  a t  2 0  d e g.   C.,
it  boils  a t  5 6.5  d e g.   C., h a s  a  p e c uliar, pl e a s a n t ,
e t h e r e al  odour, a n d  is mixible  wi t h  w a t er, alcohol,
a n d  e t h e r  in all p ro po r tions.

The  a c e ton e  u s e d  in  t h e  m a n ufac t u r e  of co r di t e  s hould
confor m  to  t h e  following  s p e cifica tion:—

S PECIFICATION FOR ACETONE.

1.   The  a c e ton e  to  b e  no t  m o r e  t h a n  0.80 2  s p ecific
g r avity a t  6 0  d e g.   F. Wh e n  mixe d  wi t h  dis tilled
w a t e r  it  m u s t  s how  no  t u r bidi ty, a n d  m u s t  le ave  no
r e sid u e  on  ev a po r a tion  a t  2 1 2  d e g.   F. On  di s tilla tion,
fou r-fifths  by volu m e  of t h e  q u a n ti ty t ak e n  m u s t  dis til
ove r  a t  a  t e m p e r a t u r e  no t  exc e e din g  1 3 8  d e g.  
F. The  r e sidu al  m a t t e r  lef t  af t e r  t his  dis tilla tion
m u s t  no t  con t ain,  b e sid e s  a c e to n e,  a ny ing r e die n t
t h a t  is no t  a  bye-p ro d uc t  incid e n t al  to  t h e  m a n ufac t u r e
of a c e to n e.

2.   On e  c.c.  of 0 .10  p e r  c e n t .  solu tion  in dis tilled
w a t e r  of p u r e  p e r m a n g a n a t e  of po t a s h,  a d d e d  to  1 0 0
c.c.  of t h e  a c e to n e,  m u s t  r e t ain  i t s  dis tinc tive  colou r
for  no t  les s  t h a n  3 0  mi n u t e s .   This  t e s t  s hould
b e  m a d e  a t  a  t e m p e r a t u r e  of 6 0  d e g.   F.

3.   The  a c e ton e  t e s t e d  by  t h e  following  m e t ho d

274



m u s t  no t  s how  m o r e  t h a n  0.00 5  p e r  c e n t .  of a cid,  c alcula t e d
to  a c e tic  a cid:—

To 5 0  c.c.  of t h e  s a m ple  dilu t e d  wi t h  5 0  c.c. of di s tilled
w a t er, wi th  2  c.c. of p h e nol-p h t h al ein  solu tion  (1
g r a m m e  to  1,00 0  c.c.  of 5 0  p e r  c e n t .  a lcohol) a d d e d
a s  a n  indic a tor, a d d  fro m  a  b u r e t t e  N/1 0 0  sodiu m  hyd r a t e
solu tion  (1 c .c. 0 . 00 0 6  g r a m m e  a c e tic  a cid), a n d  c alcula t e
to  a c e tic  a cid  in  t h e  u s u al m a n n er.

The  w a t e r  u s e d  for  t h e  dilu tion  of t h e  a c e to n e  m u s t
b e  c a r efully t e s t e d  for  a cidi ty, a n d  t h e  pip e t t e s
u s e d  for  m e a s u ring  s ho uld  no t  b e  blow n  ou t ,  a s  it
wo uld  b e  possible  t h u s  to  n e u t r alise  n e a rly 2  c.c.
of t h e  sod a  solu tion.

The  p r e s e n c e  of w a t e r  in  a  s a m ple  of a c e ton e  m ay  b e
d e t e c t e d  by Sc h w ei tze r  a n d  Lung wi tz’s m e t ho d
(Ch e m.   Z ei t . , 1 8 9 5,  xix., p .  1 3 8 4), w hic h
con sis t s  in s h akin g  tog e t h e r  e q u al  volu m e s  of a c e ton e
a n d  p e t role u m  e t h e r  (boiling  poin t,  4 0  d e g.  to  6 0
d e g.   C.), w h e n  if p r e s e n t  a  s e p a r a tion  of t h e
liquid  in laye r s  will t ak e  pl ac e.

Es ti ma tion  of  Ac e ton e.—Keble r  (Jour. 
A m er.  Ch e m.   S oc. , 1 8 9 7,  1 9 ,  3 1 6- 3 2 0)
h a s  imp rove d  S q uibb’s m o difica tion  of Robin e a u
a n d  Rollins’ m e t hod.   The  following  solu tions
a r e  r e q ui r e d:—

(1.) A 6  p e r  c e n t .  solu tion  of hyd roc hlo ric  a cid.
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(2.) A d ecino r m al solu tion  of sodiu m  t hios ulp h a t e .

(3.) Alkaline  po t a s siu m  iodide  solu tion  p r e p a r e d  by
dis solving  2 5 0  g r m s.  of po t a s siu m  iodide  in  w a t er,
m a d e  u p  to  a  li t r e;  di ssolving  2 5 7  g r m s.  of sodiu m
hyd roxide  (by alcohol) in  w a t er, like wis e  m a d e  u p  to
a  li t r e .   Afte r  allowing  t h e  la t t e r  to  s t a n d,
8 0 0  c.c. of t h e  cle a r  solu tion  a r e  a d d e d  to  t h e  lit r e
of KI.

(4.) Sodiu m  hypoc hlo ri t e  solu tion:  1 0 0  g r m s.
of ble ac hing  pow d e r  (35  p e r  c e n t .) a r e  mixe d  wi th
4 0 0  c.c. of w a t e r :   to  t his  is a d d e d  a  ho t  solu tion
of 1 2 0  g r m s.  of c rys t allis e d  sodiu m  c a r bo n a t e  in 4 0 0
c.c.  of w a t er.  Afte r  cooling,  t h e  cle a r  liquid
is d ec a n t e d ,  t h e  r e m ain d e r  filt e r e d,  a n d  t h e  fil t r a t e
m a d e  u p  to  a  li t r e;  to  e a c h  li t r e  is a d d e d  2 5  c.c.
of sodiu m  hyd roxide  solu tion  (sp.  gr. 1 .29).

(5.) An a q u e o us  solu tion  of t h e  a c e ton e,  con t aining
1  o r  2  p e r  c e n t .  of a c e to n e.

(6.) Bica r bo n a t e d  s t a r c h  solu tion  p r e p a r e d  by t r e a tin g
0.12 5  g r m.  of s t a r c h  wi t h  5  c.c. of cold  w a t er, t h e n
a d ding  2 0  c.c.  of boiling  w a t er, boiling  a  few min u t e s ,
cooling,  a n d  a d din g  2  g r m s.  of sodiu m  bica r bo n a t e .

To 2 0  c.c.  of t h e  po t a s siu m  iodide  solu tion  a r e  a d d e d
1 0  c.c.  of t h e  dilu t e d  a q u e o us  a c e to n e,  a n  exc es s
of t h e  sodiu m  hypoc hlori t e  solu tion  is t h e n  r u n  in
fro m  a  b u r e t t e  a n d  w ell s h a k e n  for  a  min u t e .   The
mixt u r e  is t h e n  a cidified  wit h  t h e  hyd roc hlo ric  a cid
solu tion,  a n d  w hile  a gi t a t e d ,  a n  exce ss  of sodiu m
t hios ulph a t e  solu tion  is a d d e d,  t h e  mixtu r e  b eing
af t e r w a r d s  allow e d  to  s t a n d  a  few min u t e s.   The
s t a r c h  indic a to r  is t h e n  a d d e d,  a n d  t h e  exce ss  of
t hios ulph a t e  r e-ti t r a t e d.   The  r el a tion  of t h e
sodiu m  hypoc hlo ri t e  solu tion  to  t h e  sodiu m  t hios ulph a t e
b ein g  know n,  t h e  p e r c e n t a g e  of a c e to n e  c a n  b e  r e a dily
c alcula t e d .[A]
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[Footno t e  A:  S e e  “The  Tes ting  of Ace ton e,”
Con roy, Jour.  S oc.   Ch e m .   Ind. ,
3 1 s t  M a rc h  1 9 0 0,  vol. xix.]

Dr  S.J.M.  Auld h a s  r ec e n tly (Jour.  Ch e m .  
S o c. , Fe b.  1 5,  1 9 0 6,  vol. xxv.) work e d  ou t  a  volu m e t ric
m e t ho d  for  t h e  e s ti m a tion  of a c e to n e,  d e p e n din g  on
t h e  for m a tion  of b ro m ofor m,  a n d  it s  s u b s e q u e n t  hyd rolysis
wi th  alcoholic po t a s h .   The  hyd rolysis  is p ro b a bly
exp r e s s e d  t h u s—

3C HBr_{3 }  +  9KOH +  C_{2 } H_{5 }O H  =  3CO +  C_{2 } H_{ 4 }
+  9KBr  +  7 H_{ 2 }O

a s  it h a s  b e e n  s how n  by H e r m a n n  a n d  Long  t h a t  exac tly
3  volu m e s  of c a r bo n  m o noxide  to  1  of e t hyle n e  a r e
evolved.   The  r e sidu al  po t a s siu m  b ro mid e  is e s tim a t e d
by m e a n s  of s t a n d a r d  silve r  ni t r a t e  solu tion.  
Bro mofor m  is s p e ci ally s ui t a bl e  for  t his  p u r pos e  for
s eve r al  r e a so n s.   I t  is ve ry r e a dily for m e d  by
t h e  a c tion  of b ro min e  a n d  po t a s h  on  a c e to n e,  a n d  al t hou g h
ve ry vola tile  in s t e a m,  it  is no t  liabl e  to  loss  d u e
to  it s  ow n  eva po r a tion.   F u r t h er, its  hig h  m olec ula r
w eig h t  a n d  la rg e  p e rc e n t a g e  of b ro min e  con d uc e  to
a c c u r a t e  r e s ul t s ,  5 8  g r m s.  of a c e to n e  b eing  r e s pon sible
for  t h e  for m a tion  of 3 5 7  g r m s.  of KBr.  The  m e t ho d
of c a r rying  ou t  t h e  a n alysis  is a s  follows:—

277



Page 139

A know n  q u a n ti ty of t h e  solu tion  to  b e  t e s t e d ,  con t aining
a c e to n e  to  t h e  ex t e n t  of 0 .1  to  0.2  g r m.,  is pip e t t e d
in to  a  5 0 0  c.c. r o u n d-bo t to m  flask,  dilu t e d  wi th  a
li t tle  w a t er, a n d  mixed  wi th  2 0  to  3 0  c.c.  of a  1 0
p e r  c e n t .  solu tion  of c a u s tic  po t a s h.   The  flask
is co n n e c t e d  wi th  a  long  r eflex con d e n s er, a n d  is
al so  fit t e d  wi th  a  d rop ping  funn el  con t aining  a  solu tion
of b ro min e  in po t a s siu m  b ro mid e  (200  g r m s.  of Br  a n d
2 5 0  g r m s.  of KBr to  1  lit r e  of w a t e r).  The  b ro min e
solu tion  is allow e d  to  flow in to  t h e  mixtu r e  u n til
it  h a s  a c q ui r e d  a  fain t  yellow ting e,  t h e  flask  a n d
its  con t e n t s  b eing  t h e n  h e a t e d  on  t h e  w a t e r  b a t h  a t
a bo u t  7 0  d e g.   C. for  h alf-a n-ho ur.  Bro min e
solu tion  is a d d e d  d ro p  by d ro p  u n til t h e  sligh t  colo r a tion
is p e r m a n e n t ,  exc es s  of b ro min e  b ein g  go t  r i d  of by
boiling  for  a  min u t e  o r  two  wi th  a  lit tl e  m o r e  c a u s tic
po t a s h .   The  mixtu r e  is t h e n  dis tilled  u n til t h e
dis tilla t e  is fr e e  fro m  b ro mofo r m,  h alog e n  b eing  t e s t e d
for  in t h e  u s u al  m a n n er.  Wate r  is a d d e d  to  t h e
con t e n t s  of t h e  flask  if n e c e s s a ry.  I t  m ay  b e
h e r e  obs e rve d  t h a t  no  a c e to n e  c a n  b e  d e t ec t e d  in t h e
dis tilla t e  by m e a n s  of t h e  m e r c u ric  oxide  t e s t ,  a n d
fre e  b ro min e  is al so  a b s e n t .   The  con d e n s e r  h aving
b e e n  w a s h e d  ou t  wi th  a  lit tl e  alcohol, in o r d e r  to
r e m ove  a ny t r a c es  of b ro m ofor m  w hich  m ay  h ave  collec t e d,
t h e  dis tilla t e  a n d  w a s hings  a r e  mixe d  wit h  5 0  c.c.
of alcohol a n d  s ufficien t  solid  c a u s tic  po t a s h  to
m a k e  a n  a p p roxim a t ely 1 0  p e r  ce n t .  solu tion.   The
mixt u r e  is t h e n  h e a t e d  on  t h e  w a t e r  b a t h  u n d e r  a  r eflux
con d e n s e r  u n til t h e  b ro mofor m  is co m ple t ely d e co m pos e d.  
This  g e n e r ally occ u pie s  a bo u t  t h r e e-q u a r t e r s  of a n
ho ur.  The  liquid  is allow e d  to  cool, eva po r a t e d
to  s m alle r  b ulk if n e c e s s a ry, a n d  exa c tly n e u t r alise d
wi th  dilu t e  ni t ric  a cid.   I t  is t h e n  dilu t e d  wi t h
w a t e r  to  5 0 0  c.c., a n d  a n  aliquo t  p a r t  t i t r a t e d  wit h
N/1 0  silve r  ni t r a t e  solu tion,  u sing  po t a s siu m  c h ro m a t e
a s  indica to r;  2 4 0  p a r t s  of b ro min e  co r r e s pon d  to  5 8
p a r t s  of a c e ton e.   The  co m ple t e  a n alysis  c a n  b e
p e rfo r m e d  in on e  a n d  a  h alf to  t wo  ho u r s .   I t  is
imp e r a t ive  t h a t  t h e  b ro min e  u s e d  s ho uld  b e  p u r e ,  a s
c r u d e  b ro min e  fre q u e n tly con t ain s  b ro mofor m.  
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The  m e t ho d  is s ui t a bl e  for  t h e  e s ti m a tion  of a c e to n e
in wood-s pi ri t,  t h e  s pi ri t  b eing  dilu t e d  to  1 0  ti m e s
its  volu m e,  a n d  5  c.c.  of t his  solu tion  e m ployed  for
t h e  d e t e r min a tion.   For  ex a m ple—

(1.) Thr e e  c .c. of a  solu tion  con t aining  9.61  p e r
c e n t .  a c e to n e  g av e  1.78 5 0  g r m.   KBr.  Ace ton e
foun d  =  9.66  p e r  c e n t .

(2.) Ten c.c. of a  solu tion  con t aining  0.96  p e r  c e n t .
a c e to n e  g ave  0.58 4 7  g r m.   KBr.  Ace ton e  foun d
=  0.9 5  p e r  c e n t .

Ni tro-Cot to n.—The  firs t  t hing  u po n
op e nin g  a  c a s e  of w e t  co t ton,  o r  in r e c eiving  a  s a m ple
fro m  t h e  “poac h er,” t h a t  r e q ui r e s  to  b e
d e t e r min e d  is t h e  p e r c e n t a g e  of w a t e r  t h a t  it con t ains.  
I t  is b e s t  don e  by w eig hin g  ou t  a bo u t  1 ,00 0  g r m s.
u po n  a  p a p e r  t r ay, w hich  h a s  b e e n  p r eviously d ri ed
in t h e  oven  a t  1 0 0  d e g.   C. for  so m e  tim e,  a n d
b eco m e  co ns t a n t  in w eig h t .   The  t r ayful of co t ton
is t h e n  pl ac e d  in a  w a t e r  ove n,  ke p t  a t  1 0 0  d e g.  
C., a n d  d ri e d  a s  long  a s  i t lose s  w a t er.  The
loss  gives  t h e  p e r c e n t a g e  of w a t er.  I t  va ri e s
fro m  2 0  to  3 0  p e r  c e n t .  a s  a  r ul e  in “w e t”
co t ton.
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OUTLINE SC HE M E FOR THE ANALYSIS OF NITRO-EXPLOSIVES
____________________________________________________________
___________
|                                                                        |
|  Exh a u s t  d ri e d  s u bs t a nc e  wi t h  Anhyd rou s  E t h e r  in Soxhle t’s  Fa t          |
|  Ext r ac tion  App a r a t u s .                                                  |
|___________________________________________________________
____________|
|                                                                        |
|  S olu tion --Divide  in to  t wo  p a r t s  A.  a n d  B.                        |
|___________________________________________________________
____________|
|                                                                        |
|  A.                                                                   |
|                                                                        |
|  Allow e t h e r  to  ev a po r a t e  s po n t a n eo u sly.  Dry r e sidu e  in vacuo  ove r      |
|  H_{ 2 } SO_{4 }  a n d  w eigh.   E q u als  ni t ro-glyce rin e ,  r e sin,  c a m p hor, a n d     |
|  p a r affin.                                                             |
|                                                                        |
|  The  ni t ro-glyce rin e  in t his  r e sid u e  m ay  b e  d eco m pos e d  by h e a tin g       |
|  wi th  a  solu tion  of alcoholic po t a s h .   Wate r  m ay  t h e n  b e  a d d e d,  a n d  t h e  |
|  alcohol ev a po r a t e d  off on  t h e  w a t e r  b a t h.   F ro m   t his  solu tion  t h e      |
|  r e sin  m ay  b e   p r ecipi t a t e d  by  H Cl, filt e r e d  off, d ri e d,  a n d  w eigh e d.   |
|  Solu tion   con t aining  t h e  p a r affin  is t r e a t e d  wi th  AmS solu tion  a n d     |
|  h e a t e d.    On  cooling  t h e  p a r affin  s e p a r a t e s ,  a n d  m ay  b e  s e p a r a t e d.      |
|  Residu e   m ay  b e  s h a k e n  wi th  CS_{2 }  to  r e m ove   c a m p hor.                |
|___________________________________________________________
____________|
|                                                                        |
|  B.                                                                   |
|                                                                        |
|  Add p h e nol-p h t h al ein  a n d  ti t r a t e  wi th  alcoholic po t a s h ,  1  c.c.  no r m al |
|  KHO =  .330  g r m.  re sin , a n d  a d d  co nsid e r a bly m o r e  KHO.  Eva po r a t e ,     |
|  dis solve  r e sid u e  in w a t er, s h ak e  wi th  e t h er, a n d  s e p a r a t e .             |
|___________________________________________________________
____________|
|                                                                        |
|  Et h er eal S olu tion  eva po r a t e d  le ave s  p a r affin.                       |
|___________________________________________________________
____________|
|                                                                        |
|  Aq u eo u s  S olu tion --                                                  |
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|  Add b ro mid e,  a cidify wi th  HCl, s e p a r a t e  a ny r e sin  a n d  p r e cipi t a t e ,     |
|  filt r a t e  wi th  BaCl_{2 }  BaSO_{4 }  x .13 7 3  =  S ulp h ur.                    |
|___________________________________________________________
____________|
|                                                                        |
|  R e sidu e --                                                           |
N OTE.—Ca m p ho r  is foun d  by diffe r e nc e .  
S ulph u r  is only p a r ti ally soluble  in e t h er.  I t
is b e t t er, t h e r efo r e,  to  ex t r a c t  so m e  of t h e  o riginal
s u b s t a n c e  wi th  w a t er, a n d  t r e a t  r e sid u e  wi th  alcoholic
KHO.  Add b ro mid e,  a cidify, a n d  p r e cipi t a t e  a s
BaSO.
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T h e  S olu bili ty  Tes t .—The  objec t
of t his  t e s t  is to  a sc e r t ain,  in t h e  c a s e  of g u n-cot ton,
t h e  p e r c e n t a g e  of soluble  (pe n t a  a n d  low e r  ni t r a t e s)
co t ton  t h a t  it  con t ain s,  o r  in t h e  c a s e  of soluble
co t ton,  t h e  q u a n ti ty of g u n-cot ton.   The  m e t ho d
of p roc e d u r e  is a s  follows:—Five  g r m s.  of
t h e  s a m ple  w hich  h a s  b e e n  p r eviously d ri e d  a t  1 0 0
d e g.   C., a n d  af t e r w a r d s  expos e d  to  t h e  ai r  for
t wo  ho u r s ,  is t r a n sfe r r e d  to  a  co nical flask,  a n d  2 5 0
c.c.  e t h e r-alcohol a d d e d  (2 e t h e r  to  1  alcohol). 
The  flask  is t h e n  co rk e d  a n d  allow e d  to  dig e s t ,  wi t h
r e p e a t e d  s h aking,  for  t wo  o r  t h r e e  ho u r s .   The
w hole  is t h e n  t r a n sfe r r e d  to  a  line n  filt er, a n d  w h e n
t h e  solu tion  h a s  p a s s e d  t h ro u g h  t h e  filt er, is w a s h e d
wi th  a  lit tle  e t h er, a n d  p r e s s e d  in  a  h a n d-sc r e w  p r e s s
b e t w e e n  folds  of filt e r  p a p er.  The  s a m ple  is t h e n
r e t u r n e d  to  t h e  flask,  a n d  t h e  p r evious  t r e a t m e n t  r e p e a t e d,
b u t  it will b e  s ufficien t  for  i t to  dig es t  for  on e
ho u r  t h e  s eco n d  tim e.   The  filt e r  is t h e n  a g ain
p r e s s e d  fir s t  g e n tly by h a n d,  t h e n  in t h e  p r e s s ,  a n d
af t e r w a r d s  op e n e d  u p  a n d  t h e  e t h e r  allow e d  to  ev a po r a t e.  
The  g u n-co t to n  is t h e n  r e m ove d  fro m  t h e  filt e r  a n d
t r a n sfe r r e d  to  a  w a tc h-gl a s s,  a n d  d rie d  in t h e  w a t e r
ove n  a t  1 0 0  d e g.   C. Wh e n  d ry it is expos e d  to
t h e  ai r  for  t wo  ho u r s  a n d  w eig h e d.   I t  e q u als
t h e  a m o u n t  of g u n-co t ton  a n d  u nconve r t e d  co t ton  in
t h e  5  g r m s.   The  u nconve r t e d  co t ton  m u s t  b e  d e t e r min e d
in a  s e p a r a t e  5  g r m s.  a n d  d e d uc t e d.

The  m e t ho d  of d e t e r mining  t h e  soluble  co t ton  no w  u s e d
in t h e  Gove r n m e n t  labo r a to rie s  is a s  follows:—Fifty
g r ain s  of t h e  ni t ro-co t ton  a r e  dis solved  in 1 5 0  c.c.
of e t h e r-alcohol, a n d  allow e d  to  s t a n d,  wi th  fre q u e n t
s h akings ,  in  a  2 0 0  c.c. s top p e r e d  m e a s u r e  for  six ho u r s;
7 5  c.c.  of t h e  cle a r  solu tion  a r e  t h e n  d r a w n  off by
t h e  aid  of a  pipe t t e  a n d  ev a po r a t e d  in a  dis h  on  t h e
w a t e r  b a t h ,  a n d  finally in  t h e  w a t e r  ove n  a t  1 2 0  d e g.  
F. (49  d e g.   C.), u n til cons t a n t  in w eig h t .  
The  w eig h t  foun d  e q u als  t h e  q u a n ti ty of soluble  co t to n
in t h e  7 5  c.c., w hich,  m ul tiplied  by 4,  e q u als  t h e
p e rc e n t a g e ,  t h u s:   S u p pos e  t h a t  2 .30  g r ains  w a s
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t h e  w eigh t  foun d,  t h e n

(2.3  x 1 5 0)/75  =  4.6  in 5 0  =  9.20  p e r  c e n t .

A m e t hod  for  t h e  d e t e r min a tion  of soluble  ni t ro-c ellulos e
in g u n-co t ton  a n d  s m ok ele ss  pow d e r  h a s  b e e n  p u blish e d
by K.B.  Quin a n  (Jour.  A m er.  Ch e m.  
S o c. , 2 3  [4], 2 5 8).  In  t his  m e t ho d  a bo u t  1
g r m.  of t h e  finely divide d  d ry  s a m ple  to  b e  a n alys e d
is pl ac e d  in a n  alu miniu m  cu p  1.9  inch  in di a m e t e r
a n d  4-1/8  inch  d e e p.   I t  is t h e n  cove r e d  a n d  w ell
s ti r r e d  wi th  5 0  c.c.  of alcohol, 1 0 0  c.c. of e t h e r
a r e  t h e n  a d d e d,  a n d  t h e  mixt u r e  is s ti r r e d  for  s eve r al
min u t e s .   Afte r  r e m oving  t h e  s ti r r er, t h e  cu p  is
ligh tly cove r e d  wi t h  a n  alu miniu m  lid, a n d  is t h e n
plac e d  in t h e  s t e el  c u p  of a  c e n t rifug al m a c hin e ,
w hich  is g r a d u ally go t  u p  to  a  s p e e d  of 2 ,0 0 0  r evolu tions
p e r  min u t e ,  t h e  to t al  c e n t rifug al forc e  a t  t h e  posi tion
occ u pie d  by t h e  c u ps  (which  b e co m e  ho rizon t al w h e n
in r a pid  ro t a tion) is a bo u t  4 5 0  lbs.   They a r e
ro t a t e d  a t  t h e  full s p e e d  for  t e n  to  t w elve  min u t e s,
a n d  t h e  m a c hin e  is t h e n  g r a d u ally s top p e d.   By
t his  ti m e  t h e  w hole  of t h e  insoluble  m a t t e r  will b e
a t  t h e  bo t to m  of t h e  c u p,  a n d  t h e  s u p e r n a t a n t  solu tion
will b e  cle ar.  I t  is d r a w n  off to  wi t hin  a  q u a r t e r
of a n  inch  of t h e  bo t to m  (withou t  dis t u r bing  t h e  s e di m e n t),
wi th  t h e  aid  of a  pip e t t e .
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Ca r e  m u s t  b e  t ak e n  t h a t  t h e  solu tion  t h u s  wi th d r a w n
is p e rfec tly cle ar.  About  1 0  to  1 5  c.c. of colloid
solu tion  a n d  a  film of insoluble  m a t t e r  r e m ain  a t
t h e  bo t to m  of t h e  c u p;  t h e s e  a r e  s ti r r e d  u p  w ell, t h e
s ti r r e r  is r in s e d  wit h  e t h e r-alcohol, a bo u t  5 0  c.c.
of fr e s h  e t h e r-alcohol a r e  a d d e d;  t h e  mixt u r e  is a g ain
t r e a t e d  in t h e  c e n t rifug al a p p a r a t u s  for  a bo u t  eigh t
min u t e s;  t h e  w hole  w a s hin g  p roc es s  is t h e n  r e p e a t e d
u n til a ll soluble  m a t t e r  h a s  b e e n  r e move d.   This
m ay r e q ui r e  a bo u t  s eve n  o r  eigh t  (o r  for  s a m ples  wi t h
m u c h  insoluble  m a t t e r  t e n  o r  t w elve  o r  m o r e)  w a s hin gs,
b u t  a s  t h e  ext r a c tion  p roc e e d s,  t h e  p e riod  of ro t a tion
m ay b e  so m e w h a t  r e d u c e d.   Afte r  ext r a c tion  is
co m ple t e d,  t h e  insoluble  m a t t e r  is t r a n sfe r r e d  to  a
Gooch  c r u cible  wi th  t h e  u s u al  a s b e s tos  p a d,  d ri e d  a t
1 0 0  d e g.   C., a n d  w eig h e d.   The  r e sidu e  m ay,
if wis h e d,  b e  d r ie d  a n d  w eigh e d  in t h e  alu miniu m  cu p,
b u t  t h e n  it c a n no t  b e  igni t e d.   The  w hole  t im e
for  a n  a n alysis  exclusive  of t h a t  r e q ui r e d  for  d rying,
is fro m  on e  to  t wo  ho u r s—ave r a g e  ti m e,  1-1/4
ho ur.  The  r e s ul t s  a r e  s a tisfac to ry bo t h  a s  to
a c c u r a cy a n d  r a pidi ty.  Ace ton e-soluble  ni t ro-cellulose
m ay b e  d e t e r min e d  by t h e  s a m e  m e t hod.

T h e  U nconv er t e d  or N o n-ni tra t e d  Cot to n. —H ow eve r
w ell t h e  co t to n  h a s  b e e n  ni t r a t e d ,  i t is a l mos t  c e r t ain
to  con t ain  a  s m all q u a n ti ty of no n-ni t r a t e d  o r  u nconve r t e d
co t ton.   This c a n  b e  d e t e r min e d  t h u s:—Five
g r m s.  of t h e  s a m ple  a r e  boiled  wi th  a  s a t u r a t e d  solu tion
of sodiu m  s ulp hid e,  a n d  t h e n  allow e d  to  s t a n d  for
for ty-eigh t  ho u r s,  a n d  af t e r w a r d s  fil t e r e d  o r  d e c a n t e d ,
a n d  a g ain  boile d  wi th  fre s h  solu tions  of s ulphid e,
a n d  a g ain  filt e r e d,  w a s h e d  fir s t  wit h  dilu t e  H Cl a n d
t h e n  wi t h  w a t er, d ri e d,  a n d  w eigh e d.   The  r e sidu e
is t h e  c ellulos e  t h a t  w a s  no t  ni t r a t e d ,  plus  a s h ,  &c. 
I t  s hould  b e  ignit e d,  a n d  t h e  w eigh t  of t h e  a s h  d e d uc t e d
fro m  t h e  p r evious  w eig h t .

Ace ton e,  a n d  a c e tic-e t h e r  (e t hyl-a c e t a t e)  m ay also
b e  u s e d  a s  solven t s  for  t h e  ni t ro-c ellulos e.  
Anot h e r  p roc e s s  is to  boil t h e  g u n-co t ton,  &c., in
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a  solu tion  of sodiu m  s t a n n a t e  m a d e  by a d din g  c a u s tic
sod a  to  a  solu tion  of s t a n no us  c hlo rid e,  u n til t h e
p r e cipi t a t e  fir s t  for m e d  is jus t  r e-dis solved.  
This  solu tion  dis solves  t h e  c ellulos e  ni t r a t e s,  b u t
do es  no t  affec t  t h e  cellulose.   Dr  Lung e  foun d
t h e  following  p roc e s s  m o r e  s a tisfac to ry in  t h e  c a s e
of t h e  m o r e  highly ni t r a t e d  p ro d uc t s:—The
r e a g e n t  is a n  alcoholic solu tion  of sodiu m-e t hyla t e
p r e p a r e d  by dis solving  2  to  3  g r m s.  of sodiu m  in 1 0 0
c.c.  of 9 5  p e r  c e n t .  a lcohol, a n d  mixing  t h e  filt e r e d
solu tion  wi t h  1 0 0  c.c.  of a c e ton e.   I t  h a s  no  effec t
u po n  c ellulos e,  b u t  d e co m pos es  ni t ro-c ellulose  wi th
t h e  for m a tion  of a  r e d dis h  b row n  co m po u n d,  w hich  is
soluble  in w a t er.  In  t h e  d e t e r min a tion,  5  g r m s.
of g u n-co t ton  a r e  h e a t e d  to  4 0  d e g.  o r  5 0  d e g.  
C. on  t h e  w a t e r  b a t h  wi th  1 5 0  c.c. of t h e  r e a g e n t ,
t h e  liquid  b ein g  s h ak e n  a t  in t e rv als  for  t w e n ty to
t hi r ty  mi n u t e s ;  o r  t h e  mixt u r e  m ay b e  allow e d  to  s t a n d
for  a  few ho u r s  a t  t h e  o rdin a ry  t e m p e r a t u r e .  
The  b ro w n-r e d  solu tion  is d e c a n t e d  fro m  t h e  u n dis solved

285



Page 144

r e sid u e,  a n d  t h e  la t t e r  w a s h e d  wi th  alcohol a n d  wi th
w a t er, by d ec a n t a tion,  a n d  t h e n  on  t h e  filt e r  wi th
ho t  w a t er, to  w hich  a  li t tl e  hyd roc hlo ric  a cid  is
a d d e d  for  t h e  final w a s hin gs.   For  o r din a ry  work
t his  c ellulose  is d rie d  im m e dia t ely a n d  w eigh e d,  b u t
in ex ac t  d e t e r min a tions  it  is w a s h e d  wit h  alcohol,
a g ain  t r e a t e d  wi th  5 0  c.c.  of t h e  r e a g e n t ,  a n d  s e p a r a t e d
a n d  w a s h e d  a s  b efo r e.   The  c ellulos e  t h u s  ob t ain e d,
gives  no  t r a c e  of g a s  in t h e  ni t ro m e t er, a n d  d u plica t e
d e t e r min a tions  a g r e e  wi thin  0.1  to  0.2  p e r  c e n t .  w h e n
t h e  w eigh t  of u n c h a n g e d  c ellulos e  a m o u n t s  to  a bo u t
0.2  g r m.   Gu n-co t to n,  w hich  is co m ple t ely soluble
in a c e to n e,  con t ains  only t r a c e s  of c ellulose,  a n d
w h e n  a s  m u c h  a s  0.8 5  p e r  c e n t .  is p r e s e n t  i t do e s
no t  dis solve  e n ti r ely.  This  m e t ho d  is no t  a p plica ble
to  t h e  d e t e r min a tion  of c ellulos e  in  low e r  ni t r a t e d
p ro d uc t s,  a n d  Dr  Lun g e  a t t r i bu t e s  t his  to  t h e  fac t
t h a t  t h e s e  b ein g  p r e p a r e d  wi th  les s  conc e n t r a t e d  a cid
inva ri a bly con t ain  oxy-c ellulos e.

Alkalini ty.—Five  g r m s.  of t h e  ai r-d ri e d
a n d  ve ry finely divide d  s a m ple  a r e  t ak e n  fro m  t h e
c e n t r e  of t h e  sl a bs  o r  discs,  a n d  dige s t e d  wi th  a bo u t
2 0  c.c.  of N/2  hyd roc hlo ric  a cid,  a n d  dilu t e d  wi th
w a t e r  to  a bo u t  2 5 0  c.c., a n d  s h ak e n  for  a bo u t  fift e e n
min u t e s .   The  liquid  is t h e n  d e c a n t e d ,  a n d  w a s h e d
wi th  w a t e r  u n til t h e  w a s hin gs  no  long e r  give  a n  a cid
r e a c tion.   The  solu tion,  tog e t h e r  wi th  t h e  w a s hing s,
a r e  ti t r a t e d  wit h  N/4  sodiu m  c a r bo n a t e ,  u sing  lit m u s
a s  indica tor.

As h  an d  Inorganic M a t t er.—This is
b e s t  d e t e r min e d  by mixing  2  o r  3  g r m s.  of t h e  ni t ro-co t ton
in a  pl a tinu m  c r ucible  wi th  s h avings  of p a r affin,
h e a ting  s ufficie n tly to  m el t  t h e  p a r affin,  a n d  t h e n
allowing  t h e  con t e n t s  of t h e  c r ucible  to  c a t c h  fir e
a n d  b u r n  a w ay q uie tly.  The  t e m p e r a t u r e  is t h e n
r ais e d,  a n d  t h e  c a r bo n a c eo us  r e sid u e  incin e r a t e d ,
cooled,  w eigh e d,  &c., a n d  t h e  p e r c e n t a g e  of a s h  c alcula t e d.  
Sc hje r nin g  p roc e e d s  in t h e  following  w ay:—H e
t ak e s  5  g r m s.  of t h e  ni t ro-co t ton  in a  la rg e  pl a tin u m
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c r ucible,  h e  t h e n  m ois t e n s  it wi th  a  mixt u r e  of alcohol
a n d  e t h er, in w hich  p a r affin  h a s  b e e n  dis solved  to
s a t u r a tion,  a n d  filt e r e d  a n d  mixe d  wi th  on e-fou r t h
of it s  volu m e  of w a t er.  So m e  fr a g m e n t s  of solid
p a r affin  a r e  t h e n  a d d e d,  a n d  t h e  e t h e r  s e t  on  fir e .  
Whils t  t hi s  is in p ro g r e s s  t h e  c r ucible  is ke p t  in
a n  obliqu e  posi tion,  a n d  is r o t a t e d  so  t h a t  t h e  g u n-co t to n
m ay a b so r b  t h e  p a r affin  u nifo r mly.  The  p a r ti ally
c h a r r e d  r e sid u e  is now  r u b b e d  dow n  with  a  r o u n d e d  gl a s s
ro d,  a n d  t h e  c r ucible  is cove r e d  a n d  h e a t e d  for  fro m
fift ee n  to  tw e n ty min u t e s  ove r  t h e  blow-pip e,  t h e
lid b ein g  occa sion ally r e m ove d.   The  r e sidu e  is
soon  conve r t e d  in to  a s h,  w hich  is w eig h e d,  a n d  t h e n
w a s h e d  ou t  in to  a  po rc el ain  b a sin  a n d  t r e a t e d  wi th
hyd roc hlo ric  a cid  h e a t e d  to  9 0  d e g.   C. The  oxide
of i ron,  alu min a,  lime,  a n d  m a g n e si a  a r e  t h u s  dissolved,
a n d  t h e  silica  r e m ains  a s  insoluble  r e sidu e.  
The  r e s t  of t h e  a n alysis  is con d uc t e d  a cco r din g  to
t h e  w ell-know n  m e t ho ds  of s e p a r a tion.   The  p e r c e n t a g e
of a s h  a s  a  w hole  is g e n e r ally all t h a t  is r e q ui r e d .
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Exa mi na tion  of  N i tra t e d  Cellulose s  wi t h  Polarise d
Ligh t .—Dr G. Lung e  (Jour.  A m er. 
Ch e m.   S oc. , 1 9 0 1,  2 3  [8], 5 2 7)  h a s  for m e d
t h e  following  conclusions:—The  m o s t  highly
ni t r a t e d  p ro d u c t s  a p p e a r  blu e  in pola rise d  ligh t ,
b u t  t hos e  con t aining  b e t w e e n  1 3.9  a n d  1 3.0  p e r  c e n t .
of ni t rog e n  c a n no t  b e  dis ting uis h e d  fro m  e a c h  o t h e r
by pola ris a tion.   As t h e  p e r c e n t a g e  of ni t rog e n
ri s e s,  t h e  blu e  colou r  b e co m e s  les s  in t e ns e ,  a n d  h e r e
a n d  t h e r e  g r ey  fib r e s  c a n  b e  obs e rve d,  t hou g h  no t
in p ropo r tion  to  t h e  inc r e a s e  in  t h e  ni t rog e n.  
Below 1 2.4  p e r  ce n t .  of ni t rog e n,  t h e  fib r e s  s how
a  g r ey  lus t r e ,  w hich  u s u ally a p p e a r s  yellow w h e n  t h e
top  ligh t  is c u t  off.  Below 1 0  p e r  c e n t .  of ni t rog e n,
t h e  s t r u c t u r e  is inva ri ably p a r ti ally d e s t roye d  a n d
no  c e r t ain  obs e rv a tions  possible.   I t  is only possible
to  dis ting uis h  wi t h  c e r t ain ty, fi r s tly a ny u nc h a n g e d
c ellulos e  by  it s  flas hing  u p  in va ri eg a t e d  (r ain bow)
colou r s;  a n d  s eco n dly, highly ni t r a t e d  p ro d uc t s  (fro m
1 2.75  p e r  c e n t .   N  u p w a r d s), by  t h ei r  flas hing
u p  less  s t ro n gly in blu e  colou rs .   The  p u r ple
t r a n si tion  s t a g e  in t h e  fib r e s  con t aining  ove r  1 1.28
p e r  c e n t .  of N  (Ch a r do n n e t)  w a s  no t  obs e rve d  by Dr
Lung e.

Det er mina tion  of  N i t rog e n  by  L u n g e  N i tro m e t er.—The
d e t e r min a tion  of t h e  p e r c e n t a g e  of ni t ro g e n  in a  s a m ple
of g u n-co t ton  o r  collodion  is p e r h a p s  of m o r e  valu e,
a n d  affo rds  a  b e t t e r  ide a  of it s  p u ri ty a n d  co m posi tion,
t h a n  a ny of t h e  for e going  m e t ho d s  of exa min a tion,  a n d
t ak e n  in conjunc tion  wi th  t h e  solubili ty t e s t ,  it
will g e n e r ally give  t h e  a n alys t  a  ve ry fai r  ide a  of
t h e  co m position  of his  s a m ple.   If w e  r e g a r d  g u n-co t ton
a s  t h e  h ex a-ni t ro-c ellulos e,  t h e  t h eo r e tical a m o u n t
of ni t rog e n  r e q ui r e d  for  t h e  for m ula  is 1 4 .14  p e r
c e n t .,  a n d  in t h e  s a m e  w ay for  collodion-cot ton,  w hich
con sis t s  of t h e  low e r  ni t r a t e s ,  chiefly, ho w ever, of
t h e  p e n t a-ni t r a t e ,  t h e  t h eo r e tic al ni t rog e n  is 1 2.7 5
p e r  c e n t .,  so  t h a t  if in a  s a m ple  of ni t ro-cot ton
t h e  ni t ro g e n  falls m u c h  low e r  t h a n  1 4  p e r  c e n t .,  it
p ro b a bly co n t ain s  conside r a ble  q u a n ti tie s  of t h e  low e r
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ni t r a t e s ,  a n d  p e r h a p s  so m e  no n-ni t r a t e d  c ellulose
a s  w ell (C_{6 } H_{ 1 0 }O_{5 })_{x},  w hich  of cou r s e  wo uld
al so  lowe r  t h e  p e r c e n t a g e  of ni t rog e n.

The  m o s t  exp e di tious  m e t ho d  of d e t e r minin g  t h e  ni t ro g e n
in t h e s e  ni t ro  bodies  is by  t h e  u s e  of Lun g e’s
ni t ro m e t e r  (Fig.  4 1), a n d  t h e  b e s t  w ay of wo rking
t h e  p roc e ss  is a s  follows:—Weigh  ou t  wi th
t h e  g r e a t e s t  c a r e  0.6  g r m.  of t h e  p r eviously d ri ed
s u b s t a n c e  in  a  s m all w eig hin g  bo t tl e  of a bo u t  1 5  c.c.
c a p aci ty, a n d  c a r efully a d d  1 0  c.c.  of conc e n t r a t e d
s ulp h u ric  a cid  fro m  a  pipe t t e ,  a n d  allow to  s t a n d
u n til a ll t h e  co t ton  is dis solve d.   The  ni t ro m e t e r
s ho uld  b e  of a  c a p a ci ty 1 5 0  to  2 0 0  c.c., a n d  s ho uld
con t ain  a  b ulb  of 1 0 0  c.c.  c a p a city a t  t h e  top,  a n d
s ho uld  b e  fit t e d  wi t h  a  Grein e r  a n d  F ri ed e rich’s
t h r e e-w ay t a p.   Wh e n  t h e  ni t ro-co t ton  h a s  e n ti r ely
dis solved  to  a  cle a r  solu tion,  r ais e  t h e  p r e s s u r e  t u b e
of t h e  ni t ro m e t e r  so  a s  to  b rin g  t h e  m e r c u ry  in t h e
m e a s u ring  t u b e  close  u p  to  t h e  t a p.   Op e n  t h e
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t a p  in o rd e r  to  allow of t h e  e s c a p e  of a ny ai r  b u b ble s,
a n d  cle a n  t h e  s u rf ac e  of t h e  m e r c u ry  a n d  t h e  inside
of t h e  cu p  wit h  a  s m all piec e  of filt e r  p a p er. 
N o w  clos e  t h e  t a p ,  a n d  po u r  t h e  solu tion  of t h e  ni t ro-co t ton
in to  t h e  c u p.   Rins e  ou t  t h e  bo t tl e  wi th  1 5  c.c.
of s ulp h u ric  a cid,  con t ain e d  in  a  pip e t t e ,  po u ring
a  li t tl e  of t h e  a cid  ove r  t h e  s top p e r  of t h e  w eig hing
bo t tl e  in c a s e  so m e  of t h e  solu tion  m ay  b e  on  it. 
N o w  lowe r  t h e  p r e s s u r e  t u b e  a  lit tle,  jus t  e no u g h
to  c a u s e  t h e  solu tion  to  flow in to  t h e  b ulb  of t h e
m e a s u ring  t u b e ,  w h e n  t h e  t a p  is sligh tly op e n e d.  
Whe n  t h e  solu tion  h a s  r u n  in al mos t  to  t h e  e n d,  t u r n
off t h e  t a p,  w a s h  dow n  t h e  sides  of t h e  bo t tl e ,  a n d
a d d  to  t h e  c u p  of t h e  ni t ro m e t e r ;  a llow it  to  flow
in a s  b efo r e,  a n d  t h e n  w a s h  do w n  t h e  side s  of t h e  cu p
wi th  1 0  c.c.  of s ulph u ric  a cid,  a d din g  lit tle  by lit tle,
a n d  allowing  e ac h  po r tion  a d d e d  to  flow in to  t h e  b ulb
of t h e  ni t ro m e t e r  b efo r e  a d din g  t h e  n ex t  po r tion.  
Gre a t  c a r e  is n e c e s s a ry  to  p r eve n t  ai r  b u b bles  ob t aining
a d mission,  a n d  if t h e  p r e s s u r e  t u b e  is lowe r e d  too
far, t h e  a cid  will r u n  wi th  a  r u s h  a n d  c a r ry  ai r  alon g
wi th  it.

[Illus t r a tion:  FIG. 4 1.—ORDINARY FORM
OF LUNGE NITROMETER.]

The  solu tion  b eing  all in t h e  m e a s u ring  t u b e ,  t h e
p r e s s u r e  t u b e  is a g ain  sligh tly r ai s e d,  a n d  t h e  t u b e
con t aining  t h e  ni t ro-co t ton  solu tion  s h ak e n  for  t e n
min u t e s  wi th  conside r a ble  violenc e .   I t  is t h e n
r e plac e d  in t h e  cla m p,  a n d  t h e  p r e s s u r e  r elieve d  by
low e ring  t h e  p r e s s u r e  t u b e ,  a n d  t h e  w hole  a p p a r a t u s
allow e d  to  s t a n d  for  t w e n ty min u t e s,  in o r d e r  to  allow
t h e  g a s  evolved  to  a s s u m e  t h e  t e m p e r a t u r e  of t h e  roo m.  
A t h e r m o m e t e r  s ho uld  b e  h u n g  u p  clos e  to  t h e  b ulb
of t h e  m e a s u rin g  t u b e .   At t h e  e n d  of t h e  t w e n ty
min u t e s ,  t h e  levels  of t h e  m e r c u ry in t h e  p r e s s u r e
a n d  m e a s u ring  t u b e s  a r e  e q u alis ed,  a n d  t h e  final a dju s t m e n t
ob t ain e d  by sligh tly op e ning  t h e  t a p  on  t h e  m e a s u rin g
t u b e  (ve ry sligh tly), af t e r  fi r s t  a d din g  a  lit tle
s ulp h u ric  a cid  to  t h e  c u p,  a n d  obs e rving  w h e t h e r  t h e
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a cid  r u n s  in  o r  m oves  u p .   This  m u s t  b e  do n e  wi th
ve ry g r e a t  c a r e .   Wh e n  a c c u r a t ely a djus t e d,  it
s ho uld  m ove  n ei t h e r  w ay.  N o w  r e a d  off t h e  volu m e
of t h e  NO  g a s  in c u bic  c e n tim e t r e s  fro m  t h e  m e a s u ring
t u b e.   Re a d  also  t h e  t h e r m o m e t e r  s u s p e n d e d  n e a r
t h e  b ulb,  a n d  t ak e  t h e  h eig h t  of t h e  b a ro m e t e r  in millime t r e s .  
The  c alcula tion  is ve ry sim ple.

EXAMPLE—COLLODION-COTTON.

0.6[A] g r m.  t ak e n.   Re a din g  on  m e a s u ring  t u b e
=  1 1 4.6  c.c.  NO.  Ba ro m e t e r— 7 5 8
m m.   Tem p e r a t u r e—1 5  d e g.   C.

[Footno t e  A:  0 .5  g r m.  is e no u g h  in t h e  c a s e  of
g u n-cot ton.]

Sinc e  1  c.c.   NO  =  0.62 7 2  millig r a m m e  N, a n d  co r r e c ting
for  t e m p e r a t u r e  a n d  p r e s s u r e  by  t h e  for m ula

7 6 0  x (1 +  d ^ { 2 })  (d  =  .003 6 6 5), for
t e m p e r a t u r e  1 5  d e g.  =  8 0 1.78,[A]

t h e n

(11 4.6  x 1 0 0  x 7 5 0  x .627 2)/(80 1.7  x. 6)  =  1 1.22  p e r
c e n t .  ni t rog e n.

[Footno t e  A:  S e e  Table,  p a g e  2 4 4.]

The  ni t ro g e n  in ni t ro-glyc e rine  m ay  of cou r s e  b e  d e t e r min e d
by t h e  ni t ro m e t er, b u t  in t his  c a s e  i t is b e t t e r  to
t ak e  a  m u c h  s m alle r  q u a n ti ty of t h e  s u b s t a n c e .  
F ro m  0.1  to  0.2  g r m.  is q ui t e  s ufficie n t .   This
will give  fro m  3 0  to  6 0  c.c.  of g a s,  a n d  t h e r efo r e
a  m e a s u ring  t u b e  wi thou t  a  1 0 0  c.c.  b ulb  m u s t  b e  u s e d .
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EXAMPLE.

0.10 4 8  g r m.  ni t roglyce rin e  t ak e n  g ave  3 2.5  c.c.  
NO.  Ba ro m e t er, 7 6 1  m m.   Tem p e r a t u r e ,  1 5  d e g.  
C.

The r efo r e ,

(3.25  x 1 0 0  x 7 6 1  x .627 2)/(801.78  x.104 8) =  1 8.4 6
p e r  c e n t .   N. Theo ry =  1 8.50  p e r  c e n t .

P rofes so r  Lun g e  h a s  d evis e d  a no t h e r  for m  of ni t ro m e t e r
(Fig.  4 2), ve ry u s eful in  t h e  ni t rog e n  d e t e r min a tion
in explosives.   I t  consis t s  of a  m e a s u ring  t u b e ,
w hich  is wid e n e d  ou t  in t h e  mid dle  to  a  b ulb,  a n d  is
g r a d u a t e d  a bove  a n d  b elow in to  1/10  c.c.  The  c a p aci ty
of t h e  w hole  a p p a r a t u s  is 1 3 0  c.c.; t h a t  of e a c h  po r tion
of t h e  t u b e  b ein g  3 0  c.c., a n d  of t h e  b ulb  7 0  c.c.  
The  u p p e r  po r tion  of t h e  g r a d u a t e d  t u b e  s e rves  to
m e a s u r e  s m all volu m e s  of g a s ,  w hils t  la rg e r  volu m e s
a r e  r e a d  off on  t h e  low e r  p a r t .

[Illus t r a tion:  FIG. 4 2.   FIG. 4 3.   SO ME
N EW FORMS  OF NITROMETER.]

F.M.  H o r n  (Z ei t sc hrif t  f u er  ang e w a n d t e  Ch e mi e ,
1 8 9 2,  p .  3 5 8)  h a s  d evise d  a  for m  of ni t ro m e t e r  (Fig.
4 3)  w hich  h e  h a s  foun d  e s p e ci ally u s eful in t h e  exa min a tion
of s m ok ele s s  pow d e r s.   The  t a p  H  is p rovid e d  wit h
a  wid e  bo r e  t h ro u g h  w hich  a  w eigh e d  q u a n ti ty of t h e
pow d e r  is d ro p p e d  bo dily in to  t h e  b ulb  K. F ro m  4  to
5  c.c. of s ulph u ric  a cid  w hich  h a s  b e e n  h e a t e d  to  3 0
d e g.   C. a r e  t h e n  a d d e d  t h ro u g h  t h e  fun n el T,
t h e  t a p  H  b eing  im m e dia t ely clos e d.   Whe n  t h e
pow d e r  h a s  dissolve d—a  p roc es s  w hich  m ay
b e  h a s t e n e d  by w a r min g  t h e  b ulb  ve ry c a r efully—t h e
t hick  solu tion  is d r a w n  in to  t h e  ni t ro m e t e r  t u b e  N,
a n d  t h e  b ulb  rins e d  s eve r al  ti m e s  wi th  fre s h  a cid,
af t e r  w hich  op e r a t ion  t h e  a n alysis  is p roc e e d e d  wi t h
in t h e  u s u al  w ay.
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Dr Lun g e’s m e t ho d  of u sing  a  s e p a r a t e  ni t ro m e t e r
in w hich  to  m e a s u r e  t h e  N O  g a s  evolved  to  t h e  on e
in w hich  t h e  r e ac tion  h a s  t ak e n  pl ac e,  t h e  g a s  b eing
t r a n sfe r r e d  fro m  t h e  on e  to  t h e  o t h e r  by  joining  t h e m
by m e a n s  of india r u b b e r  t u bin g,  a n d  t h e n  d riving  t h e
g a s  ove r  by  r ai sing  t h e  p r e s s u r e  t u b e  of t h e  on e  con t aining
t h e  g a s ,  t h e  t a p s  b ein g  op e n,  I h ave  foun d  to  b e  a
g r e a t  imp rove m e n t .

1  c.c.  NO  g a s  a t  0  d e g.  a n d  7 6 0  m m.  
E q u als  0 .62 7 2  millig r a m m e s  (N) ni t ro g e n.
  "    1 . 34 3        "        ni t ric  oxide.
  "    2 . 82 0        "       (H NO_{3 }) ni t ric
a cid.
  "    3 . 80 5        "       (N a NO_{3 }) sodiu m
nit r a t e .
  "    4 . 52 3        "       (KNO_{3 }) po t a s siu m
ni t r a t e .

Cha m pion  and  Pelle t’s  M e t ho d. —This
m e t ho d  is no w  ve ry lit tle  u s e d.   I t  is b a s e d  u po n
t h e  fac t  t h a t  w h e n  ni t ro-cellulose  is boiled  wi t h  fe r ro us
c hlo rid e  a n d  hyd roc hlo ric  a cid,  all t h e  ni t rog e n  is
dis e n g a g e d  a s  ni t ric  oxide  (NO).  I t  is p e rfo r m e d
a s  follows:—A vacu u m  is m a d e  in a  flask,
fit t e d  wi th  a  funn el  t u b e ,  wi th  a  gl a s s  s top p e r  on
t h e  t u b e;  a  d elive ry t u b e  t h a t  c a n  also  b e  clos e d,
a n d  w hich  dips  u n d e r  a  solu tion  of c a u s tic  sod a  con t ain e d
in a  t ro u g h,  a n d  t h e  e n d  pl ac e d  u n d e r  a  g r a d u a t e d  t u b e ,
al so  full of c a u s tic  so d a.   F ro m  0.1 2  to  0.1 6  g r m.
co t ton  dis solved  in 5  to  6  c.c.  of s ulp h u ric  a cid
is allow e d  to  flow in to  t h e  flask, w hich  con t ain s
t h e  fe r ro us  c hlo rid e  a n d  hyd roc hlo ric  a cid,  a n d  in
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w hich  a  vacu u m  h a s  b e e n  for m e d  by boiling,  a n d  t h e n
closing  t h e  t a ps .   The  solu tion  is t h e n  h e a t e d,
t h e  t a p s  on  t h e  d elive ry t u b e  op e n e d,  a n d  t h e  e n d  pl ac e d
u n d e r  t h e  collec ting  t u b e ,  a n d  t h e  N O  evolved  collec t e d.  
The  NO  g a s  is no t  evolve d  u n til t h e  solu tion  h a s  b e co m e
so m e w h a t  conc e n t r a t e d .   E d e r  s u bs ti t u t e d  a  solu tion
of fe r ro us  s ulph a t e  in HCl for  fe r rou s  c hlo rid e.  
Ca r e  m u s t  b e  t ak e n  t h a t  t h e  flask  u s e d  is s t ro n g  e no u g h
to  s t a n d  t h e  p r e s s u r e ,  o r  it  will b u r s t .

The  s a m e  ch e mis t s  (Co m p t .   R e n d u s , lxxxiii.
7 0 7) al so  d evis e d  t h e  following  m e t ho d  for  d e t e r mining
t h e  NO_{ 2 }  in ni t ro-glyce rin e:—A know n
q u a n ti ty of a  solu tion  of fe r ro us  s ulph a t e  of p r eviously
a s c e r t ain e d  r e d u cing  po w e r  is pl ac e d  in a  flask,  a cidified
wi th  hyd roc hlo ric  a cid,  a n d  it s  s u rf ac e  cove r e d  wit h
a  laye r  of p e t role u m  oil.  Abou t  .5  g r m.  of t h e
ni t ro-glyce rin e  is t h e n  in t ro d uc e d,  a n d  t h e  flask  h e a t e d
on  t h e  w a t e r  b a t h.   Wh e n  t h e  s a m ple  is co m ple t ely
d eco m pos e d,  t h e  liquid  is h e a t e d  to  boiling  to  r e m ove
ni t ric  oxide,  a n d  t h e  exce ss  of fe r ro us  s ulph a t e  a sc e r t ain e d
by ti t r a tion  wi th  s t a n d a r d  p e r m a n g a n a t e ;  5 6  of i ron
(Fe) oxidise d  by  t h e  s a m ple  co r r e s po n d  to  2 3  of N O_{2 }
in t h e  s a m ple  of ni t ro-glyce rin e.

T h e  S c h ul t z e-Tie m a n  M e t hod  for  d e t e r mining
ni t rog e n  in ni t ro-explosives,  e s p ecially ni t ro-c ellulos e
a n d  ni t ro-glyce rin e.—The  figu r e  (No. 4 4)
s how s  t h e  g e n e r al  a r r a n g e m e n t  of t h e  a p p a r a t u s .  
I a m  inde b t e d  for  t h e  following  d e s c rip tion  of t h e
m e t ho d  of working  it to  my frien d,  M r  Willia m  Bat e,
of H ayle.   To fill t h e  a p p a r a t u s  wi th  t h e  sod a
solu tion,  t h e  g a s  b u r e t t e  is p u t  on  t h e  india r u b b e r
s top p e r  of b a sin  W, a n d  firmly cla m p e d  do w n.   The n
t h e  t a p s  A a n d  C a r e  op e n e d,  a n d  B clos e d.   Whe n
t h e  b u r e t t e  is filled  wi th  sod a  solu tion  h alf-w ay
u p  t h e  funn el  Y, A a n d  C a r e  clos e d,  a n d  B op e n e d.  
The  a r ro ws  s ho w  t h e  inle t  a n d  ou tle t  for  t h e  cooling
w a t e r  t h a t  is ke p t  r u n nin g  t h ro u g h  t h e  w a t e r  jacke t
ro u n d  t h e  ni t ro m e t e r  t u b e .   To collec t  t h e  g a s ,
r ais e  t h e  ni t ro m e t e r  off t h e  r u b b e r  s top p er, a n d  pl ac e
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t h e  g a s  t u b e  fro m  t h e  d eco m posi tion  a p p a r a t u s  in t h e
gla ss  dis h  W a n d  u n d e r  t h e  op e nin g  of t h e  ni t ro m e t er.

[Illus t r a tion:  Fig.  4 4.   SC H ULTZE-TIEMAN
APPARATUS.]

For  t h e  e s ti m a tion  of ni t rog e n  in ni t ro-c ellulos e
t ak e  .5  to  .65  g r m.,  a n d  pl ac e  in t h e  d eco m posi tion
flask  f  (Fig. 4 5), w a s hing  in wi t h  a bo u t  2 5
c.c.  of w a t e r  by  al t e r n a t ely op e ning  clips  D a n d  E.
The  ai r  in t h e  flask  is d rive n  ou t  by boiling,  w hils t
t h e  ai r  is s h u t  off by t h e  t u b e  i dipping  in to
t h e  b a sin  W, w hich  is filled  wit h  t h e  sod a  lye,  a n d
t u b e  K is pl ac e d  in t h e  t e s t  t u b e  R, w hic h  con t ain s
a  few c.c. of w a t er.  As soon  a s  all t h e  ai r  is
co m ple t ely d riven  ou t ,  clips  D a n d  E  a r e  clos e d,  a n d
t h e  g a s  je t  is t ak e n  a w ay. (This  flask  m u s t  b e  a  s t ro n g
on e,  o r  it  will b u r s t .) In to  t e s t  t u b e  R, 2 5  c.c.
of conc e n t r a t e d  solu tion  of p ro toc hlo rid e  of iron
a n d  1 0  to  1 5  c.c. conc e n t r a t e d  hyd roc hlo ric  a cid  a r e
po u r e d,  w hich  a r e  s uck e d  u p  in to t h e  d eveloping  flask
f  by  op e ning  clip  E,  ai r  b ein g  c a r efully k e p t
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fro m  e n t e rin g.   The  clip  E  is now  close d,  a n d
t u b e  i is p u t  u n d e r n e a t h  t h e  b u r e t t e ,  a n d  t h e
d evelop m e n t  of N O g a s  is co m m e nc e d  by h e a tin g  t h e
con t e n t s  of t h e  flask  f .  Wh e n  t h e  p r e s s u r e
of t h e  g a s  in  t h e  flask  h a s  b e co m e  g r e a t e r  t h a n  t h e
p r e s s u r e  of t h e  a t mos p h e r e ,  t h e  con n e c ting  t u b e  b e gin s
to  s w ell a t  i, w h e r e u po n  clip  D is op e n e d,
a n d  t h e  boiling  co n tin u e d  wi t h  fre q u e n t  s h akin g  of
t h e  b ulb,  u n til no  m o r e  ni t ro us  g a s  b u b ble s  ri se  u p
in to  t h e  sod a  lye, t h e  dis tilling  ove r  of t h e  H Cl
c a u s e s  a  c r a ckling  nois e,  t h e  clip  D is clos e d,  a n d
E  op e n e d.   The  b u r e t t e  is a g ain  p u t  h e r m e tically
on  t h e  india r u b b e r  s top p e r  in  b a sin  W, a n d  t h e  a p p a r a t u s
is lef t  to  cool u n til t h e  w a t e r  disc h a r g e d  t h ro u g h
P  s how s  t h e  s a m e  t e m p e r a t u r e  a s  t h e  w a t e r  flowing
t h ro u g h  (in to  t h e  cooling  jack e t)  Z. If t h e  level of
t h e  sod a  solu tion  in t h e  t u b e  X is no w  p u t  on  ex ac tly
t h e  s a m e  level a s  t h a t  in t h e  b u r e t t e  by  lowe rin g
o r  el eva ting  t h e  t u b e  X a s  r e q ui r e d ,  t h e  volu m e  of
N O  ob t ain e d  in c .c.  c a n  b e  r e a d  off wi t hin  1/10  c.c.,
a n d  t h e  p e r c e n t a g e  of ni t rog e n  c alcula t e d  by t h e  u s u al
for m ula.

[Illus t r a tion:  FIG. 4 5.—Deco m posi tion
Fl ask  for  S c h ul tze-Tie m a n  M e t hod.]

The  solu tion  of p ro toc hlo rid e  of iron  is ob t ain e d
by dis solving  iron  n ails,  &c., in  conc e n t r a t e d  HCl,
t h e  iron  b ein g  in  exc es s.   Whe n  t h e  d evelop m e n t
of hyd ro g e n  c e a s e s ,  i t is n e c e ss a ry to  filt e r  w a r m
t h ro u g h  a  p a p e r  filt er, a n d  a cidify filt r a t e  wi th
a  few d ro ps  of H Cl.  The  sod a  solu tion  u s e d  h a s
a  s p.  gr. of 1 .2 10  to  1.26 0;  e q u als  2 5  d e g.  to  3 0  d e g.  
B. The  ni t ro-c ellulos e  is d ri e d  in q u a n ti ti es  of 2
g r m s.  a t  7 0  d e g.   C. d u ring  eig h t  to  t e n  ho u r s ,
a n d  t h e n  t h r e e  ho u r s  in  a n  exicc a to r  ove r  H_{2 } SO_{4 }.  
The  r e s ul t s  ob t aine d  wi th  t hi s  a p p a r a t u s  a r e  ve ry
a c c u r a t e .   The  r e a c tion  is foun d e d  u po n  t h a t  of
M M.  Ch a m pion  a n d  Pelle t’s m e t ho d.

T h e  Kjeldahl M e t ho d  of  Det er mi ning  N i trog e n. —This
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m e t ho d,  w hich  h a s  b e e n  so  la rg ely u s e d  by a n alys t s
for  t h e  d e t e r min a tion  of ni t ro g e n  in o r g a nic  bodie s,
m o r e  e s p ecially p e r h a p s  in m a n u r e s ,  w a s  p ro pos e d  by
J. Kjelda hl,[A] of t h e  Ca rlsb e r g  Labo r a to ry of Cop e n h a g e n.  
I t  w a s  af t e r w a r d s  m o dified  by  Jodlba u er, of M u nich,[B]
a n d  a p plied  to  t h e  a n alysis  of ni t ro-explosives  by
M. Ch e n el, of t h e  Labo r a toi r e  Ce n t r al e  d e s  Pou d r e s,
w hos e  m e t ho d  of p roc e d u r e  is a s  follows:—0.5
g r m.  of t h e  finely pow d e r e d  s u bs t a nc e  is dig e s t e d
in t h e  cold  wi th  a  solu tion  of 1 .2  g r m.  of p h e nol
a n d  0.4  g r m.  p hos p ho ric  a n hyd rid e  in 3 0  c.c.  of s ulph u ric
a cid.   The  mixt u r e  is ke p t  w ell s h a k e n  u n til t h e
solu tion  is co m ple t e .   F ro m  3  to  4  g r m s .  of zinc-d u s t
is t h e n  c a u tiously a n d  g r a d u ally a d d e d,  t h e  t e m p e r a t u r e
of t h e  m a s s  b ein g  ke p t  dow n  u n til co m ple t e  r e d uc tion
h a s  b e e n  effec t e d .   Fin ally, 0 . 7  g r m.  of m e r c u ry
is a d d e d,  a n d  t h e  p roc e s s  con tinu e d  in t h e  u s u al  w ay,
a c co r din g  to  Kjelda hl; t h a t  is,  t h e  liquid  is dis tilled
u n til a ll t h e  a m m o nia  h a s  p a s s e d  over, a n d  is a b so r b e d
in t h e  s t a n d a r d  a cid.   The  dis tilla t e  is t h e n
ti t r a t e d  wit h  s t a n d a r d  a m m o nia.

[Footno t e  A:  J. Kjelda hl, Z ei t sc hrif t  A nal. 
Ch e m. , 1 8 8 3,  xxii., p .  3 6 6.]
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[Footno t e  B:  Jodlba u er, Ch e misc h e s  Ce n tralbla t t ,
1 8 8 6,  p p.  4 3 4-4 8 4.   S e e  also  Ar m s  an d  Ex plosive s ,
1 8 9 3,  p .  8 7.]

The  NO_{ 2 }  g ro u p  is a t  t h e  m o m e n t  of solu tion  fixed
u po n  t h e  p h e nol wi th  t h e  p ro d uc tion  of m o no-ni t ro-p h e nol,
w hich  is af t e r w a r d s  r e d u c e d  by t h e  a c tion  of t h e  zinc-d us t
in to  t h e  a mido d e riva tive.   Du ring  t h e  s u bs e q u e n t
co m b u s tion,  t h e  ni t rog e n  of t h e  a mido-p h e nol b e co m e s
fixed  in t h e  s t a t e  of a m m o nia.   M. Ch e n el  is p e rfec tly
s a tisfied  wi th  t h e  r e s ul t s  ob t ain e d,  b u t  h e  poin t s
ou t  t h a t  t h e  s ucc e s s  of t h e  op e r a tion  d e p e n d s  u po n
t h e  co m ple t e  conve r sion  of t h e  p h e nol in to  t h e  m o no-ni t ro
d e riva tives.   This t ak e s  plac e  w h e n eve r  t h e  o rg a nic
co m po u n d  for ms  a  clear  solu tion  in  t h e  cold
s ulp h u ric  a cid  mixtu r e .   S u b s t a nc e s  like  collodion
o r  g u n-co t ton  m u s t  b e  ve ry finely divide d  for  s ucc e s sful
t r e a t m e n t .   The  following  t a bl e  s how s  so m e  of
t h e  r e s ul t s  ob t ain e d  by M.  Ch e n el:—

______________________________________________
|                        |                       |
|                        |    Total Ni t rog e n.     |
|  S u b s t a nc e s  Analyse d.   |______________________|
|                        |              |         |
|                        |  Calcula t e d.  |  Fou n d.  |
|                        |_____________|________|
|                        |              |         |
|  S al tp e t r e  (KNO_{3 })   |     1 3 .86     |   1 3.91  |
|                        |              |   1 3.82  |
|                        |              |   1 3.73  |
|                        |              |   1 3.96  |
|  Am mo niu m  ni t r a t e       |     3 5 .00     |   3 5 .31  |
|                        |              |   3 4.90  |
|                        |              |   3 4.96  |
|  Ba riu m  ni t r a t e         |     1 0.72     |   1 0.67  |
|                        |              |   1 0.62  |
|  Ni t ro-glyce rol        |     1 8.50     |   1 8 .45  |
|  Di-ni t ro-b e nzol[A]    |     1 6 .67     |   1 6 .78  |
|                        |              |   1 6.57  |
|  Pa r a-ni t ro-p h e nol     |     1 0 .07     |   1 0 .03  |
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|  Pic ric  a cid[A]        |     1 8.34     |   1 8.42  |
|                        |              |   1 8.43  |
|  Am mo niu m  pic r a t e       |     2 2.7 6     |   2 2.6 3  |
|                        |              |   2 2.67  |
|  Di-ni t ro-o r t ho-c r e sol |     1 4.14     |   1 4.10  |
|                        |              |   1 3.98  |
|  Tri-ni t ro-m e t a-c r e sol |     1 7.28     |   1 7.57  |
|                        |              |   1 7.27  |
|_______________________|_____________|________|

[Footno t e  A:  Dr. Be r n a r d  Dye r  ob t ain e d  1 8.39
p e r  c e n t .  for  pic ric  a cid  a n d  1 6.54  p e r  c e n t .  for
di-ni t ro-b e nzol.—Jour.  Ch e m.  
S o c. , Aug. 1 8 9 5.]

Whe n  Ch e n el  e n d e avou r e d  to  a p ply Jodlb a u e r’s
m o difica tion  of Kjelda hl’s p roc e ss  to  t h e  ex a min a tion
of t h e  t ri- a n d  t e t r a-ni t r a t e d  n a p h t h al e n e s ,  h e  foun d
t h a t  good  r e s ul t s  w e r e  no t  ob t ain a ble,  b e c a u s e  t h e s e
co m po u n d s  do  no t  dis solve  co m ple t ely in  t h e  cold  s ulph u ric
a cid.   I t  m ay, how ever, b e  u s e d  if t h ey  a r e  p r eviously
conve r t e d  in to  t h e  n a p h t hyla min es ,  a c co r ding  to  t h e
pla n  p ro pos e d  by D’Aguia r  a n d  Lau t e m a n n  (B ull. 
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Soc.  Chim., vol. iii., n e w  s e rie s,  p .  2 5 6). 
This  is r a pidly effec t e d  a s  follows:—Twelve
g r m s.  of iodine  a r e  g r a d u ally a d d e d  to  a  solu tion  of
2  g r m s.  of p hos p ho r us  in a bo u t  1 5  o r  2 0  c.c. of bi sulphid e
of c a r bo n,  t his  solu tion  b ein g  con t ain e d  in a  flask
of 2 5 0  c.c.  c a p aci ty.  The  flask  a n d  it s  con t e n t s
a r e  h e a t e d  on  t h e  w a t e r  b a t h  a t  1 0 0  d e g.   C. wit h
con s t a n t  a t t e n tion,  u n til t h e  las t  t r ac e s  of t h e  c a r bo n
bis ulphid e  h ave  dis tilled  a w ay.  I t  is t h e n  cooled,
a n d  t h e  iodide  of p hos p ho r us  is d e t a c h e d  fro m  t h e  sid es
of t h e  flask  by s h akin g,  b u t  no t  exp elled.   The
n ex t  s t e p  is to  a d d  a bo u t  0 .5  to  0.6  g r m.  of t h e  s u b s t a nc e
t h a t  is to  b e  a n alyse d,  af t e r  w hic h  8  g r m s.  of w a t e r
a r e  in t rod u c e d,  a n d  t h e  flask  is a gi t a t e d  g e n tly t wo
or  t h r e e  ti m e s.   As soon  a s  t h e  r e a c tion  b e co m e s
lively, t h e  con t e n t s  of t h e  flask  a r e  w ell s h ak e n.  
I t  is u s u ally finish e d  a bo u t  on e  min u t e  af t e r  t h e  a d di tion
of t h e  w a t er.  The  flask  is no w  coole d,  a n d  2 5
c.c.  of s ulp h u ric  a cid,  to g e t h e r  wi t h  0.7  g r m.  of
m e r c u ry, a r e  g r a d u ally a d d e d;  hyd riodic a cid  (HI) for m s,
a n d  t h e  t e m p e r a t u r e  of t h e  flask  m u s t  b e  r ai s e d  s ufficie n tly
to  exp el  it.  The  r e m aining  p a r t  of t h e  op e r a tion
is a s  in t h e  o r din a ry Kjelda hl  p roc es s.

M. Ch e n el  h a s  foun d  t his  p roc es s  t h e  b e s t  for  t h e
a n alysis  of t h e  ni t ro-n a p h t h al e n e s,  a n d  for  imp e rvious
s u b s t a n c e s  like  collodion  o r  g u n-co t ton.   Pe r son ally,
I h ave  n eve r  b e e n  a ble  to  ob t ain  s a tisfac to ry r e s ul t s
wi th  t his  p roc es s  in t h e  a n alysis  of ni t ro-c ellulos e,
a n d  I a m  of opinion  t h a t  t h e  p roc e s s  do es  no t  poss e s s
a ny a dva n t a g e  ove r  t h e  ni t ro m e t e r  m e t ho d,  a t  a ny r a t e
for  t h e  a n alysis  of g u n-co t ton.

Table  giving  t h e  Pe rc e n t a g e s  of Ni t rog e n  a n d  Oxide
of Ni t ro g e n  in Various  S u b s t a n c es  u s e d  in o r  a s  Explosives: 

     N a m e                
      FORMULAE                 NITROGE N    N O_{2 }
                                                       p e r
c e n t .  p e r  ce n t .
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Nit roglyce rin e            C_{3 } H_{5 }(O NO_{2 })_{3 }  
        1 8.5 0   =   6 0.70
H exa-ni t ro-c ellulos e      C_{1 2 } H_{1 4 }O_{4 }(ONO_{2 })_{6 }
  1 4.1 4   =   4 6.42
Pen t a-ni t ro-c ellulos e     C_{6 } H_{8 }O_{5 }(O NO_{2 })_{5 }
    1 1.11   =   3 6.5 0
Ni t ro-b e nz e n e             C_{6 } H_{ 5 } NO_{2 }         
        1 1.3 8   =   3 7.39
Di-ni t ro-b e nz e n e          C_{6 } H_{ 4 }(NO_{2 })_{2 }   
        1 6.6 7   =   5 4.77
Tri-ni t ro-b e nz e n e         C_{ 6 } H_{3 }(NO_{2 })_{3 }   
        1 9.2 4   =   6 3.22
Ni t ro-tolue n e             C_{7 } H_{ 7 } NO_{2 }         
        1 0.2 1   =   3 3.49
Ni t ro-n a p h t h al e n e         C_{10 } H_{7 } N O_{2 }        
         8 .09   =   2 6 .53
Di-ni t ro-n a p h t h ale n e      C_{10 } H_{6 }(NO_{2 })_{2 }  
        1 2.8 4   =   4 2.12
Ni t ro-m a n ni t e             C_{ 6 } H_{7 }(NO_{3 })_{6 }   
        2 3.5 9   =   7 7.37
Ni t ro-s t a r c h              C_{6 } H_{8 }O_{4 }(H NO_{3 })
         6 .76   =   2 2 .18
Pic ric  a cid
  (Tri-ni t ro-p h e nol)     C_{6 } H_{2 }O H(NO_{2 })_{3 }
        1 8.3 4   =   6 0.15
Chloro-ni t ro-b e nz e n e      C_{6 } H_{ 3 }Cl(NO_{2 })_{2 }
        1 3.8 2   =   4 5.43
Am moniu m  ni t r a t e          N H_{ 4 } N O_{3 }
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3 5.00   =
Sodiu m  ni t r a t e            N a N O_{ 3 }                 
        1 6.4 7   =
Pot a s siu m  ni t r a t e         KNO_{3 }                  
        1 3.8 6   =
Ni t ric  a cid               H N O_{3 }                  
        2 2.2 2   =
Bariu m  ni t r a t e            Ba(NO_{3 })_{2 }           
        1 0.7 2   =

A nalysis  of  Celluloid.—The  finely
divide d  celluloid  is w ell s t i r r e d,  by  m e a n s  of a  pla tin u m
wi re ,  wi t h  conc e n t r a t e d  s ulph u ric  a cid  in t h e  c u p  of
a  Lung e  ni t ro m e t er, a n d  w h e n  dis solved  t h e  ni t rog e n
d e t e r min e d  in t h e  solu tion  in t h e  u s u al w ay. 
To p r eve n t  in t e rfe r e n c e  fro m  c a m p hor, t h e  following
t r e a t m e n t  is s u g g e s t e d  by H.  Za u n sc hi r m  (Ch e m.  
Z ei t . , xiv., 9 0 5).  Dissolve  a  w eigh e d  q u a n ti ty
of t h e  celluloid  in  a  mixtu r e  of e t h e r-alcohol, mixe d
wi th  a  w eigh e d  q u a n ti ty of w a s h e d  a n d  ignit e d  a s b e s tos,
o r  p u mice-s to n e,  d ry, a n d  disin t e g r a t e  t h e  m a s s ,  a n d
af t e r w a r d s  ex t r ac t  t h e  c a m p ho r  wi th  c hlo rofor m,  d ry,
a n d  w eig h:   t h e n  ext r a c t  wi th  a b solu t e  m e t hyl-alcohol,
ev a po r a t e,  w eig h,  a n d  ex a min e  t h e  ni t ro-c ellulos e  in
t h e  ni t ro m e t er.

Picric  Acid  an d  Picrate s.—Picric
a cid  is soluble  in ho t  w a t er, a n d  to  t h e  ex t e n t  of
1  p a r t  in  1 0 0  in cold  w a t er, a lso  in e t h er, chlo rofor m,
glyc e rine ,  1 0  p e r  c e n t .  sod a  solu tion,  alcohol, a mylic
alcohol, c a r bo n  bi sulp hide,  b e nz e n e,  a n d  p e t rol eu m.  
If a  solu tion  of pic ric  a cid  b e  boiled  wit h  a  s t ro n g
solu tion  of po t a s siu m  cya nide ,  a  d e e p  r e d  liquid  is
p ro d uc e d,  owing  to  t h e  for m a tion  of po t a s siu m  iso-p u r p u r a t e ,
w hich  c rys t allis e s  in s m all r e d dish-b row n  pla t e s  wi th
a  b e e tl e-g r e e n  lus t r e .   This, by r e a c tion  wi th
a m m o niu m  c hlo ride,  gives  a m m o niu m  iso-p u r p u r a t e  
(N H_{4 }C_{8 } H_{ 4 } N_{ 5 }O_{6 }),
o r  a r t ificial m u r exide ,  w hic h  die s  silk a n d  wool a
b e a u tiful r e d  colour.  On  a d din g  b a riu m  c hlo rid e
to  ei t h e r  of t h e  a bove  s al t s ,  a  ve r milion-r e d  p r e cipi t a t e
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w a s  for m e d,  consis ting  of b a riu m  iso-p u r p u r a t e .  
With  a m m o nio-s ulph a t e  of cop p er, solu tions  of pic ric
a cid  give  a  b righ t  g r e e n  p r ecipi t a t e .   M r  A.H. 
Allen  gives  t h e  following  m e t ho d s  for  t h e  a s s ay  of
co m m e rcial pic ric  a cid,  in his  “Co m m e rcial Or g a nic
Analysis":—

R e sinous  an d  Tarry  m a t t er s  a r e  no t  u nf r e q u e n tly
p r e s e n t .   They a r e  left  insoluble  on  dis solving
t h e  s a m ple  in  boiling  w a t er.  The  s e p a r a tion  is
m o r e  p e rfec t  if t h e  ho t  solu tion  b e  ex ac tly n e u t r alise d
by c a u s tic  sod a.

S ulp h uric Acid,  H y droc hloric  Acid,  and  Oxalic Acid ,
a n d  t h ei r  s al t s  a r e  d e t e c t e d  by a d ding  to  t h e  filt e r e d
a q u eo u s  solu tion  of t h e  s a m ple  solu tions  of t h e  pic r a t e s
of b a riu m,  silver, a n d  c alciu m.   Thes e  s al t s  a r e
r e a dily m a d e  by boiling  pic ric  a cid  wit h  t h e  c a r bo n a t e s
of t h e  r e s p e c tive  m e t al s  a n d  filt e rin g:   o th e r
soluble  s al t s  of t h e s e  m e t ho d s  m ay  b e  s u b s ti t u t e d
for  t h e  pic r a t e s,  b u t  t h ey a r e  les s  s a tisfac to ry.

Ni tric  Acid  m ay  b e  d e t ec t e d  by  t h e  r e d  fu m e s
evolved  on  w a r ming  t h e  s a m ple  wi th  cop p e r  t u r nin gs.

Inorganic  I m p uriti es  and  Picrat e s  of  Potas h  and
S o diu m , &c., leave  r e sidu e s  on  c a u tious  igni tion.
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Ge n eral I m p uriti es  and  Ad ul t era tions  m ay  b e
d e t e c t e d  a n d  d e t e r min e d  by s h aking  1  g r m.  of t h e  s a m ple
of a cid  in a  g r a d u a t e d  t u b e  wi t h  2 5  c.c. of e t h er,
t h e  p u r e  a cid  di ssolves,  w hile  a ny oxalic a cid,  ni t r a t e s ,
pic r a t e s,  bo ric  a cid,  a lu m,  s u g ar, &c., will b e  left
insoluble,  a n d  af t e r  r e m oval of t h e  e t h e r e al  liquid,
m ay b e  r e a dily ide n tified  a n d  d e t e r min e d.   For
t h e  d e t e c tion  a n d  d e t e r min a tion  of w a t e r  a n d  of oxalic
a cid,  5 0  c .c. of w a r m  b e nz e n e  m ay  b e  a dv a n t a g eo usly
s u b s ti t u t e d  for  e t h er.  S u g a r  m ay  b e  s e p a r a t e d
fro m  t h e  o t h e r  imp u ri ti es  by t r e a tin g  t h e  r e sid u e  insoluble
in e t h e r  o r  b e nz e n e  wi th  r ec tified  s pi ri t ,  in w hich
s u g a r  a n d  bo ric  a cid  alon e  will dissolve.   If
bo ric  a cid  b e  p r e s e n t ,  t h e  alcoholic solu tion  will
b u r n  wit h  a  g r e e n  fla m e.   Mono- a n d  di-ni t ro p h e nic
a cids  low e r  t h e  m el ting  poin t  (122  d e g.   C). 
Their  c alciu m  s al t s  a r e  les s  soluble  t h a n  t h e  pic r a t e ,
a n d  m ay  b e  a p p roxim a t ely s e p a r a t e d  fro m  it by  frac tion al
c rys t allis a tion,  o r  by p r e cipi t a tin g  t h e  ho t  s a t u r a t e d
solu tion  of t h e  s a m ple  wi th  exc es s  of lime  w a t er. 
Pic ric  a cid  m ay  b e  d e t e r min e d  by ext r a c ting  t h e  a cid ula t e d
a q u eo u s  solu tion  by  a gi t a tion  wi th  e t h e r  o r  b e nz e n e,
a n d  s u b s e q u e n tly r e m oving  a n d  eva po r a tin g  off t h e
solven t .   I t  m ay al so  b e  p r e cipi t a t e d  a s  t h e  po t a s siu m
s al t .

Potassiu m  Picrat e  [KC_{6 } H_{ 2 }(NO_{ 2 })_{3 }O]. 
Whe n  a  s t ro n g  solu tion  of pic ric  a cid  is n e u t r alise d
by c a r bo n a t e  of po t a s h ,  t his  s al t  is t h row n  dow n  in
yellow c rys t alline  n e e dle s,  w hich  r e q ui r e  2 6 0  p a r t s
of cold  o r  1 4  p a r t s  of ho t  w a t e r  for  t h ei r  solu tion.  
In  alcohol it is m u c h  les s  soluble.

A m m o niu m  Picrat e  is m o r e  soluble  in w a t e r  t h a n
t h e  a bove,  a n d  sodiu m  pic r a t e  is r e a dily soluble  in
w a t er, b u t  n e a rly insoluble  in solu tion  of sodiu m
c a r bo n a t e .

Picrat e s  of  t h e  Alkaloids.—Picric
a cid  for m s  insoluble  s al t s  wi t h  m a ny of t h e  alkaloids,
a n d  pic ric  a cid  m ay  b e  d e t e r min e d  in t h e  following
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m a n n e r:—To t h e  solu tion  of pic ric  a cid,
o r  a  pic r a t e ,  a d d  a  solu tion  of s ulph a t e  of cincho nin e
a cid ula t e d  wi th  H_{ 2 } SO_{4 }.   The  p r e cipi t a t e d
pic r a t e  of cincho nin e  
[C_{20 } H_{2 4 } N_{ 2 }O(C_{6 } H_{2 } N_{3 }O_{7 })_{2 }]
is w a s h e d  wi th  cold  w a t er, r i ns e d  off t h e  filt e r  in to
a  po rc el ain  c r ucible  o r  dis h,  t h e  w a t e r  ev a po r a t e d
on  t h e  w a t e r  b a t h,  a n d  t h e  r e sidu al  s al t  w eig h e d.  
I t s  w eigh t ,  m ul tiplied  by  .61 2 3,  gives  t h e  q u a n ti ty
of pic ric  a cid  in t h e  s a m ple  t ak e n.

A nalysis  of  Glycerin e. [A] Glyce rin e  t h a t  is
to  b e  u s e d  for  t h e  m a n ufac t u r e  of ni t ro-glyce rine
s ho uld  h ave  a  minim u m  s p e cific g r avity of 1 .26 1  a t
1 5  d e g.   C. This c a n  b e  d e t e r min e d,  ei t h e r  by  t h e
aid  of a  S a r to riu s  s p e cific g r avity b al a nc e,  o r  by
u sing  a n  o r din a ry  s p ecific g r avi ty bo t tl e.   On e
of 1 0  o r  2 5  c.c. c a p aci ty is ve ry conve nie n t .

[Footno t e  A:  S e e  al so  S ul m a n  a n d  Be r ry, Analys t ,
xi., 1 2-3 4,  a n d  Allen’s “Com m e r cial Org a nic
Analysis,” vol. ii., p a r t  i.]

R e sid u e [A] left  u po n  ev a po r a tion  s hould  no t
b e  m o r e  t h a n  0.25  p e r  c e n t .   To d e t e r min e  t his,
t ak e  2 5  g r m s.  of t h e  glyce rin e,  a n d  eva po r a t e  i t a t
a  t e m p e r a t u r e  of a bo u t  1 6 0  d e g.   C. in a  pl a tinu m
b a sin,  a n d  finish  in a n  ai r  b a t h.   Weigh  u n til
con s t a n t  w eig h t  is ob t ain e d.   Afte r w a r d s  incine r a t e
ove r  a  b u n s e n  b u r n er, a n d  w eigh  t h e  a s h .
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[Footno t e  A:  Org a nic  m a t t e r  u p  to  .6  p e r  c e n t .
is no t  alw ays  p r ejudicial to  t h e  ni t r a ting  q u a n ti tie s
of a  glyce rin e.]

Silver  Tes t.  A po r tion  of t h e  s a m ple  of glyce rin e
to  b e  t e s t e d  s hould  b e  p u t  in a  s m all w eighing  bo t tl e,
a n d  a  q u a r t e r  of i t s  b ulk of N/1 0  silve r  ni t r a t e  solu tion
a d d e d  to  it, t h e n  s h ak e  it, a n d  pl ac e  in a  d a rk  cu p bo a r d
for  fift ee n  mi n u t e s .   I t  m u s t  b e  p ro nou nc e d  b a d
if it  b e co m e s  bl ack  o r  d a rk  b row n  within  t h a t  ti m e
(ac rolein,  for mic, a n d  b u ty ric  a cids).

The  Ge r m a n  official t e s t  for  glyce rin e  for  p h a r m a c e u tic al
p u r pos es  is m u c h  m o r e  s t r in g e n t ,  1  c .c. of glyce rin e
h e a t e d  to  boiling  wi th  1  c.c.  of a m m o nia  solu tion
a n d  t h r e e  d rop s  of silve r  ni t r a t e  solu tion  m u s t  give
n ei t h e r  colou r  o r  p r e cipi t a t e  wi thin  five  min u t e s .

Ni tra tion.  Fifty g r m s.  of t h e  glyce rin e  a r e
po u r e d  fro m  a  b e ak e r  in to  a  mixt u r e  of conc e n t r a t e d
ni t ric  a cid  (spe cific g r avity 1.53)  a n d  s ulph u ric
a cid  (1.84), mixe d  in t h e  p ro po r tions  of 3  H NO_{3 }
to  5  H_{2 } SO_{4 }  (abou t  4 0 0  c.c.  of mixe d  a cids). 
The  mixe d  a cids  s ho uld  b e  p u t  in to  a  r a t h e r  la r g e
b e a k er, a n d  h eld  in t h e  rig h t  h a n d  in a  b a sin  of w a t er,
a n d  t h e  glyce rin e  slowly po u r e d  in to  t h e m  fro m  a  s m alle r
on e  h eld  in t h e  left.   A cons t a n t  r o t a to ry m o tion
s ho uld  b e  give n  to  t h e  b e a k e r  in w hich  t h e  ni t r a tion
is p e rfo r m e d.   Whe n  all t h e  glyce rin e  h a s  b e e n
a d d e d,  a n d  t h e  mixt u r e  h a s  b e e n  s h ak e n  for  a  few min u t e s
long er, it is po u r e d  in to  a  s e p a r a tor, a n d  allow e d
to  s t a n d  for  so m e  tim e.   I t  s ho uld,  if t h e  glyce rin e
is a  good  on e,  h ave  s e p a r a t e d  fro m  t h e  mixe d  a cids
in t e n  mi n u t e s ,  a n d  t h e  line  of d e m a r c a tion  b e t w e e n
t h e  ni t ro-glyce rin e  a n d  t h e  a cid  s hould  b e  cle a r  a n d
s h a r p,  n ei th e r  s ho uld  t h e r e  b e  a ny w hi t e  floccule n t
m a t t e r  s u s p e n d e d  in t h e  liquid.   The  exc e s s  of
a cids  is now  d r a w n  off, a n d  t h e  ni t ro-glyce rin e  s h a k e n
onc e  o r  twice  wi th  a  w a r m  solu tion  of c a r bo n a t e  of
sod a,  a n d  af t e r w a r d s  wi th  w a t e r  alon e.   The  ni t ro-glyce rin e
is t h e n  d r a w n  off in to  a  w eigh e d  b e a k er, t h e  s u rf ac e
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d ri e d  wi th  a  pi ec e  of filt e r  p a p er, a n d  w eig h e d;  1 0 0
p a r t s  of a  good  glyce rin e  s ho uld  yield  a bo u t  2 3 0  of
ni t ro-glyce rin e .   A q uicke r  m e t ho d  is to  t ak e  only
1 0  c.c.  of t h e  glyce rin e ,  of w hich  t h e  s p e cific g r avity
is al r e a dy know n,  ni t r a t e  a s  b efo r e,  a n d  po u r  in to
a  b u r e t t e ,  r e a d  off t h e  volu m e  of ni t ro-glyce rine  in
c.c.  a n d  m ul tiply t h e m  by 1.6  (the  s p e cific g r avity
of ni t ro-glyce rin e), t h u s:   1 0  g r m s.  g ave  1 4.5
c.c.  ni t ro-glyce rin e,  a n d  1 4.5  x 1.6  =  2 3.2  g r m s.,
t h e r efo r e  1 0 0  wo uld  give  2 3 2  g r m s.  ni t ro-glyce rin e.  
The  poin t s  to  b e  no t e d  in  t h e  ni t r a tion  of a  s a m ple
of glyce rin e  a r e :   t h e  s e p a r a tion  s hould  b e  s h a r p ,
a n d  wi t hin  h alf a n  ho u r  o r  les s,  a n d  t h e r e  s ho uld  b e
no  w hi t e  floccule n t  m a t t e r  for m e d,  e s p eci ally w h e n
t h e  c a r bo n a t e  of sod a  solu tion  is a d d e d.

Total Acid  E q uivale n t.  M r  G.E.  Ba r to n
(Jour.  A m er.  Ch e m .   S oc . , 1 8 9 5)
p ro pos es  to  d e t e r min e  t h u s:   1 0 0  c.c.  of glyce rin e
a r e  dilu t e d  to  3 0 0  c.c. in a  b e ak er, a  few d ro ps  of
a  1  p e r  c e n t .  solu tion  of p h e nolph t h al ein  a n d  1 0  c.c.
of no r m al c a us tic  so d a  solu tion  a r e  a d d e d;  af t e r  boiling,
t h e  liquid  is t i t r a t e d  wi th  no r m al hyd roc hlo ric  a cid
(fa t ty a cids  a r e  t h u s  indica t e d  a n d  ro u g hly d e t e r min e d).
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N e u t rali ty. The  s a m e  c h e mis t  d e t e r min e s  t h e
n e u t r ali ty of glyce rin e  t h u s:   5 0  c .c.  of glyce rin e
mixed  wi th  1 0 0  c.c.  of w a t e r  a n d  a  few d ro p s  of alcoholic
p h e nolph t h al ein[A] a r e  ti t r a t e d  wi t h  hyd roc hlo ric  a cid
o r  sodiu m  hyd roxide;  no t  m o r e  t h a n  0.3  c .c.  no r m al
hyd roc hlo ric  a cid  o r  no r m al sod a  solu tion  s ho uld  b e
r e q ui r e d  to  r e n d e r  t h e  s a m ple  n e u t r al; r a w  glyce rin es
con t ain  fro m  .5 to  1.0  p e r  c e n t .  of sodiu m  c a r bo n a t e.

[Footno t e  A:  S ul m a n  a n d  Be r ry p r efe r  litm us  a s
indica tor.]

Det er mina tion  of  Fre e  Fat ty  Acids.  A w eig h e d
q u a n ti ty of t h e  glyce rin e  is s h ak e n  u p  wi t h  so m e  n e u t r al
e t h e r  in a  s e p a r a tin g  fun n el, t h e  glyc e rin e  allow e d
to  s e t tl e,  d r a w n  off, a n d  t h e  e t h e r  w a s h e d  wi th  t h r e e
s e p a r a t e  lot s  of w a t er.  The  w a t e r  m u s t  h ave  b e e n
r e c e n tly boiled,  a n d  b e  q ui t e  fr e e  fro m  CO_{2 }.  
All t h e  fre e  fa t ty a cid  is now  in t h e  e t h er, a n d  no
o th e r  soluble  a cid.   A d ro p  of p h e nolp h t h al ein
is now  a d d e d,  a  li t tl e  w a t er, a n d  t h e  a cidi ty d e t e r min e d
by ti t r a tion  wi th  d e ci-no r m al  b a ry t a  solu tion,  a n d
t h e  b a ryt a  solu tion  t ak e n  c alcula t e d  a s  oleic  a cid.

Co m bin e d  Fat ty  Acid.  Abou t  3 0  g r m s.  of t h e
glyc e rine  a r e  plac e d  in a  flask,  a n d  to  it  is a d d e d
a bo u t  h alf a  g r m.  of c a u s tic  sod a  in  solu tion.  
The  mixtu r e  is h e a t e d  for  t e n  min u t e s  a t  1 5 0  d e g.  
C. Afte r  cooling  so m e  p u r e  e t h e r  is a d d e d  to  i t, a n d
e no u g h  dilu t e  H_{ 2 } SO_{4 }  to  r e n d e r  it dis tinc tly
a cid.   I t  is w ell s h ak e n.   All t h e  fa t ty a cid s
go  in to  t h e  e t h er.  The  a q u eo us  solu tion  is t h e n
r e m ove d,  a n d  t h e  e t h e r  w ell w a s h e d  to  r e m ove  all H_{ 2 } SO_{4 }.  
Afte r  t h e  a d di tion  of p h e nolph t h al ein  t h e  a cid  is
ti t r a t e d ,  a n d  t h e  a m o u n t  u s e d  c alcula t e d  in to oleic
a cid.   F ro m  t hi s  to t al  a m o u n t  of fa t ty a cids  t h e
fre e  fa t ty  a cid  is d e d uc t e d ,  a n d  t h e  q u a n ti ty of co m bin e d
fa t ty  a cids  t h u s  ob t ain e d.

I m p uri tie s.  The  following  imp u ri ti es  m ay  b e
foun d  in b a d  s a m ples  of glyce rin e:—Le a d,
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a r s e nic,  lime,  chlo rin e,  s ulp h u ric  a cid,  t hio-s ulp h a t e s ,
s ulp hide s ,  cya no g e n  co m po u n ds,  o rg a nic a cids  (es p eci ally
oleic  a cid  a n d  fa t ty a cids[A]), r o sin  p ro d uc t s,  a n d
o th e r  o r g a nic  bo die s.   I t  is al so  s aid  to  b e  a d ul t e r a t e d
wi th  s u g a r  a n d  glucos e  d ex t rin e.   Trac e s  of s ulp h u ric
a cid  a n d  a r s e nic  m ay  b e  allow e d,  also  ve ry s m all t r a c e s
ind e e d  of lime  a n d  c hlo rine.

[Footno t e  A:  Thes e  s u bs t a nc e s  of t e n  c a u s e  t r ou ble
in ni t r a ting,  w hi t e  flocc ule n t  m a t t e r  b eing  for m e d
d u ring  t h e  p roc e s s  of w a s hin g.]

The  o r g a nic  a cids,  for mic  a n d  b u ty ric  a cid s  m ay  b e
d e t e c t e d  by h e a tin g  a  s a m ple  of t h e  glyce rin e  in a
t e s t  t u b e  wi t h  alcohol a n d  s ulp h u ric  a cid,  w h e n,  if
p r e s e n t ,  co m po u n d  e t h e r s ,  s uc h  a s  e t hylic for m a t e  a n d
b u ty r a t e ,  t h e  for m e r  s m elling  like  p e a c h e s  a n d  t h e
la t t e r  of pin e-a p ple,  will b e  for m e d.

Oleic Acid , if p r e s e n t  in la r g e  q u a n ti ty, will
co m e  dow n  u po n  dilu ting  t h e  s a m ple  wi th  w a t er, b u t
s m alle r  q u a n ti ti es  m ay  b e  d e t ec t e d  by p a s sin g  a  c u r r e n t
of ni t rog e n  p e roxid e,  N_{ 2 }O_{ 4 }  (ob t ain e d  by h e a ting
lea d  ni t r a t e), t h ro u g h  t h e  dilu t e d  s a m ple,  w h e n  a
w hi t e  flocc ule n t  p r e cipi t a t e  of el aidic  a cid,  w hich
is les s  soluble  t h a n  oleic  a cid,  will b e  t h row n  do w n.  
By a gi t a ting  glyce rol wi t h  c hlo rofor m,  fa t ty a cids,
rosin  oil, a n d  so m e  o t h e r  imp u ri ti es  a r e  dis solve d,
w hile  c e r t ain  o t h e r s  for m  a  t u r bid  laye r  b e t w e e n  t h e
c hlo rofor m  a n d  t h e  s u p e r n a t a n t  liquid.   On  s e p a r a t ing
t h e  chlo rofor m  a n d  ev a po r a ting  it to  d ryn e ss ,  a  r e sidu e
is ob t ain e d  w hich  m ay  b e  fu r t h e r  ex a min e d.
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S o diu m  Chloride  c a n  b e  d e t e r min e d  in 1 0 0  c.c.
of t h e  glyce rin e  by  a d din g  a  lit tle  w a t er, n e u t r alise d
wi th  sodiu m  c a r bo n a t e ,  a n d  t h e n  ti t r a t e d  wi th  a  d e ci-no r m al
solu tion  of silve r  ni t r a t e ,  u sing  po t a ssiu m  c h ro m a t e
a s  indica tor.

Organic I m p uri tie s  of va rious  kinds  occ u r  in
c r u d e  glyce rin e,  a n d  a r e  m o s tly objec tion a ble.  
Their  s u m  m ay b e  d e t e r min e d  wi t h  fai r  a c c u r a cy by
S ul m a n  a n d  Be r ry’s m e t ho d:   5 0  g r m s.  of t h e
s a m ple  a r e  dilu t e d  wi th  t wice  it s  m e a s u r e  of w a t er,
c a r efully n e u t r alise d  wi th  a c e tic  a cid,  a n d  w a r m e d
to  exp el  c a r bo nic a cid; w h e n  cold,  a  solu tion  of b a sic
lea d  a c e t a t e  is a d d e d  in sligh t  b u t  dis tinc t  exc es s,
a n d  t h e  mixtu r e  w ell a gi t a t e d .   The  for m a tion
of a n  a b u n d a n t  p r ecipi t a t e ,  w hich  r a pidly s u b side s,
is a n  indica tion  of consid e r a ble  imp u ri ty in t h e  s a m ple.  
To a s c e r t ain  it s  a m o u n t,  t h e  p r e cipi t a t e  is fi r s t
w a s h e d  by d e c a n t a tion,  a n d  t h e n  collec t e d  on  a  t a r e d,
o r  p r efe r a bly a  do u ble  cou n t e r-pois e d  filt er, w h e r e
it  is fu r t h e r  w a s h e d,  d rie d  a t  1 0 0  d e g.  to  1 0 5  d e g.  
C., a n d  w eig h e d.   The  p r e cipi t a t e  a n d  filt e r  p a p e r
a r e  t h e n  ignit e d  s e p a r a t ely in  po rc el ain,  a t  a  low
r e d  h e a t ,  t h e  r e sidu e s  m ois t e n e d  wit h  a  few d ro ps
of ni t ric  a cid  a n d  r eig ni t e d;  t h e  w eig h t  of t h e  lea d
oxide  d e d u c t e d  fro m  t h a t  of t h e  o riginal p r e cipi t a t e
gives  t h e  w eigh t  of t h e  o rg a nic  m a t t e r  p r ecipi t a t e d
by t h e  lea d.   R a w  glyce rine s  con t ain  fro m  0.5
to  1.0  p e r  c e n t .

Albu mino us  M a t t er s.  An a p p roxim a t e  d e t e r min a tion
of t h e  alb u minous  m a t t e r s  m ay  b e  m a d e  by p r e cipi t a ting
wi th  b a sic  le a d  a c e t a t e  a s  al r e a dy d e s c rib e d,  a n d
d e t e r mining  t h e  ni t rog e n  by t h e  Kjelda hl m e t ho d;  t h e
ni t rog e n  m ul tiplied  by 6.25  gives  t h e  a m o u n t  of alb u minous
m a t t e r  in t h e  p r ecipi t a t e .

T h e  Det er mi na tion  of  Glycerine.  The  a c e tin
m e t ho d  of Ben e dikt  a n d  Ca n to n  d e p e n d s  u po n  t h e  conve r sion
of glyce rin e  in to  t r i ac e tin,  a n d  t h e  s a po nifica tion
of t h e  la t t er, a n d  r e d uc e s  t h e  e s ti m a tion  of glyce rin e
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to  a n  a cid m e t ric  m e t hod.   About  1 .5  g r m.  of c r u d e
glyc e rine  is h e a t e d  to  boiling  wi t h  7  g r m s .  of a c e tic
a n hyd rid e,  a n d  3  to  4  g r m s.  of a n hyd ro us  sodiu m  a c e t a t e ,
u n d e r  a n  u p righ t  co n d e n s e r  for  on e  a n d  a  h alf ho u r s.  
Afte r  cooling,  5 0  c.c. of w a t e r  a r e  a d d e d,  a n d  t h e
mixt u r e  h e a t e d  u n til all t h e  t ri ac e tin  h a s  di ssolved.  
The  liquid  is t h e n  filt e r e d  in to  a  la rg e  flask,  t h e
r e sid u e  on  t h e  filt e r  is w ell w a s h e d  wi th  w a t er, t h e
filt r a t e  q ui t e  cooled,  p h e nolp h t h al ein  is a d d e d  a n d
t h e  fluid ex ac tly n e u t r alis ed  wi th  a  dilu t e  (2 to
3  p e r  c e n t .) solu tion  of alkali.  Twe n ty-five c.c.
of a  1 0  p e r  c e n t .  c a u s tic  sod a  solu tion,  w hich  m u s t
b e  a cc u r a t ely s t a n d a r dis e d  u po n  no r m al  a cid,  a r e  t h e n
pip e t t e d  in to  t h e  liquid,  w hich  is h e a t e d  to  boiling
for  t e n  min u t e s  to  s a po nify t h e  t ri ac e tin,  a n d  t h e
exc es s  of alkali is t h e n  ti t r a t e d  b a ck  wi th  no r m al
a cid.   On e  c.c. of no r m al  a cid  co r r e s po n ds  to
.030 6 7  g r m.  of glyce rin e.

Precau tions.—The  h e a tin g  m u s t  b e
do n e  wi th  a  r eflux con d e n s er, t h e  t r i ac e tin  b eing
so m e w h a t  vola tile.  The  sodiu m  a c e t a t e  u s e d  m u s t
b e  q ui t e  a n hyd ro us,  o r  t h e  conve r sion  of t h e  glyce rin e
to  t r i ac e tyl is imp e rf ec t.   Triac e tin  in con t ac t
wi th  w a t e r  g r a d u ally d eco m pos e s .   Afte r  a c e tyla tion
is co m ple t e,  t h e r efo r e ,  t h e  op e r a tions  m u s t  b e  con d u c t e d
a s  r a pidly a s  pos sible.   I t  is n e c e s s a ry  to  n e u t r alise
t h e  fre e  a c e tic  a cid  ve ry c a u tiously, a n d  wi t h  r a pid
a gi t a tion,  so  t h a t  t h e  alkali m ay  no t  b e  locally in
exc es s.
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T h e  Lead  Oxide  M e t ho d.—Two g r m s.
of s a m ple  a r e  mixe d  wit h  a bo u t  4 0  g r m s.  of p u r e  lith a r g e ,
a n d  h e a t e d  in a n  ai r  b a t h  to  1 3 0  d e g.   C. u n til
t h e  w eigh t  b e co m e s  co ns t a n t ,  c a r e  b eing  t ak e n  t h a t
t h e  lith a r g e  is fr e e  fro m  s uc h  le ad  co m po u n d s  a n d
o th e r  s u bs t a nc e s  a s  mig h t  inju riously affec t  t h e  r e s ul t s ,
a n d  t h a t  t h e  h e a ting  of t h e  mixtu r e  t ak e s  pl ac e  in
a n  ai r  b a t h  fr e e  fro m  c a r bo nic  a cid.   The  inc r e a s e
in w eig h t  in t h e  li th a r g e ,  mi n us  t h e  w eigh t  of s u b s t a n c e
no t  vola tilis a bl e  fro m  2  g r m s.  of glyce rin e  a t  1 6 0
d e g.   C., m ul tiplied  by  t h e  fac to r  1 .2 43,  is t ak e n
a s  t h e  w eig h t  of glyce rin e  in t h e  2  g r m s.  of s a m ple.  
The  glyce rine  m u s t  b e  fai rly p u r e ,  a n d  fre e  fro m  r e sinous
s u b s t a n c e s  a n d  SO_{3 },  to  give  good  r e s ul t s  by  t his
p roc e s s.

A nalysis  of  t h e  “Was te  Acids” fro m
t h e  M a n u fac t ur e  of  N i tro-Glycerine  or  Gu n-Cot ton.
Det e r min e  t h e  s p e cific g r avity by t h e  s p ecific g r avity
bo t tl e  o r  hyd ro m e t er, a n d  t h e  oxide s  of ni t rog e n  by
t h e  p e r m a n g a n a t e  m e t ho d  d e s c rib e d  u n d e r  ni t ro-glyce rin e.  
N o w  d e t e r min e  t h e  to t al  a cidi ty of t h e  mixtu r e  by
m e a n s  of a  t e n t h  no r m al  solu tion  of sodiu m  hyd r a t e ,
a n d  c alcula t e  i t a s  ni t ric  a cid  (H NO_{3 }), t h e n  d e t e r min e
t h e  ni t ric  a cid  by  m e a n s  of Lung e  ni t ro m e t er, a n d
s u b t r a c t  p e r c e n t a g e  foun d  fro m  to t al a cidi ty, a n d
c alcula t e  t h e  diffe r e nc e  in to  s ulp h u ric  a cid,  t h u s:—

Total a cidi ty e q u als  9 7.46  p e r  c e n t .—1 1.0 7
p e r  c e n t .   H N O_{ 3 }  =  8 6.3 9  p e r  ce n t .,  t h e n  (86.39
x 4 9)/63  =  6 7.2 0  p e r  c e n t .   H_{ 2 } SO_{4 }.

The n  a n alysis  of s a m ple  will b e:—

_
S ulph u ric  a cid    =  6 7.2 0  p e r  ce n t .  |
Ni t ric  a cid       =  1 1.0 7     "      |- S p ecific g r avity =  1.7 0 7 5.  
Wate r             =  1 2.73     "     _|

This  m e t ho d  is a cc u r a t e  e no u g h  for  g e n e r al u s e  in
t h e  ni t ric  a cid  fac to ry.  The  a cid  mixtu r e  m ay
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b e  t ak e n  by volu m e  for  d e t e r mining  ni t ric  oxide  in
ni t ro m e t er.  Two c.c. is a  conve nie n t  q u a n ti ty
in t h e  a bove  c a s e ,  t h e n  2  x 1.70 7 5  (spe cific g r avity)
=  3.4 1 4  g r m s.  t ak e n,  g ave  1 4 5  c.c.   N O  (ba ro m e t e r
=  7 4 8  m m,  a n d  t e m p e r a t u r e  =  1 5  d e g.C.) e q u als  1 3 4.9
c.c.  (co rr.) a n d  a s  1  c.c.  N O =  .02 8 2  g r m.  
H NO_{ 3 }  1 3 5  x .028 2  =  .37 8  g r m.  =  1 1 .07  p e r  c e n t .  ni t ric
a cid.

S o diu m  N i t ra t e.  De t e r min e  m ois t u r e  a n d  c hlo rin e
by t h e  u s u al  m e t hods,  a n d  t h e  to t al,  N a N O_{ 3 },  by
m e a n s  of ni t ro m e t e r—0.45  g r m.  is a  ve ry
conve nie n t  q u a n ti ty to  wo rk  on  (gives  a bo u t  1 2 3  c.c.
g a s); g rin d  ve ry fine,  a n d  dis solve  in  a  ve ry lit tl e
ho t  w a t e r  in t h e  c u p  of t h e  ni t ro m e t e r ;  u s e  a bo u t
1 5  c.c.  conc e n t r a t e d  H_{2 } SO_{4 }.   On e  c u bic  c e n t .
of N O  e q u als  .003 8 0 5  g r m.  of N a NO_{ 3 }.   The  insoluble
m a t t er, bo t h  o r g a nic  a n d  ino rg a nic,  s hould  also  b e
d e t e r min e d,  al so  s ulp h a t e  of so d a  a n d  lime  t e s t e d
for.
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A nalysis  of  M erc ury  Ful mina t e  (Divers  and  Ka wa ki ta’s
M e t ho d).—A w eig h e d  q u a n ti ty of m e r c u ry
fulmin a t e  is a d d e d  to  exc es s,  b u t  m e a s u r e d  q u a n ti ty
of fumin g  hyd roc hlo ric  a cid  con t ain e d  in a  r e to r t
con n e c t e d  wi th  a  r ec eive r  holding  w a t er.  Afte r
h e a ting  for  so m e  tim e,  t h e  co n t e n t s  of t h e  r e to r t  a n d
r e c eive r  a r e  mixe d  a n d  dilu t e d,  a n d  t h e  m e r c u ry  is
p r e cipi t a t e d  by hyd ro g e n  s ulp hid e.   By w a r ming
a n d  expos u r e  to  t h e  ai r  in  op e n  vess els  t h e  hyd ro g e n
s ulp hide  is for  t h e  m os t  p a r t  dis sip a t e d.   The
solu tion  is t h e n  ti t r a t e d  wit h  po t a s siu m  hyd roxide
(KOH), a s  w ell a s  a no t h e r  q u a n ti ty of hyd roc hlo ric
a cid,  e q u al  to  t h a t  u s e d  wi th  t h e  fulmin a t e.   As
t h e  m e r c u ry  c hlo ride  is r e co nve r t e d  in to  hyd roc hlo ric
a cid  by t h e  hyd rog e n  s ulphid e,  a n d  a s  t h e  hyd roxyla min e
do es  no t  n e u t r alise  to  lit m us  t h e  hyd roc hlo ric  a cid
co m bin e d  wi th  it,  t h e r e  is a n  e q u al  a m o u n t  of hyd roc hlo ric
a cid  fre e  o r  available  in  t h e  t wo  solu tions.  
Any exc es s  of a cid  in t h e  on e  w hich  h a s  r ec eived  t h e
fulmin a t e  will t h e r efo r e  b e  d u e  to  t h e  for mic  a cid
g e n e r a t e d  fro m  t h e  fulmin a t e .   Dr. Dive r s  a n d
M. Kaw akit a ,  wo rking  by t his  m e t ho d,  h ave  ob t ain e d
3 1.31  p e r  c e n t .  for mic  a cid,  ins t e a d  of 3 2.40  r e q ui r e d
by t h eo ry. (Jour.  Ch e m.   S oc . , p .
1 7 ,  1 8 8 4.)

Dive r s  a n d  Kaw aki t a  p roc e e d  t h u s:   2 .3 5 1  g r m s.
dis solved,  a s  al r e a dy d e sc rib e d,  in HCl, a n d  af t e r w a r d s
dilu t e d,  g ave  m e r c u ry  s ulphide  e q u al  to  7 0.4 0  p e r
c e n t .  m e r c u ry.  The  s a m e  solu tion,  af t e r  r e m oval
of m e r c u ry, ti t r a t e d  by  iodine  for  hyd roxyla min e,
g ave  ni t ro g e n  e q u al  to  9.85  p e r  c e n t .,  a n d  w h e n  ev a po r a t e d
wi th  hyd roxyl a m m o niu m  c hlo rid e  e q u al  to  9.55  p e r
c e n t .   A solu tion  of 2 .6 66 5  g r m s.  fulmina t e  in
H Cl of know n  a m o u n t ,  af t e r  r e m oval of m e r c u ry  by  hyd rog e n
s ulp hide ,  g ave  by ti t r a tion  wi th  po t a s siu m  hyd r a t e ,
for mic  a cid  e q u al  to  8.1 7  p e r  c e n t .  of c a r bo n.  
Collec ting  a n d  co m p a rin g  wi th  c alcula tion  fro m  for m ula
w e  g e t—

Calc.     I.    II. 
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   III.

M e rc u ry     7 0.42   7 0.4 0    ...    ... 
Ni t rog e n      9 . 86    9 .8 5    9 .55    ... 
Ca r bon        8 .45    ...    ...    8 .17
Oxyg e n       1 1 .27    ...    ...    ...
          _______

1 0 0.0 0

T h e  Analysis  of  Cap  Co m posi tion.—M e s s r s
F.W.  Jones  a n d  F.A.  Willcox (Ch e m .  
N e w s , Dec.  1 1,  1 8 9 6) h ave  p ropos e d  t h e  following
p roc e s s  for  t h e  a n alysis  of t his  s u b s t a nc e:—Ca p
co m posi tion  u s u ally co nsis t s  of t h e  ing r e dien t s—po t a s siu m
c hlor a t e ,  a n ti mo ny s ulphid e,  a n d  m e r c u ry  fulmin a t e ,
a n d  to  e s ti m a t e  t h e s e  s u b s t a n c e s  in t h e  p r e s e nc e  of
e a c h  o t h e r  by o r din a ry a n alytical m e t ho ds  is a  difficul t
p roc e s s.   Sinc e  t h e  s e p a r a tion  of a n ti mony s ulp hid e
a n d  m e r c u ry  fulmin a t e  in t h e  p r e s e n c e  of po t a s siu m
c hlor a t e  n e c e s si t a t e s  t h e  t r e a t m e n t  of t h e  mixt u r e
wi th  hyd roc hlo ric  a cid,  a n d  t his  p ro d u c e s  a n  evolu tion
of hyd ro g e n  s ulphide  fro m  t h e  s ulp hid e,  a n d  a  cons e q u e n t
p r e cipi t a tion  of s ulp h u r;  a n d  po t a s siu m  c hlo r a t e  c a n no t
b e  s e p a r a t e d  fro m  t h e  o th e r  ing r e die n t s  by t r e a t m e n t
wi th  w a t er, owing  to  t h e  a p p r eci a ble  solubili ty of
m e r c u ry  fulmin a t e  in cold  w a t er.
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In  t h e  cou r s e  of so m e  exp e ri m e n t s  on  t h e  solubility
of m e r c u ry  fulmin a t e  M e s s r s  Jones  a n d  Willcox obs e rve d
t h a t  t hi s  body w a s  r e a dily soluble  in  a c e ton e  a n d
o th e r  e t h e r e al  solven t s  w h e n  t h ey w e r e  s a t u r a t e d  wi th
a m m o nia  g a s ,  a n d  t h a t  c hlo r a t e  of po t a s h  a n d  s ulphid e
of a n t imony w e r e  insoluble  in p u r e  a c e to n e  s a t u r a t e d
wi th  a m m o nia; t h e s e  obs e rva tions  a t  onc e  affo rd e d
a  sim ple  m e t ho d  of s e p a r a tin g  t h e  t h r e e  ing r e die n t s
of c a p  co m position.   By e m ploying  t his  solu tion
of a c e to n e  a n d  a m m o nia  a n  a n alysis  c a n  b e  m a d e  in
a  co m p a r a tively s ho r t  ti m e,  a n d  yields  r e s ul t s  of
s ufficien t  a cc u r acy for  all t e c h nic al p u r pos e s .  
The  following  a r e  t h e  d e t ails  of t h e  p roc e s s:—

A t a r e d  filt e r  p a p e r  is pl ac e d  in  a  fun n el to  t h e
n eck  of w hich  h a s  b e e n  fit t e d  a  pi ec e  of r u b b e r  t u bin g
p rovide d  wi th  a  clip.  The  p a p e r  is m ois t e n e d
wi th  a  solu tion  of a c e ton e  a n d  a m m o nia,  t h e  c a p  co m posi tion
is w eig h e d  off di r e c tly on  to  t h e  filt e r  p a p e r  a n d
is t h e n  cove r e d  wi th  t h e  solu tion  of a c e to n e  a n d  a m m o nia
a n d  allow e d  to  s t a n d  t hi r ty-fou r  ho u r s .   I t  is
t h e n  w a s h e d  r e p e a t e dly wi th  t h e  s a m e  solu tion  u n til
t h e  w a s hings  give  no  colo r a tion  wi th  a m m o niu m  s ulphid e,
a n d  af t e r w a r d s  w a s h e d  wi th  a c e ton e  u n til w a s hings
give  no  r e sid u e  on  ev a po r a tion  d ri e d  a n d  w eig h e d.  
The  p a p e r  is a g ain  p u t  in  t h e  fun n el a n d  w a s h e d  wi t h
w a t e r  u n til fr e e  fro m  po t a s siu m  chlo r a t e ,  d ri e d  a n d
w eig h e d.

If c  =  w eigh t  of co m position  t ak e n,
d  =    "    " fil t e r  p a p er,
a  =    "    af t e r  fi r s t  ex t r a c tion,
b  =    "     "    s e co n d  ex t r a c tion,
   t h e n  c + d-a    =  w eigh t  of
fulmin a t e,
c + d-a-b
=   "     " KClO_{3 },
b-d
    =   "     " s ulp hid e  of a n ti mo ny.

The  co m posi tion  s ho uld  b e  finely g ro u n d  in a n  a g a t e
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m o r t ar.

The  r e s ul t s  of t h e  a n alysis  by  t his  m e t ho d  of t wo
mixt u r e s  of know n  co m position  a r e  given  b elow—

_______________________________________________________
_________________
|                     |                          |                          |
|                     |             A            |             B            |
|                     |                          |                          |
|                     |  Pe rc e n t a g e  |  Pe r c e n t a g e  |  Pe rc e n t a g e  |  Pe r c e n t a g e  |
|                     |    Take n.    |    Foun d.    |    Take n.    |    Fou n d.    |
|____________________|____________|____________|____________
|____________|
|                     |             |             |             |             |
|  Antimony S ulp hid e   |    3 6.47     |    3 6 .25     |    3 7 .34     |    3 7.22     |
|  Pot a s siu m  Chlor a t e  |    3 3.2 5     |    3 3.7 1     |    4 6.0 3     |    4 6.43     |
|  M e rc u ry  F ul min a t e   |    3 0 .27     |    3 0 .02     |    1 6.61     |    1 6.34     |
|____________________|____________|____________|____________
|____________|

Dr. H.W.  Brow n s don’s (Jour.  S oc.  
Ch e m.   Ind. , xxiv., April 1 9 0 5) p roc e ss  is
a s  follows:—The  c a p  co m posi tion  is r e m ove d
by s q u e ezing  t h e  c a p  wi th  plie r s,  w hile  h eld  ove r
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a  po rc el ain  b a sin  of a bo u t  2 0 0  c.c. c a p a ci ty, a n d
r e m oving  t h e  loos e n e d  foil a n d  b rok e n  co m posi tion  by
m e a n s  of a  poin t e d  wood e n  c hip.   Co m posi tion  a d h e rin g
to  t h e  s h ell o r  foil is loos e n e d  by alcohol, a n d  w a s h e d
into  t h e  di sh  by m e a n s  of alcohol in a  s m all w as h
bo t tl e.   The  s h ell a n d  foil a r e  p u t  to  on e  side
a n d  s u b s e q u e n tly w eig h e d  w h e n  d ry.  The  co m posi tion
in t h e  dis h  is b rok e n  do w n  q ui t e  fine  wi th  a  fla t-h e a d e d
gla ss  ro d,  a n d  t h e  alcohol ev a po r a t e d  on  t h e  w a t e r
b a t h  till t h e  r e sidu e  is m ois t ,  b u t  no t  q ui t e  d ry,
2 5  c.c.  of w a t e r  a r e  t h e n  a d d e d,  a n d  t h e  co m position
w ell s ti r r e d  fro m  t h e  bo t to m.  Afte r  t h e  a d di tion
of 0.5  g r m.  of p u r e  sodiu m,  t hios ulph a t e ,  t h e  con t e n t s
of t h e  dis h,  is w ell s ti r r e d  for  t wo  a n d  a  h alf min u t e s .  
On e  d rop  of m e t hyl o r a n g e  is t h e n  a d d e d,  a n d  t h e  solu tion
ti t r a t e d  wit h  N/2 0  s ulph u ric  a cid,  w hich  h a s  b e e n
s t a n d a r dis e d  a g ains t  w eig hings  of 0 .05-0.1  g r m.  fulmin a t e
to  w hich  2 5  c.c. of w a t e r  is a d d e d  in a  po rc el ain
dis h,  t h e n  0.5  g r m.  of t hios ulp h a t e ,  a n d  af t e r  s ti r r ing
for  t wo  a n d  a  h alf min u t e s ,  ti t r a t e d  wi th  N/2 0  s ulp h u ric
a cid.   The  s m all a m o u n t  of a n ti mony s ulp hide  p r e s e n t
do es  no t  int e rfe r e  wi t h  t h e  r e co g ni tion  of t h e  e n d
poin t .   Afte r  ti t r a tion,  t h e  solu tion  is fil t e r e d
t h ro u g h  a  s m all 5-1/2  c m.  filt e r  p a p er, w hic h  r e t ain s
t h e  a n ti mo ny s ulphid e.   The  filt e r  p a p e r  con t aining
t h e  S b_{2 } S_{ 3 }  is w ell w a s h e d  a n d  t h e n  t r a n sfe r r e d
to  a  la r g e  6  by 1  t e s t  t u b e .   Five  c.c. of s t ro n g
hyd roc hlo ric  a cid  a r e  a d d e d,  a n d  t h e  con t e n t s  of t h e
t u b e  boile d  g e n tly for  a  few s e con d s  u n til t h e  s ulp hide
is dis solved  a n d  all t h e  H_{ 2 } S  d riven  off o r  d e co m pos e d:  
2-3  c.c. of a  s a t u r a t e d  solu tion  of t a r t a ric  a cid
a r e  a d d e d,  a n d  t h e  con t e n t s  of t h e  t u b e  w a s h e d  in to
a  2 5 0  c.c.   E rle n m eye r  flask.   The  solu tion
is t h e n  n e a rly n e u t r alise d  wi th  sodiu m  c a r bo n a t e ,
exc es s  of bi-c a r bo n a t e  a d d e d,  a n d  af t e r  t h e  a d di tion
of so m e  s t a r c h  solu tion  ti t r a t e d  wi th  N/20  iodin e
solu tion.   This  m e t ho d  for  s m all q u a n ti ti es  of
s tibni t e  is bo t h  q uick  a n d  a cc u r a t e,  t h e  e r ro r  b eing
a bo u t  + - 0.00 0 3  g r m.   S b_{ 2 } S_{ 3 }  a t  t h e  ou t sid e.

The  t e n d e ncy of t his  m e t ho d  is to  give  sligh tly low
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figu r e s  for  t h e  fulmin a t e ,  b u t  since  t h e s e  a r e  u nifor m
wi thin  a  n e gligible  e r ror, it do e s  no t  affec t  t h e
value  of t h e  r e s ul t s  a s  a  c ri t e rion  of u nifo r mity. 
The  following  t e s t  r e s ul t s  w e r e  ob t ain e d  by Dr  Brow ns do n:—

_______________________________________________________
_____
|                     |                    |                    |
|   F ul min a t e  Take n.   |   F ul min a t e  Fou n d.  |       E r ror.       |
|         Gr m.         |        Gr m.         |        Gr m.         |
|                     |                    |                    |
|        0 .0 08 6        |       0 . 00 8 3        |      -0 .0 0 0 3        |
|        0 .0 08 2        |       0 . 00 8 1        |      -0 .0 0 0 1        |
|        0 .0 07 4        |       0 . 00 7 1        |      -0 .0 0 0 3        |
|        0 .0 06 8        |       0 . 00 6 6        |      -0 .0 0 0 2        |
|____________________|___________________|__________________
_|
|                     |                    |                    |
TABLE FOR CORRECTION OF VOLUMES OF GASES FOR TEMPERATURE,
GIVING THE DIVISOR FOR THE FORMULA.

V_{1}  =  V x B/(760  x (1 +  d t)) (d  =  0.00 3 6 6 5) 1  +
d t  fro m  0  d e g.  to  3 0  d e g.   C.

_______________________________________________________
____
|              |      |              |      |
t .   |  7 6 0x(1 + d t). |  t .   |  7 6 0x(1 + d t).  |  t .   |  7 6 0x(1 + d t).
_____|_____________|_____|_____________|_____|_____________
|              |      |              |      |
d e g.C. |              |   d e g.C. |              |   d e g.C. |
0 . 0  |   7 5 0.00 0     |  1 . 7  |   7 6 4.7 35 2    |  3 .4  |   7 6 9.47 0 4
.1  |   7 6 0.27 8 5    |   .8  |   7 6 5.01 3 7    |   .5  |   7 6 9.74 8 9
.2  |   7 6 0.55 7 1    |   .9  |   7 6 5.29 2 3    |   .6  |   7 7 0.02 7 4
.3  |   7 6 0.83 5 6    |  2 . 0  |   7 6 5.57 0 8    |   .7  |   7 7 0.3 06 0
.4  |   7 6 1.11 4 2    |   .1  |   7 6 5.84 9 3    |   .8  |   7 7 0.58 4 5
.5  |   7 6 1.39 2 7    |   .2  |   7 6 6.12 7 9    |   .9  |   7 7 0.86 3 1
.6  |   7 6 1.67 1 2    |   .3  |   7 6 6.40 6 4    |  4 . 0  |   7 7 1.1 41 6
.7  |   7 6 1.94 9 8    |   .4  |   7 6 6.68 5 0    |   .1  |   7 7 1.42 0 1
.8  |   7 6 2.22 8 3    |   .5  |   7 6 6.96 3 5    |   .2  |   7 7 1.69 8 7
.9  |   7 6 2.50 6 9    |   .6  |   7 6 7.24 2 0    |   .3  |   7 7 1.97 7 2
1.0  |   7 6 2.78 5 4    |   .7  |   7 6 7.5 20 6    |   .4  |   7 7 2.2 5 5 8
.1  |   7 6 3.06 3 9    |   .8  |   7 6 7.79 9 1    |   .5  |   7 7 2.53 4 3
.2  |   7 6 3.34 2 5    |   .9  |   7 6 8.07 7 7    |   .6  |   7 7 2.81 2 8
.3  |   7 6 3.62 1 0    |  3 . 0  |   7 6 8.35 6 2    |   .7  |   7 7 3.0 91 4
.4  |   7 6 3.89 9 6    |   .1  |   7 6 8.63 4 7    |   .8  |   7 7 3.36 9 9
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.5  |   7 6 4.17 8 1    |   .2  |   7 6 8.91 3 3    |   .9  |   7 7 3.64 8 5

.6  |   7 6 4.45 6 6    |   .3  |   7 6 9.19 1 8    |  5 . 0  |   7 7 3.9 27 0
_____|_____________|_____|_____________|_____|_____________
___________________________________________________________
|              |      |              |      |
t .   |  7 6 0x(1 + d t). |  t .   |  7 6 0x(1 + d t).  |  t .   |  7 6 0x(1 + d t).
_____|_____________|_____|_____________|_____|_____________
|              |      |              |      |
d e g.C. |              |   d e g.C. |              |   d e g.C. |
5 . 1  |   7 7 4.20 5 5    |   .9  |   7 8 7.5 75 5    |   .7  |   8 0 0.9 4 5 4
.2  |   7 7 4.48 4 1    | 1 0.0  |   7 8 7.8 54 0    |   .8  |   8 0 1.2 2 3 9
.3  |   7 7 4.76 2 6    |   .1  |   7 8 8.13 2 5    |   .9  |   8 0 1.50 2 5
.4  |   7 7 5.04 1 2    |   .2  |   7 8 8.41 1 1    | 1 5 .0  |   8 0 1.7 8 1 0
.5  |   7 7 5.31 9 7    |   .3  |   7 8 8.68 9 6    |   .1  |   8 0 2.05 9 5
.6  |   7 7 5.59 8 2    |   .4  |   7 8 8.96 8 2    |   .2  |   8 0 2.33 8 1
.7  |   7 7 5.87 6 8    |   .5  |   7 8 9.24 6 7    |   .3  |   8 0 2.61 6 6
.8  |   7 7 6.15 5 3    |   .6  |   7 8 9.52 5 2    |   .4  |   8 0 2.89 5 2
.9  |   7 7 6.43 3 9    |   .7  |   7 8 9.80 3 8    |   .5  |   8 0 3.17 3 7
6.0  |   7 7 6.71 2 4    |   .8  |   7 9 0.0 82 3    |   .6  |   8 0 3.4 5 2 2
.1  |   7 7 6.99 0 9    |   .9  |   7 9 0.36 0 9    |   .7  |   8 0 3.73 0 8
.2  |   7 7 7.26 9 5    | 1 1.0  |   7 9 0.6 39 4    |   .8  |   8 0 4.0 0 9 3
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.3  |   7 7 7.54 8 0    |   .1  |   7 9 0.91 7 9    |   .9  |   8 0 4.28 7 9

.4  |   7 7 7.82 6 6    |   .2  |   7 9 1.19 6 5    | 1 6 .0  |   8 0 4.5 6 6 4

.5  |   7 7 8.10 5 1    |   .3  |   7 9 1.47 5 0    |   .1  |   8 0 4.84 4 9

.6  |   7 7 8.38 3 6    |   .4  |   7 9 1.75 3 6    |   .2  |   8 0 5.12 3 5

.7  |   7 7 8.66 2 2    |   .5  |   7 9 2.03 2 1    |   .3  |   8 0 5.40 2 0

.8  |   7 7 8.94 0 7    |   .6  |   7 9 2.31 0 6    |   .4  |   8 0 5.68 0 6

.9  |   7 7 9.21 9 3    |   .7  |   7 9 2.58 9 2    |   .5  |   8 0 5.95 9 1
7.0  |   7 7 9.49 7 8    |   .8  |   7 9 2.8 67 7    |   .6  |   8 0 6.2 3 7 6
.1  |   7 7 9.77 6 3    |   .9  |   7 9 3.14 6 3    |   .7  |   8 0 6.51 6 2
.2  |   7 8 0.05 4 9    | 1 2.0  |   7 9 3.4 24 8    |   .8  |   8 0 6.7 9 4 7
.3  |   7 8 0.33 3 4    |   .1  |   7 9 3.70 3 3    |   .9  |   8 0 7.07 3 3
.4  |   7 8 0.61 2 0    |   .2  |   7 9 3.98 1 9    | 1 7 .0  |   8 0 7.3 5 1 8
.5  |   7 8 0.89 0 5    |   .3  |   7 9 4.26 0 4    |   .1  |   8 0 7.63 0 3
.6  |   7 8 1.16 9 0    |   .4  |   7 9 4.53 9 0    |   .2  |   8 0 7.90 8 9
.7  |   7 8 1.44 7 6    |   .5  |   7 9 4.81 7 5    |   .3  |   8 0 8.18 7 4
.8  |   7 8 1.72 6 1    |   .6  |   7 9 5.09 6 0    |   .4  |   8 0 8.46 6 0
.9  |   7 8 2.00 4 7    |   .7  |   7 9 5.37 4 6    |   .5  |   8 0 8.74 4 5
8.0  |   7 8 2.28 3 2    |   .8  |   7 9 5.6 53 1    |   .6  |   8 0 9.0 2 3 0
.1  |   7 8 2.56 1 7    |   .9  |   7 9 5.93 1 7    |   .7  |   8 0 9.30 1 6
.2  |   7 8 2.84 0 3    | 1 3.0  |   7 9 6.2 10 2    |   .8  |   8 0 9.5 8 0 1
.3  |   7 8 3.11 8 8    |   .1  |   7 9 6.48 8 7    |   .9  |   8 0 9.85 8 7
.4  |   7 8 3.39 7 4    |   .2  |   7 9 6.76 7 3    | 1 8 .0  |   8 1 0.1 3 7 2
.5  |   7 8 3.69 5 9    |   .3  |   7 9 7.04 5 8    |   .1  |   8 1 0.41 7 5
.6  |   7 8 3.95 4 4    |   .4  |   7 9 7.32 4 4    |   .2  |   8 1 0.69 4 3
.7  |   7 8 4.23 3 0    |   .5  |   7 9 7.60 2 9    |   .3  |   8 1 0.97 2 8
.8  |   7 8 4.51 1 5    |   .6  |   7 9 7.88 1 4    |   .4  |   8 1 1.25 1 4
.9  |   7 8 4.79 0 1    |   .7  |   7 9 8.16 0 0    |   .5  |   8 1 1.52 9 9
9.0  |   7 8 5.06 8 6    |   .8  |   7 9 8.4 38 5    |   .6  |   8 1 1.8 0 8 4
.1  |   7 8 5.34 7 1    |   .9  |   7 9 8.71 7 1    |   .7  |   8 1 2.08 7 0
.2  |   7 8 5.62 5 7    | 1 4.0  |   7 9 8.9 95 6    |   .8  |   8 1 2.3 6 5 5
.3  |   7 8 5.90 4 2    |   .1  |   7 9 9.27 4 1    |   .9  |   8 1 2.64 4 1
.4  |   7 8 6.18 2 8    |   .2  |   7 9 9.55 2 7    | 1 9 .0  |   8 1 2.9 2 2 6
.5  |   7 8 6.46 1 3    |   .3  |   7 9 9.83 1 2    |   .1  |   8 1 3.20 1 1
.6  |   7 8 6.73 9 8    |   .4  |   8 0 0.10 9 8    |   .2  |   8 1 3.47 9 7
.7  |   7 8 7.01 8 4    |   .5  |   8 0 0.38 8 3    |   .3  |   8 1 3.75 8 2
.8  |   7 8 7.29 6 9    |   .6  |   8 0 0.66 6 8    |   .4  |   8 1 4.03 6 8
_____|_____________|_____|_____________|_____|_____________
___________________________________________________________
|              |      |              |      |
t .   |  7 6 0x(1 + d t). |  t .   |  7 6 0x(1 + d t).  |  t .   |  7 6 0x(1 + d t).
_____|_____________|_____|_____________|_____|_____________
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|              |      |              |      |
d e g.C. |              |   d e g.C. |              |   d e g.C. |
1 9 .5  |   8 1 4.3 1 5 3    | 2 3.0  |    8 2 4.06 4 2   |   .5  |    8 3 3.8 13 1
.6  |   8 1 4.59 3 8    |   .1  |    8 2 4.34 2 7   |   .6  |    8 3 4.0 91 6
.7  |   8 1 4.87 2 4    |   .2  |    8 2 4.62 1 3   |   .7  |    8 3 4.3 70 2
.8  |   8 1 5.15 0 0    |   .3  |    8 2 4.89 9 8   |   .8  |    8 3 4.6 48 7
.9  |   8 1 5.49 2 5    |   .4  |    8 2 5.17 8 4   |   .9  |    8 3 4.9 27 3
2 0.0  |   8 1 5.7 0 8 0    |   .5  |    8 2 5.45 6 9   | 2 7.0  |    8 3 5.2 05 8
.1  |   8 1 5.98 6 5    |   .6  |    8 2 5.73 5 4   |   .1  |    8 3 5.4 84 3
.2  |   8 1 6.26 5 1    |   .7  |    8 2 6.01 4 0   |   .2  |    8 3 5.7 62 9
.3  |   8 1 6.54 3 6    |   .8  |    8 2 6.29 2 5   |   .3  |    8 3 6.0 41 4
.4  |   8 1 6.82 2 2    |   .9  |    8 2 6.57 1 1   |   .4  |    8 3 6.3 20 0
.5  |   8 1 7.10 0 7    | 2 4.0  |    8 2 6.8 4 9 6   |   .5  |    8 3 6.59 8 5
.6  |   8 1 7.37 9 2    |   .1  |    8 2 7.12 8 1   |   .6  |    8 3 6.8 77 0
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.7  |   8 1 7.65 7 8    |   .2  |    8 2 7.40 6 7   |   .7  |    8 3 7.1 55 6

.8  |   8 1 7.93 6 3    |   .3  |    8 2 7.68 5 2   |   .8  |    8 3 7.4 34 1

.9  |   8 1 8.21 4 9    |   .4  |    8 2 7.96 3 8   |   .9  |    8 3 7.7 12 7
2 1.0  |   8 1 8.4 9 3 4    |   .5  |    8 2 8.24 2 3   | 2 8.0  |    8 3 7.9 91 2
.1  |   8 1 8.77 1 9    |   .6  |    8 2 8.52 0 8   |   .1  |    8 3 8.2 69 7
.2  |   8 1 9.05 0 5    |   .7  |    8 2 8.79 9 4   |   .2  |    8 3 8.5 48 3
.3  |   8 1 9.32 9 0    |   .8  |    8 2 9.07 7 9   |   .3  |    8 3 8.8 26 8
.4  |   8 1 9.60 7 6    |   .9  |    8 2 9.35 6 5   |   .4  |    8 3 9.1 05 4
.5  |   8 1 9.88 6 1    | 2 5.0  |    8 2 9.6 3 5 0   |   .5  |    8 3 9.38 3 9
.6  |   8 2 0.16 4 6    |   .1  |    8 2 9.91 3 5   |   .6  |    8 3 9.6 62 4
.7  |   8 2 0.44 3 2    |   .2  |    8 3 0.19 2 1   |   .7  |    8 3 9.9 41 0
.8  |   8 2 0.72 1 7    |   .3  |    8 3 0.47 0 6   |   .8  |    8 4 0.2 19 5
.9  |   8 2 1.00 0 3    |   .4  |    8 3 0.74 9 2   |   .9  |    8 4 0.4 98 1
2 2.0  |   8 2 1.2 7 8 8    |   .5  |    8 3 1.02 7 7   | 2 9.0  |    8 4 0.7 76 6
.1  |   8 2 1.55 7 3    |   .6  |    8 3 1.30 6 2   |   .1  |    8 4 1.0 55 1
.2  |   8 2 1.88 5 9    |   .7  |    8 3 1.58 4 8   |   .2  |    8 4 1.3 33 7
.3  |   8 2 2.11 4 4    |   .8  |    8 3 1.86 3 3   |   .3  |    8 4 1.6 12 2
.4  |   8 2 2.39 3 0    |   .9  |    8 3 2.14 1 9   |   .4  |    8 4 1.8 90 8
.5  |   8 2 2.67 1 5    | 2 6.0  |    8 3 2.4 2 0 4   |   .5  |    8 4 2.16 9 3
.6  |   8 2 2.95 0 0    |   .1  |    8 3 2.69 8 9   |   .6  |    8 4 2.4 47 8
.7  |   8 2 3.22 8 6    |   .2  |    8 3 2.97 7 5   |   .7  |    8 4 2.7 26 4
.8  |   8 2 3.50 7 1    |   .3  |    8 3 3.25 6 0   |   .8  |    8 4 3.0 04 9
.9  |   8 2 3.78 5 7    |   .4  |    8 3 3.53 4 6   |   .9  |    8 4 3.2 83 5
|              |      |              | 3 0.0  |    8 4 3.5 6 2 0
_____|_____________|_____|_____________|_____|_____________
/p r e >

CHAPTER VIII.

FIRI NG POI NT  OF EXPLO SIVE S,  H EAT TE S T S,  &c.
H o r sley’s Appa r a t u s—Table  of Fi ring
poin t s—The  Gove r n m e n t  H e a t-Tes t  App a r a t u s
for  Dyna mi t e s—Nit ro-Glyce rin e,  Ni t ro-Cot ton,
a n d  S mok ele ss  Pow d e r s—Liqu efac tion  a n d
Exu d a tion  Tes t s—Pag e’s Re g ula to r  for
H e a t-Tes t  App a r a t u s—S p e cific Gr aviti es
of Explosives—Table  of Tem p e r a t u r e  of Deton a tion,
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S e n si tiven es s,  &c.

T h e  Firing  Point  of  Ex plosive s. —The
firing  poin t  of a n  explosive  m ay b e  d e t e r min e d  a s
follows:—A cop p e r  dis h,  a bo u t  3  inch e s  d e e p,
a n d  6  o r  m o r e  wide ,  a n d  fit t e d  wi t h  a  lid, al so  of
cop p er, is r e q ui r e d .   The  lid  con t ains  s eve r al
s m all hole s,  into  e a c h  of w hich  is sold e r e d  a  t hick
cop p e r  t u b e  a bo u t  5  m m.  in  di a m e t er, a n d  3  inc h e s
long,  wit h  a  r a t h e r  la r g e r  on e  in t h e  c e n t r e  in  w hic h
to  pl ac e  a  t h e r m o m e t er.  The  dis h  is filled  wi th
Ros e’s m e t al, o r  p a r affin, a cco r din g  to  t h e
p ro b a ble  t e m p e r a t u r e  r e q ui r e d .   The  firing  poin t
is t h e n  t ak e n  t h u s:—Afte r  p u t tin g  a  li t tle
pi ec e  of a s b e s tos  fel t  a t  t h e  bo t to m  of t h e  ce n t r e
t u b e,  t h e  t h e r m o m e t e r  is ins e r t e d,  a n d  a  s m all q u a n ti ty
of t h e  explosive  to  b e  t e s t e d  is pl ac e d  in  t h e  o t h e r
hole s; t h e  lid is t h e n  pl ac e d  on  t h e  dis h  con t aining
t h e  m el t e d  p a r affin  o r  m e t al, in s uc h  a  w ay t h a t  t h e
cop p e r  t u b e s  dip  b elow t h e  s u rfac e  of t h e  liquid;
t h e  t e m p e r a t u r e  of t h e  b a t h  is now  r ai s e d  u n til t h e
explosive  fir e s,  a n d  t h e  t e m p e r a t u r e  no t e d.   The
ini ti al t e m p e r a t u r e  s hould  also  b e  no t e d .

THE FIRING POINT OF VARIOUS EXPLOSIVES (by C. E.  M u n ro e). 
(Hor sley’s Appa r a t u s  u s e d.)
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_______________________________________________________
______________
|
|     d e g.C. 
Ni t ro-glyce rin e,  5  ye a r s  old  (a  sin gle  d ro p  t ak e n)         |  2 0 3-2 0 5
Gun-co t ton  (com p r e s s e d  milit a ry co t ton,  s p.  gr. 1 .5)      |  1 9 2-2 0 1
Air-d ri e d  g u n-co t to n,  s to r e d  for  4  ye a r s                   |  1 7 9-1 8 7
Dit to,  s to r e d  for  1  ye a r                                   |  1 8 7-1 8 9
Air-d ri e d  collodion-co t to n,  long   s t a ple  “Re d  Isla n d       |
co t ton,” 3  ye a r s  old                                     |  1 8 6-1 9 1
Air-d ri e d  collodion, 3  ye a r s  old,  s to r e d  w e t               |  1 9 7-1 9 9
Hyd ro-ni t ro-c ellulos e                                      |  2 0 1-2 1 3
Kies elg u h r  dyn a mi t e,  No.  1                                 |  1 9 7-2 0 0
Explosive  g el a tin e                                         |  2 0 3-2 0 9
M e rc u ry fulmin a t e                                          |  1 7 5-1 8 1
Gun pow d e r  (sh ell)                                         |  2 7 8-2 8 7
Hill’s pic ric  pow d e r  (sh ells) Be e n  in s to r e  1 0  yea r s.      |  2 7 3-2 8 3
Dit to  (m usk e t)                 Co m pos e d  of—               |  2 8 2-2 9 0
Am moniu m  pic r a t e     4 2.1 8  % |
Pot a s siu m  pic r a t e    5 3.79  " |
Ch a rco al  (alde r)      3 .85  " |
________ |
|
9 9 .82    |
Forci t e ,  No. 1                                             |  1 8 7-2 0 0
Atlas  po w d e r  (75% NG)                                     |  1 7 5-1 8 5
E m m e n sit e ,  No.  1               S a m ple  h a d  b e e n  s to r e d  in   |  1 6 7-1 8 4
m a g azin e  for  so m e  m o n t h s  in |
a  wood e n  box.               |
"       No. 2       S to r e d  in tin  c a s e .                  |  1 6 5-1 7 7
"       No. 5         "            "                    |  2 0 5-2 1 7
__________________________________________________________|_
_________
|          |
|     d e g.C.   |
Pow d e r  u s e d  in Ch a s s e po t  r ifle     |    1 9 1    |   By Leygu e  & Ch a m pion. 
F r e nc h  g u n po w d e r                   |    2 9 5    |       "          "
Rifle  pow d e r  (pic r a t e)             |    3 5 8    |       "          "
Ca n no n                             |    3 8 0    |       "          "
__________________________________|_________|_______________
_________
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H o r sley’s a p p a r a t u s  consis t s  of a n  iron  s t a n d
wi th  a  r in g  s u p po r t ,  holding  a  h e mis p h e ric al i ron
vess el  o r  b a t h  in w hich  solid  p a r affin  is p u t .  
Above  t his  is a no t h e r  m ov a ble  s u p po r t ,  fro m  w hich
a  t h e r m o m e t e r  is s u s p e n d e d,  a n d  so  a djus t e d  t h a t  it s
b ulb  is im m e r s e d  in t h e  m a t e ri al  con t ain e d  in  t h e
iron  vess el.  A t hin  cop p e r  c a r t rid g e-c a s e ,  5/8
inch  in di a m e t e r  a n d  1-1 5/16  inch  long,  is s u s p e n d e d
ove r  t h e  b a t h  by m e a n s  of a  t ri a n gle,  so  t h a t  t h e
e n d  of t h e  c a s e  is jus t  1  inch  b elow t h e  s u rfac e  of
t h e  m ol t e n  m a t e ri al.   On  b e ginning  t h e  exp e ri m e n t
of d e t e r mining  t h e  firing  poin t  of a ny explosive,
t h e  m a t e ri al in t h e  b a t h  is h e a t e d  to  jus t  a bove  t h e
m el ting  poin t;  t h e  t h e r m o m e t e r  is inse r t e d  in  it,  a n d
a  min u t e  q u a n ti ty of t h e  explosive  is plac e d  in t h e
bo t to m  of t h e  c a r t rid g e-c a s e .   The  initi al t e m p e r a t u r e
is no t e d ,  a n d  t h e n  t h e  c a r t ridg e-c a s e  con t aining  t h e
explosive  is ins e r t e d  in t h e  b a t h.   The  t e m p e r a t u r e
is q uickly r ais e d  u n til t h e  con t e n t s  of t h e  c a r t rid g e-c as e
flas h  off o r  explode,  w h e n  t h e  t e m p e r a t u r e  is no t e d
a s  t h e  firing  poin t .
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[Illus t r a tion:  FIG. 4 6.—H EAT TEST
APPARATUS.]

P rofes so r  C.E.  M u n ro e,  of t h e  U.S.  Torp e do
S t a tion,  h a s  d e t e r min e d  t h e  firing  poin t  of s eve r al
explosives  by  m e a n s  of t his  a p p a r a t u s.

T h e  Gover n m e n t  H ea t  Tes t  (Explosive s  Ac t ,  1 8 7 5): 
Ap para tu s  re q uire d.—A w a t e r  b a t h,  consis ting
of a  s p h e ric al cop p e r  vess el  (a), Fig.  4 6,  of
a bo u t  8  inch e s  di a m e t er, a n d  wit h  a n  a p e r t u r e  of a bo u t
5  inc h e s;  t h e  b a t h  is filled  wi th  w a t e r  to  wi t hin
a  q u a r t e r  of a n  inc h  of t h e  e d g e.   I t  h a s  a  loose
cove r  of s h e e t  cop p e r  a bo u t  6  inch e s  in di a m e t e r  (b)
a n d  r e s t s  on  a  t ripod  s t a n d  a bo u t  1 4  inch e s  high  (c) ,
w hich  is cove r e d  wi th  co a r s e  wi r e  g a uz e  (e) ,
a n d  is s u r ro u n d e d  wi t h  a  sc r e e n  of t hin  s h e e t  cop p e r
(d) .  Within  t h e  la t t e r  is pl ac e d  a n  a r g a n d
b u r n e r  (f) wi th  gl a s s  c hi m n ey.  The  cove r
(b)  h a s  fou r  hole s  a r r a n g e d,  a s  s e e n  in Fig.  
II., No. 4  to  con t ain  a  Pag e’s[A] o r  S c h eible r’s
r e g ul a tor, No. 3  t h e  t h e r mo m e t er, Nos.  1  a n d  2  t h e
t e s t  t u b e s  con t aining  t h e  explosive  to  b e  t e s t e d.  
Aroun d  t h e  holes  1  a n d  2  on  t h e  u n d e r  side  of t h e
cove r  a r e  solde r e d  t h r e e  pi ec e s  of b r a s s  wi r e  wi t h
poin t s  sligh tly conve r gin g  (Fig.  III.); t h e s e
a c t  a s  s p rings ,  a n d  allow t h e  t e s t  t u b e s  to  b e  e a sily
plac e d  in posi tion  a n d  r e m oved.

[Footno t e  A:  S e e  Ch e m.   S oc.   Jour.,
1 8 7 6,  i. 2 4.   F.J.M.  Pag e.]

Tes t  T u b e s , fro m  5-1/4  to  5-1/2  inch e s  long,
a n d  of s uc h  a  di a m e t e r  t h a t  t h ey will hold  fro m  2 0
to  2 2  c u bic  c e n ti m e t r e s  of w a t e r  w h e n  filled  to  a
h eig h t  of 5  inch e s;  r a t h e r  t hick  gl as s  is p r efe r a ble.  
India r u b b e r  s top p e r s ,  fi t ting  t h e  t e s t  t u b e s,  a n d
c a r rying  a n  a r r a n g e m e n t  for  holding  t h e  t e s t  p a p e r s ,
vi z ., a  n a r row  gla s s  t u b e  p a s sing  t h ro u g h  t h e
c e n t r e  of t h e  s top p er, a n d  t e r min a ting  in a  pl a tin u m
wi re  hook.  A gl a s s  rod  d r a w n  ou t  a n d  t h e  e n d

327



t u r n e d  u p  to  for m  a  hook is b e t t er.

T h e  Th er m o m e t er  s hould  h ave  a  r a n g e  fro m  3 0
d e g.  to  2 1 2  d e g.   F., o r  fro m  1  d e g.  to  1 0 0  d e g.  
C. A min u t e  clock is u s eful.

Tes t  Paper.—The  t e s t  p a p e r  is p r e p a r e d
a s  follows:—4 5  g r ain s  (2.9  g r m s.) of w hi t e
m aize  s t a r c h  (cor n  flou r), p r eviously w a s h e d  wi th  cold
w a t er, a r e  a d d e d  to  8-1/2  oz. of w a t er.  The  mixtu r e
is s ti r r e d ,  h e a t e d  to  boiling,  a n d  ke p t  g e n tly boiling
for  t e n  min u t e s;  1 5  g r ain s  (1 g r m.) of p u r e  po t a s siu m
iodide  (p r eviously r e c rys t allis e d  fro m  alcohol, a b solu t ely
n ec es s a ry) a r e  di ssolved  in 8-1/2  oz. of di s tilled
w a t er.  The  two  solu tions  a r e  t ho rou g hly mixe d
a n d  allow e d  to  g e t  cold.   S t rips  o r  s h e e t s  of
w hi t e  E n glish  fil t e r  p a p er, p r eviously w a s h e d  wi t h
w a t e r  a n d  r e-d ri e d,  a r e  dipp e d  in to  t h e  solu tion  t h u s
p r e p a r e d,  a n d  allow e d  to  r e m ain  in it for  no t  less
t h a n  t e n  s e con d s;  t h ey a r e  t h e n  allow e d  to  d r ain  a n d
d ry  in a  pl ac e  fre e  fro m  labo r a to ry fum e s  a n d  d u s t .  
The  u p p e r  a n d  low e r  m a r gins  of t h e  s t r ips  o r  s h e e t s
a r e  c u t  off, a n d  t h e  p a p e r  is p r e s e rve d  in w ell-s top p e r e d
o r  co rk e d  bo t tl es,  a n d  in t h e  d a rk.   The  di m e n sions
of t h e  piec e s  of t e s t  p a p e r  u s e d  a r e  a bo u t  4/10  inc h
by 8/10  inch  (10  m m.  by 2 0  m m.).[A]
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[Footno t e  A:  Wh e n  t h e  p a p e r  is fr e s hly p r e p a r e d,
a n d  a s  long  a s  it r e m ains  in good  con di tion,  a  d ro p
of dilu t e d  a c e tic  a cid  p u t  on  t h e  p a p e r  wi th  a  gl a s s
ro d  p ro d uc es  no  colo r a tion.   In  p roc e s s  of ti m e
it  will b e co m e  b row nis h,  w h e n  t r e a t e d  wi t h  t h e  a cid,
e s p e cially if it h a s  b e e n  expos e d  to  s u nligh t .  
I t  is t h e n  no t  fit for  u s e .]

In  Ge r m a ny zinc-iodid e  s t a r c h  p a p e r  is u s e d ,  w hic h
is co nsid e r e d  to  b e  m o r e  s e n si tive  t h a n  po t a s siu m
iodide.

S ta n dard  Tin t  Paper.—A solu tion
of c a r a m el in w a t e r  is m a d e  of s uc h  conc e n t r a tion
t h a t  w h e n  dilu t e d  on e  h u n d r e d  ti m e s  (10  c.c. m a d e  u p
to  1  lit r e)  t h e  tin t  of t his  dilu t e d  solu tion  e q u als
t h e  tin t  p ro d uc e d  by t h e  N e s sl e r  t e s t  in 1 0 0  c.c.
w a t e r  co n t aining  .000 0 7 5  g r m.  of a m m o nia,  o r  .000 2 3 5 0 5
g r m.   AmCl.  With  t his  c a r a m el solu tion  line s
a r e  d r a w n  on  s t rip s  of w hi t e  filt e r  p a p e r  (p r eviously
w ell w a s h e d  wi th  dis tilled  w a t er, to  r e m ove  t r a c e s
of ble ac hing  m a t t er, a n d  d ri e d) by m e a n s  of a  q uill
p e n .   Whe n  t h e  m a rk s  t h u s  p rod uc e d  a r e  d ry, t h e
p a p e r  is c u t  in to  pi ec e s  of t h e  s a m e  size  a s  t h e  t e s t
p a p e r  p r eviously d e s c rib e d,  in  s uc h  a  w ay t h a t  e a c h
piec e  h a s  a  b row n  line  a c ros s  it n e a r  t h e  middle  of
it s  leng t h,  a n d  only s uc h  s t rips  a r e  p r e s e rve d  in
w hich  t h e  b ro w n  line  h a s  a  b r e a d t h  va rying  fro m  1\2
m m.  to  1  m m.  (1/50  of a n  inch  to  1/25  of a n  inch).

Tes ting  Dyna mi t e,  Blas ting  Gelatin e,  an d  Gelatine
Dyna mi t e .—Nit ro-glyce rin e  p r e p a r a tions,
fro m  w hich  t h e  ni t ro-glyce rin e  c a n  b e  ex t r a c t e d  in
t h e  m a n n e r  d e sc rib e d  b elow, m u s t  s a tisfy t h e  following
t e s t ,  o t h e r wis e  t h ey will no t  b e  consid e r e d  a s  m a n ufac t u r e d
wi th  “tho rou g hly p u rified  ni t ro-glyc e rin e,”
vi z ., fift e e n  min u t e s  a t  1 6 0  d e g.   F. (72
d e g.   C.).

Ap para tus  re q uire d.—A fun n el 2  inch e s
a c ross  (d ), a  cylind rical m e a s u r e  divide d  in to
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g r ain s  (e ), Fig.  4 7 .

M o d e  of  Op eration.—About  3 0 0  (19.4
g r m s.) to  4 0 0  g r ains  (26  g r m s.) of dyn a mit e  (b ),
finely divide d,  a r e  pl ac e d  in t h e  funn el, w hic h  is
loos ely plu g g e d  by fre s hly ignit e d  a s b e s to s  (a ). 
The  s u rf ac e  is s m oo t h e d  by m e a n s  of a  fla t-h e a d e d
gla ss  ro d  o r  s top p er, a n d  so m e  cle a n  w a s h e d  a n d  d ri e d
kie s elg u h r  (c ) is s p r e a d  ove r  i t to  t h e  d e p t h
of a bo u t  1/8  inch.   Wate r  is t h e n  po u r e d  on  fro m
a  w a s h  bo t tl e,  a n d  w h e n  t h e  fir s t  po r tion  h a s  b e e n
so ak e d  u p  m o r e  is a d d e d;  t his  is r e p e a t e d  u n til s ufficien t
ni t ro-glyce rin e  h a s  collec t e d  in t h e  g r a d u a t e d  m e a s u r e
(e ).  If a ny w a t e r  s ho uld  h ave  p a s s e d  t h ro u g h,
it  m u s t  b e  r e m ove d  fro m  t h e  ni t ro-glyce rin e  by filt e r
p a p er, o r  t h e  ni t ro-glyce rin e  m ay  b e  filt e r e d.

[Illus t r a tion:  FIG. 4 7.—APPARATUS
FOR S EPARATING THE NlTRO-GLYCERINE FRO M DYNAMITE.]

[Illus t r a tion:  FIG. 4 8.—TEST TUBE
ARRANGED FOR H EAT TEST.]
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Ap plication  of  Tes t.—The  t h e r m o m e t e r
is fixed  so  a s  to  b e  ins e r t e d  t h ro u g h  t h e  lid of t h e
w a t e r  b a t h  in to  t h e  w a t er, w hich  is m ain t ain e d  a t
1 6 0  d e g.   F. (72  d e g.   C.), to  a  d e p t h  of 2-3/4
inch es .   Fifty g r ains  ( =  3.29  g r m s.) of ni t ro-glyce rine
to  b e  t e s t e d  a r e  w eigh e d  in to  t h e  t e s t  t u b e ,  in s uc h
a  w ay a s  no t  to  soil t h e  sid es  of t h e  t u b e  (us e  a
pip e t t e).  A t e s t  p a p e r  is fixed  on  t h e  hook  of
t h e  gl a s s  ro d,  so  t h a t  w h e n  ins e r t e d  in to  t h e  t u b e
it  will b e  in a  ve r tic al posi tion.   A s ufficien t
a m o u n t  of a  mixt u r e  of h alf dis tilled  w a t e r  a n d  h alf
glyc e rine ,  to  m ois t e n  t h e  u p p e r  h alf of t h e  p a p er,
is now  a p plied  to  t h e  u p p e r  e d g e  of t h e  t e s t  p a p e r
by m e a n s  of a  gl as s  r o d  o r  c a m el’s h ai r  p e ncil;
t h e  co rk  c a r rying  t h e  ro d  a n d  p a p e r  is fixed  in to
t h e  t e s t  t u b e ,  a n d  t h e  posi tion  of t h e  p a p e r  a djus t e d
so  t h a t  it s  low e r  e d g e  is a bo u t  h alf w ay dow n  t h e
t u b e;  t h e  la t t e r  is t h e n  ins e r t e d  t h ro u g h  on e  of t h e
hole s  in  t h e  cove r  to  s uc h  a  d e p t h  t h a t  t h e  lowe r
m a r gin  of t h e  m ois t e n e d  p a r t  of t h e  p a p e r  is a bo u t
5/8  inc h  a bove  t h e  s u rfac e  cover.  The  t e s t  is
co m ple t e  w h e n  t h e  fain t  b row n  line,  w hich  af t e r  a
ti m e  m a k e s  it s  a p p e a r a n c e  a t  t h e  line  of bo u n d a ry  b e t w e e n
t h e  d ry  a n d  m ois t  p a r t  of t h e  p a p er, e q u als  in t in t
t h e  b ro w n  line  of t h e  s t a n d a r d  tin t  p a p er.

Blas ting  Gelatin e,  Gelatin e  Dyna mi t e,  Geligni t e,
&c.—Fifty g r ains  ( =  3.29  g r m s.) of
bl a s ting  g el a tine  a r e  in ti m a t ely mixe d  wi th  1 0 0  g r ains
( =  6.5  g r m s .) of F r e nc h  c h alk.  This  is don e  by
c a r efully working  t h e  t wo  m a t e ri als  to g e t h e r  wi t h
a  wood e n  p e s tle  in a  wood e n  m o r t ar.  The  mixtu r e
is t h e n  g r a d u ally in t rod uc e d  in to  t h e  t e s t  t u b e ,  wi t h
t h e  aid  of g e n tl e  t a p ping  u po n  t h e  t a bl e  b e t w e e n  t h e
in t rod u c tion  of s ucc e ssive  po r tions  of t h e  mixtu r e
in to  t h e  t u b e ,  so  t h a t  w h e n  t h e  t u b e  con t ains  all t h e
mixt u r e  it  s h all b e  filled  to  t h e  ex t e n t  of 1-3/4
inch  of it s  h eig h t .   The  t e s t  p a p e r  is t h e n  ins e r t e d
a s  a bove  d e sc rib e d  for  ni t ro-glyce rin e.   The  s a m ple
t e s t e d  m u s t  s t a n d  a  t e m p e r a t u r e  of 1 6 0  d e g.   F.
for  a  p e riod  of t e n  min u t e s  b efo r e  p rod ucing  a  di scolo r a tion
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of t h e  t e s t  p a p e r  co r r e s po n din g  in t in t  to  t h e  s t a n d a r d
p a p er.

N.B.—N o n-g ela tinis e d  ni t ro-glyce rin e
p r e p a r a tions,  fro m  w hic h  t h e  ni t ro-glyce rine  c a n no t
b e  exp elled  by w a t er, a r e  t e s t e d  wi thou t  a ny p r evious
s e p a r a tion  of t h e  ing r e die n t s,  t h e  t e m p e r a t u r e  b eing
a s  a bove  1 6 0  d e g.   F., a n d  t h e  ti m e  b eing  s eve n
min u t e s .

Gun-Cot ton,  S c h ul t z e  Gun po w d er, E.C.  Pow d er,
&c.:  A.  Co m pr e ss e d  Gun-Cot ton. —S ufficien t
m a t e ri al  to  s e rve  for  t wo  o r  m o r e  t e s t s  is r e m ove d
fro m  t h e  c e n t r e  of t h e  c a r t rid g e  by g e n tl e  sc r a pin g,
a n d  if n ec es s a ry, fu r t h e r  r e d uc e d  by r u b bing  b e t w e e n
t h e  finge r s .   The  fine  po w d e r  t h u s  p ro d uc e d  is
s p r e a d  ou t  in a  t hin  laye r  u po n  a  p a p e r  t r ay  6  inch e s
by 4-1/2  inch e s ,  w hich  is t h e n  pl ac e d  inside  a  w a t e r
ove n,  ke p t  a s  n e a rly a s  possible  a t  1 2 0  d e g.  
F. (49  d e g.   C.).  The  wi r e  g a uz e  s h elves  of
t h e  oven  s ho uld  b e  a bo u t  3  inch es  a p a r t .   The
s a m ple  is allow e d  to  r e m ain  a t  r e s t  for  fift e e n  mi n u t e s
in t h e  oven,  t h e  doo r  of w hic h  is left  wid e  op e n.  
Afte r  t h e  lap s e  of fift ee n  min u t e s  t h e  t r ay is r e m ove d
a n d  expos e d  to  t h e  ai r  of t h e  roo m  for  t wo  ho u r s ,
t h e  s a m ple  b ein g  a t  so m e  poin t  wi thin  t h a t  tim e  r u b b e d
u po n  t h e  t r ay  wi th  t h e  h a n d,  in o r d e r  to  r e d u c e  it
to  a  fine  a n d  u nifo r m  s t a t e  of division.
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The  h e a t  t e s t  is p e rfo r m e d  a s  b efo r e,  exc e p t  t h a t
t h e  t e m p e r a t u r e  of t h e  b a t h  is k e p t  a t  1 7 0  d e g.  
F. (66  d e g.   C.), a n d  r e g ula to r  s e t  to  m ain t ain
t h a t  t e m p e r a t u r e .   Twe n ty g r ains  (1.29 6  g r m.)
a r e  u s e d,  pl ac e d  in t h e  t e s t  t u b e ,  g e n tly p r e s s e d
dow n  u n til i t occu pie s  a  s p a c e  of a s  n e a rly a s  pos sible
1-5/10  inch  in t h e  t e s t  t u b e  of di m e n sions  p r eviously
s p ecified.   The  fine  cot ton  a d h e ring  to  t h e  sid es
of t h e  t u b e  c a n  b e  r e m oved  by a  cle a n  clo th  o r  silk
h a n dk e r c hief.  The  p a p e r  is m ois t e n e d  by to uc hin g
t h e  u p p e r  e d g e  wit h  a  d ro p  of t h e  5 0  p e r  c e n t .  glyce rin e
solu tion,  t h e  t u b e  ins e r t e d  in t h e  b a t h  to  a  d e p t h
of 2-1/2  inch e s ,  m e a s u r e d  fro m  t h e  cover, t h e  r e g ula to r
a n d  t h e r m o m e t e r  b ein g  ins e r t e d  to  t h e  s a m e  d e p t h.  
The  t e s t  p a p e r  is to  b e  ke p t  n e a r  t h e  top  of t h e  t e s t
t u b e ,  b u t  cle a r  of t h e  co rk,  u n til t h e  t u b e  h a s  b e e n
im m e r s e d  for  a bo u t  five mi n u t e s .   A r ing  of m ois t u r e
will a bo u t  t his  t im e  b e  d e posi t e d  u po n  t h e  side s  of
t h e  t e s t  t u b e ,  a  lit tl e  a bove  t h e  cove r  of t h e  b a t h .  
The  gla s s  ro d  m u s t  t h e n  b e  lowe r e d  u n til t h e  low e r
m a r gin  of t h e  m ois t e n e d  p a r t  of t h e  p a p e r  is on  a  level
wi th  t h e  bo t to m  of t h e  ri ng  of m ois t u r e  in  t h e  t u b e .  
The  p a p e r  is no w  clos ely w a tc h e d,  The  t e s t  is co m ple t e
w h e n  a  ve ry fain t  b row n  colo r a tion  m a k e s  its  a p p e a r a n c e
a t  t h e  line  of bou n d a ry  b e t w e e n  t h e  d ry a n d  m ois t  p a r t s
of t h e  p a p er.  I t  m u s t  s t a n d  t h e  t e s t  for  no t
les s  t h a n  t e n  mi n u t e s  a t  1 7 0  d e g.   F.  (The
ti m e  is r e ckon e d  fro m  t h e  fir s t  ins e r tion  of t h e  t u b e
in t h e  b a t h  u n til t h e  a p p e a r a n c e  of a  discolo r a tion
of t h e  t e s t  p a p er.)

B.  S c h ul t z e  Pow d er, E.C.  Pow d er, Collodion-Cot ton,
&c.—The  s a m ple  is d ri e d  in t h e  ove n
a s  a bove  for  fift ee n  min u t e s ,  a n d  expos e d  for  two  ho u r s
to  t h e  air.  The  t e s t  a s  a bove  for  co m p r e s s e d  g u n-co t ton
is t h e n  a p plied.

C.  Cordi t e  m u s t  s t a n d  a  t e m p e r a t u r e  of
1 8 0  d e g.   F. for  fift e e n  mi n u t e s .   The  s a m ple
is p r e p a r e d  a s  follows:—Piec es  h alf a n  inch
long  a r e  c u t  fro m  on e  e n d  of eve ry  s tick s elec t e d
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for  t h e  t e s t :   in  t h e  c a s e  of t h e  t hicke r  co r di t e s,
e a c h  pi ec e  so  c u t  is fu r t h e r  s u b divide d  in to  a bo u t
fou r  po r tions.   Thes e  c u t  piec e s  a r e  t h e n  p a s s e d
onc e  t h ro u g h  t h e  mill, t h e  fir s t  po r tion  of m a t e ri al
w hich  p a s s e s  t h ro u g h  b ein g  r ejec t e d  on  a c co u n t  of
t h e  possible  p r e s e nc e  of for eign  m a t t e r  fro m  t h e  mill. 
The  g ro u n d  m a t e ri al  is p u t  on  t h e  top  sieve  of t h e
n e s t  of sieves,  a n d  sift ed.   Tha t  po r tion  w hich
h a s  p a s s e d  t h ro u g h  t h e  top  sieve  a n d  b e e n  s top p e d  by
t h e  s econ d  is t ak e n  for  t h e  t e s t .   If t h e  mill
is p ro p e rly s e t ,  t h e  g r e a t e r  po r tion  of t h e  g ro u n d
m a t e ri al  will b e  of t h e  p ro p e r  size.   If t h e  vola tile
m a t t e r  in t h e  explosive  exc e e d s  0.5  p e r  c e n t .,  t h e
sift e d  m a t e ri al s ho uld  b e  d ri e d  a t  a  t e m p e r a t u r e  no t
exc e e din g  1 4 0  d e g.   F, u n til t h e  p ro po r tion  do e s
no t  exce e d  0.5  p e r  c e n t .   Afte r  e a c h  s a m ple  h a s
b e e n  g ro u n d,  t h e  mill m u s t  b e  t ak e n  to  piec e s  a n d
c a r efully cle a n e d.   The  sieves  u s e d  consis t  of
a  n e s t  of t wo  si eves  wi t h  holes  d rilled  in s h e e t  cop p er. 
The  hole s  in t h e  top  sieve  h av e  a  di a m e t e r  =  1 4  B.W.G.,
t hos e  in t h e  s eco n d  =  2 1  B.W.G.
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If too  h a r d  for  t h e  mill, t h e  co r di t e  m ay  b e  soft e n e d
by expos u r e  to  t h e  vapo u r  of a c e ton e,[A] o r  r e d u c e d,
to  t h e  n e c e s s a ry  d e g r e e  of s u b division  by  m e a n s  of
a  s h a r p  m o d e r a t ely-coa r s e  r a s p .   S hould  it  h av e
b eco m e  too  soft  in  t h e  a c e ton e  vapou r  for  t h e  mill,
it  s hould  b e  cu t  u p  in to  s m all piec e s,  w hich  m ay  b e
b ro u g h t  to  a ny d e si r e d  d e g r e e  of h a r d n e s s  by si m ple
expos u r e  to  air.  Explosives  w hich  consis t  p a r tly
of g el a tinis e d  collodion-co t to n,  a n d  p a r t ly of u n g el a tinis e d
g u n-cot ton,  a r e  b e s t  r e d uc e d  to  pow d e r  by  a  r a s p ,
o r  sof t e n e d  by expos u r e  to  mixe d  e t h e r  a n d  alcohol
vapou r  a t  a  t e m p e r a t u r e  of 4 0  d e g.   F. to  1 0 0
d e g.   F.

[Footno t e  A:  M r  W. Culle n  (Jour.  S o c.  
Ch e m.   Ind. , Jan.  3 1,  1 9 0 1) s ays:—
“Undo u b t e dly t h e  a dve n t  of t h e  ho r ny s mok ele ss
pow d e r s  of m o d e r n  ti m es  h a s  m a d e  it a  li t tl e  difficul t
to  give  t h e  t e s t  t h e  s a m e  scop e  a s  i t h a d  w h e n  fir s t
in t rod u c e d.”  As a  r ul e  a  si m ple  expla n a tion
c a n  b e  foun d  for  eve ry  a p p a r e n tly a b no r m al r e s ul t ,
a n d  in t h e  a ccid e n t al r e t e n tion  of a  po r tion  of t h e
solven t  u s e d  in  t h e  m a n ufac t u r e,  will fr eq u e n tly b e
foun d  a n  expla n a tion  of t h e  t ro u ble  exp e ri e nc e d.]

Ballis ti t e.—In t h e  c a s e  of b allis ti t e
t h e  t r e a t m e n t  is t h e  s a m e,  exc e p t  t h a t  w h e n  it  is
in  a  ve ry finely g r a n ula t e d  con di tion  it n e e d  no t  b e
c u t  u p .

Gut t m a n n’s H ea t  Tes t.—This
t e s t  w a s  p ro pos e d  by M r  Osc a r  Gut t m a n n  in a  p a p e r
r e a d  b efor e  t h e  Socie ty of Ch e mic al Ind u s t ry (vol.
xvi., 1 8 9 7), in t h e  pl ac e  of t h e  po t a s siu m  iodide
s t a r c h  p a p e r  u s e d  in  t h e  Abel t e s t .   The  filt e r
p a p e r  u s e d  is w e t t e d  wit h  a  solu tion  of diph e nyla min e[A]
in s ulp h u ric  a cid.   The  solu tion  is p r e p a r e d  a s
follows:—Take  0.1 00  g r m.  of diph e nyla min e
c rys t als , p u t  t h e m  in a  wid e-n e ck e d  flask  wi th  a  g ro u n d
s top p er, a d d  5 0  c.c. of dilu t e  s ulph u ric  a cid  (10  c.c.
of conc e n t r a t e d  s ulph u ric  a cid  to  4 0  c.c.  of w a t e r),
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a n d  p u t  t h e  flask  in  a  w a t e r  b a t h  a t  b e t w e e n  5 0  d e g.
a n d  5 5  d e g.   C. At t his  t e m p e r a t u r e  t h e  dip h e nyla min e
will m el t ,  a n d  a t  onc e  dis solve  in  t h e  s ulph u ric  a cid,
w h e n  t h e  flask  s ho uld  b e  t ak e n  ou t,  w ell s h a k e n,  a n d
allow e d  to  cool.  Afte r  cooling,  a d d  5 0  c.c.  of
P rice’s do u ble  di s tilled  glyce rin e,  s h a k e  w ell,
a n d  ke e p  t h e  solu tion  in a  d a rk  plac e.   The  t e s t
h a s  to  b e  a p plied  in t h e  following  w ay:—The
explosives  t h a t  h ave  to  b e  t e s t e d  a r e  finely s u b divide d,
g u n-cot ton,  ni t ro-glyce rin e,  dyn a mi te ,  bl as tin g  g el a tine ,
&c., in t h e  s a m e  w ay a s  a t  p r e s e n t  di r ec t e d  by t h e
H o m e  Office  r e g ula tions.   S m ok ele ss  pow d e r s  a r e
all to  b e  g ro u n d  in a  b ell-s h a p e d  coffee  mill a s  finely
a s  possible,  a n d  sift e d  a s  hi th e r to.  1 .5  g r m.  of t h e
explosive  (fro m  t h e  s econ d  sieve  in t h e  c a s e  of s mok ele ss
pow d e r)  is to  b e  w eig h e d  off a n d  p u t  in to  a  t e s t  t u b e
a s  hi t h e r to  u s e d .   S t rips  of w ell-w a s h e d  filt e r
p a p er, 2 5  m m.  wide ,  a r e  to  b e  h u n g  on  a  hooke d  gl a s s
ro d  a s  u s u al.  A d ro p  of t h e  diph e nyla min e  solu tion
is t ak e n  u p  by m e a n s  of a  cle a n  gl a s s  ro d,  a n d  t h e
u p p e r  co r n e r s  of t h e  filt e r  p a p e r  a r e  touc h e d  wi t h
it, so  t h a t  w h e n  t h e  t wo  d ro ps  r u n  tog e t h e r  a bo u t

336



Page 170

a  q u a r t e r  of t h e  filt e r  p a p e r  is m ois t .   This is
t h e n  p u t  in to  t h e  t e s t  t u b e ,  a n d  t his  a g ain  in to  t h e
w a t e r  b a t h ,  w hich  h a s  b e e n  h e a t e d  to  7 0  d e g.  
C. The  h e a t  t e s t  r e a c tion  s ho uld  no t  s how  in a  s ho r t e r
ti m e  t h a n  fift ee n  min u t e s .   I t  will b e gin  by t h e
m ois t  p a r t  of t h e  p a p e r  a c q ui ring  a  g r e e nis h  yellow
colour, a n d  fro m  t his  m o m e n t  t h e  p a p e r  s ho uld  b e  c a r efully
w a t c h e d.   Afte r  on e  o r  t wo  mi n u t e s  a  d a rk  blu e
m a r k  will s u d d e nly a p p e a r  on  t h e  dividing  line  b e t w e e n
t h e  w e t  a n d  d ry  p a r t  of t h e  filt e r  p a p er, a n d  t his
is t h e  poin t  t h a t  s hould  b e  t ak e n.

[Footno t e  A:  Dr  G. S pica  (Rivis ta , Aug.
1 8 9 7) p ro pos e s  to  u s e  hyd roc hlo ride  of m e t a-p h e nyle n e dia min e.]

Ex u da tion  and  Liqu e fac tion  Tes t  for  Blas ting  Gelatin e,
Gelatine  Dyna mi t e,  &c.—A cylind e r  of
bl a s ting  g el a tine,  &c., is to  b e  c u t  fro m  t h e  c a r t rid g e
to  b e  t e s t e d ,  t h e  len g t h  of t h e  cylind e r  to  b e  e q u al
to  it s  di a m e t er, a n d  t h e  e n d s  b ein g  cu t  fla t .  
The  cylind e r  is to  b e  plac e d  on  e n d  on  a  fla t  s u rfac e
wi tho u t  a ny w r a p p er, a n d  s ec u r e d  by a  pin  p a s sin g
ve r tically t h ro u g h  it s  c e n t r e .   In  t his  con di tion
t h e  cylind e r  is to  b e  expos e d  for  1 4 4  cons ec u tive
ho u r s  (six d ays  a n d  nig h t s)  to  a  t e m p e r a t u r e  r a n ging
fro m  8 5  d e g.  to  9 0  d e g.   F. (inclusive), a n d  d u rin g
s uc h  expos u r e  t h e  cylind e r  s h all no t  di minish  in h eig h t
by m o r e  t h a n  on e-fou r t h  of it s  o rigin al h eig h t ,  a n d
t h e  u p p e r  c u t  s u rfac e  s h all r e t ain  it s  fla t n e s s  a n d
t h e  s h a r p n e s s  of it s  e d g e.

Ex u da tion  Tes t.—The r e  s h all b e  no
s e p a r a tion  fro m  t h e  g e n e r al  m a s s  of t h e  bl a s tin g  g el a tin e
o r  g el a tin e  dyn a mit e  of a  s u bs t a nc e  of les s  consis t e ncy
t h a n  t h e  b ulk of t h e  r e m aining  po r tion  of t h e  m a t e ri al
u n d e r  a ny con di tions  of s to r a g e ,  t r a n s po r t ,  o r  u s e ,
o r  w h e n  t h e  m a t e ri al is s u bjec t e d  t h r e e  ti m e s  in s ucc es sion
to  al t e r n a t e  fr e ezing  a n d  t h a wing,  o r  w h e n  s u bjec t e d
to  t h e  liqu efac tion  t e s t  b efo r e  d e sc rib e d.

Picric  Acid.—The  m a t e ri al  s h all
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con t ain  no t  m o r e  t h a n  0.3  p a r t  of min e r al  o r  no n-co m b u s tible
m a t t e r  in 1 0 0  p a r t s  by w eig h t  of t h e  m a t e ri al  d ri ed
a t  1 6 0  d e g.   F. I t  s ho uld  no t  con t ain  m o r e  t h a n
a  min u t e  t r a c e  of lea d.   On e  h u n d r e d  p a r t s  of
t h e  d ry  m a t e ri al s h all no t  con t ain  m o r e  t h a n  0.3  p a r t
of to t al  (fr e e  a n d  co m bin e d)  s ulp h u ric  a cid,  of w hich
no t  m o r e  t h a n  0.1  p a r t  s h all b e  fre e  s ulph u ric  a cid.  
I t s  m el ting  poin t  s hould  b e  b e t w e e n  2 4 8  d e g.  a n d  2 5 3
d e g.   F.

A m m o ni t e ,  B elli t e,  Rob uri t e ,  an d  Ex plosive s  of
si milar Co m posi tion.— The s e  a r e  r e q ui r e d
to  s t a n d  t h e  s a m e  h e a t  t e s t  a s  co m p r e s s e d  ni t ro-cellulose,
g u n-cot ton,  &c.

Chlora te  Mix t ur e s.—The  m a t e ri al
m u s t  no t  b e  too  s e n si tive,  a n d  m u s t  s how  no  t e n d e n cy
to  inc r e a s e  in s e n si tiven e s s  in ke e pin g.   I t  m u s t
con t ain  no t hin g  liable  to  r e d uc e  t h e  c hlo r a t e .  
Chlorid es  c alcula t e d  a s  po t a s siu m  c hlo rid e  m u s t  no t
exc e e d  0.2 5  p e r  c e n t .   The  m a t e ri al  m u s t  con t ain
no  fr e e  a cid,  o r  s u b s t a nc e  liable  to  p rod uc e  fre e
a cid.   Explosives  of t hi s  cl as s  con t aining  ni t ro-co m po u n d s
will b e  s u bjec t  to  t h e  h e a t  t e s t .
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Page’s R e g ulator.—The  m o s t
conve nie n t  g a s  r e g ul a to r  to  u s e  in con n ec tion  wi th
t h e  h e a t-t e s t  a p p a r a t u s  is t h e  on e  inve n t e d  by P rof. 
F.J.M.  Pa g e,  B.Sc.[A] (Fig. 4 9).  I t  is no t
affec t e d  by  va ri a tions  of t h e  b a ro m e t ric  p r e s s u r e,
a n d  is sim ple  a n d  e a sy to  fit u p .   I t  consis t s
of a  t h e r m o m e t e r  wit h  a n  elon g a t e d  gl a s s  b ulb  5/8
inch  di a m e t e r  a n d  3  inch e s  long.   The  s t e m  of
t h e  t h e r m o m e t e r  is 5  inch es  long  a n d  1/8  inch  to  3/16
inch  in t e r n al  di a m e t er.  On e  a n d  a  h alf inch  fro m
t h e  top  of t h e  s t e m  is fuse d  in a t  r ig h t  a n gle s  a
pi ec e  of gl a s s  t u b e,  1  inch  long, of t h e  s a m e  dia m e t e r
a s  t h e  s t e m,  so  a s  to  for m  a  T. A pi ec e  of gl a s s  t u b e
(A), a bo u t  7/16  inch  ex t e r n al  di a m e t e r  a n d  1-1/2  inch
long,  is fit t e d  a t  on e  e n d  wi th  a  s ho r t ,  so u n d  co rk
(C, Fig.  5 0).  Throu g h  t h e  c e n t r e  of t hi s  co rk
a  hole  is bo r e d,  so  t h a t  t h e  s t e m  of t h e  t h e r m o m e t e r
jus t  fit s  in to  it.  The  o t h e r  e n d  of t his  gl a s s
t u b e  is clos e d  by a  tigh tly fit ting  co rk,  p r efe r a bly
of india r u b b e r  (I), w hich  is pie rc e d  by a  fine  b r a d a wl
t h ro u g h  t h e  c e n t r e .   In to  t h e  hole  t h u s  m a d e  is
forc e d  a  pi ec e  of fine  gla s s  t u b e  (B) 3  inch e s  long,
a n d  s m all e no u g h  to  fit  loos ely inside  t h e  s t e m  of
t h e  t h e r m o m e t er.

[Footno t e  A:  Ch e mical S o c.   Jour.,
1 8 7 6,  i. 2 4.]

The  t h e r m o m e t e r  is filled  by  po u ring  in m e r c u ry  t h ro u g h
a  s m all funn el  u n til t h e  level of t h e  m e r c u ry  (wh e n
t h e  t h e r m o m e t e r  is a t  t h e  d e si r e d  t e m p e r a t u r e)  is
a bo u t  1-1/2  inch  b elow t h e  T. The  piec e  of gla s s  t u b e
A, clos e d  a t  it s  u p p e r  ex t r e mi ty by  t h e  co rk  I, t h rou g h
w hich  t h e  fine  gl a s s  t u b e  B p a s s e s  in to  t h e  s t e m  of
t h e  t h e r m o m e t er, is now  filled  by m e a n s  of t h e  p e rfo r a t e d
co rk  a t  it s  lowe r  ex t r e mi ty on  t h e  s t e m  of t h e  t h e r m o m e t er. 
The  g a s  s u p ply t u b e  is a t t a c h e d  to  t h e  to p  of t h e  t u b e
A, t h e  b u r n e r  to  t h e  T, so  t h a t  t h e  g a s  p a s s e s  in
a t  t h e  top,  dow n  t h e  fine  t u b e  B, r i s e s  in  t h e  s p a c e
b e t w e e n  B a n d  t h e  inside  w all of t h e  s t e m  of t h e  t h e r mo m e t er,
a n d  e sc a p e s  by  t h e  T. The  r e g ula to r  is s e t  for  a ny
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give n  t e m p e r a t u r e  by p u s hing  t h e  co rk  C, a n d  cons e q u e n tly
t h e  t u b e s  A a n d  B, w hich  a r e  fir mly a t t a c h e d  to  i t,
u p  o r  dow n  t h e  s t e m  of t h e  t h e r mo m e t er, u n til t h e
r e g ul a to r  jus t  c u t s  off t h e  g a s  a t  t h e  d e si r e d  t e m p e r a t u r e .

[Illus t r a tion:  FIG. 4 9.—PAGE’S
REGULATOR.]

[Illus t r a tion:  FIG. 5 0.—PAGE’S
GAS REGULATOR, S HOWING BYE-PASS AND CUT-OF F  ARRANGEME NT.]

As soon  a s  t h e  t e m p e r a t u r e  falls, t h e  m e r c u ry  con t r a c t s ,
a n d  t h u s  op e n s  t h e  e n d  of t h e  t u b e  B. The  g a s  is t h us
t u r n e d  on,  a n d  t h e  t e m p e r a t u r e  r is e s  u n til t h e  r e g ula to r
a g ain  c u t s  off t h e  g a s .   In  o r d e r  to  p r eve n t  t h e
pos sible  ex tinc tion  of t h e  fla m e  by t h e  r e g ula tor,
t h e  b r a s s  t u b e  w hich  c a r ri es  t h e  g a s  to  t h e  r e g ul a to r
is co n n e c t e d  wi th  t h e  t u b e  w hich  b rin gs  t h e  g a s  fro m
t h e  r e g ula to r  to  t h e  b u r n e r  by  a  s m all b r a s s  t a p  (Fig.
2).   This t a p  for m s  a n  a dju s t a bl e  bye-p a s s,  a n d
t h u s  a  s m all fla m e  c a n  b e  ke p t  b u r ning,  ev e n  t ho u g h
t h e  r e g ula to r  b e  co m ple t ely s h u t  off.  I t  is obvious
t h a t  t h e  q u a n ti ty of g a s  s u p plied  t h ro u g h  t h e  bye-p a s s
m u s t  alw ays  b e  les s  t h a n  t h a t  r e q ui r e d  to  m ain t ain
t h e  d e si r e d  t e m p e r a t u r e .   This r e g ula tor, pl ac e d
in a  b e a k e r  of w a t e r  on  a  t r ipod,  will m ain t ain  t h e
t e m p e r a t u r e  of t h e  w a t e r  d u rin g  fou r  o r  five  ho u r s
wi thin  0.2  d e g.   C., a n d  a n  ai r  b a t h  d u rin g  six
w e e ks  wi thin  0.5  d e g.   C.
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To s u m  u p  b ri efly t h e  m e t ho d  of u sin g  t h e  r e g ula to r:—Being
filled  wi th  m e r c u ry to  a bo u t  1\2  inch  b elow t h e  T,
a t t a c h  t h e  g a s  s u p ply a s  in di a g r a m  (Fig. 2), t h e
b r a s s  t a p  b ein g  op e n,  a n d  t h e  t u b e  B u nclos e d  by t h e
m e r c u ry.  Allow t h e  g a s  to  co m ple t ely exp el  t h e
ai r  in t h e  a p p a r a t u s.   P us h  dow n  t h e  t u b e  A so
t h a t  t h e  e n d  of B is w ell u n d e r  t h e  s u rf ac e  of t h e
m e r c u ry.  Tur n  off t h e  t a p  of t h e  bye-p a s s  u n til
t h e  s m alles t  b e a d  of fla m e  is visible.   R ais e
A a n d  B, a n d  allow t h e  t e m p e r a t u r e  to  ri s e  u n til t h e
d e si r e d  poin t  is a t t ain e d.   The n  p u s h  t h e  t u b e s
A a n d  B slowly do w n  u n til t h e  fla m e  is jus t  s h u t  off. 
The  r e g ula to r  will t h e n  ke e p  t h e  t e m p e r a t u r e  a t  t h a t
poin t .

Will’s Tes t  for Ni tro-Cellulos e. —The
p rinciple  of Dr  W. Will’s t e s t[A] m ay  b e  b riefly
d e sc rib e d  a s  follows:—The  r e g ula ri ty wi t h
w hich  ni t ro-c ellulos e  d e co m pos e s  u n d e r  con di tions
a d mi t ting  of t h e  r e m oval of t h e  p ro d uc t s  of d e co m posi tion
im m e dia t ely following  t h ei r  for m a tion  is a  m e a s u r e
of it s  s t a bili ty.  As d e co m posin g  a g e n t  a  s ufficien tly
hig h  t e m p e r a t u r e  (135  d e g.   C.) is e m ployed,  t h e
explosive  b ein g  ke p t  in  a  cons t a n tly ch a n gin g  a t m os p h e r e
of c a r bo n  dioxide,  h e a t e d  to  t h e  s a m e  t e m p e r a t u r e:  
t h e  oxides  of ni t ro g e n  w hich  r e s ul t  a r e  s w e p t  ove r
r e d-ho t  cop p er, a n d  a r e  t h e n  r e d u c e d  to  ni t rog e n,
a n d  finally, t h e  r a t e s  of evolu tion  of ni t rog e n  a r e
m e a s u r e d  a n d  co m p a r e d.   Dr  Will consid e r s  t h a t
t h e  b e s t  d efini tion  a n d  t e s t  of a  s t a bl e  ni t ro-c ellulos e
is t h a t  it  s ho uld  give  off a t  a  hig h  t e m p e r a t u r e  e q u al
q u a n ti ti es  of ni t rog e n  in e q u al  ti m e s.   For  t h e
p u r pos es  of m a n ufac t u r e ,  it  is s p e ci ally impo r t a n t
t h a t  t h e  m a t e ri al  s hould  b e  p u rified  to  it s  limit,
i.e ., t h e  poin t  a t  w hich  fu r t h e r  w a s hing  p ro d uc e s
no  fu r t h e r  ch a n g e  in i ts  s p e e d  of d e co m posi tion  m e a s u r e d
in t h e  m a n n e r  d e sc rib e d.

[Footno t e  A:  W. Will, Mit t .  a. d .   Ce n tralls t elle
f.  Wiss e nc h.   Tech n.   U n t ers uc h u n g e n
N u o-Bab els b er g  B erlin , 1 9 0 2  [2], 5-2 4.]
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The  s a m ple  of g u n-co t to n  (2.5  g r m s.) is p a ck e d  in to
t h e  d e co m posi tion  t u b e  1 5  m m.  wid e  a n d  1 0  c m.  hig h,
a n d  h e a t e d  by  a n  oil b a t h  to  a  cons t a n t  t e m p e r a t u r e ,
t h e  oxides  so  p ro d uc e d  a r e  forc e d  ove r  igni t e d  cop p er,
w h e r e  t h ey a r e  r e d u c e d,  a n d  t h e  ni t rog e n  r e t ain e d
in t h e  m e a s u rin g  t u b e s .   Ca r e  m u s t  b e  t ak e n  t h a t
t h e  a cid  d e co m posi tion  p ro d u c t s  do  no t  con d e n s e  in
a ny po r tion  of t h e  a p p a r a t u s.   The  ai r  in t h e
w hole  a p p a r a t u s  is fir s t  dis plac e d  by a  s t r e a m  of
c a r bo n  dioxide  issuing  fro m  a  c a r bo n  dioxide  g e n e r a tor,
o r  g a s-holder, a n d  p a s sing  t h ro u g h  sc r u b b e r s ,  a n d  t his
s t r e a m  of g a s  is m ain t ain e d  t h ro u g ho u t  t h e  w hole  of
t h e  exp e ri m e n t ,  t h e  g a s  b eing  a b so r b e d  a t  t h e  e n d
of t h e  sys t e m  by s t ron g  solu tion  of c a u s tic  po t a s h.  
To g u a r d  a g ain s t  t h e  d a n g e r  of explosions,  w hich  occ a sion ally
occ ur, t h e  d eco m posi tion  t u b e  a n d  oil b a t h  a r e  s u r ro u n d e d
by a  la r g e  c a sin g  wi t h  w alls  co m pos e d  of iron  pl a t e
a n d  s t ro n g  gl as s.

Dr  Will’s a p p a r a t u s  h a s  b e e n  m o dified  by Dr
Rob e r t so n,[A] of t h e  Royal Gun pow d e r  Fac to ry, Walth a m
Abbey.  The  for m  of t h e  a p p a r a t u s  u s e d  by hi m  is
s how n  in Fig.  5 1 .
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CO_ { 2 }  Hold ers.—Althou g h  objec tion
h a s  b e e n  t ak e n  to  t h e  u s e  of co m p r e s s e d  CO_{2 }  in
s t e el  cylind e r s  on  a ccou n t  of t h e  all eg e d  la rg e  a n d
va ri abl e  a m o u n t  of ai r  p r e s e n t ,  it  h a s ,  n eve r t h el e s s,
b e e n  foun d  possible  to  ob t ain  t his  g a s  wi th  a s  lit tl e
a s  0.02  p e r  c e n t .  of air.  F r e q u e n t  e s tim a tions
of t h e  ai r  p r e s e n t  in t h e  CO_{ 2 }  of a  cylind e r  s how
t h a t  eve n  wi th  t h e  co m m e rcial a r ticle,  af t e r  t h e  b ulk
of t h e  CO_{2 }  h a s  b e e n  r e m ove d,  t h e  r e sid u al g a s  con t ains
only a  ve ry s m all a m o u n t  of air, w hic h  d e c r e a s e s  in
a  g r a d u al  a n d  p e rf ec tly r e g ul a r  m a n n er.  For  ex a m ple,
on e  cylind e r  w hich  g ave  0.03  p e r  c e n t .  of ai r  by volu m e,
af t e r  t h r e e  m o n t hs’ cons t a n t  u s e  g ave  0.0 2  p e r
c e n t .   The  a dv a n t a g e  of u sing  CO_{2 }  fro m  t his
so u rc e  is obvious  w h e n  co m p a r e d  wit h  t h e  difficul ty
of evolving  a  s t r e a m  of g a s  of co ns t a n t  co m posi tion
fro m  a  Kipps  o r  Fink e n e r  a p p a r a t u s .   A mic ro m e t e r
sc r ew, in a d di tion  to  t h e  m ain  valve  of t h e  CO_{2 }
cylind er, is u s eful for  gove r nin g  t h e  r a t e  of flow. 
A bl a nk  exp e ri m e n t  s ho uld  b e  m a d e  to  a sc e r t ain  t h e
a m o u n t  of ai r  in  t h e  CO_{2 }  a n d  t h e  co r r e c tion  m a d e
in t h e  r e a dings  af t e r w a r d s.

[Footno t e  A:  Jour.  S o c.   Ch e m.  
Ind. , Jun e  3 0,  1 9 0 2,  p .  8 1 9.]

[Illus t r a tion:  Fig  5 1.—Will’s
Appa r a t u s  for  Testing  Ni t ro-c ellulose]

M e as ur e m e n t  of  Press ur e  an d  R a t e  of  Flow.—Gre a t
a t t e n tion  is p aid  to  t h e  m e a s u r e m e n t  of t h e  r a t e  of
flow of g a s ,  w hich  is a r rived  a t  by  cou n ting  wi th
a  s top-w a tc h  t h e  n u m b e r  of b u b ble s  of g a s  p e r  min u t e
in a  s m all s ulph u ric  a cid  w a s h  bo t tle .   A m e r c u ry
m a n o m e t e r  is in t ro d uc e d  h e r e ,  a n d  is u s eful for  d e t e c ting
a  leak  in  t h e  a p p a r a t u s .   The  r a t e  of flow t h a t
gives  t h e  m o s t  s a tisfac to ry r e s ul t s  is 1 ,0 00  c.c. p e r
ho ur.  If too  r a pid  it do e s  no t  b e co m e  s ufficien tly
p r e h e a t e d  in t h e  gl a s s  s pi r al,  a n d  if too  slow t h e r e
is a  m o r e  r a pid  d e co m position  of t h e  ni t ro-c ellulose
by t h e  oxides  of ni t rog e n  w hich  a r e  no t  r e m ove d.
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Deco m posi tion  T u b e.—This  is of t h e
for m  a n d  di m e n sions  given  by Dr  Will (15  m m.  wid e
a n d  1 0  c m.  high), t h e  p r e h e a tin g  wor m  b eing  of t h e
t hin n e s t  hyd ro m e t e r  s t e m  t u bin g.   The  g ro u n d-in
exit  t u b e  is k e p t  in posi tion  by a  s m all s c r e w  cla m p
wi th  t r u n nion  b e a rin gs .

Bat h.—To p e r mit  of t wo  exp e rim e n t s
b ein g  c a r ri e d  on  sim ul t a n eo usly, t h e  b a t h  is a d a p t e d
for  t wo  d e co m position  t u b e s ,  a n d  is on  t h e  p rinciple
of Loth a r  M eye r’s ai r  b a t h,  t h a t  is, t h e  b a t h
p ro p e r  filled  wi th  a  high-flashing  hyd roc a r bo n  oil,
a n d  fit t e d  wi th  a  lid p e rfo r a t e d  wi th  t wo  ci rc ul a r
hole s  for  t h e  s pi r al  t u b e s ,  is s u r ro u n d e d  by a n  a s b e s tos-cove r e d
e nvelope,  in t h e  in t e rio r  of w hich  ci rc ula t e  t h e  p ro d uc t s
of co m b u s tion  of n u m e ro us  s m all g a s  je t s .   The
s ti r r er, a gi t a t e d  by a  w a t e r  m o tor, or, b e t t e r  s till,
a  ho t-ai r  e n gin e ,  h a s  a  s e ri e s  of h elical bl a d e s  c u rve d
to  give  a  t ho ro u g h  mixing  to  t h e  oil.  Gr e a t  u nifor mity
a n d  cons t a n cy of t e m p e r a t u r e  a r e  t h u s  ob t ain e d.  
The  b a t h  is fi t t e d  al so  wit h  a  t e m p e r a t u r e  r e g ula to r
a n d  t h e r m o m e t er.
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R e d u c tion  T u b e —This  is of cop p er,
a n d  consis t s  of t wo  p a r t s ,  t h e  ou t e r  t u b e  a n d  a n  inn e r
r e a c hin g  to  n e a rly t h e  bo t to m  of t h e  for m er.  In to
t h e  inn e r  t u b e  fit s  a  s pi r al  of r e d uc e d  cop p e r  g a uz e,
a n d  in to t h e  a n n ula r  s p a c e  b e t w e e n  t h e  t u b e s  is fit t e d
a  tigh tly p a ck e d  r e d uc e d  copp e r  s pi r al.  At t h e
bo t to m  t h e  inle t  t u b e  dips  in to  a  laye r  of cop p e r  oxide
a s b e s to s,  on  t h e  top  of w hich  is a  laye r  of r e d u c e d
cop p e r  a s b e s tos.   Th ro u g h  t h e  india r u b b e r  co rk
p a s s es  a  gl a s s  t u b e ,  w hich  lea d s  t h e  CO_{2 }  a n d  ni t ro g e n
ou t  of t h e  r e d uc tion  t u b e .   As t h e  po r tion  of t h e
t u b e  con t aining  t h e  s pi r al s  is h e a t e d  to  r e d n e s s ,
w a t e r  jacke t s  a r e  p rovide d  on  bo t h  inn e r  a n d  ou t e r
t u b e s  to  p ro t ec t  t h e  india r u b b e r  co rk.

Ni trog e n  M e as uring  A pparat u s. —The
m e a s u ring  t u b e  wi th  zigza g  a r r a n g e m e n t  is u s e d ,  h aving
b e e n  foun d  ve ry e co no mic al in po t a s h .   I t  is m os t
conve nie n t  to  t ak e  r e a din gs  by cou n t e r b al a ncin g  t h e
colu m n  of po t a s h  solu tion  a n d  r e a ding  off t h e  volu m e
of g a s  a t  a t m os p h e ric  p r e s s u r e .   For  t his  p u r pos e
t h e  t a p  im m e di a t ely in fron t  of t h e  m e a s u ring  t u b e
is m o m e n t a rily clos e d,  t his  h aving  b e e n  p roved  to
b e  wi t ho u t  ill effec t  on  t h e  p rog r e s s  of t h e  t e s t .  
In  all exp e ri m e n t s  do n e  by t his  t e s t  t h e  ai r  co r r e c tion
is s u b t r a c t e d  fro m  e a c h  r e a ding,  a n d  t h e  r e m ain d e r
b ro u g h t  to  millig r a m s  of ni t rog e n  wi t h  t h e  u s u al  co r r ec tions.  
As objec tion  h a s  fre q u e n tly b e e n  t ak e n  to  t h e  t e s t
on  t h e  g ro u n d  of difficul ty in  in t e r p r e ting  t h e  r e s ul t s
ob t ain e d,  Dr  Rob e r t son  m a d e  a  s e ri es  of exp e ri m e n t s
for  t h e  p u r pos e  of s t a n d a r dising  t h e  t e s t ,  a n d  a t  t h e
s a m e  ti m e  of a r r iving  a t  t h e  con di tion  u n d e r  w hic h
it  could  b e  a p plied  in t h e  m o s t  s e n si tive  a n d  efficien t
m a n n er.  A va rie ty of ni t ro-c ellulos es  h aving
b e e n  t e s t e d,  t h e r e  w e r e  c hos e n  a s  typic al, of s t a bl e
a n d  u n s t a ble  p ro d u c t s,  s e rvice  g u n-co t to n  on  t h e  on e
h a n d,  a n d  a n  exp e ri m e n t al  g u n-co t ton,  Z, on  t h e  o t h er. 
The  firs t  poin t  b ro u g h t  ou t  by  t h e s e  exp e ri m e n t s  w a s
t h e  s t riking  u nifo r mity of s e rvice  g u n-co t ton,  fir s t
in  r e g a r d  to  t h e  r e c tiline a r  n a t u r e  of t h e  c u rve  of
evolu tion  of ni t rog e n,  a n d  s econ dly in r e g a r d  to  t h e
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s m all r a n g e  wi thin  w hic h  a  la r g e  n u m b e r  of r e s ul t s
is includ e d,  1 5  s a m ples  lying  b e t w e e n  6.6  a n d  8.7
m g m s.  of ni t rog e n  evolved  in fou r  ho u r s .   In  t h e
c a s e  of s e rvice  g u n-co t ton,  li t tl e  diffe r e n c e  in t h e
r a t e  of evolu tion  of ni t rog e n  evolved  is ob t ain e d  on
al t e rin g  t h e  r a t e  of p a s s a g e  of CO_{2 }  g a s  t h ro u g h
t h e  wid e  r a n g e  of 5 0 0  c.c.  p e r  ho u r  to  2,50 0  c.c.
p e r  ho ur.  With  Z g u n-co t ton  (se e  Fig.  5 2), ho w ever,
t h e  c a s e  is ve ry diffe r e n t .   Op e r a tin g  a t  a  r a t e
of 1 ,0 0 0  c.c. of CO_{2 }  p e r  ho ur, a  c u rve  of ni t ro g e n
evolu tion  is ob t ain e d,  w hich  is b e n t  a n d  for m s  a  good
r e p r e s e n t a tion  of t h e  inh e r e n t  ins t a bili ty of t h e  m a t e ri al
a s  p rove d  to  exis t  fro m  ot h e r  consid e r a tions.  
Op e r a tin g  a t  t h e  r a t e  of 1 ,50 0  c.c.  p e r  ho ur, a s  r e co m m e n d e d
by Dr  Will, t h e  evolu tion  of ni t rog e n  is r e p r e s e n t e d
by a  s t r aigh t  line,  s t e e p er, how ever, t h a n  t h a t  of
s e rvice  g u n-co t to n.   The  r a t e  of p a s s a g e  of CO_{2 }
w a s  t h e r efo r e  c hos e n  a t  1 ,0 0 0  c.c. p e r  ho ur, o r  t wo-t hi rd s
of t h e  r a t e  of Dr  Will, a n d  t his  r a t e ,  b e sid e s  poss es sing
t h e  a dv a n t a g e  cl aim e d  of r e n d e ring  di a g nos tic  t h e
m a n n e r  of ni t rog e n  evolu tion  in Z g u n-co t to n,  h a s
in o th e r  c a s e s  b e e n  u s eful in b rin ging  ou t  r el a tions hip s,
w hich  t h e  hig h e r  r a t e  would  h ave  e n ti r ely m a sk e d.
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[Illus t r a tion:  Fig.  5 2.—Dr. Rob e r t so n’s
r e s ul t s .]

[Illus t r a tion:  Fig.  5 3.—S e rvice  Gunco t ton
for  Cor di t e  m a d e  a t  a  P riva t e  Fac to ry.]

Re a din gs  a r e  t ak e n  t hi r ty  min u t e s  fro m  t h e  ti m e  t h e
ni t ro-c ellulos e  is h e a t e d,  a n d  a r e  t ak e n  a t  in t e rvals
of fift ee n  min u t e s  for  a bo u t  fou r  ho u r s;  fr e s h  c a u s tic
po t a s h  is a d d e d  eve ry  t hi r ty mi n u t e s  o r  so.   I t
is co nve nie n t  to  plo t  t h e  r e s ul t s  in cu rve s.  
The  cu rves  give n  in Fig.  5 3  a r e  fro m  g u n-co t ton  m a n ufac t u r e r s
in E n gla n d  a t  a  p riva t e  fac to ry.  The  r a t e  of
evolu tion  of ni t rog e n  is a s  follows:—

In 1  ho ur.   In  2  ho u r s .    In  3  ho u r s .  
 In  4  ho u r s .  
   N.          N.           N.    
 N. in millig r a m m e s.
  1 .25         2 .5 5          4 .5          
 5 . 75
  1 .5          3 .2 5          5 .25         
 6 . 75
The s e  r e s ul t s  a r e  ve ry s a tisfac to ry, t h e  g u n-co t ton
w a s  of a  ve ry good  q u ali ty.  S eve r al  ho u r s  a r e
n ec es s a ry  to  r e m ove  all t h e  ai r  fro m  t h e  a p p a r a t u s .  
Dr  Will s t a t e d  fift ee n  min u t e s  in  his  o rigin al p a p er,
b u t  t his  h a s  no t  b e e n  foun d  s ufficien t .   I t  h a s
no t  b e e n  s a tisfac to rily p rove d  t h a t  Will’s t e s t
c a n  b e  a p plied  to  g el a tinis e d  ni t ro-c ellulos e  po w d e r s .  
I t  is conve nie n t  to  plo t  t h e  r e s ul t s  in  c u rves; t h e
ni t rog e n  is g e n e r ally give n  in c u bic c e n ti m e t r e s  o r
in millig r a m m e s ,  a n d  r e a din gs  t ak e n  eve ry  fift e e n
min u t e s .   The  s t e e p n e s s  of t h e  c u rve  is a  m e a s u r e
of t h e  s t a bili ty of t h e  ni t ro-c ellulos e  w hich  is b eing
exa min e d.   The  s t e e p e r  t h e  cu rve  t h e  m o r e  ni t rog e n
is evolved  p e r  u ni t  of ti m e,  a n d  t h e  less  s t a bl e  t h e
ni t ro-c ellulos e.   In  t h e  c a s e  of u n s t a ble  ni t ro-c ellulose s
h e a t e d  u n d e r  t h e  con di tions  d e s c rib e d,  t h e  s e p a r a tion
of ni t rog e n  is m u c h  g r e a t e r  a t  fir s t  t h a n  a t  a  la t e r
p e riod.   If t h e  ni t ro-c ellulos e  b e  ve ry u n s t a ble,
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explosions  a r e  p ro d uc e d.   If t h e  s e p a r a tion  of
ni t rog e n  is u nifor m  d u ring  t h e  p rolong e d  h e a tin g,
t h e n  t h e  ni t ro-c ellulose  m ay  b e  r e g a r d e d  a s  “no r m al.” 
If it  b e  d e si r e d  to  d e t e r min e  t h e  a b solu t e  a m o u n t  of
ni t rog e n  s e p a r a t e d  fro m  a  ni t ro-c ellulos e,  t h e  following
con di tions  m u s t  b e  obs e rve d:—(1.) Accu r a t e
w eig hin g  of t h e  ni t ro-c ellulos e;  (2.) De t e r min a tion
of t h e  a m o u n t  of ai r  in t h e  CO_{2 },  a n d  d e d u c tion  of
t his  fro m  t h e  volu m e  of g a s  ob t aine d;  (3.) Re d u c tion
of t h e  volu m e  of t h e  g a s  to  t h e  volu m e  a t  0  d e g.  
C. a n d  7 6 0  m m.  p r e s s u r e .[A]

[Footno t e  A:  S e e  al so  Jour.  S oc.  
Ch e m.   Ind. , Dec.  1 9 0 2,  p a g e s  1 5 4 5-1 5 5 5,  on
t h e  “S t a bili ty of Ni t ro-c ellulos e” a n d
“Exa min a tion  of Ni t ro-c ellulos e,” Dr
Will.]

B er gr na n n  and  Jun k [A] d e s c rib e  a  t e s t  for  ni t ro-c ellulose
t h a t  h a s  b e e n  in u s e  in t h e  P r us sia n  t e s ti ng  s t a tion
for  so m e  ye a r s .   The  a p p a r a t u s  consis t s  of a  clos e d
cop p e r  b a t h  p rovide d  wi t h  a  con d e n s e r  a n d  1 0  cou n t e r s u nk
t u b e s  of 2 0  c m.  len g t h.   By boiling  a myl-alcohol
in t h e  b a t h,  t h e  t u b e s  c a n  b e  ke p t  a t  a  cons t a n t  t e m p e r a t u r e
of 1 3 2  d e g.   C. The  explosive  to  b e  t e s t e d  is
pl ac e d  in a  gl as s  t u b e  3 5  c m. long  a n d  2  c m.  wid e,
h aving  a  g ro u n d  n e ck  in to  w hich  a n  a b so r p tion  b ulb
is fit t e d.   The  w hole  a p p a r a t u s  is s u r ro u n d e d
by a  s hield,  in c a s e  of explosion.   In  c a r rying
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ou t  t h e  t e s t ,  2  g r m s.  of t h e  explosive  a r e  pl ac e d
in t h e  gla s s  t u b e  a n d  w ell p r e s s e d  dow n.   The
a b so r p tion  b ulb  is h alf filled  wit h  w a t er, a n d  fit t e d
in to  t h e  g ro u n d  n e ck  of t h e  gl a s s  t u b e ,  w hich  is t h e n
plac e d  in on e  of t h e  t u b e s  in t h e  b a t h  p r eviously
b ro u g h t  to  t h e  boiling  poin t  (132  d e g.   C.). 
The  evolved  oxides  of ni t ro g e n  a r e  a b so r b e d  in t h e
w a t e r  in t h e  b ulb,  a n d  a t  t h e  e n d  of t wo  ho u r s  t h e
t u b e s  a r e  r e m ove d  fro m  t h e  b a t h ,  a n d  on  cooling,  t h e
w a t e r  fro m  t h e  b ulb  flows  b a ck  a n d  w e t s  t h e  explosive.  
The  con t e n t s  of t h e  t u b e  a r e  filt e r e d  a n d  w a s h e d,
t h e  filt r a t e  is oxidis e d  wi t h  p e r m a n g a n a t e ,  a n d  t h e
ni t rog e n  d e t e r min e d  a s  ni t ric  oxide  by t h e  S c h ul tze-Tie m a n
m e t ho d.   The  a u t ho r s  conclud e  t h a t  a  s t a bl e  g u n-co t to n
do es  no t  evolve  m o r e  t h a n  2.5  c.c. of ni t ric  oxide
p e r  g r m.  on  b eing  h e a t e d  to  1 3 2  d e g.   C. for  t wo
ho u r s ,  a n d  a  s t a bl e  collodion-co t ton  no t  m o r e  t h a n
2  c.c. u n d e r  t h e  s a m e  con di tions .   The  p e r c e n t a g e
of m ois t u r e  in t h e  s a m ple  to  b e  t e s t e d  s ho uld  b e  ke p t
a s  low a s  possible.   A s a m ple  of ni t ro-c ellulos e
con t aining  1.9 7% of m ois t u r e  g ave  a n  evolu tion  of
2.6  c.c.  p e r  g r m.,  w hile  t h e  s a m e  s a m ple  wi th  3.4%
m ois t u r e  g ave  a n  evolu tion  of ove r  5 0  c.c.  p e r  g r m.  
Sodiu m  c a r bo n a t e  a d d e d  to  a n  u n s t a ble  ni t ro-c ellulos e
di minis h es  t h e  r a t e  of d e co m posi tion,  b u t  if sodiu m
c a r bo n a t e  b e  in tim a t ely mixed  wi th  a  s t a ble  ni t ro-c ellulos e
t h e  r a t e  of d e co m position  will b e  inc r e a s e d.   Calciu m
c a r bo n a t e  a n d  m e r c u ry c hlo ride  h ave  no  influe nc e .  
If a n  u n s t a ble  ni t ro-c ellulos e  b e  ex t r a c t e d  wi th
alcohol a  s t a ble  co m po u n d  is p ro d uc e d.   The  p e r c e n t a g e
solubili ty of a  ni t ro-c ellulos e  in e t h e r-alcohol r i s e s
on  h e a tin g  to  1 3 2  d e g.   C. A s a m ple  w hich  b efor e
h e a ting  h a d  a  solubility of 4 .7% h a d  it s  solubili ty
inc r e a s e d  to  8 2 .5% af t e r  six ho u r s’ h e a ting.

[Footno t e  A:  Jour.  S o c.   Ch e m.  
Ind. , xxiii., Oc t.  1 5,  1 9 0 4,  p .  9 5 3.]

M r  A.P.  Sy (Jour.  A m er.  Ch e m .  
S o c. , 1 9 0 3)  d e s c rib e s  a  n e w  s t a bili ty t e s t  for
ni t ro-c ellulos e  w hich  h e  t e r m s  “The  Elas tic  Limit
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of Pow d e r  Resis t a nc e  to  H e a t .”  The  t e s t
con sis t s  in h e a ting  t h e  po w d e r  on  a  w a t c h  gla s s  in
a n  ove n  to  a  t e m p e r a t u r e  of 1 1 5  d e g.   C., af t e r
eig h t  ho u r s  t h e  w a tc h  gl as s  a n d  po w d e r  a r e  w eig h e d
a n d  t h e  p roc es s  r e p e a t e d  d aily for  six d ays  o r  less.  
H e  claims  t h a t  t h e  pow d e r  is t e s t e d  in its  n a t u r al
s t a t e ,  a ll t h e  p ro d u c t s  of d e co m position  a r e  t ak e n
into  a cco u n t ,  w hils t  in t h e  old  t e s t s  only t h e  a cid
p ro d uc t s  a r e  s how n,  a n d  in t h e  Will t e s t  only ni t rog e n,
t h a t  it affo rds  a n  indica tion  of t h e  effec t  of s m all
q u a n ti ti es  of a d d e d  s u b s t a n c e s  o r  for eign  m a t t e r s
on  t h e  s t a bili ty a n d  t h a t  it is sim ple,  a n d  no t  s u bjec t
to  t h e  va ri a tions  of t h e  old  t e s t s .

Ob e r m u elle r  (Jour.  S oc.   Ch e m .   Ind. ,
April 1 5,  1 9 0 5) consid e r s  Be r g m a n n  a n d  Junk’s
t e s t  is too  co m plica t e d  a n d  occ u pie s  too  m u c h  ti m e;
h e  p ro pos e s  to  h e a t  g u n-co t ton  to  1 4 0  d e g.   C.
in  vacuo , a n d  to  m e a s u r e  con tin uously by  m e a n s
of a  m e r c u ry  m a no m e t e r  t h e  p r e s s u r e  exe r t e d  by  t h e
evolved  g a s e s,  t h e  la t t e r  b ein g  m ain t ain e d  a t  cons t a n t
volu m e; t h e  r a t e  a t  w hich  t h e  p r e s s u r e  inc r e a s e s  is
a  m e a s u r e  of t h e  r a t e  of d eco m posi tion  of t h e  ni t ro-c ellulos e.
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S PECIFIC GRAVITIES OF  EXPLOSIVES,  &C.

Ni t ro-glyce rin e                  1 . 6
Gun-co t ton  (d ry)                1 .0 6
    "      (25  p e r  c e n t .  w a t e r)
1.32
Dyn a mi t e  No. 1                   1 .62
Blas ting  g el a tine                1 . 54
Gela tin e  dyn a mi t e                1 .55
Ballis ti t e                       1 . 6
Forci t e                          1 .51
Tonit e                           1 . 28
Rob u ri t e                         1 .4 0
Belli t e                          1 .2-1.4
Ca r bo-dyn a mi t e                   1 .5
Tur pin’s c a s t  pic ric  a cid        1 .6
Ni t ro-m a n ni t e                    1 .6
Ni t ro-s t a r c h                     1 .5
E m m e n sit e                        1 .8
Mo no-ni t ro-b e nze n e               1 . 2
M e t a-di-ni t ro-b e nz e n e            1 .5 75  a t  1 8  d e g.  
C.
Or t ho-di-ni t ro-b e nze n e           1 .59 0      "
Pa r a-di-ni t ro-b e nz e n e            1 .6 2 5      "
Bri tish  g u n po w d er, E.X.E.       1 .80
   "        "      S.B.C.       1 .85
Ca n no ni t e  (pow d e r)               1 .60
Celluloid                       1 .3 5
Cellulos e                        1 . 45
Am moniu m  ni t r a t e                 1 . 70 7
M e rc u ry fulmin a t e                4 .4 2

TABLE OF  THE TEMPERATURE OF DETONATION.

Blas ting  g el a tine          3 2 2 0  d e g.  
Ni t ro-glyce rin e            3 1 7 0  d e g.  
Dyn a mi t e                   2 9 4 0  d e g.  
Gun-co t ton                 2 6 5 0  d e g.  
Tonit e                     2 6 4 8  d e g.  
Pic ric  a cid                2 6 2 0  d e g.  
Rob u ri t e                   2 1 0 0  d e g.  

351



Am monia  ni t r a t e            1 1 3 0  d e g.

RELATIVE SE N SITIVENESS  TO DETONATION (by P rofe sso r
C.E.  M u n ro e,  U.S.  N av al
Torp e do  S t a tion).

_______________________________________________________
___________________
|
|   M axim u m    |
|   Dis t a nc e   |
|   a t  w hich   |
|  De ton a tion  |
|   occu r r e d .  |
|      CM.    |
|             |
Gun-co t ton                 |      1 0      |  Ni t ro-glyce rin e  8 6.5  ni t ro-co t ton
|             |  9 . 5,  c a m p ho r  4  p e r  ce n t .  
Explosive  g el a tin e         |      2 0      |  N H_{4 } N O_{3 }  5  p a r t s ,
(ca m p ho r a t e d)              |             |  C_{6 } H_{ 4 }(N 0_{3 })_{2 }  1  p a r t .  
Judson  pow d er, R.R.P.     |      2 5      |
E m m e n sit e  (No. 2 5 9)        |      3 0      |
R ack-a-rock                |      3 2      |  KClO_{3 }  7 9  p a r t s ,
|             |  C_{6 } H_{5 }(NO)_{2 }  2 1  p a r t s .  
Belli t e                    |      5 0      |
Forci t e  No. 1              |      6 1      |
Kies elg u h r  dyn a mi t e  No.  1  |      6 4      |  7 5  p e r  ce n t .  ni t ro-gyc e rin e.  
Atlas  po w d e r  No. 1         |      7 4      |
__________________________|____________|____________________
_____

CHAPTER IX.

DETE R MI NATIO N  OF T HE RELATIVE S T R E N GT H  OF EXPLO SIVE S.
Effec tiven e s s  of a n  Explosive—High  a n d
Low Explosives—Theo r e tic al Efficie ncy—M M. 
Roux a n d  S a r r a u’s  Res ul ts—Abel a n d
N o ble’s—N o b el’s Ballis tic  Tes t—The
Mo r t ar, P r e s s u r e ,  o r  Cr u s h e r  Ga u g e—Le a d
Cylind e r s— The  Foot-Poun d s  M a c hin e—N o ble’s
P r e s s u r e  Gau g e—Lieu t e n a n t  Walke’s
Res ul t s—Calcula tion  of P r e s s u r e  Develope d
by Dyn a mi t e  a n d  Gun-Cot ton— M a c n a b’s
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a n d  Ris to ri’s Res ul t s  of H e a t  Develop e d  by t h e
Explosion  of Various  Explosives—Co m position
of so m e  of t h e  Explosives  in Co m m o n  Us e  for  Blas ting,
&c.
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T h e  Det er mi na tion  of  t h e  R ela tive  S t r e n g t h  of  Ex plosive s. —Explosives
m ay b e  ro u g hly divide d  in to  t wo  divisions,  viz .,
t hos e  w hic h  w h e n  explod e d  p rod uc e  a  s h a t t e rin g  forc e,
a n d  t hos e  w hich  p ro d uc e  a  p rop ulsive  forc e.   Explosives
of t h e  fir s t  clas s  a r e  g e n e r ally know n  a s  t h e  hig h
explosives,  a n d  consis t  for  t h e  m o s t  p a r t  of ni t ro
co m po u n d s,  o r  mixtu r e s  of ni t ro  co m po u n d s  wi th  o t h e r
s u b s t a n c e s.   Any explosive  w hos e  d e to n a tion  is
ve ry r a pid  is a  hig h  explosive,  b u t  t h e  t e r m  h a s  c hiefly
b e e n  a p plied  to  t h e  ni t ro-explosives.

The  effec tiven e ss  of a n  explosive  d e p e n d s  u po n  t h e
volu m e  a n d  t e m p e r a t u r e  of t h e  g a s e s  for m e d,  a n d  u po n
t h e  r a pidi ty of t h e  explosion.   In  t h e  hig h  explosives
t h e  ch e mic al t r a n sfo r m a tion  is ve ry r a pid,  h e n c e  t h ey
exe r t  a  c r u s hin g  of s h a t t e ring  effec t.   Gun pow d er,
on  t h e  o t h e r  h a n d,  is a  low explosive,  a n d  p ro d uc e s
a  p rop elling  o r  h e aving  effec t .

The  m axi m u m  work  t h a t  a n  explosive  is c a p a ble  of p ro d u cing
is p ro po r tion a t e  to  t h e  a m o u n t  of h e a t  dis e n g a g e d
d u ring  it s  c h e mic al t r a n sfo r m a tion.   This  m ay
b e  exp r e s s e d  in kilog r a m m e t r e s  by t h e  for m ula  4 2 5Q,
w h e r e  Q is t h e  n u m b e r  of u ni t s  of h e a t  evolve d.  
The  t h eo r e tical efficie ncy of a n  explosive  c a n no t ,
how ever, b e  exp e c t e d  in p r a c tice  for  m a ny r e a sons.

In  t h e  c a s e  of bl a s ting  rock, for  ins t a nc e:[A]—1. 
Inco m ple t e  co m b u s tion  of t h e  explosive.  2 .   Co m p r e s sion
a n d  c h e mical c h a n g e s  ind uc e d  in t h e  s u r ro u n ding  m a t e r ial
op e r a t e d  on.  3 .   E n e r gy exp e n d e d  in t h e  c r a cking
a n d  h e a ting  of t h e  m a t e ri al  w hic h  is no t  dis plac e d.
4.   The  e s c a p e  of g a s  t h ro u g h  t h e  bl a s t-hole,
a n d  t h e  fiss u r e s  c a u s e d  by t h e  explosion.   The
p ro po r tion  of u s eful wo rk  h a s  b e e n  e s tim a t e d  to  b e
fro m  1 4  to  3 3  p e r  c e n t .  of t h e  t h eo r e tical m axim u m
po t e n tial.

[Footno t e  A:  C.N.  H a k e,  Gove r n m e n t  Ins p ec to r
of Explosives,  Victo ria,  Jour.  S o c.   Ch e m.  
Ind. , 1 8 8 9.]
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For  t h e  p u r pos e s  of co m p a ri son,  m a n ufac t u r e r s  g e n e r ally
r ely m o r e  u po n  t h e  p r a c tical t h a n  t h e  t h eo r e tic al
efficiency of a n  explosive.   Thes e,  how ever, s t a n d
in t h e  s a m e  r el a tion  to  on e  a no t h er, a s  t h e  following
t a ble  of M e s s r s  Roux a n d  S a r r a u  will s how:—

M EC HANICAL EQUIVALENT OF EXPLOSIVES.

Theo r e tic al
Work  Rela tive
in
Kilos.       Value.

Bla s ting  po w d e r  (62  p e r  c e n t .   KNO_{3 })               2 4 2,33 5         1 . 0
Dyn a mi t e  (75  p e r  c e n t .  ni t ro-glyce rin e)               5 4 8,2 50         2 .26
Blas ting  g el a tine  (92  p e r  c e n t .  ni t ro-glyce rin e)     7 6 6,81 3         3 . 16
Ni t ro-glyce rin e                                       7 9 4,56 3         3 . 28

Exp e rim e n t s  m a d e  in lea d  cylind e r s  give—
  Dyn a mit e                              
                            1 .0
  Blas ting  g el a tin e                     
                            1 .4
  Ni t ro-glyce rin e                       
                            1 .4

Si r  F r e d e rick  Abel a n d  Ca p t ain  W.H.  N o ble,  R.A.,
h ave  s how n  t h a t  t h e  m axim u m  p r e s s u r e  exe r t e d  by  g u n pow d e r
is e q u al  to  4 8 6  foot-tons  p e r  lb. of pow d er, o r  t h a t
w h e n  1  kilo, of t h e  po w d e r  g a s e s  occ u py t h e  volu m e
of 1  lit r e ,  t h e  p r e s s u r e  is e q u al  to  6,40 0  a t m os p h e r e s;
a n d  Be r t h elo t  h a s  c alcula t e d  t h a t  eve ry g r a m m e  of
ni t ro-glyce rin e  explode d  gives  1,32 0  u ni t s  of h e a t .  
M M.  Roux a n d  S a r r a u ,  of t h e  Depo t  Ce n t r al es  d e s
Pou d r e s ,  Pa ris , by m e a n s  of c alo rim e t ric  d e t e r min a tions,
h ave  s how n  t h a t  t h e  following  u ni t s  of h e a t  a r e  p ro d uc e d
by t h e  d e ton a tion  of—
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Nit ro-glyce rin e   1 ,78 4  h e a t  u ni t s .  
Gun-co t ton        1 ,12 3       "
Pot a s sic  pic r a t e    8 4 0       "

w hich,  m ul tiplied  by  t h e  m e c h a nic al e q uivalen t   p e r
u ni t ,  gives—

Nit ro-glyce rin e     7 7 8  m e t r e  to ns  p e r  kilog r a m m e.  
Gun-co t ton          4 8 9        "            "
Pic r a t e  of po t a s h   3 6 6        "            "

N o b el’s Ballis tic  Tes t.—Alfre d
N o b el  w a s  t h e  fi r s t  to  m a k e  u s e  of t h e  m o r t a r  t e s t
to  m e a s u r e  t h e  (ballis tic) pow e r  of explosives.  
The  u s e  of t h e  m o r t a r  for  m e a s u ring  t h e  r el a tive  pow e r
of explosives  do e s  no t  give  ve ry a cc u r a t e  r e s ul t s ,
b u t  a t  t h e  s a m e  tim e  t h e  infor m a tion  ob t ain e d  is of
con sid e r a ble  value  fro m  a  p r a c tical poin t  of view. 
The  m o r t a r  co nsis t s  of a  solid  cylind e r  of c a s t  iron,
on e  e n d  of w hich  h a s  b e e n  bo r e d  to  a  d e p t h  of 9  inch e s,
t h e  di a m e t e r  of t h e  bo r e  b ein g  4  inch es .   At t h e
bo t to m  of t h e  bo r e-hole  is a  s t e el  disc  3  inc h e s  t hick,
in  w hich  a no t h e r  hole  h a s  b e e n  bo r e d  3  inch es  by  2
inch es .   The  m o r t a r  (Fig. 5 4)  it s elf is fit t e d
wi th  t r u n nions,  a n d  fir mly fixed  in  a  ve ry solid  wood e n
c a r ri a g e,  w hic h  is s ec u r ely bol t e d  dow n  to  t h e  g ro u n d.  
The  s ho t  u s e d  s hould  w eigh  2 8  lbs., a n d  b e  t u r n e d
a c c u r a t ely to  fit  t h e  bo r e  of t h e  m o r t ar.  Dow n
its  c e n t r e  is a  hole  t h ro u g h  w hich  t h e  fuse  is p u t .

The  following  is t h e  m e t ho d  of m a king  a n  exp e ri m e n t:—A
piec e  of h a r d  wood  is t u r n e d  in t h e  la t h e  to  ex ac tly
fit t h e  hole  in t h e  s t e el disc  a t  t h e  bo t to m  of t h e
bo r e .   This  wood e n  cylind e r  its elf con t ains  a  s m all
c avity in to  w hich  t h e  explosive  is p u t .   Ten g r m s.
is a  ve ry co nve nie n t  q u a n ti ty.  Before  placing
in t h e  m o r t ar, a  hole  m ay b e  m a d e  in  t h e  explosive
by m e a n s  of a  pi ec e  of gl a s s  ro d  of s uc h  a  size  t h a t
t h e  d e to n a to r  to  b e  u s e d  will jus t  fit in to  it.  
Afte r  pl acing  t h e  wood e n  cylind e r  con t aining  t h e  explosive
in t h e  c avity a t  t h e  bo t to m  of t h e  bo r e ,  t h e  s ho t ,
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sligh tly oiled,  is allow e d  to  fall g e n tly dow n  on
to  it.  A pi ec e  of fus e  a bo u t  a  foot  long,  a n d
fit t e d  wi th  a  d e to n a tor, is no w  p u s h e d  t h ro u g h  t h e
hole  in t h e  c e n t r e  of t h e  s ho t  u n til t h e  d e to n a to r
is e m b e d d e d  in t h e  explosive.   The  fuse  is no w
ligh t e d ,  a n d  t h e  dis t a nc e  to  w hich  t h e  s ho t  is t h row n
is c a r efully m e a s u r e d .   The  r a n g e  s ho uld  b e  m a r k e d
ou t  wit h  p e g s  in to  ya r d s  a n d  frac tions  of ya r ds ,  e s p e cially
a t  t h e  e n d  opposi t e  to  t h e  m o r t ar.  The  m o r t a r
s ho uld  b e  incline d  a t  a n  a n gle  of 4 5  d e g..   In
exp e ri m e n tin g  wi t h  t his  a p p a r a t u s ,  t h e  forc e  a n d  di r ec tion
of t h e  win d  will b e  foun d  to  h ave  conside r a ble  influe nc e.

[Illus t r a tion:  FIG. 5 4.—MORTAR FOR
M EASURING THE BALLISTIC POWER OF EXPLOSIVES. A ,
S ho t;  B , S t e el  Disc; C , S ec tion  of Mo r t a r
(Cas t  I ron); D , Wood e n  Plug  holding  Explosive
(E ); F , F u s e .]

M r  T. Johnso n  m a d e  so m e  b allis tic  t e s t s .   H e  u s e d
a  s t e el  m o r t a r  a n d  a  s ho t  w eig hing  2 9  Ibs.,  a n d  h e
a do p t e d  t h e  pla n  of m e a s u rin g  t h e  di s t a nc e  to  w hich
a  give n  ch a r g e ,  5  g r m s., wo uld  t h row  t h e  s ho t .  
H e  ob t ain e d  t h e  following  r e s ul t s:—

R a n g e
in Fee t .
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Blas ting  g el a tine  (90  p e r  c e n t .  ni t ro-glyce rin e  a n d
ni t ro-c ellulos e)   3 9 2  Ammonit e  (60  p e r  c e n t .  
Am(NO_{3 }) a n d  1 0  p e r  c e n t .  ni t ro-n a p h t h al e n e)  3 1 0
Geligni t e  (60  p e r  c e n t .  ni t ro-g el a tin e  a n d  g u n-co t to n)
               3 0 6  Rob u ri t e  (AmNO_{3 }  a n d  c hlo ro-ni t ro-b e nzol)
                          2 9 4  No. 1  dyn a mi t e  (75  p e r
c e n t .  ni t ro-g el a tin e)                           2 6 4
S tonit e  (68  p e r  c e n t .  ni t ro-g ela tine  a n d  3 2  p e r  c e n t .
wood-m e al)      2 5 3  Gu n-co t to n                    
                                        2 3 4  Tonit e
(gu n-co t ton  a n d  ni t r a t e s)                          
            2 2 3  Ca r bo ni t e  (25  p e r  c e n t .  ni t ro-g el a tin e,
4 0  p e r  c e n t .  wood-m e al,
  a n d  3 0  p e r  ce n t .  ni t r a t e s)           
                              1 9 8
S e c u ri t e  (KNO_{3 }  a n d  ni t ro-b e nzol)              
                    1 8 3  Gu n pow d e r                 
                                            1 4 3

Calculation  of  t h e  Volu m e  of  Gas  Evolve d  in an
Ex plosive  R eac tion.—The  volu m e  of g a s
evolved  in a n  explosive  r e a c tion  m ay  b e  c alcula t e d ,
b u t  only w h e n  t h ey a r e  si m ple  a n d  s t a ble  p ro d u c t s,
s uc h  c alcula tions  b ein g  m a d e  a t  0  d e g.  a n d  7 6 0  m m.  
Le t  i t b e  r e q ui r e d ,  for  exa m ple,  to  d e t e r min e  t h e  volu m e
of g a s  evolved  by 1  g r a m-m olec ule  of ni t ro-glyc e rin e.  
The  explosive  r e a c tion  of ni t ro-glyce rin e  m ay  b e  r e p r e s e n t e d
by t h e  e q u a tion.

C_{3 } H_{5 }O_{3 }(NO_{2 })_{3 }  =  3CO_{2 }  +  2-1/2 H_{2 }O  +  1-1/2 N_{2 }  
+  1/4O_{2 }
By w eig h t        2 2 7          =   1 3 2     +    4 5         +    4 2        +     8
By volu m e          2          =     3     +     2-1/2     +     1-1/2    +     1 /4

The  w eig h t s  of t h e  s eve r al p ro d uc t s  of t h e  a bove  r e a c tions
a r e  c alcula t e d  by  m ul tiplying  t h ei r  s p e cific g r aviti es
by t h e  w eigh t  of 1  lit r e  of hyd ro g e n  a t  0  d e g.  
C. a n d  7 6 0  m m.  (0.08 9 6  g r m).   Thus,

On e  li t r e  of CO_{2 }  =  2 2  x .089 6  =  1.97 1 2  g r m.
     "       H_{2 }O  =   9
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x    "  =  0.8 06 4   "
     "       N_{ 2 }   =  1 4
x    "  =  1.2 54 4   "
     "       O_{2 }   =  1 6
x    "  =  1.4 33 6   "

The  volu m e  of p e r m a n e n t  g a s e s  a t  0  d e g.  a n d  7 6 0  m m.
is co ns t a n t ,  a n d  a s s u ming  t h e  g r a m m e  a s  t h e  u ni t  of
m a s s ,  is foun d  to  b e  2 2.32  lit r e s .   Thus:—

Volum e  of 4 4  of CO_{2 },  a t  0  d e g.  a n d  7 6 0  m m.  =   4 4/1.97 1 2
=  2 2.32  lit r e s.
          1 8
"  H_{ 2 }O        "      "    =   1 8/0.80 4 4  =  2 2.32  
  "
          2 8
"  N_{2 }          "      "    =   2 8/1.25 4 4  =  2 2.32  
  "
          3 2
"  O_{2 }          "      "    =   3 2/1.436 6  =  2 2.32  
  "

The r efo r e

1 3 2  g r m s.  of CO_{2 }  a t  0  d e g.   C a n d  7 6 0  m m.  =
2 2.32  x 3      =   6 6.96  lit r e s.  4 5     "     H_{2 }O
      "      "      =  2 2.32  x 2-1/2  =   5 5.80    " 4 2
   "     N_{2 }         "      "      =  2 2 .32  x 1-1/2
=   3 3 .48    "
  8     "     O_{2 }         "      "     
=  2 2.32  x 1/4    =    5 . 58    "

                                              ____________

1 6 1.8 2
  "
The r efo r e  1  g r a m-m olecule  o r  2 2 7  g r m s.  of ni t ro-glyce rine
w h e n  explod e d,  p ro d uc es  1 6 1.8 2  li t r e s  of g a s  a t  0
d e g.   C a n d  7 6 0  m m.
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To d e t e r min e  t h e  volu m e  of g a s  a t  t h e  t e m p e r a t u r e
of explosion,  w e  sim ply a p ply t h e  law of Ch a rl e s.[A]
Thus—

V :  V’ ::  T :  T’ o r  V’
=  VT’T
in  w hich  V r e p r e s e n t s  t h e  o rigin al volu m e.  
         V’
      "       n e w  volu m e.  
         T
       "       o rigin al t e m p e r a t u r e  on  t h e  a b solu t e
sc al e.  
         T’
      "       n e w  t e m p e r a t u r e  of t h e  s a m e  sc al e
In  t h e  p r e s e n t  c a s e  T’ =  6 0 0 1  d e g..

The r efo r e  s u b s ti t u ting,  w e  h ave

V’ =  1 6 1.8 2x60 0 1/27 3  =  3 5 5 7  li t r e s

o r  a t  t h e  t e m p e r a t u r e  of explosion  1  g r a m-m olec ule
of ni t ro-glyce rin e  p ro d u c e s  3,5 5 7  li t r e s  of p e r m a n e n t
g a s .

[Footno t e  A:  According  to  t h e  law of Ch a rl es ,
t h e  volu m e  of a ny g a s  va rie s  di r e c tly a s  it s  t e m p e r a t u r e
on  t h e  a b solu t e  sc al e,  p rovide d  t h e  p r e s s u r e  r e m ains
con s t a n t .   Knowing  t h e  t e m p e r a t u r e  on  t h e  ce n tig r a d e
sc al e,  t h e  co r r e s po n din g  t e m p e r a t u r e  on  t h e  a b solu t e
sc al e  is ob t aine d  by a d din g  2 7 3  to  t h e  d e g r e e s  c e n tig r a d e .]

Press ur e  or Crus h er  Gau g e. —The r e
a r e  m a ny  for ms  of t his  ins t r u m e n t .   As long  a go
a s  1 7 9 2  Cou n t  Ru mfo rd  u s e d  a  p r e s s u r e  g a u g e.   The
so-c alled  c r u s h e r  g a u g e  w a s,  how ever, fi r s t  u s e d  by
Ca p t ain  Si r  Andr e w  N o ble  in  his  r e s e a r c h e s  on  po w d er. 
Ot h e r  for m s  a r e  t h e  Rod m a n[A] p u n c h  Uc h a tiu s  E p rouve t t e ,
a n d  t h e  c r u s h e r  g a u g e  of t h e  E n glish  Co m mission  on
Explosives.   They a r e  all b a s e d  ei th e r  u po n  t h e
size  of a n  ind e n t  m a d e  u po n  a  cop p e r  disc  by  a  s t e el
p u n c h  fit t e d  to  a  pis ton,  a c t e d  u po n  by t h e  g a s e s  of
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t h e  explosive,  o r  u po n  t h e  c r u s hin g  o r  fla t t e ning
of cop p e r  o r  le a d  cylind e r s.

[Footno t e  A:  Inve n t e d  by  Gen e r al Rod m a n,  U ni t e d
S t a t e s  E n gin e e r s .]

[Illus t r a tion:  FIG. 5 5.—PRESS URE GAUGE.]

Ber t h elo t  u s e s  a  cylind e r  of cop p er, a s  also  did  t h e
E n glish  Co m mission,  b u t  in t h e  sim ple r  for m  of a p p a r a t u s
m os tly u s e d  by m a n ufac t u r e r s  lea d  cylind e r s  a r e  u s e d.  
This  for m  of a p p a r a t u s  (Fig.  5 5)  consis t s  of a  b a s e
of i ron  to  w hich  fou r  u p rig h t s  a  a r e  fixed,
s e t  r o u n d  t h e  ci rc u mfe r e nc e  of a  4-inch  ci rcle; t h e
lea d  plug  r e s t s  u po n  t h e  s t e el  b a s e  le t  in to  t h e  solid
iron  block.  A r ing  c  holds  t h e  u p rig h t s
d  tog e t h e r  a t  t h e  top.   The  pi s ton  b ,
w hich  r e s t s  u po n  t h e  le ad  plug,  is a  cylind e r  of t e m p e r e d
s t e el  4  inch es  in  di a m e t e r  a n d  5  inc h e s  in len g t h;
it  is t u r n e d  a w ay a t  t h e  sid es  to  ligh t e n  it a s  m u c h
a s  possible.   I t  s ho uld  m ove  fre ely b e t w e e n  t h e
u p righ t s  d .  In  t h e  top  of t his  cylind e r
is a  c avity to  hold  t h e  c h a r g e  of explosive.  
The  w eig h t  of t his  pis ton  is 1 2-1/4  lbs.  The  s ho t
e  is of t e m p e r e d  s t e el, a n d  4  inch e s  in di a m e t e r
a n d  1 0  inch e s  in leng t h,  a n d  w eigh s  3 4-1/2  lbs. 
I t  is bo r e d  t h ro u g h  it s  axis  to  r e c eive  a  c a p p e d  fus e.
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The  ins t r u m e n t  is u s e d  in t h e  following  m a n n e r :—A
plu g  of lea d  1  inch  long  a n d  1  inc h  in  dia m e t er, a n d
of a  cylind rical for m,  is pl ac e d  u po n  t h e  s t e el  pla t e
b e t w e e n  t h e  u p righ t s  a , t h e  pis ton  plac e d  u po n
it, t h e  c a r efully w eigh e d  explosive  pl ac e d  in  t h e
c avity, a n d  t h e  s ho t  low e r e d  g e n tly u po n  t h e  pi s ton.  
A pi ec e  of fus e,  wi t h  a  d e ton a to r  fixed  a t  on e  e n d,
is t h e n  p u s h e d  t h ro u g h  t h e  hole  in t h e  s ho t  u n til i t
r e a c h e s  t h e  explosive  con t ain e d  in t h e  c avity in t h e
pis ton.   The  fus e  is ligh t e d.   Whe n  t h e  ch a r g e
is explod e d,  t h e  s ho t  is t h ro w n  ou t ,  a n d  t h e  le a d  cylind e r
is m o r e  o r  less  co m p r e s s e d.   The  lea d  plug s  m u s t
b e  of a  u nifo r m  d e n si ty a n d  ho mo g e n e o us  s t r uc t u r e ,
a n d  s hould  b e  cu t  fro m  le ad  ro ds  t h a t  h ave  b e e n  d r a w n,
a n d  no t  c a s t  s e p a r a t ely fro m  s m all m a s s es  of m e t al.

[Illus t r a tion:  FIG. 5 6.—b ,
STEEL PU NC H; c , LEAD CYLINDER FOR USE  WITH
PRESSURE GAUGE.]

The  s t r e n g t h  of t h e  explosive  is p ro po r tion al to  t h e
wo rk  p e rfo r m e d  in r e d u cing  t h e  h eig h t  of t h e  le a d
(or  cop p e r)  plug,  a n d  to  g e t  a n  exp r e s sion  for  t h e
wo rk  do n e  it  is n ec e s s a ry to  find  t h e  n u m b e r  of foot-pou n d s
(or  kilog r a m m e t r e s)  r e q ui r e d  to  p ro d uc e  t h e  diffe r e n t
a m o u n t s  of co m p r e s sion.   This  is do n e  by s u b mi t ting
exa c tly si mila r  cylind e r s  of lea d  to  a  c r u s hin g  u n d e r
w eig h t s  a c tin g  wi tho u t  ini tial veloci ty, a n d  m e a s u ring
t h e  r e d uc e d  h eigh t s  of t h e  cylind e r s;  fro m  t h es e  r e s ul t s
a  t a ble  is co ns t r uc t e d  e s t a blishing  e m pi rical r el a tions
b e t w e e n  t h e  r e d u c e d  h eig h t s  a n d  t h e  co r r e s po n din g
w eig h t s;  t h e  cylind e r s  a r e  m e a s u r e d  bo t h  b efor e  a n d
af t e r  inse r tion  in  t h e  p r e s s u r e  g a u g e  by m e a n s  of
a n  ins t r u m e n t  know n  a s  t h e  mic ro m e t e r  c alipe r s  (Fig.
5 7).[A]

[Footno t e  A:  An ins t r u m e n t  c alled  a  “Foot-pou n ds
M a c hin e” h a s  b e e n  inven t e d  by  Lieu t .   Quina n,
U.S.  Army.  I t  consis t s  of t h r e e  bo a r d s,
con n e c t e d  so  a s  to  for m  a  slide  1 6  fee t  high,  in w hich
a  w eig h t  (t h e  s ho t  of t h e  p r e s s u r e  g a u g e)  c a n  fall
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fre ely.  On e  of t h e  bo a r d s  is g r a d u a t e d  in to  fee t
a n d  h alf fee t .   The  ho rizon t al bo a r d  a t  t h e  bo t to m,
u po n  w hich  t h e  o t h e r s  a r e  n ailed,  r e s t s  u po n  a  h e avy
pos t  s e t  d e e p  in t h e  g ro u n d,  u po n  w hich  is pl ac e d
t h e  pis ton  of t h e  g a u g e,  w hich  in t his  c a s e  s e rves
a s  a n  a nvil on  w hich  to  pl ac e  t h e  lea d  cylind e r s .  
The  s ho t  is r ais e d  by  m e a n s  of a  p ulley, fixed  a t
t h e  top  of t h e  s t r u c t u r e ,  to  a ny d e si r e d  h eigh t ,  a n d
le t  go  by r el e a sing  t h e  clu tc h  t h a t  holds  i t. 
The  diffe r e n c e  b e t w e e n  t h e  o rigin al len g t h  a n d  t h e
r e d u c e d  len g t h  gives  t h e  co m p r e s sion  c a u s e d  by t h e
blow of t h e  s ho t  in falling,  a n d  gives  t h e  valu e  in
foot-pou n d s  r e q ui r e d  to  p rod uc e  t h e  diffe r e n t  a m o u n t s
of co m p r e s sion.  (Vide  Jour.  U.S.  N a val
Ins t. , 1 8 9 2.)]

[Illus t r a tion:  FIG. 5 7.—MICROM ETER
CALIPERS FOR M EASURING DIAMETER OF LEAD CYLINDERS.]
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T h e  Us e  of  L ead  Cylind ers.—The  m e t ho d
of u sing  le ad  cylind e r s  to  t e s t  t h e  s t r e n g t h  of a n
explosive  is a  ve ry si m ple  affair, a n d  is con d u c t e d
a s  follows:—A solid  c a s t  le a d  cylind er,
of a ny conve nien t  size,  is bo r e d  do w n  t h e  c e n t r e  for
so m e  inch e s ,  g e n e r ally u n til t h e  bo r e-hole  r e a c h e s
to  a bo u t  t h e  c e n t r e  of t h e  block.  The  volu m e
of t his  hole  is t h e n  a cc u r a t ely m e a s u r e d  by pou ring
w a t e r  in to  it fro m  a  g r a d u a t e d  m e a s u r e ,  a n d  it s  c a p a ci ty
in c u bic  c e n ti m e t r e s  no t e d .   The  bo r e-hole  is t h e n
e m p tie d  a n d  d ri e d,  a n d  a  w eig h e d  q u a n ti ty (s ay 1 0
g r m s.) of t h e  explosive  p r e s s e d  w ell do w n  to  t h e  bo t to m
of t h e  hole.   A hole  is t h e n  m a d e  in t h e  explosive
(if dyn a mi t e)  wit h  a  piec e  of cle a n  a n d  ro u n d e d  gl a s s
ro d,  la rg e  e no u g h  to  t ak e  t h e  d e to n a tor.  A pi ec e
of fus e,  fit t e d  wi t h  a  d e to n a tor, is t h e n  ins e r t e d
in to  t h e  explosive  a n d  ligh t e d .   Afte r  t h e  explosion
a  la rg e  p e a r-s h a p e d  c avity will b e  foun d  to  h ave
b e e n  for m e d,  t h e  volu m e  of w hich  is t h e n  m e a s u r e d
in t h e  s a m e  w ay a s  b efo r e.

The  r e s ul t s  t h u s  ob t ain e d  a r e  only r el a tive,  b u t  a r e
of consid e r a ble  value  for  co m p a rin g  dyn a mi t e s  a m o n g
t h e m s elves  (or  g u n-co t to ns).  Exp e ri m e n t s  in lea d
cylind e r s  g ave  t h e  r el a tive  value s  for  ni t ro-glyce rin e
1.4,  bl a s ting  g el a tin e  1.4,  a n d  dyn a mi t e  1.0.  (Fig.
5 8  s hows  s ec tions  of lea d  cylind e r s  b efo r e  a n d  af t e r
u s e.)

[Illus t r a tion:  FIG. 5 8.—LEAD CYLINDERS
BEFORE AND AFTER USE.]

S t a n d a r d  r e g ul a tions  for  t h e  p r e p a r a t ion  of lea d  cylind e r s
m ay b e  foun d  in t h e  Ch e m.   Z ei t . , 1 9 0 3,
2 7  [74], 8 9 8.   They w e r e  d r a w n  u p  by t h e  Fifth
In t e r n a tion al  Con g r e s s  of App.  Ch e m.,  Be rlin. 
The  cylind e r  of lea d  s hould  b e  2 0 0  m m.  in h eigh t  a n d
2 0 0  m m.  in di a m e t er.  In  i t s  axis  is a  bo r e-hole,
1 2 5  m m.  d e e p  a n d  2 5  m m.  in di a m e t er.  The  lea d
u s e d  m u s t  b e  p u r e  a n d  soft,  a n d  t h e  cylind e r  u s e d
in a  s e rie s  of t e s t s  m u s t  b e  c a s t  fro m  t h e  s a m e  m el t .  

364



The  t e m p e r a t u r e  of t h e  cylind e r s  s hould  b e  1 5  d e g.
to  2 0  d e g.  t h ro u g ho u t .   Ten g r m s.  of explosive
s ho uld  b e  u s e d  a n d  w r a p p e d  in tin-foil.  A d e to n a to r
wi th  a  ch a r g e  of 2  g r m s., to  b e  fir e d  el ec t ric ally,
is pl ac e d  in t h e  mids t  of t h e  explosive.   The
c a r t rid g e  is pl ac e d  in t h e  bo r e-hole,  a n d  g e n tly p r e s s e d
a g ain s t  t h e  bo t to m, t h e  firing  wi r e s  b ein g  ke p t  in
c e n t r al  posi tion.   The  bo r e-hole  is t h e n  filled
wi th  d ry q u a r tz  s a n d,  w hich  m u s t  p a s s  t h ro u g h  a  si eve
of 1 4 4  m e s h e s  to  t h e  s q.  c m.,  t h e  wi r e s  b ein g  .35  m m.
dia m e t er.  The  s a n d  is filled  in eve nly, a ny exc es s
b ein g  levelled  off.  The  ch a r g e  t h u s  p r e p a r e d
is t h e n  fir e d  el ec t rically.  The  lea d  cylind e r
is t h e n  inve r t e d ,  a n d  a ny r e sid u e s  r e m ove d  wi th  a
b r u s h.   The  n u m b e r  of c.c.  of w a t e r  r e q ui r e d  to
fill t h e  c avity, in exc e ss  of t h e  o riginal volu m e  of
t h e  bo r e-hole,  is a  m e a s u r e  of t h e  s t r e n g t h  of t h e
explosive.   The  r e s ul t s  a r e  only co m p a r a ble  if
m a d e  wi th  t h e  s a m e  clas s  of explosive.   A r e s ul t
is to  b e  t h e  m e a n  of a t  le a s t  t h r e e  exp e ri m e n t s .  
The  a cc u r a cy of t h e  m e t ho d  d e p e n d s  on  (a) t h e
u nifor m  t e m p e r a t u r e  of t h e  lea d  cylind e r  (15  d e g.  to
2 0  d e g.   C. 7); (b ) on  t h e  u nifo r mity of
t h e  q u a r tz  s a n d;  (c ) on  t h e  u nifo r mi ty of t h e
m e a s u r e m e n t s .

365



Page 184

[Illus t r a tion:  FIG. 5 9.—NOBLE’S
PRESSURE GAUGE.]

N o ble’s Press ur e  Gau g e.—The
origin al explosive  vess els  u s e d  by Ca p t ain  Si r  A.
N o ble  in  his  fir s t  exp e ri m e n t s  w e r e  p r ac tically ex ac tly
si mila r  to  t hos e  t h a t  h e  now  e m ploys, w hich  consis t s
of a  s t e el  b a r r el  A (Fig. 5 9), op e n  a t  bo t h  e n d s,
w hich  a r e  clos e d  by c a r efully fit t e d  sc r e w  plugs ,
fu r nis h e d  wi th  s t e el  g a s  c h e cks  to  p r eve n t  a ny e s c a p e
p a s t  t h e  s c r ew.  The  a c tion  of t h e  g a s  c h ecks
is ex ac tly t h e  s a m e  a s  t h e  lea t h e r s  u s e d  in hyd r a ulic
p r e s s e s .   The  p r e s s u r e  of t h e  g a s  a c ting  on  bo t h
sides  of t h e  a n n ula r  s p ac e  p r e s s e s  t h e s e  sid es  fir mly
a g ain s t  t h e  cylind e r  a n d  a g ain s t  t h e  plu g,  a n d  so
effec t u ally p r eve n t s  a ny e sc a p e .   In  t h e  firing
plu g  F  is a  conical hole  clos e d  by a  con e  fit ting
wi th  g r e a t  ex ac t n e s s ,  w hich,  w h e n  t h e  vess el is p r e p a r e d
for  firing,  is cove r e d  wit h  fine  ti s s u e  p a p e r  to  a c t
a s  a n  ins ula tor.  The  t wo  firing  wi r e s  GG, on e
in t h e  ins ula t e d  con e,  t h e  o th e r  in t h e  firing  plu g,
a r e  co n n e c t e d  by a  ve ry fine  pla tin u m  wir e  p a s sing
t h ro u g h  a  gla s s  t u b e  filled  wi th  m e al  po w d er. 
The  wi r e  b e co m e s  r e d-ho t  w h e n  con n ec tion  is m a d e  wi t h
a  Leclanc h e  b a t t e ry, a n d  t h e  ch a r g e  w hich  h a s  p r eviously
b e e n  ins e r t e d  in to  t h e  vess el is fir e d.   The  c r u s h e r
plu g  is fi t t e d  wi t h  a  c r u s h e r  g a u g e  H  for  d e t e r mining
t h e  p r e s s u r e  of t h e  g a s e s  a t  t h e  m o m e n t  of explosion,
a n d  in a d di tion  t h e r e  is fr e q u e n tly a  s econ d  c r u s h e r
g a u g e  a p p a r a t u s  sc r e w e d  in to  t h e  cylind er.  Whe n
it  is d e si r e d  to  allow t h e  g a s e s  to  e s c a p e  for  ex a min a tion,
t h e  sc r e w  J is sligh tly wi th d r a w n.   The  g a s e s
t h e n  p a s s  in to  t h e  p a s s a g e  I, a n d  c a n  b e  led  to  s ui t a ble
a p p a r a t u s  in w hich  t h ei r  volu m e  c a n  b e  m e a s u r e d ,  o r
in w hich  t h ey c a n  b e  s e al e d  for  s u bs e q u e n t  ch e mic al
a n alysis.

The  g r e a t e s t  c a r e  m u s t  b e  exe rcis e d  in c a r rying  ou t
exp e ri m e n t s  wi th  t his  a p p a r a t u s;  it  is p a r ticula rly
n ec es s a ry  to  b e  s u r e  t h a t  all t h e  join t s  a r e  p e rf ec tly
tig h t  b efo r e  exploding  t h e  ch a r g e .   S hould  t hi s
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no t  b e  t h e  c a s e ,  t h e  g a s e s  u po n  t h ei r  g e n e r a tion  will
c u t  t h ei r  w ay ou t ,  o r  co m ple t ely blow ou t  t h e  p a r t
imp ro p e rly s e c u r e d ,  in  ei t h e r  c a s e  d e s t roying  t h e  a p p a r a t u s .  
The  effec t  p rod uc e d  u po n  t h e  a p p a r a t u s  w h e n  t h e  g a s
h a s  e s c a p e d  by c u t ting  a  p a s s a g e  for  it s elf is ve ry
c u rious.   The  s u rfac e  of t h e  m e t al  w h e r e  t h e  e s c a p e
occ u r r e d  p r e s e n t s  t h e  a p p e a r a nc e  of h aving  b e e n  w a s h e d
a w ay in a  s t a t e  of fusion  by t h e  r u s h  of t h e  highly
h e a t e d  p ro d u c t s.

T h e  Press ur e  Gau g e.—The  p r e s s u r e
is foun d  by t h e  u s e  of a  li t tl e  ins t r u m e n t  know n  a s
t h e  p r e s s u r e  g a u g e  w hich  consis t s  of a  s m all c h a m b e r
for m e d  of s t e el, inside  of w hich  is a  cop p e r  cylind er,
a n d  t h e  e n t r a nc e  b eing  clos e d  by a  s c r e w  gla n d,  in
w hich  a  pis ton,  h aving  a  d efini t e  s ec tion al  a r e a ,
wo rks.   The r e  is a  g a s  c h eck  E  (Fig. 6 0)  plac e d
in t h e  gla n d,  a n d  ove r  t h e  pis ton,  w hich  p r eve n t s
t h e  a d mission  of g a s  to  t h e  c h a m b er.  Wh e n  it
is d e si r e d  to  find  t h e  p r e s s u r e  in t h e  c h a m b e r  of a
g u n,  on e  o r  m o r e  of t h e s e  c r u s h e r s  a r e  m a d e  u p  wi t h
o r  ins e r t e d  a t  t h e  ex t r e m e  r e a r  e n d  of t h e  c a r t ri dg e,
in  o r d e r  to  avoid  t h ei r  b ein g  blow n  ou t  of t h e  g u n
w h e n  fir e d.   This,  ho w ever, oft e n  t ak e s  pl ac e,
in  w hich  c a s e  t h e  g a u g e s  a r e  u s u ally foun d  a  few ya r ds
in fron t  of t h e  m uzzle.   The  cop p e r  cylind e r s
w hich  r e gis t e r  t h e  p r e s s u r e  a r e  m a d e  0.5  inch  long
fro m  s p e cially s el ec t e d  cop p er, t h e  di a m e t e r s  b ein g
r e g ul a t e d  to  give  a  s e c tion al a r e a  of ei t h e r  1/12
o r  1/24  s q u a r e  inch.
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[Illus t r a tion:  FIG. 6 0.—CRUS H ER GAUGE.
E , GAS CHECK.]

H ollow cop p e r  cylind e r s  a r e  m a n ufac t u r e d  wi th  r e d u c e d
s ec tion al a r e a s  for  m e a s u rin g  ve ry s m all p r e s s u r e s.  
I t  h a s  b e e n  foun d  t h a t  t h e s e  cop p e r  cylind e r s  a r e
co m p r e s s e d  to  d efini t e  len g t h s  for  c e r t ain  p r e s s u r e s
wi th  r e m a rk a ble  u nifo r mi ty.  Thus  a  cop p e r  cylind e r
h aving  a  s ec tion al a r e a  of 1/12  s q u a r e  inch,  a n d  o riginally
1/2  inc h  long,  is c r u s h e d  to  a  len g t h  of 0 .4 2  inch
by a  p r e s s u r e  of 1 0  to ns  p e r  s q u a r e  inch.   By s u bs e q u e n tly
a p plying  a  p r e s s u r e  of 1 2  to ns  p e r  s q u a r e  inc h  t h e
cylind e r  is r e d uc e d  to  a  len g t h  of 0 .3 93  inch.  
Befor e  u sing  t h e  cylind e r s ,  w h e t h e r  for  exp e ri m e n tin g
wi th  clos e d  vess els  o r  wit h  g u n s,  it is a dvis a ble  to
fir s t  c r u s h  t h e m  by a  p r e s s u r e  a  lit tle  u n d e r  t h a t
exp ec t e d  in t h e  exp e rim e n t .   Ca p t ain  Si r  A. N o ble
u s e d  in his  exp e ri m e n t s  a  m o difica tion  of Rod m a n’s
g a u g e.  (Ord n a n c e  De p t .,  U.S.A., 1 8 6 1.)

By  Calculation.—To c alcula t e  t h e
p r e s s u r e  d ev elop e d  by t h e  explosion  of dyn a mi t e  in
a  bo r e-hole  3  ce n tim e t r e s  in di a m e t er, ch a r g e d  wit h
1  kilog r a m m e  of 7 5  p e r  c e n t .  dyn a mi t e,  M e s s r s  Vieille
a n d  S a r r a u  e m ploy t h e  following  for m ula:—

P =  V_{o}(1  +  Q/27 3._c_)/(V — v ).

Whe r e  V_{o}  =  t h e  volu m e  (r e d uc e d  to  0  d e g.  a n d  7 6 0
m m.) of t h e  g a s e s  p rod uc e d  by a  u ni t  of w eig h t  of
t h e  explosive; Q t h e  n u m b e r  of c alo ries  dis e n g a g e d
by a  u ni t  of w eig h t  of t h e  explosive; c  e q u als
t h e  s p e cific h e a t  a t  cons t a n t  volu m e  of t h e  g a s e s;
V t h e  volu m e  in c u bic  c e n ti m e t r e s  of a  u ni t  of w eigh t
of t h e  explosive; v  t h e  volu m e  occ u pie d  by  t h e
ine r t  m a t e ri als  of t h e  explosive.   The  volu m e
of g a s  p ro d uc e d  by t h e  explosion  of 1  kilog r a m m e  of
ni t ro-glyce rin e  (a t  0  d e g.  a n d  7 6 0  m m.) is 4 6 7  li t r e s.

V_{o}  will t h e r efo r e  e q u al  0 .75  x 4 6 7  =  3 5 0.25.
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The  s p e cific h e a t  c  is,  a cco r ding  to  S a r r a u ,
.220  (c ); a n d  a cco r din g  to  Buns e n,  1  kilog r a m m e
of dyn a mit e  No.  1  dis e n g a g e s  1,29 0  (Q) c alo ries .  
The  d e n si ty of dyn a mi t e  is e q u al  to  1.5,  t h e r efo r e

V =  1/1.5  =  .666.

If w e  t ak e  t h e  volu m e  of t h e  kie s elgu h r  a s  .1,  w e
find  fro m  a bove  for m ula  t h a t

P  =  3 5 0(1  +  1 2 9 0/(27 3  x .222))/(.600  — .1) =
1 3,90 0  a t m os p h e r e s,

w hich  is e q u al  to  1 4,31 7  kilog r a m m e s  p e r  s q u a r e  c e n ti m e t r e .  
The  p r e s s u r e  d evelope d  by 1  kilog r a m m e  of p u r e  ni t ro-glyce rin e
e q u als  1 8,53 3  a t mo s p h e r e s ,  e q u als  1 9,1 5 1  kilog r a m m e s.  
Applying  t hi s  for m ula  to  g u n-co t ton,  a n d  t aking  af t e r
Be r t h elo t,  Q =  1 0 7 5,  a n d  af t e r  Vieille  a n d  S a r r a u ,
V_{o}  =  6 7 1  lit r e s ,  a n d  c  a s  .231 4,  a n d  t h e
d e n si ty of t h e  ni t ro-c ellulos e  a s  1 .5,  w e  h ave  (V
=  O)

P  =  6 7 1(1  +  1 0 7 5/(27 3  x .231 4))/.666  =  1 8,13 5  a t m os p h e r e s.

To conve r t  t his  in to  p r e s s u r e  of kilog r a m m e s  p e r  s q u a r e
c e n ti m e t r e ,  it  is n e c e s s a ry to  m ul tiply it by t h e
w eig h t  of a  colu m n  of m e r c u ry 0.76 0  m.  hig h,  a n d  1
s q u a r e  c e n ti m e t r e  in s e c tion,  w hich  is e q u al  to  inc r e a sing
it  by  1/30.   I t  t h u s  b e co m e s

P ^ { k }  =  (1 +  1/30).

P ^ { k }  =  1 8,13 5  x 1.03 3  =  1 8,73 3  kilog r a m m e s.
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The  following  t a bl e s,  t ak e n  fro m  M es s r s  Willia m  M a c n a b’s
a n d  E. Ris to ri’s p a p e r  (Proc.  Roy. 
S o c. , 5 6,  8-1 9), “Res e a r c h e s  on  Mo d e r n  Explosives,”
a r e  ve ry in t e r e s tin g.   They r e co r d  t h e  r e s ul t s
of a  la r g e  n u m b e r  of exp e ri m e n t s  m a d e  to  d e t e r min e
t h e  a m o u n t  of h e a t  evolved,  a n d  t h e  q u a n ti ty a n d  co m posi tion
of t h e  g a s e s  p ro d uc e d  w h e n  c e r t ain  explosives  a n d  va rious
s m ok eles s  pow d e r s  w e r e  fir e d  in a  clos e d  vess el fro m
w hich  t h e  ai r  h a d  b e e n  p r eviously exh a u s t e d.  
The  explosions  w e r e  c a r r ie d  ou t  in  a  “calo rim e t ric
bo m b” of Be r t h elo t’s p a t t e r n .[A]

[Footno t e  A:  Fo r  d e sc rip tion  of “bo m b,”
s e e  “Explosives  a n d  t h ei r  Pow er,” Be r t h elo t,
t r a n s .  by H a k e  a n d  M a c n a b,  p .  1 5 0.  (Mu r r ay.)]

Table  S howing  Qu a n ti ty of H e a t  a n d  Volum e  a n d  Analysis
of Gas  Develop e d  p e r  Gra m m e  with  Diffe r e n t  S po r tin g
a n d  Milit a ry S mok ele ss  Powd e r s  N ow  In  Us e

_______________________________________________________
_______________
|           |            |          |               |
N a m e  of Explosive.   |  Calo rie s  |  Pe r m a n e n t  |  Aqueo us  |  Total Volum e  |
|  p e r  g r m.  |   Gas es .    |  Vapour. |  of Gas  a t  0  d e g.  |
|           |            |          |   a n d  7 6 0  m m.  |
______________________|__________|___________|_________|____
__________|
|           |   cc/g r m    |  cc/g r m   |     cc/g r m     |
E.C. pow d er, E n glish  |     8 0 0    |     4 2 0     |    1 5 4    |      5 7 4       |
S.S. pow d e r           |     7 9 9    |     5 8 4     |    1 5 0    |      7 3 4       |
Troisdo rf, Ge r m a n     |     9 4 3    |     7 0 0     |    1 9 5    |      8 9 5       |
Rifleit e ,  E n glish     |     8 6 4    |     7 6 6     |    1 5 9    |      9 2 5       |
B.N., F r e nc h          |     8 3 3    |     7 3 8     |    1 6 8    |      9 0 6       |
Co r di t e ,  En glish      |    1 2 5 3    |     6 4 7     |    2 3 5    |      8 8 2       |
Ballis ti t e,  Ge r m a n    |    1 2 9 1    |     5 9 1     |    2 3 1    |      8 2 2       |
Ballis ti t e,  I t alia n   |    1 3 1 7    |     5 8l    |    2 4 5    |      8 2 6       |
a n d  S p a nis h         |           |            |          |               |
______________________|__________|___________|_________|____
__________|
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The  figu r e s  in colu m n  h e a d e d  “Co-efficien t  of
Pot e n ti al  E n e r gy” s e rve  a s  a  m e a s u r e  of co m p a ri son
of t h e  po w e r  of t h e  explosives,  a n d  a r e  t h e  p rod uc t s
of t h e  n u m b e r  of c alo rie s  by  t h e  volu m e  of g a s ,  t h e
las t  t h r e e  figu r e s  b ein g  s u p p r e s s e d  in o r d e r  to  sim plify
t h e  r e s ul t s.

The  a m o u n t s  of w a t e r  foun d  w e r e  c alcula t e d  for  co m p a rison
a s  volu m e s  of H_{ 2 }O  g a s  a t  0  d e g.  a n d  7 6 0  m m.

E.C. pow d e r  consis t s  p rincip ally of ni t ro-c ellulos e
mixed  wi th  b a riu m  ni t r a t e  a n d  a  s m all p ro po r tion  of
c a m p hor.

S.S. of ni t ro-lignine  mixed  wit h  b a riu m  ni t r a t e  a n d
ni t ro-b e nz e n e.

Troisdo rf po w d e r  is g el a tinise d  ni t ro-c ellulos e;  r iflei t e
g el a tinis e d  ni t ro-c ellulos e  a n d  ni t ro-b e nz e n e.

Cor di t e  co n t ain s  5 8  p e r  c e n t .  ni t ro-glyce rin e,  3 7
p e r  c e n t .  g u n-co t ton,  a n d  5  p e r  c e n t .  vas elin e.

Ballis ti t e  (I t alian) consis t s  of e q u al  p a r t s  ni t ro-c ellulos e
a n d  ni t ro-glyce rin e,  a n d  1/2  p e r  c e n t .  of a niline.  
The  Ge r m a n  con t ain s  a  high e r  p e r c e n t a g e  of ni t ro-c ellulos e.
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TABLE S HOWING THE H EAT DEVELOPED BY EXPLOSIVES CO NTAINING
NITRO-GLYCERINE AND NITRO-CELLULOSE IN DIFFERENT 
PROPORTIONS.

_______________________________________________________
_______________
Co m position  of Explosives.           |     Calo rie s  p e r  c e n t .
_____________________________________________|______________
__________
Ni t ro-c ellulos e            |                   |
(N =  1 3.3  p e r  ce n t .).     |  Ni t ro-glyce rin e.  |
|                   |
1 0 0  p e r  c e n t .  d ry  p ulp     |       0            |            1 0 6 1
1 0 0       "    g el a tinis e d  |       0            |             9 2 2
9 0       "                |      1 0  p e r  c e n t .  |            1 0 4 4
8 0       "                |      2 0      "     |            1 1 5 9
7 0       "                |      3 0      "     |            1 2 6 7
6 0       "                |      4 0      "     |            1 3 4 7
5 0       "                |      5 0      "     |            1 4 1 0
4 0       "                |      6 0      "     |            1 4 6 7
0       "                |     1 0 0      "     |            1 6 5 2
__________________________|__________________|______________
__________
|                   |
Ni t ro-c ellulos e            |                   |
(N = 1 2.24  p e r  ce n t .)       |  Ni t ro-glyce rin e.  |
|                   |
8 0  p e r  c e n t .              |      2 0  p e r  c e n t .  |            1 0 6 2
6 0        "               |      4 0      "     |            1 2 8 8
5 0        "               |      5 0      "     |            1 3 4 9
4 0        "               |      6 0      "     |            1 4 0 5
|                   |
__________________________|__________________|______________
__________|
Ni t ro-c ellulos e            |                   |
(N =  1 3.3  p e r  ce n t .).     |  Ni t ro-glyce rin e.  |        Vaseline.
|                   |
5 5  p e r  c e n t .              |      4 0  p e r  c e n t .  |     5  p e r  ce n t .   1 1 3 4
3 5        "               |      6 0      "     |     5      "      1 2 8 0
__________________________|__________________|______________
__________
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TABLE OF  RESULTS OBTAINED BY LIEUT.  W. WALKE.,
OF THE ARTILLERY, U.S.A, WITH QUINAN’S PRESSURE
GAUGE.

Ni t ro-glyce rin e  b eing  t ak e n  a s  1 0 0.  (F ro m  U.S. 
N a val Ins t .   Jour.)

_______________________________________________________
___________________
|              |            |
|  Co m p r e s sion  |  Ord e r  of  |
N a m e  of Explosive.    |   of Lea d     |  S t r e n g t h.  |
|              |            |
|     Inc h.     |            |
Explosive  g el a tin e        |     0 .5 8 5     |   1 0 6.17    |
H ellhoffit e               |     0 . 58 5     |   1 0 6.17    |
Ni t ro-glyce rin e           |     0 .5 5 1     |   1 0 0.00    |  S t a n d a r d ,  N.G. 
N o b el’s s mok eles s  po w d e r  |     0 .5 0 9     |    9 2.38    |
Ni t ro-glyce rin e           |     0 .5 0 9     |    9 2 .37    |
Gun-co t ton                |     0 . 45 8     |    8 3 .12    |  U.S. n av al to r p e do
|              |            |  g u n-co t to n
Gun-co t ton                |     0 . 45 8     |    8 3 .12    |  S tow m a rk e t .  
Ni t ro-glyce rin e           |     0 .4 5 1     |    8 1 .85    |  Vouges ,  N.G. 
Gun-co t ton                |     0 . 44 8     |    8 1 .31    |
Dyn a mi t e  No. 1            |     0 .44 8     |    8 1.3 1    |
Dyn a mi t e  d e  Tra ul        |     0 .43 7     |    7 9.31    |
Co m p osi tion  of  so m e  of  t h e  Ex plosive s  in  Co m m o n
U s e.
Ordinary  Dyna mi t e .
Nit ro-Glyce rin e  7 5  p e r  ce n t .  
Kies elg u h r       2 5     "

A m vis.
Nit r a t e  of Ammonia       9 0  p e r  c e n t .  
Chloro-di-ni t ro  Be nze n e   5     "
Wood  P ulp                 5     "

A m m o nia N i t ra t e  Pow d er.
Nit r a t e  of Ammonia  8 0  p e r  c e n t .  
Chlor a t e  of Pot a s h   5     "
Ni t ro-Glucos e       1 0     "
Coal Tar             5     "

Celti t e .
Nit ro-Glyce rin e    5 6-5 9   p a r t s .  
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Nit ro-Cot to n        2-3.5    "
KNO_{ 3 }            1 7-2 1     "
Wood  M e al           8-9      "
Am moniu m  Oxala t e   1 1-1 3     "
Mois t u r e          0 .5-1.5    "

Atlas  Pow d er s.
Sodiu m  Nit r a t e        2 .0   p e r  c e n t .  
Ni t ro-Glyce rin e      7 5 .0      "
Wood  P ulp            2 1.0      "
M a g n e siu m  Ca r bo n a t e   2 . 0      "

Dauline.
Nit ro-Glyce rin e    5 0  p e r  c e n t .  
S a w d u s t            3 0     "
Ni t r a t e  of Pot a s h  2 0     "

Vulcan  Pow d er.
Nit ro-Glyce rin e   3 0    p e r  c e n t .  
Ni t r a t e  of Sod a   5 2 .5     "
S ulph u r            7 .0     "
Ch a rco al          1 0 .5     "

Vigori t e .
Nit ro-Glyce rin e   3 0  p e r  c e n t .  
Ni t r a t e  of Sod a   6 0     "
Ch a rco al           5     "
S a w d u s t            5     "

R e n droc k.
Nit r a t e  of Pot a s h   4 0  p e r  c e n t .  
Ni t ro-Glyce rin e     4 0     "
Wood  P ulp           1 3     "
Pa r affin  o r  Pi tc h    7     "

A m m o nia N i t ra t e  Pow d er.
Am monia  Ni t r a t e     8 0  p e r  c e n t .  
Pot a s siu m  Chlor a t e   5     "
Ni t ro-Glucos e       1 0     "
Coal Tar             5     "

H erc ule s  Pow d er s.
Nit ro-Glyce rin e        7 5     to  4 0      p e r  c e n t .  
S u g a r                   1     "  1 5.66      "
Chlor a t e  of Pot a s h      1 .0 5  "   3 .3 4      "
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Nit r a t e  of Pot a s h       2 .1 0  "  3 1.0 0      "
Ca r bon a t e  of M a g n e sia  2 0.85  "  1 0.0 0      "
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Carbo-Dyna mi t e.
Nit ro-Glyce rin e   9 0  p e r  c e n t .  
Ch a rco al          1 0     "

Geloxit e  (Per mi t t e d  Lis t).
Nit ro-Glyce rin e    6 4-5 4  p a r t s .  
Ni t ro-Cot to n        5-4     "
Ni t r a t e  of Pot a s h  2 2-1 3    "
Am moniu m  Oxala t e   1 5-1 2    "
Re d  Och r e           1-0     "
Wood  M e al           7-4     "

The  Wood M e al to  con t ain  no t  m o r e  t h a n  1 5%  a n d  no t
les s  t h a n  5% m ois t u r e .

Giant  Pow d er.
Nit ro-Glyce rin e   4 0  p e r  c e n t .  
Sodiu m  Nit r a t e    4 0     "
Rosin              6     "
S ulph u r            6     "
Guh r               8     "

Dyna mi t e  d e  Trau z el.
Nit ro-Glyce rin e   7 5  p a r t s .  
Gun-Cot ton        2 5    "
Ch a rco al           2    "

R h e nis h  Dyna mi t e .
Solu tion  of N.G. in  N a p h t h al e n e   7 5  p e r  ce n t .  
Ch alk, o r  Ba riu m  S ulph a t e          2     "
Kies elg u h r                        2 3     "

A m m o nia Dyna mi t e.
Am monia  Ni t r a t e   7 5  p a r t s .  
Pa r affin           4    "
Ch a rco al           3    "
Ni t ro-Glyce rin e   1 8    "

Blas ting  Gelatin e.
Nit ro-Glyce rin e     9 3    p e r  ce n t .  
Ni t ro-Cot to n      3  to  7     "
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Gelatine  Dyna mi t e.
Nit ro-Glyce rin e     7 1  p e r  c e n t .  
Ni t ro-Cot to n         6     "
Wood  P ulp            5     "
Pot a s siu m  Nit r a t e   1 8     "

Geligni t e .
Nit ro-Glyce rin e   6 0  to  6 1  p e r  c e n t .  
Ni t ro-Cot to n       4  "   5     "
Wood  P ulp          9  "   7     "
Pot a s siu m  Nit r a t e       2 7     "

Forcit e .
Nit ro-Glyce rin e    4 9    p e r  c e n t .  
Ni t ro-Cot to n        1 . 0     "
S ulph u r             1 .5     "
Tar                1 0.0     "
Sodiu m  Nit r a t e     3 8.0     "
Wood  P ulp           5       "
 (The  N.-G., &c., va rie s.)

Toni t e  N o.  1 .
Gun-Cot ton      5 2-5 0  p e r  ce n t .  
Ba riu m  Ni t r a t e  4 7-4 0     "

Toni t e  N o.  2 .
Con t ains  Ch a rco al al so.

Toni t e  N o.  3 .
Gun-Cot ton       1 8    to  2 0   p e r  c e n t .  
Ba(NO_3)_2      7 0    "  6 7      "
Di-ni t ro-Benzol 1 1    "  1 3      "
Mois t u r e          0 .5  "   1      "

Carboni t e .
Nit ro-Glyce rin e    1 7.76  p e r  c e n t .  
Ni t ro-Benze n e       1 .7 0     "
Sod a                0 .42     "
KNO_3             3 4.22     "
Ba(NO_3)_2         9 . 71     "
Cellulos e           1 .5 5     "
Ca n e  S u g a r         3 4.2 7     "
Mois t u r e            0 .3 6     "
                ________
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9 9.99

Ro b urit e .
Am moniu m  Ni t r a t e        8 6   p e r  c e n t .  
Chloro-di-ni t ro-Benzol 1 4      "

Favers ha m  Pow d er.
Am moniu m  Ni t r a t e                       8 5   p e r  c e n t .  
Di-ni t ro-Benzol                       1 0      "
Tre nc h’s Fl a m e-exting uishin g  Co m po u n d   5    
 "

Favieri t e  N o.  1 .
Am moniu m  Ni t r a t e      8 8   p e r  ce n t .  
Di-ni t ro-N a p h t h al e n e  1 2      "
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Favieri t e  N o.  2 .
No. 1  Pow d e r     9 0   p e r  c e n t .  
Am mon.   Chlorid e  1 0      "

B ellit e .
Am moniu m  Ni t r a t e      5  p a r t s .  
M e t a-di-ni t ro-Benzol 1    "

Petrofact e ur.
Nit ro-Benze n e         1 0   p e r  ce n t .  
Chlor a t e  of Pot a s h    6 7      "
Ni t r a t e  of Pot a s h     2 0      "
S ulphid e  of Antimony  3      "

S e c uri t e .
Mixtu r e s  of M e t a-di-ni t ro-Be nzol 2 6   p e r  ce n t .
a n d  Ni t r a t e  of Ammo nia            7 4      "

R ac k-a-Roc k.
Pot a s siu m  Chlor a t e  7 9  p a r t s .  
Mo no-ni t ro-Be nze n e  2 1    "

Oxoni t e .
Nit ric  Acid (sp.  gr. 1 . 5) 5 4  p a r t s .  
Pic ric  Acid               4 6    "

E m m e n si t e .
E m m e n s  Acid      5  p a r t s .  
Am moniu m  Ni t r a t e  5    "
Pic ric  Acid      6    "

Br u g er e  Pow d er.
Am moniu m  Pic r a t e   5 4   p e r  ce n t .  
Ni t r a t e  of Pot a s h  4 6      "

Designolle’s Torp e do  Pow d er s.
Pot a s siu m  Pic r a t e  5 5  to  5 0   p e r  c e n t .  
Ni t r a t e  of Pot a s h  4 5  "  5 0      "

S to wi t e .
Nit ro-Glyce rin e     5 8    to  6 1  p a r t s .  

379



Nit ro-Cot to n         4 .5  "   5    "
Pot a s siu m  Nit r a t e   1 8    "  2 0    "
Wood  M e al            6    "   7    "
Oxala t e  of Ammonia  1 1    "  1 5    "

The  Wood M e al s h all con t ain  no t  m o r e  t h a n  1 5%  a n d
no t  les s  t h a n  5 % by w eigh t  of m ois t u r e .   The  explosive
s h all b e  u s e d  only w h e n  con t ain e d  in a  no n-w a t e r-p roofed
w r a p p e r  of p a r c h m e n t—No. 6  d e to n a tor.

Favers ha m  Pow d er.
Nit r a t e  of Ammoniu m  9 3  to  8 7
Tri-ni t ro-Toluol    1 1  "   9
Mois t u r e              1  "  —

Kyni t e .
Nit ro-Glyce rin e    2 4-2 6   p a r t s .  
Wood-P ulp         2 .5-3.5    "
S t a r c h           3 2.5-3.5    "
Ba riu m  Ni t r a t e   3 1.5-3 4.5   "
CaCO_{3 }            0-0.5    "
Mois t u r e          3 .0-6.0    "

M u s t  b e  p u t  u p  only in w a t e r-p roof p a r c h m e n t  p a p er,
a n d  No. 6  el ec t ric  d e to n a to r  u s e d.

R e xi t e .
Nit ro-Glyce rin e     6 .5-8.5   p a r t s .  
Am moniu m  Ni t r a t e     6 4-6 8      "
Sodiu m  Nit r a t e       1 3-1 6      "
Tri-ni t ro-Tolulen e  6.5-8.5     "
Wood  M e al             3-5       "
Mois t u r e             .5-1.4     "

M u s t  b e  co n t ain e d  in w a t e r-p roof c a s e  (s tou t  p a p e r),
w a t e r-p roofed  wi th
Resin  a n d  Ce r a sin—No. 6  d e ton a tor.

Wit h n ell Pow d er.
Am moniu m  Ni t r a t e          8 8-9 2  p a r t s .  
Tri-ni t ro-Tolue n e          4-6     "
Flou r  (d rie d  a t  1 0 0  d e g.   C.)  4-6     "
Mois t u r e                   0-1 5    "

Only to  b e  u s e d  w h e n  con t ain e d  in a  line n  p a p e r  c a r t rid g e ,
w a t e r-p roofed  wi th  Ca r n u b a  Wax, Pa r r afin—No.
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7  d e ton a to r  u s e d.

Phe nix  Pow d er.
Nit ro-Glyce rin e    2 8-3 1  p a r t s .  
Ni t ro-Cot to n        0-1     "
Pot a s siu m  Nit r a t e  3 0-3 4    "
Wood  M e al          3 3-3 7    "
Mois t u r e            2-6     "

S M OKELE S S   PO WDER S.
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Cordi t e .
Nit ro-Glyce rin e  5 8   p e r  c e n t .  + o r- .75
Ni t ro-Cot to n     3 7      "      + o r- .65
Vaseline          5      "      + o r- .25

Cordi t e ,  M .D.
Nit ro-Glyce rin e  3 0   p e r  c e n t .  + o r- 1
Ni t ro-Cot to n     6 5      "      + o r- 1
Vaseline          5      "      + o r-  .25

Analysis  of—
  By W. M a nc a b  a n d  A.E.  Leigh to n.

E.C.  Pow d er.
Nit ro-Cot to n       7 9 .0   p e r  c e n t .  
Pot a s siu m  Nit r a t e   4 . 5      "
Ba riu m  Ni t r a t e      7 .5      "
Ca m p ho r             4 .1      "
Wood  M e al           3 . 8      "
Vola tile  M a t t e r     1 . 1      "

Walarod e  Pow d er.
Nit ro-Cot to n     9 8.6   p e r  c e n t .  
Vola tile  M a t t e r   1 .4      "

Kynoc h’s S m o k ele s s.
Nit ro-Cot to n       5 2 .1   p e r  c e n t .  
Di-ni t ro-Tolue n e   1 9.5      "
Pot a s siu m  Nit r a t e   1 . 4      "
Ba riu m  Ni t r a t e     2 2.2      "
Wood  M e al           2 . 7      "
Ash                0 . 9      "
Vola tile  M a t t e r     1 . 2      "

S c h ul t z e.
Nit ro-Lingin        6 2.1   p e r  c e n t .  
Pot a s siu m  Nit r a t e    1 . 8      "
Ba riu m  Ni t r a t e      2 6.1      "
Vaseline             4 . 9      "
S t a r c h               3 . 5      "
Vola tile  M a t t e r      1 .0      "
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I m p erial S c h ul t z e .
Nit ro-Lignin     8 0.1   p e r  c e n t .  
Ba riu m  Ni t r a t e   1 0.2      "
Vaseline          7 .9      "
Vola tile  M a t t e r   1 .8      "

Can no ni t e .
Nit ro-Cot to n             8 6 .4   p e r  c e n t .  
Ba riu m  Ni t r a t e            5 .7      "
Vaseline                  2 .9      "
La m p  Black               1 .3      "
Pot a s siu m  Fe r ro-cya nid e   2 .4      "
Vola tile  M a t t e r           1 . 3      "

A m b eri t e .
Nit ro-Cot to n       7 1 .0   p e r  c e n t .  
Pot a s siu m  Nit r a t e   1 . 3      "
Ba riu m  Ni t r a t e     1 8.6      "
Wood  M e al           1 . 4      "
Vaseline            5 .8      "

S p or ting  Ballis ti t e .
Nit ro-Glyce rin e   3 7.6   p e r  ce n t
Ni t ro-Cot to n      6 2.3      "
Vola tile  M a t t e r    0 . 1      "

The  following  is a  co m ple t e  Lis t  of t h e  Pe r mi t t e d
Explosives  a s  Define d  in t h e  Sc h e d ule s  to  t h e  Explosives
in Coal Min es  Ord e r s  of t h e  2 0 t h  Dec e m b e r  1 9 0 2,  of
t h e  2 4 t h  Dec e m b e r  1 9 0 3,  of t h e  5 t h  S e p t e m b e r  1 9 0 3,
a n d  1 0 t h  Dece m b e r  1 9 0 3:—

Albionit e.  
Am mon al. 
Am moni t e .  
Amvis. 
Aphosi t e .  
Arkit e.  
Belli t e  No. 1 .  
Belli t e  No. 2 .  
Bobbini t e .  
Bri toni t e .  
Ca m b ri t e .  
Ca r boni t e.  
Clydit e.  
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Coro ni t e .  
Dah m e ni t e  A.
Dr a go ni t e .  
Elec t ro ni t e .  
Fave r s h a m  Pow d er. 
F r a c t u ri t e .  
Geloxit e .  
H aylit e  No.  1 .  
Kynite .  
N e g ro  Powd er. 
N o b el’s Arde e r  Powd er. 
N o b el  Ca r bo nit e .  
N o r m a ni t e .  
Pi t-it e.  
Rob u ri t e  No. 3 .  
S axoni t e .  
S tow-ite .  
Thu n d e ri t e .  
Victo ri t e .  
Viri t e.  
West  Fali t e  No. 1 .  
West  Fali t e  No. 2 .

INDEX.

384



Page 192

Abel’s, Si r  F r e d e rick,  m e t ho d  of m a n ufac t u rin g
g u n-cot ton,  5 7.

Abel’s h e a t  t e s t ,  2 4 9.

Acid mixtu r e  for  ni t r a tin g  ni t ro-glyce rin e,  2 3.

Air p r e s s u r e  in  ni t r a tor, 2 8.

Alkalini ty in ni t ro-c ellulos e,  2 1 7.

Amb e ri t e ,  1 8 9.

Am monit e ,  1 4 9.

Analyse s  of collodion-co t ton,  8 1.
  g el a tine  dyn a mit e s,  1 2 3.

Analysis  of explosives,  1 9 7.
  a c e ton e,  2 0 9.
  bla s ting  g el a tin e,  1 9 9.
  c a p  co m posi tion,  2 4 1.
  co r di t e ,  2 0 6.
  c elluloid,  2 3 0.
  dyn a mi te ,  1 9 7.
  forci t e ,  2 0 2.
  fulmin a t e,  2 4 0.
  glyce rine ,  2 3 3.
  g u n-co t ton,  2 1 2.
  ni t ric  a cid,  2 4.
  pic ric  a cid,  2 3 0.
  to ni t e,  2 0 5.
  w a s t e  a cids,  2 3 9.

Arms t ro n g  on  t h e  cons ti t u tion  of t h e  fulmin a t e s ,  1 5 9.

Atlas  po w d er, 1 1 9.

Auld on  a c e to n e,  2 1 1.

Axite,  1 7 6.
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Ballis ti t e,  1 7 9.

Be a t e r  o r  Hollan d e r  for  p ulping  g u n-co t ton,  6 4 .

Bedso n,  P rof., on  ro b u ri t e  explosion  g a s e s ,  1 4 0.

Belli t e ,  1 4 2.

Benze n e,  explosives  d e rive d  fro m,  1 3 2.

Benze n e,  m o no-ni t ro- a n d  di-ni t ro-b e nze n e,  1 3 4.

Be r g m a n n  a n d  Junk on  ni t ro-cellulose  t e s t s ,  2 6 8.

Be r n t h s e n  s u m m a ry  of ni t ro-b e nz e n e s ,  1 3 3.

Bla s ting  g el a tine ,  1 1 9.

Bla s ting  ch a r g e ,  p r e p a r a t ion  of, 1 6 6.

B.N. pow d er, 1 9 0.

Boiling-poin t  of N.G., 1 9 .

Bout n ny’s ni t ro-glyce rine  p roc e ss ,  1 5.

Brow n  on  w e t  g u n-co t ton,  5 6.

Bru g e r e’s  pow d er, 1 9 5.

Bucknill’s r e sis t a n c e  coil, 1 3.

Calcula tion  of volu m e  of g a s  evolve d  in a n  explosive
r e a c tion,  2 7 6.

Ca n no ni t e ,  1 8 9.

Cellulos e,  2 ,  4 7.

Celluloid m a n ufac t u r e ,  9 1.
  a n alysis, 2 3 0.
  c a r t r i dg e s ,  9 1 .
  u s e s  of, 9 0.  
  Fi eld’s p a p e r s  on,  9 3.
  fib r e  for, 9 4.
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  ni t r a tion  of fib r e ,  &c., 9 5.
  for m ula  of, 5 7.

Ch a m pion  a n d  Pelle t’s  m e t ho d  of d e t e r mining
ni t rog e n,  2 2 3.

Ch e n el’s m o difica tion  of Kjelda hl’s m e t ho d,
2 2 7.

Collodion-co t to n,  7 9.

Co m p a r a tive  t e s t s  of bl ack  a n d  ni t ro-pow d e r s ,  1 9 3.

Co m p r e s sing  g u n-co t ton,  7 7.

Co m position  of w a s t e  a cids  fro m  ni t ro-glyce rin e,  4 3.

Co m position  of so m e  co m m o n  explosives,  2 9 0.

Cond ui t s  for  ni t ro-glyc e rine ,  7 .

Coopp al  pow d er, 5 ,  1 8 9.

Cor di t e  m a n ufac t u r e ,  1 6 9.
  a n alysis, 2 0 6.

Cr e sili t e,  1 5 8.

Cross  a n d  Beva n  on  ni t ro-jut e,  1 0 7.

Cr us h e r  g a u g e,  2 8 4.

Cu n dill, Colon el, cla s sifica tion  of dyn a mit e s,  1 1 2.

Dan g e r  a r e a ,  5 .

Dan g e r s  in t h e  m a n ufac t u r e  of g u n-co t ton,  8 5 .

Deco m posi tion  of c ellulos e,  5 4.

Defini tion  of explosives  in  Ord e r  of Cou ncil (Explosives
Act), 1 .

Det e r min a tion  of N_{2 } O_{4 }  in ni t ric  a cid,  2 4.

Det e r min a tion  of s t r e n g t h  of H_{ 2 } SO_{4 },  2 5.
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Det e r min a tion  of r el a tive  s t r e n g t h  of explosives,
2 7 2.

Deton a to r s,  1 6 3.

Di-ni t ro-tolu e n e,  1 3 8.

Dippin g  cot ton  in  m a n ufac t u r e  of g u n-co t ton,  6 0 .

Dive r s  a n d  Kaw aki t a  on  t h e  fulmina t e s ,  1 5 9.

Dixon, P rof.  H.B., on  ro b u ri t e  explosions,  1 3 9.

Drying  ho us e  for  g u n-co t ton,  1 2 2.

Dyn a mi t e,  efficie ncy of, 1 1 8.
  froze n  dyn a mit e,  1 1 6.
  g el a tine  dyn a mit e ,  1 1 9.
  p ro p e r ti e s  of kies elgu h r  dyn a mit e,  1 1 6.  
  Reid  & Borla n d’s c a r bo-dyn a mi t e,
1 1 9.  
  Rh e nish  dyn a mit e,  1 1 9.
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E m m e n sit e                 |     0 .42 9     |    7 7.8 6    |
Amide  pow d e r              |     0 . 38 5     |    6 9.87    |
Oxoni t e                   |     0 .38 3     |    6 9.5 1    |
Tonit e                    |     0 . 37 6     |    6 8.24    |  G.C. 5 2.5%, a n d
|              |            |  Ba(NO_{3 })_{2 },  4 7.5%
Bellit e                   |     0 .3 6 2     |    6 5.70    |
R ack-a-rock               |     0 . 34 0     |    6 1.7 1    |
Atlas  po w d e r              |     0 .3 3 3     |    6 0 .43    |
Am monia  dyn a mi t e          |     0 .33 2     |    6 0.2 5    |
Volney’s pow d e r  No. 1     |     0 . 32 2     |    5 8.44    |  Ni t r a t e d  n a p h t h ale n e .
"         No. 2     |     0 .29 4     |    5 3.1 8    |     "         "
M elini te                  |     0 .28 0     |    5 0.82    |  Pic ric  a cid  7 0%, a n d
|              |            |  sol. ni t ro-co t ton  3 0%. 
Silve r  fulmin a t e          |     0 .27 7     |    5 0.2 7    |
M e rc u ry                  |     0 .2 7 5     |    4 9 .91    |
Mo r t a r  pow d e r             |     0 .1 5 5     |    2 8 .13    |
_________________________|_____________|___________|________
______________
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|   S tibni t e  Take n.    | S b_{ 2 } S_{ 3 },  Fou n d. |       E r ror.       |
|         Gr m.         |        Gr m.         |        Gr m.         |
|                     |                    |                    |
|        0 .0 08 5        |       0 . 00 8 4        |      -0 .0 0 0 1        |
|        0 .0 09 8        |       0 . 00 9 9        |      + 0 . 0 0 0 1        |
|        0 .0 16 0        |       0 . 01 5 7        |      -0 .0 0 0 3        |
|        0 .0 09 9        |       0 . 01 0 0        |      + 0 . 0 0 0 1        |
|____________________|___________________|__________________
_|

401



Page 141

|  Dry, w eig h,  a n d  exh a u s t  wi th  w a t e r  p r efe r a bly in Soxhle t .              |
|___________________________________________________________
____________|
|                       |                                                 |
|  S olu tion --         |  R e sidu e --                                    |
|  Con t ain s  m e t allic    |  Dry, w eigh,  a n d  a gi t a t e  a n  aliquo t  p a r t  wi t h    |
|  ni t r a t e s,  c hlo r a t e s ,  |  wi th  H_{ 2 } SO_{4 }  a n d  H g  in ni t ro m e t er.  If      |
|  soluble  c a r bo n a t e s ,   |  ni t ro-c ellulose  is p r e s e n t ,  t r e a t  r e m ain d e r  of |
|  t h e  s u m  of w hich      |  r e sidu e  wi th  e t h e r-alcohol.                    |
|  (exc ep t  AmCO_{3 })    |________________________________________________|
|  c a n  b e  d e t e r min e d  by |                                                 |
|  eva po r a tin g  dow n  a t   |  S olu tion --                                   |
|  1 0 0  d e g.   C. to  d ryn es s    |  Eva po r a t e  a n d  w eigh.   Residu e  consis t s  of       |
|  a n d  w eighing.         |  soluble  ni t ro-c ellulos e.                        |
|  Ni t r a t e s  c a n  b e       |________________________________________________|
|  d e t e r min e d  by        |                                                 |
|                       |  R e sidu e --                                    |
|                       |  Dry a n d  w eig h  a n d  d e t e r min e  h exa-ni t ro-        |
|                       |  c ellulose  in ni t ro m e t er, if p r e s e n t .   Exh a us t    |
|                       |  r e m aind e r  wi th  a c e tic  e t h er.                   |
|                       |________________________________________________|
|                       |                       |                          |
|                       |  S olu tion --         |  R e sidu e --             |
|                       |  H ex a-ni t ro-c ellulos e  |  Dry a n d  w eig h,  igni t e    |
|                       |  (Gun  co t ton).        |  a n d  r e w eig h.   Loss  =      |
|                       |                       |  Cellulos e .            |
|                       |                       |_________________________|
|                       |                       |                          |
|                       |                       |  Residu e  consis t s  of     |
|                       |                       |  s a w d u s t ,  c h a r co al,      |
|                       |                       |  co al, c h alk, g u hr,      |
|                       |                       |  o r  min e r al  m a t t er, &c.  |
|______________________|______________________|_____________
____________|
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|                             |           |           |           |           |
|   Co rdit e  0 .4  inch           |    5 ,41 3   |    5 ,99 4   |    6 , 95 0   |    7 ,4 7 8   |
|   Ballis ti t e  0 .3  inch  cu b e s  |    4 ,2 27   |    4 ,75 4   |    5 , 47 9   |    5 ,8 5 2   |
|   F r e n c h  B.N.               |    4 ,04 7   |    4 , 46 3   |    5 , 10 4   |    5 ,4 60   |
|   P ris m a tic  a mid e            |    3 ,50 7   |    3 ,86 2   |    4 . 46 0   |    4 ,7 4 5   |
|____________________________|__________|__________|________
__|__________|
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|      (25  p e r  ce n t .  silic a) |     2 ,9 4 0     |       8 0      |     1 , 46 8     |
|                           |              |              |              |
|G u n-co t to n,  1              |     2 ,6 50     |       ...    |      ...     |
|                           |     2 ,0 6 0     |       9 0.5    |     1 , 45 0     |
|                           |              |              |              |
|Am mo niu m  ni t r a t e           |     1 ,13 0     |       ...    |      ...     |
|__________________________|_____________|_____________|____
_________|
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| 1 3.   Pa r tly CLea r |    1 .8 3 7 8    |  1 .4 2 5 7  |   ... |    6 0    |   1    |    4 0    |
| 1 4.   Cloudy      |    1 . 83 7     |  1 .4 25 7  |   1    |    5 6    |   4    |    4 0    |
|________________|____________|________|______|________|____
__|________|
|                 |                |                    |
|                 |Te m p., Deg.   C. |     Pe r c e n t a g e      |
|                 |_______________|___________________|
|                 |        |        |            |        |
|                 |  F ro m   |   To   |  Inc r e a s e .  |  Loss.  |
|________________|_______|_______|___________|_______|
|                 |        |        |            |        |
|  1 .   Cle a r        |   5 7  d e g.   |   6 2  d e g.   |     3 1      |   ...  |
|  2 .    "         |   6 0  d e g.   |   6 2  d e g.   |     1 8      |   ...  |
|  3 .   Clou dy      |   6 0  d e g.   |   6 2  d e g.   |      7      |   ...  |
|  4 .   Rain         |   6 0  d e g.   |   6 3  d e g.   |      0      |    0    |
|  5 .   Cle a r        |   5 8  d e g.   |   6 2  d e g.   |     1 5      |   ...  |
|  6 .   Rainy       |   5 8  d e g.   |   6 2  d e g.   |     ...    |    2    |
|  7 .   Clou dy      |   6 2  d e g.   |   6 5  d e g.   |     ...    |   1 0    |
|  8 .   Cle a r        |   6 0  d e g.   |   6 2  d e g.   |      5      |   ...  |
|  9 .   Pa r tly Cle a r |   5 0  d e g.   |   6 0  d e g.   |     ...    |    3    |
| 1 0.      "       |   5 8  d e g.   |   6 0  d e g.   |     ...    |   1 0    |
| 1 1.   Cloudy      |   5 8  d e g.   |   6 0  d e g.   |      8      |   ...  |
| 1 2.   R ainy       |   5 8  d e g.   |   6 0  d e g.   |     ...    |   1 0    |
| 1 3.   Pa r tly CLea r |   5 0  d e g.   |   5 8  d e g.   |     2 0      |   ...  |
| 1 4.   Cloudy      |   5 0  d e g.   |   6 0  d e g.   |     1 6      |   ...  |
|________________|_______|_______|___________|_______|
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