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that one blast will stir up clouds of dust which the next blast will
cause to explode. Accidents from this cause became more and
more frequent as the industrial importance of coal increased
during the nineteenth century and as the mines were dug deeper
and contained more fire damp, until finally the various nations
which were producers of coal appointed commissions to study
and develop means of preventing them. The first of these was
appointed in France in 1877, the British commission in 1879, the
Prussian commission in 1881, and the Belgian and Austrian com­
missions at later dates. The Pittsburgh testing station of the
U. S. Geological Survey was officially opened and regular work
was commenced there on December 3, 1908, with the result that
the first American list of explosives permissible for use in gaseous
and dusty coal mines was issued May 15, 1909. On July 1, 1909,
the station was taken over by the U. S. Bureau of Mines,22 which,
since .January 1, 1918, has conducted its tests at the Explosives
Experiment Station at Bruceton, not far from Pittsburgh, in
Pennsylvania.

Explosives which are approved for use in gaseous arid dusty
coal mines are known in this country as permissible explosives,
in England as permitted explosives, and are to be distinguished
from authorized explosives which conform to certain conditions
with respect to safety in handling, in transport, etc. Explosives
which are safe for use in coal mines are known in France as
explosifs antigrisouteux, in Belgium as explos1"jS S. G. P. (securite,
grisou, poussiere) , in Germany. as schlagwettersichere Spreng­
stofJe while the adjective handhabungssichere is applied to those
which are safe in handling. Both kinds, permissible and author­
ized, are safety explosives, explos-ifs de surete, Sicherheitsspreng"
stofJe.

A mixture of air and methane is explosive if the methane con­
tent lies between 5 and 14%. A mixture which contain::! 9.5% of
methane, in which the oxygen exactly suffices for complete com­
bustion, is the one which explodes most violently, propagates the
explosion most easily, and produces the highest temperature. This
mixture ignites at about 650 0 to 7000

• Since explosives in general
produce temperatures which are considerably above 10000

l explo-

22 A few of the interesting and important publications of the U. S. Bureau
of Mines are listed in the footnote, Vol. I, pp. 22-23.
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sive mixtures of methane and air would always be exploded by
them if it were not for the circumstance, discovered by Mallard
and Le Chatelier/3 that there is a certain delay or period of
induction before the gaseous mixture actually explodes. At 650°
this amounts to about 10 seconds, at 1000° to about 1 second, and
at 2200° there is no appreciable delay and the explosion is pre­
sumed to follow instantaneously after the application of this tem­
perature however momentary. Mallard and Le Chatelier concluded
that an explosive having a temperature of explosion of 2200° or
higher would invariably ignite fire damp. The French commis­
sion which was studying these questions at first decided that the
essential characteristic of a permissible explosive should be that
its calculated temperature of explosion should be not greater than
2200°, and later designated a temperature of 1500° as the maxi­
mum for explosives permissible in coal seams and 1900° for those
intended to be used in the accompanying rock.

The flame which is produced by the explosion of a brisant
explosive is of extremely short duration, and its high temperature
continues only for a small fraction of a second, for the hot gases
by expanding and by doing work immediately commence to cool
themselves. If they are produced in the first place at a tempera­
ture below that of the instantaneous inflammation of fire damp,
they may be cooled to such an extent that they are not suffi­
ciently warm for a sufficiently long time to ignite fire damp at
all. Black powder, burning slowly, always ignites explosive gas
mixtures. But any high explosive may be made safe for use in
gaseous mines by the addition to it of materials which reduce the
initial temperature of the products of its explosion. Or, in cases
where this initial temperature is not too high, the same safety
may be secured by limiting the size of the charge and by firing
the shot in a well-tamped bore hole under such conditions that
the gases are obliged to do more mechanical work and are cooled
the more in consequence.

Permissible explosives may be divided into two principal
classes: (1) those which are and (2) those which are not based
upon a high explosive which is cool in itself, such as ammonium
nitrate, or guanidine nitrate, or nitroguanidine. The second class
may be subdivided further, according to composition, into as

23 Ann. Min., [8] 11, 274 (1887).
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many classes as there are varieties in the compositions of high
explosives, or it may be subdivided, irrespective of composition,
according to the means which are used to reduce the explosion
temperature. Thus, an explosive containing nitroglycerin, nitro­
starch, chlorate or perchlorate, or tetranitronaphthalene, or an
explosive which is essentially black powder, may have its tem­
perature of explosion reduced by reason of the fact that (a) it
contains an excess of carbonaceous material, (b) it contains water
physically or chemically held in the mixture, or (c) it contains
volatile salts or substances which are decomposed by heat.
Ammonium nitrate may also be used as a means of lowering the
temperature of explosion, and thus defines another subdivision
(d) which corresponds to an overlapping of the two principal
classes, (a) and (b).

Ammonium nitrate, although it is often not regal'ded as an
explosive, may nevertheless be exploded by a suitable initiator.
On complete detonation. it decomposes in accordance with the
equation

but the effect of feeble initiation is to cause decomposition in
another manner with the production of oxides of nitrogen. By
using a booster of 20-30 grams of Bellite (an explosive consisting
of a mixture of ammonium nitrate and dinitrobenzene) and a
detonator containing 1 gram of mercury fulminate, Lobry de
Bruyn 24 succeeded in detonating 180 grams of ammonium nitrate
compressed in a 8-cm. shell. The shell was broken into many
fragments. A detonator containing 3 grams of mercury fulminate,
used without the booster of Bellite, produced only incomplete
detonation. Lheure 25 secured complete detonation of cartridge$
of ammonium nitrate 26 loaded in bore holes in rock by mean$ of
a trinitrotoluene detonating fuse which pas~ed completely through
them.

The sensitiveness of ammonium nitrate to initiation is in­
creased by the addition to it of explosi"e sub$tances, such a$
nitroglycerin, nitrocellulose, or aromatic nitro compounds, or of

24 Rec. trav. chim., 10, 127 (1891).
25 Ann. Min., [10112, 169 (1907).
26 On the' explosibility of ammonium nitratE', see also Munroe, Chem.

]\;[et. Eng., 26, 535 (1922); Cook, ibid., 31, 231 (1924); Sherrick, Armll
Ordnance, 4, 237, 329 (1924),
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non-explosive combustible materials, such as rosin, sulfur, char­
coal, flour, sugar, oil, or paraffin. Substances of the latter class
react with the oxygen which the ammonium nitrate would other­
wise liberate; they produce additional gas and heat, and increase
both the power of the explosive and the temperature of its explo­
sion. Pure ammonium nitrate has a temperature of explosion of
about 1120° to 1130°. Ammonium nitrate explosives permissible
in the United States generally produce instantaneous tempera­
tures between 1500° and 2000°.

Among the first permissible explosives developed in France
were certain ones of the Belgian Favier type which contained
no nitroglycerin and consisted essentially of ammonium nitrate,
sometimes with other nitrates, along with a combustible mate­
rial such as naphthalene or nitrated naphthalene or other aro­
matic nitro compounds. These explosives have remained the
favorites in France for use in coal mines. The method of manu­
facture is simple. The materials are ground together in a wheel
mill, and the mass is broken up, sifted, and packed in paraffined
paper cartridges. The compositions of the mixtures are those
which calculations show to give the desired temperatures of ex­
plosion. Grisoup:ites roches, permissible for use in rock, have
temperatures of explosion between 1500° and 1900°; Grisounites
couches, for use in coal, below 1500°. Several typical composi­
tions are listed below.

Grisou-
Grisou-

Grisou-
Grisou-

Grisou-
naphtalite-

naphtalite-
naphtalite-

naphtalite-
tetrylite-

roche couche
roche

salp~tree
couche

salp~tree
-couche

-
Ammonium

nitrate...... 91.5 86.5 95 90 88
Potassium

nitrate...... .. 5.0 ·. 5 5
Dinitro-

naphthalene. 8.5 8.5 · . .. ..
Trinitro-

naphthalene. " .. 5 5 ..
Tetryl ........ " .. · . . . 7
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The French also have permissible explosives containing both
ammonium nitrate and nitroglycerin (gelatinized), with and with­
out saltpeter. These are called Grisou-dynamites or Grisoutines.

-
Grisou-

Grisou-
Grisou- Grisou-

dynamite-
dynamite-

dynamite-
dynamite-

roche couche
roche

salp~tree
couche

saIp~tree

Nitroglycerin ...... 29.0 29:0 12.0 12.0
Collodion cotton.... 1.0 1.0 0.5 0.5
Ammonium nitrate. 70.0 65.0 87.5 82.5
Potassium nitrate... .. 5.0 .. 5.0

The effect of ammonium nitrate in lowering the temperature
of explosion of nitroglycerin mixtures is nicely illustrated by the
data of Naoum 27 who rpports that guhr dynamite (75ro actual
nitroglycerin) gives a temperature of 2940°, a mixture of equal
amounts of guhr dynamite and ammonium nitrate 2090°, and a·
mixture of 1 part of guhr dynamite and 4 of ammonium ni­
trate 1468°,

In ammonium nitrate explosives in which the ingredients are
not intimately incorporated as they are in the Favier explosives,
but in which the granular particles retain their individual form,
the velocity of detonation may be regulated by the size of the
.nitrate grains. A relatively slow explosive for producing lump
coal is made with coarse-grained ammonium nitrate, and a faster
explosive for the procurement of coking coal is made with fine­
grained material.

The first explosives' to be listed as permissible by the U. S.
Bureau of Mines were certain M onobels and Carbonites, and
Monobels are still among the most important of American per­
missibles. Monobels contain about lOra nitroglycerin, about 10%
carbonaceous material, wood pulp, flour, sawdust, etc., by the
physical properties of which the characteristics of the explosive
are somewhat modified, and about 80ro ammonium nitrate of
which, however, a portion, say lOra, may be substituted by a
volatile salt such as sodium chloride.

270p. cit., p. 403.
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In Europe thc tendency is to use a smaller amount of nitro­
glycerin, say 4 to 670, or, a~ in the Favier explosives, to omit it
altogether. Ammonium nitrate pennissible explosives which con­
tain nitroglycerin may be divided broadly into two principal
classes, those of low ammonium nitrate content in which the
oxygen is balanced rather accurately against the carbonaceous
material and which are cooled by the inclusion of salts, and those
which have a high ammonium nitrate content but whose tem­
peratme of explosion is low because of an incomplete utilization
of the oxygen by a relatively small amount of carbonaceous
material. Explosives of the latter class are more popular in Eng­
land and in Germany. Several examples of commercial explosives
of each sort are listed in the following table.

I II III IV V VI VII VIII

Ammonium nitrate ...... " 52.0 53.0 60.0 61.0 66.0 73.0 78.0 83.0

Pota.~"ium nitrate . . . . . . . . . . 21.0 2.8 5.0 7.0

Sodium nitrate ., .......... 12.0 5.0 3.0
Barium nitrate ............ 2.0
Na or K chloride ..... , .... 21.0 20.5 22.0 15.0 8.0
Hydrated ammonium

oxalate . . . . . . . . . . . . . . . . . 16.0 19.0
Ammonium chloride . . . . . . . 6.0
Cereal or wood meal ....... 4.0 4.0 7fJ 2.0 1.0 5.0 2.0
Glycerin .................. 3.0
Powdered coal .. '" ........ 4.0
Nitrotoluene ., ............. 6.0 1.0
Dinitrotoluene ............. 5.0
Trinitrotoluene ............ 6.0 2.0
Nitroglycerin .............. 5.0 5.0 4.0 4.0 4.0 3.2 4.0 4.0

The Carbonites which are permissible are straight dynamites
whose temperatures of explosion are lowered by the excess of
carbon which they contain. As a class they merge, through the
Ammon-Carbonites, with the class of ammonium nitrate explo­
sives. The Carbonites, have the disadvantage that they produce
gases which contain carbon monoxide, and for that reason have
largely given way for use in coal mines to ammonium nitrate
permissibles which contain an excess of oxygen. Naoum 28 reports
the compositions and explosive characteristics of four German
Carbonites as follows.

280p. cit., p. 401.
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I

Nitroglycerin 25.0
potassium nitrate 30.5
sodium nitrate .
Barium nitrate 4.0
Spent tan bark meal _. . . . . 40.0
Meal .
Potassium dichromate .
Sodium carbonate 0.5

Heat of explosion, Cal./kg .
Temperature of explosion .
Velocity of detonation, meters/sec .
Lead block expansion .

576
18740

2443
235 cc.

506
1561 0

2700
213 cc.

536 602
16660 16390

3042 2472
240 cc. 258 cc.

The salts which are most frequently used in permissible ex­
plosives are sodium chloride and potassium chloride, both of
which are volatile (the potassium chloride more readily so), am­
monium chloride and ammonium sulfate, which decompose to form
gases, and the hydrated salts, alum Al2(S04h' K2S04-24H20;
ammonium alum AI2(S04h- (NH4hS04 '24H20; chrome alum
Cr2 (S04h' K2S04-24H20; aluminum sulfate Al2(S04h .18H20 ;
ammonium oxalate (NH4)2C204' H20; blue vitriol CUS04' 5H20;
borax Na2B407 -10H20 ~ Epsom salt MgS04' 7H20; Glauber's salt
Na2S04 '10H20; and gypsum CaS04' 2H20, all of which give off
water, while the ammonium salts among them yield other volatile
products in addition. Hydrated sodium carbonate is not suitable
for use because it attacks both ammonium nitrate and nitro­
glycerin.29

Sprengel Explosives

Explosives of a new type were introduced in 1871 by Hermann
Sprengel, the inventor of the mercury high-vacuum pump, who
patented 30 a whole series of mining explosives which were pre­
pared by mixing an oxidizing substance with a combustible one
"in such proportions that their mutual oxidation and de-oxidation
should be theoretically complete." The essential novelty of his
invention lay in the fact that the materials were mixed just before
the explosive was used, and the resultant explosive mixture was

29 C. G. Storm, "The Analysis of Permissible Explosives," U. S. BUT.

Mines Bull. g(), Washington, 1916.
80 Brit. Pats. 921, 2642 (1871).
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fired by means of a blasting cap. Among the oxidizing agents
which he mentioned were potassium chlorate, strong nitric acid,
and liquid nitrogen dioxide; among the combustible materials
nitrobenzene, nitronaphthalene, carbon disulfide, petroleum, and
picric acid.31 Strong nitric acid is an inconvenient and unpleasant
material to handle. It can eat through the copper capsule of a
blasting cap and cause the fulminate to explode. Yet several
explosives containing it have been patented, Oxonite, for example,
consisting of 58 parts of picric acid and 42 of fuming nitric acid,
and Hellhoffite, 28 parts of nitrobenzene and 72 of nitric acid.
These explosives are about as powerful as 70% dynamite, but
are distinctly more sensitive to shock and to blows. Hellhoffite
was sometimes absorbed on kieselguhr to form a plastic mass, but
it still had the disadvantage that it was intensely corrosive and
attacked paper, wood, and the common metals.

The peculiarities of the explosives recommended by Sprengel
so set them apart from all others that they define a class; explo­
sives which contain a large proportion of a liquid ingredient and
which are mixed in situ immediately before use are now known
as Sprengel explosives. They have had no success in England, for
the reason that the mixing of the ingredients has been held to
constitute manufacture within the meaning of the Explosives Act
of 1875 and as such could be carried out lawfully only on licensed
premises. Sprengel explosives have been used in the United States,
in France, and in Italy, and were introduced into Siberia and
China by American engineers when the first railroads were built
in those countries. Rack-a-rock, patented bY'S. R. Divine,32 is
particularly well known because it was used for blasting out Hell
Gate Channel in New York Harbor. On October 10, 1885,240,399
pounds of it, along with 42,331 pounds of dynamite, was exploded
for that purpose in a single blast. It was prepared for use by
adding 21 parts of nitrobenzene to 79 parts of potassium chlorate
contained in water-tight copper cartridges.

31 Sprengel was aware in 1871 that picric acid alone could be detonated
by means of fulminate but realized also that more explosive force could
be had from it if it were mixed with an oxidizing agent. Picric acid alone
was evidently not used practically as an explosive until after Turpin in
1886 had proposed it as a bursting charge for shells.

32 Brit. Pats. 5584, 5596 (1881); 1461 (1882); 5624, 5625 (1883).
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The PromethCes, authorized in France under the name of
explosifs 0 No.3, are prepared by dipping cartridges of a com­
pressed oxidizing mixture of potassium chlorate 80 to 9570 and
manganese dioxide 5 to 2070 into a liquid prepared by mixing ni­
trobenzene, turpentine, and naphtha in the proportions 50/20/30
or 60/15/25. The most serious disadvantage of these explosives
was an irregularity of behavior resulting from the circumstance
that different cartridges absorbed different quantities of the com­
bustible oil, generally between 8 and 1370, and that the absorp­
tion was uneven and sometimes caused incomplete detonation.
Similar explosives are those of Kirsanov, a mixture of 90 parts of
turpentine and 10 of phenol absorbed by a mixture of 80 parts
of potassium chlorate and 20 of manganese dioxide, and of
Fielder, a liquid containing 80 parts of nitrobenzene and 20 of
turpentine absorbed by a mixture of 70 parts of potassium
chlorate and 30 of potassium permanganate.

The Panclastites, proposed by Turpin in 1881, are made by
mixing liquid nitrogen dioxide with such combustible liquids as
carbon disulfide, nitrobenzene, nitrotoluene, or gasoline. They are
very sensitive to shock and must be handled with the greatest
caution after they have once been mixed. In the first World War
the French used certain ones of them, under the name of Anilites,
in small bombs whir,h were dropped from airplanes for the pur­
pose of destroying personnel. The two liquids were enclosed in
separate compartments of the bomb, which therefore contained
no explosive and was safe while the airplane was carrying it.
When the bomb was released, a little propeller on its nose, actu­
ated by the passage through the air, opened a valve which
permitted the two liquids to mix in such fashion that the bomb
was then filled with a powerful high explosive which was so
sensitive that it needed no fuze but exploded immediately upon
impact with the target.

Liquid Oxygen Explosives
Liquid oxygen explosives were invented in 1895 by Linde who

had developed a successful machine for the liquefaction of gases.
The Oxyliquits, as he called them, prepared by impregnating
cartridges of porous combustible material with liquid pxygen or
liquid air are members of the general class of Sprengel explosives,
and have the unusual advantage from the point of view of safety
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that they rapidly lose their explosiveness as they lose their liquid
oxygen by evaporation. If they have failed to fire in a borehole,
the workmen need have no fear of going into the place with a
pick or a driB after an hour or so has elapsed.

Liquid oxygen explosives often explode from flame or from the
spurt of sparks from a miner's fuse, and frequently need no
detonator, or, putting the matter otherwise, some of them are
themselves satisfactory detonators. Like other detonating explo­
sives, they may explode from shock. Liquid oxygen explosives
madc frmll carbonized cork and from kieselguhr mixed with
petroleum wcre used in the blasting of the SimpIon tunnel in
1899. The explosive which results when a cartridge of spongy
metallic aluminum absorbs liquid oxygen is of theoretical interest
because its explosion yields no gas; it yields only solid aluminum
oxide and heat, much heat, which causes the extremely rapid
gasification of the excess of liquid oxygen and it is this which
produces the explosive effect. Lampblack is the absorbent most
commonly used in this country.

Liquid oxygen explosives were at first made up from liquid air
more or less self-enriched by standing, the nitrogen (b.p. -195°)
evaporating faster than the oxygen (b.p. -183°), but it was
later shown that much better results followed from the use of
pure liquid oxygen. Rice reports 33 that explosives made from
liquid oxygen a'nd an absorbent of crude oil on kieselguhr mixed
with lampblack or wood pulp and enclosed in a cheesecloth bag
within a corrugated pasteboard insulator were 4 to 12% stronger
than 4070 straight nitroglycerin dynamite in the standard Bureau
of Mines test with the ballistic pendulum. They had a velocity
of detonation of about 3000 meters per second. They caused the
ignition of fire damp and produced a flame which lasted for 7.125
milliseconds as compared with 0.342 for an average permissible
explosive (no permissible producing a flame of more ~hiul} milli­
second duration). The length of the flame was 2Yz times that of
the flame of the average permissible. In the Trauzl lead block an
explosive made up from a liquid air (i.e., a mixture of liquid

33 George S. Rice, "De"elopment of Liquid Oxygen Explosives during
the War," U. S. Bur. Mines Tech. Paper 243, Washington, 1920, pp. 14-16.
Also, S. P. Howell, J. W. Paul, and J. L. Sherrick, "Progre,~R of Im'estiga­
tions on Liquid Oxygen Explosives," U. S. Bta. Mines Tech. Paper 294,
Washington, 1923, pp. 33, 35, 51.
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oxygen and liquid nitrogen) containing 33% of oxygen gave no
explosion; with 4070 oxygen an enlargement of 9 cc.; with 50%
80 cc., with 55% 147 cc.; and with 98% oxygen an enlargement
of 384 cc., about 20% greater than the enlargement produced by
60% straight dynamite. The higher temperatures of explosion of
the liquid oxygen explosives cause them to give higher results in
the Trauzl test than correspond to their actual explosive power.

Liquid oxygen explosives are used in this country for open-cut
mining or strip mining, not underground, and are generally pre­
pared near the place where they are to be used. The cartridges
are commonly left in the "soaking box" for 30 minutes, and on
occasions have been transported in this box for several miles.

One of the most serious faults of liquid oxygen explosives is
the ease with which they inflame and the rapidity with which
they burn, amounting practically and in the majority of cases to
their exploding from fire. Denues 34 has found that treatment of
the granular carbonaceous absorbent with an aqueous solution
of phosphoric acid results in an explosive which is non-inflam­
mable by cigarettes, matches, and other igniting agents. Mono­
and diammonium phosphate, ammonium chloride, and phosphoric
acid were found to be suitable for fireproofing the canvas wrap­
pers. Liquid oxygen explosives made up from the fireproofed
absorbent are still capable of being detonated by a blasting cap.
Their strength, velocity of detonation, and length of life after
impregnation are slightly but not significantly shorter than those
of explosives made up from ordinary non-fireproofed absorbents
containing the same amount of moisture.

Chlorate and Perchlorate Explosives
The history of chlorate explosives goes back as f-ar as 1788

when Berthollet attempted to make a new and more powerful
gunpowder by incorporating in a stamp mill a mixture of potas­
sium chlorate with sulfur and charcoal. He used the materials in
the proportion 6/1/1. A party. had been o'rganized to witness the
manufacture, M. and Mme. Lavoisier, Berthollet, the Commis­
saire M. de Chevraud and his daughter, the engineer M. Lefort,
and others. The mill was started, and the party went away for

34 A. R. T. Denues, "Fire Retardant Treatments of Liquid Oxygen
Explosh-es," U. S. BUT. Mines Bull. 429, Washington, 1940.
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breakfast. Lefort and Mlle. de Chevraud were the first to return.
The material exploded, throwing them to a considerable distance
and causing such injuries that they both died within a few
minutes. In 1849 the problem of chlorate gunpowder was again
attacked by Augendre vho invented a white powder made from
potassium chlorate 4 parts, cane sugar 1 part, and potassium
ferrocyanide 1 part. However, no satisfactory propellent powder
for use in guns has yet been made from chlorate. Chlorate
powders are used in toy salutes, maroons, etc., where a sharp
explosion accompanied by noise is desired, and chlorate is used
in primer compositions and in practical high explosives of the
Sprengel type (described above) and in the Cheddites and Silesia
explosives.

Many chlorate mixtures, particularly those which contain sul­
fur, sulfides, and picric acid, are extremely sensitive to blows and
to friction. In the Street explosives, later called Cheddites be­
cause they were manufactured at Chedde in France, the chlorate
is phlegmatized by means of castor oil, a substance which appears
to have remarkable powers in this respect. The French Commis­
sion des Substances Explosives in 1897 commenced its first in­
vestigation of these explosives by a study of those which are
listed below, and concluded 35 that their sensitivity to shock is

I II III
Potassium chlorate ,............... 75.0 74.6 80.0
Picronitronaphthalene 20.0
Nitronaphthalene 5.5 12.0
Starch 14.9
Castor oil 5.0 5.0 8.0

less than that of No.1 dynamite (7570 guhr dynamite) and that
when exploded by a fulminate cap they show a cop.siderable
brisance which however is less than that of dynamite. Later
studies showed that the Cheddites had slightly more force than
No. 1 dynamite, although they were markedly less brisant be­
cause of their lower velocity of detonation. After further experi­
mentation four Cheddites were approved for manufacture :in
France, but the output of the Poudrerie de Vonges where they
were made consisted principally of Cheddites No.1 and No.4.

35 Mem. Poudres, 9, 144 (1897-1898); 11, 22 (1901); 12, 117, 122 (1903­
1904); 13, 144, 282 (1905-1906); 15, 135 (1909--1910); 16, 66 (1911-1912).
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-
o No. 2

ONo.l ONo.l Formula ONo.5
Formula Formula 60 bis M Cheddite

41 60 bis Cheddite No.1
No.4

"

Potassium chlorate.......... 80 80 79 ..
Sodium chlorate............ .. . . .. 79
Nitronaphthalene........... 12 13 1 "

Dinitrotoluene .. : .......... .. 2 15 16
Castor oil .................. 8 5 5 5

The Cheddites are manufactured by melting the nitro com­
pounds in the castor oil at 80 0

, adding little by little the pul­
Y(·!Zed chlorate dried and still warm, and mixing thoroughly.
'rhe mixture is emptied out onto a table, and rolled to a thin
layer which hardens on cooling and breaks up under the roller
and is then sifted and screened.

Sodium chlorate contains more oxygen than potassium chlorate,
but has the disadvantage of being hygroscopic.. Neither salt
ought to be used in mixtures which contain ammonium nitrate
or ammonium perchlorate, for double decomposition might occur
with the formation of dangerous ammonium chlorate. Potassium
chlorate is one of the chlorates least soluble in water, potassium
perchlorate one of the least soluble of the perchlorates. The latter
salt is practically insoluble in alcohol. The perchlorates are in­
trinsically more stable and less reactive than the chlorates, and
are much safer in contact with combustible substances. Unlike
the chlorates they are not decomposed by hydrochloric acid, and
they do not yield an explosive gas when warmed with concen­
trated sulfuric acid. The perchlorates require a higher tempera­
ture for their decomposition than do the corresponding chlorates.

SoLUBILITY: '!ARTS PER 100 PARTS OF WATER

KCIO,

At 0° 3.3
At 100° 56.

NaCIO.

82.
204.

kCIO. NH.CIO.

0.7 12.4
18.7 88.2

Mixtures of aromatic nitro compounds with chlorate are dan­
gerously sensitive unless they are phlegmatized with castor oil
or a similar material, but there are other substances, such as
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rosin, animal and vegetable oils, and petroleum products, which
give mixtures which are not unduly sensitive to shock and friction
and may be handled with reasonable safety. Some of these, such
as Pyrodialyte 86 and the Steelites,a7 were studied by the Commis­
sion des Substances Explosives. The former consisted of 85 parts
of potassium chlorate and 15 of rosin, 2 parts of alcohol being
used during the incorporation. The latter, invented by Everard
Steele of Chester, England, contained an oxidized rosin (residee
in French) which was made by treating a mixture of 90 parts of
colophony and 10 of starch with 42 Be nitric acid. After washing,
drying, and powdering, the residee was mixed with powdered
potassium chlorate, moistened with methyl alcohol, warmed, and
stirred gently while the alcohol was evaporated. Colliery Steelde

STEELITE

No.3
Potassium chlorate 75
Residee......................... 25
Aluminum .
Castor oil .
Moisture "

STEELITE

No.5

83.33
16.67
5.00

STEELITE

No.7
87.50
12.50

COLLIERY

STEELlTE

72.5-75.5
23.5-26.5

0.5-1.0
0-1

passed the Woolwich test for safety explosives and was formerly
on the British permitted list but failed in the Rotherham test. In
Germany the Silesia explosives have been used to some extent.
Silesia No.4 consists of 80 parts of potassium chlorate and 20 of
rosin, and Silesia IV 22, 70 parts of potassium chlorate, 8 of
rosin, and 22 of sodium chloride, is cooled by the addition of the
volatile salt and is on the permissible list.

The Sebomites,as invented by Eugene Louis, contained animal
fat which was solid at ordinary temperature, and were inferior to
the Cheddites in their ability to transmit detonation. Explosifs P
(potasse) and S (soude)39 and the Minelites,4° containing petro­
leum hydrocarbons, were studied in considerable detail by Dau­
triche, some of whose results for velocities of detonation are re­
ported in the table on pages 362-363 where they are compared with

86 Mem. Poudres, 11, 53 (1901).
87 Ibid., 15, 181 (1909--1910).
88 Ibid., 13, 280 (1905-1906); 15, 137 (1909--1910).
89 Ibid., 15, 212 (1909--1910).
40 ibid., 16, 224 (1911-1912).
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his results for Cheddite 60, fourth formulaY His experimental
results 42 illustrate very clearly the principle that there is an
optimum density of loading at which the velocity of detonation
is greatest and that at higher densities the velocity drops and the
detonation is incomplete and poorly propagated. The Cheddite 60,

Potassium chlorate .
Sodium chlorate .
Heavy petroleum oil .
Vaseline .
Paraffin .
Pitch . .

fourth formula, when ignited burns slowly with a smoky flame.
Explosifs P and S and the Minelites burn while the flame of a
Bunsen burner is played upon them but, in general. go out when
the flame is removed. Minelite B, under the designation 0 No.6
B, was used by the French during the first World War in grenades
and mines. A similar explosive containing 90 parts of sodium
chlorate instead of 90 of potassium chlorate was used in grenades
and in trench mortar bombs.

Chlorate explosives which contain aromatic nitro compounds
have higher velocities of detonation and are more brisant than
those whose carbonaceous material is merely combustible. The
addition of a small amount of nitroglycerin increases the velocity
of detonation still farther. Brisant chlorate explosives of this
sort were developed in Germany during the first World War and
were known as Koronit and Albit (Gesteinskoronit, Kohlen­
koronit, Wetteralbit, etc.). They found considerable use for a
time but have now been largely superseded by low-percentage
dynamites and by perchlorate explosives. Two of them, manu­
factured by the Dynamit A.-G., had according to Naoum 43 the
compositions and explosive characteristics which are indicated

41 The composition of this explosive was the same as that which is given
in the table on page 359 as that of 0 No.2, formula 60 bis M, or Cheddite
NO.4.

42 In several cases Dautriche reported temperatures, but the velocity of
detonation appears to be unaffected by such temperature variations as
those between summer and winter.

43 Op. cit., p. 428.
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VELOCITY
DENSITY OF

IN TUBES OF DETONATION,
EXPLOSIVE OF DIAMETER LOADING M,/SEC.

0.62 2137
1.00 3044
1.05 3185
1.36 3621

Explosij P 2O-22mm.
1.48 3475

copper
1.54 Incomplete
0.99 2940
1.24 3457
1.45 3565
1.59 Incomplete

0.95 2752
1.30 3406
1.35 3340

Explosij P paper 29mm. 0.90 2688
1.21 3308
1.36 3259
1.41 Incomplete

0.88 2480
1.25 2915
0.81 2191
0.92 2457

Explosij S copper 2O-22mm. 1.33 2966
1.45 2940
1.54 2688
1.56 Incomplete
1.58 Incomplete

roo
2335

1.16 2443
Explosij S paper 29mm. 1.29 2443

1.39 Incomplete
1.47 Incomplete

r"
3099

Cheddite 60
1.62 2820

4th formula
copper 2O-22mm. 0.84 2457

1.39 3045
1.48 3156

r 2774
Cheddite 60

29mm.
1.31 2915

4th formula
paper

1.40 2843
1.50 Incomplete
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0.87 2800
0.99 2930
1.17 3125
1.24 3235
1.38 Incomplete
1.52 Incomplete

Minelite A
2O-22mm.

0.89 2435
in powder

copper
0.95 2835
1.20 3235
1.39 3125
1.45 Incomplete
0.87 2395
1.27 3355
1.39 Incomplete

roo
2670

1.19 2835
Minelite A

29mm.
1.25 Incomplete

in powder
paper

1.28 Incomplete
1.19 2895
1.24 Incomplete
0.87 2150
1.12 2415
1.20 2550
1.29 3025

Minelite A
2O-22mm.

1.33 2480
in grains

copper
1.35 Incomplete
1.30 2895
0.85 2100

l1.l7 2415
1.27 2750
0.97 2350
1.07 2895
1.24 3235
1.33 3090
1.45 Incomplete
1.57 Incomplete

Minelite B
20-22mm.

1.00 2925
in powder copper

1.12 2925
1.26 3165
1.02 2585
1.14 2910
1.30 3180
1.41 Complete
1.38 3160

Minelite C f.28
3125

in powder copper 2O-22mm. 1.37 Incomplete
1.48 Incomplete
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below. It is interesting that the explosive which contained a small
amount of nitroglycerin was more brisant, as well as softer and
more plastic, and less sensitive to shock, to friction, and to initi­
ation than the drier explosive which contained no nitroglycerin.
It required a No.3 blasting cap to explode it, but the material
which contained no nitroglycerin was exploded by a weak No. 1.

Sodium chlorate .
Vegetable meal .
Di- and trinitrotoluene .
Paraffin .
Nitroglycerin .

Heat of explosion, Cal./kg. . .
Temperature of explosion .
Velocity of detonation, m./sec .
Density of cartridge .
Lead block expansion .
Lead block crushing .

GESTEINS­

KORONIT

Tl
72.0
1.0-2.0

20.0
3.0-4.0
3.0-4.0

1219.0
3265.0°
5000.0

1.57
290.0cc.

20.0mm.

GESTEINB­

KORONIT

T2
75.0
1.0-2.0

20.0
3.0-4.0

1241.0
3300.0°
4300.0

-1.46
280.0cc.

19.5mm.

During the first WorId Warwhen Germany needed to conserve
as much as possible its material for military explosives, blasting
explosives made from perchlorate came into extensive use. The
Germans had used in their trench mortar bombs an explosive,
called Perdit, which consisted of a mixture of potassium per­
chlorate 56%, with dinitrobenzene 32% and dinitronaphthalene
12%. After the War, the perchlorate recovered from these bombs
and that from the reserve stock came onto the market, and
perchlorate explosives, Perchlorit, Perchloratit, Persalit, Per­
koronit, etc., were used more widely than ever. The sale of these
explosives later ceased because the old supply of perchlorate
became exhausted and the new perchlorate was too high in price.
Each of these explosives required a No. 3 cap for its initiation.
Perchlorate explosives in general are somewhat less sensitive to
initiation than chlorate explosives. A small amount of nitroglycerin
in perchlorate explosives plays .a significant part in propagating
the explosive wave and is more important in these compositions
than it is in ammonium nitrate explosives. NaoUm 44 reports the
following particulars concerning two of the Perkoronites.

44 Gp. cit., p. 430.
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PERKORONIT A PERKORONIT B

potassium perchlorate .
Ammonium nitrate .
Di- and trinitrotoluene, vegetable meaL .
Nitroglycerin .

Heat of explosion, Cal./kg. . .
Temperature of explosion .
Velocity of detonation, m./sec .
Density of cartridge .
Lead block expansion .
Lead block crushing .

58
8

30
4

1170.0
3145.0°
5000.0

1.58
340.0 cc.
20.0 mm.

59
10
31

1160.0
3115.0°
4400.0

1.52
330.0 cc.

18.0 mm.

Potassium perchlorate and ammonium perchlorate permissible
explosives, cooled by means of common salt, ammonium oxalate,
etc., and containing either ammonium nitrate or alkali metal
nitrate with or without nitroglycerin, are used in England,
Belgium, and elsewhere. They possess no novel features beyond
the explosives already described. Explosives containing am­
monium perchlorate yield fumes which contain hydrogen chloride.
Potassium perchlorate produces potassium chloride.

Early in the history of these explosives the French Commission
des Substances Explosives published a report on two ammonium
perchlorate Cheddites.45 The manufacture of these explosives,

I II
Ammonium perchlorate 82 50
Sodium nitrate 30
Dinitrotoillene 13 15
Castor oil 5 5

however, was not approved for the reason that the use of castor
oil for phlegmatizing was found to be unnecessary. Number I
took fire easily and burned in an I8-mm. copper gutter at a rate
of 4.5 mm. per second, and produced a choking white smoke.
Cheddite 60, for comparison, burned irregularly in the copper
gutter, with a smoke which was generally. black, at a rate of
0.4-0.5 mm. per second. Number II took fire only with the great­
est difficulty, and did not maintain its own combustion. The
maximum velocities of detonation in zinc tubes 20 mm. in diam­
eter were about 4020 meters per second for No. I and about
3360 for No. II.

45 Mem. poudres, 14. 206 (1907-1908).
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II

61.5
30.0

8.5

I
Ammonium perchlorate 86
Sodium nitrate . .
Paraffin 14

The Commission published in the same report a number of
interesting observations on ammonium perchlorate. Pieces of cot­
ton cloth dipped into a solution of ammonium perchlorate and
dried were found to burn more rapidly than when similarly
treated with potassium chlorate and less rapidly than when
similarly treated with sodium chlorate. Ammonium perchlorate
inflamed in contact with a hot wire and burned vigorously with
the production of choking white fumes, but the combustion ceased
as soon as the hot wire was removed. Its sensitivity to shock, as
determined by the drop test, was about the same as that of picric
acid, but its sensitivity to initiation was distinctly less. A 50-em.
drop of a 5-kilogram weight caused explosions in about 50ro of
the trials. A cartridge, 16 em. long and 26 mm. in diameter, was
filled with ammonium perchlorate gently tamped into place
(density of loading about 1.10) and was primed with a cartridge
of the same diameter containing 25 grams of powdered picric
acid (density of loading about 0.95) and placed in contact with
one end of it. When the picric acid booster was exploded, the
cartridge of perchlorate detonated only for about 20 mm. of its
length and produced merely a slight and decreasing furrow in the
lead plate on which it was resting. When a booster of 75 grams of
picric acid was used, the detonation was propagated in the per­
chlorate for 35 mm. The temperature of explosion of ammonium
perchlorate was calculated to be 1084°.

The French used two ammonium perchlorate explosives during
the first WorId War.

The first of these was used in 75-mm. shells, the second in 58-mm.
trench mortar bombs.

Hydrazine perchlorate melts at 131-132°, burns tranquilly, and
explodes violently from shock.

Guanidine perchlorate is relatively stable to heat and to me­
chanical shock but possesses extraordinary explosive power and
sensitivity to initiation. Naoum 46 states that it gives a lead block
expansion of about 400 cc. and has a velocity of detonation of
about 6000 meters per second at a density of loading of 1.15.

46 Naoum, "Schiess- und Sprengstoffe," Dresden and Leipzig, 1927, p. 137.
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20

5

10
20

NTN NDNT N2TN
80 85 50

30
30

NT
70

NX
Ammonium nitrate 77
Sodium nitrate . .
Trinitrotoluene . . . . . . . . . . . . . .
Trinitroxylene . . . . . .. 23
Dinitronaphthalene . .
Trinitronaphthalene . .

Ammonium Nitrate Military Explosives

The Schneiderite (Explosif S or Sc) which the French used
during the first World War in small and medium-size high­
explosive shells, especially in the 75 rum., was made by incorpo­
rating 7 parts of ammonium nitrate and 1 of dinitronaphthalene
in a wheel mill, and was loaded by compression. Other mixtures,
made in the same way, were used in place of Schneiderite or as a
substitute for it.

Amatol, developed by the British during the first World War,
is made by mixing granulated ammonium nitrate with melted
trinitrotoluene, and pouring or extruding the mixture into the
shells where it solidifies. The booster cavity is afterwards drilled
out from the casting. The explosive can be cut with a hand saw.
It is insensitive to friction and is less sensitive to initiation and
more sensitive to impact than trinitrotoluene. It is hygroscopic,
and in the presence of moisture attacks copper, brass, and bronze.

Amatol is made up in various proportions of ammonium nitrate
to trinitrotoluene, such as 50/50, 60/40, and 80/20. The granu­
lated, dried, and sifted ammonium nitrate, warmed to about 90 0

,

is added to melted trinitrotoluene at about 900
, and the warm

mixture, if 50/50 or 60/40, is ladled into the shells which have
been previously warmed somewhat in order that solidification
may not be too rapid, or, if 80/20, is stemmed or extruded into
the shells by means of a screw operating within a steel tube.
Synthetic ammonium nitrate is preferred for the preparation of
amatol. The pyridine which is generally present in gas liquor and
tar liquor ammonia remains in the ammonium nitrate which is
made from these liquors and causes frothjng and the formation
of bubbles in the warm amatol-with the consequent probability
of cavitation in the charge. Thiocyanates which are often present
in ammonia from the same sources likewise cause frothing, and
phenols if present tend to promote exudation.

The velocity of detonation of TNT-ammonium nitrate mix­
tures decreases regularly with increasing amounts of ammonium
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nitrate, varying from about 6700 meters per second for TNT to
about 4500 meters per second for 80/20 amatol. The greater the
proportion of ammonium nitrate the less the brisance and th~

greater the heaving power of the amatol. 50/50 Amatol does not
contain oxygen enough for the complete combustion of its tri­
nitrotoluene, and gives a smoke which is dark colored but less,
black than the smoke from straight TNT. 80/20 Amatol is leS8
brisant than TNT. It gives an insignificant white smoke. Smoke
boxes are usually loaded with 80/20 amatol in order that the
artilleryman may observe the bursting of his shells. The best
smoke compositions for this purpose contain a large proportion
of aluminum and provide smoke by day and a brilliant flash of
light by night.

The name of ammonal is applied both to certain blasting explo­
sives which contain aluminum and to military explosives, based
upon ammonium nitrate, which contain this metal. Military am­
monals are brisant and powerful explosives which explode with
a bright flash. They are hygroscopic, but the flake aluminum
which they contain behaves somewhat in the manner of the
shingles on a roof and helps materially to exclude moisture. At
the beginning of the first World War the Germans were using
in major caliber shells an ammonal having the first of the com­
positions listed below. After the War had advanced and TNT

GERMAN

I
Ammonium nitrate , 54
Trinitrotoluene . . . . . . . . . . . .. 30
Aluminum flakes ~...... 16
Stearic acid . .

AMMONAL FRENCH

II AMMONAL

72 86
12
16 8

6

had become more scarce, ammonal of the second formula waf
adopted. The French also used ammonal in major caliber shells
during the first World War. All three of the above-listed explo­
sives were loaded by compression. Experiments have been tried
with an ammonal containing ammonium thiocyanate; the mix­
ture was melted, and loaded by pouring but was found to be
unsatisfactory because of its rapid decomposition. Ammonal
yields a flame which is particularly hot, and consequently gives
an unduly high result in the Trauzl lead block test.



CHAPTER VIII

NITROAMINES AND RELATED SUBSTANCES

The nitroamines are substituted ammonias, substances in which
a nitro group is attached directly to a trivalent nitrogen atom.
They are prepared in general either by the nitration of a nitrogen
base or of one of its salts, or they are prepared by the splitting
off of water from the nitrate of the base by the action of con­
centrated sulfuric acid upon it. At present two nitroamines are
of particular interest to the explosives worker, namely, nitro­
guanidine and cyclotrimethylenetrinitramine (cyclonite). Both
are produced from synthetic materials which have become avail­
able in large commercial quantities only since the first WorId
War, the first from cyanamide, the second from formaldehyde
from the oxidation of synthetic methyl alcohol.

Nitroamide (Nitroamine)

Nitroamide, the simplest of the nitroamines, is formed by the
action of dilute acid on potassium nitrocarbamate, which itself
results from the nitration of urethane and the subsequent. hy­
drolysis of the nitro ester by means of alcoholic potassium
hydroxide.

NHr-COOC2H6 NOr-NH-COOK NH2-N02 + CO2

~ /? ~ /
NO.-NH-COOC2H6 [NOr-NH-COOHI

Nitroamide is strongly acidic, a white crystalline substance, melt­
ing at 72-73 0 with decomposition, readily ·soluble in water, alco­
hol, and ether, and insoluble in petroleum ether. It explodes on
contact with !loncentrated sulfuric acid. The pure material de­
Composes slowly on standing, forming nitrous oxide and water;
it cannot be preserved for more than a few days. When an
aqueous solution of nitroamide is warmed, gas bubbles begin to

369
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come off at about 60-65°, and decomposition is complete after
boiling for a short time.

The solution which results when ammonium nitrate is dis­
solved in a large excess of concentrated sulfuric acid evidently
contains nitroamide.1 If the solution is warmed directly, no nitric
acid distils from it but at about 150° it gives off nitrous oxide
which corresponds to the dehydration of the nitroamide by the
action of the strong acid. The nitroamide moreover, by the action
of the same acid, may be hydrated to yield nitric acid, slowly if
the solution is digested at 90° to 120°, under which conditions
the nitric acid distils out, and rapidly at ordinary temperature
in the nitrometer where mercury is present which reacts with the
nitric acid as fast as it is formed.

{
minus HzO ---> N 20

NH,·HON02 minus H 20 ---> NUI-N02 .

plus H 20 ---> NHs+ HONO.

The two reactions, hydration and dehydration, or, more exactly,
the formation of nitrous oxide and of nitric acid, are more or less
general reactions of the substituted nitroamines. The extent to
which one or the other occurs depends largely upon the groups
which are present in the molecule. Thus, tetryl on treatment with
concentrated sulfuric acid forms nitric acid, and it gives up one
and only one of its nitro groups in the nitrometer, but the reac­
tion is not known by which nitrous oxide is eliminated from it.
Methylnitramine, on the other hand, gives nitrous oxide readily
enough but shows very little t~ndency to produce nitric acid.

Solutions of nitrourea and nitroguanidine in concentrated sul­
furic acid contain actual nitroamide, and these substances give
up their nitro group nitrogen in the nitrometer. Nitroamide has
been isolated 2 both from an aqueous solution of nitrourea and
from a solution of the same substance in concentrated sulfuric
acid.

NH.-co-NH-NO. ;::::: HNCO + NH,-N02

The reaction is reversible, for nitroamide in aqueous solution
combines with cyanic acid to form Ritrourea.

1 Davis and Abrams, J. Am. Chern. Soc., 47, 1043 (1925).
2Davis and Blanchard, J. Am. Chern. Soc., 51, 1790 (1929).
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Methylnitramine
Methylnitramine is produced when aniline reacts with tetryl

in benzene solution, and when ammonia water or barium hydrox­
ide solution acts upon dinitrodimethyloxamide. The structure of
tetryl was first proved by its synthesis from picryl chloride and
the potassium salt of methylnitramine.

Methylnitramine is a strong monobasic acid, very readily
soluble in water, alcohol, chloroform, and benzene, less soluble
in ether, and sparingly soluble in petroleum ether. It crystallizes
from ether in flat needles which melt at 38°. It is not decomposed
by boiling in aqueous solution even in the presence of an excess
of alkali. On distillation it yields dimethylnitramine, m.p. 57°,
methyl alcohol, nitrous oxide and other products. Methylnitra­
mine owes its acidity to the fact that it is tautomeric.

Dimethylnitramine, in which there is no hydrogen atom attached
to the atom which carries the nitro group, cannot tautomerize,
and is not acidic.

Methylnitramine decomposes explosively in contact with con­
centrated sulfuric acid: If the substance is dissolved in water, and
if concentrated sulfuric acid is added .little by little until a con­
siderable concentration is built up, then the decomposition pro­
ceeds more moderately, nitrous oxide is given uff, and dimethyl
ether (from the methyl alcohol first formed) remains dissolved
in the sulfuric acid. The same production of nitrous oxide occurs
even in the nitrometer in the presence of mercury. If methyl­
nitramine and a small amount of phenol are dissolved together
in water, and if concentrated sulfuric ·acid is then added little by
little, a distinct yellow color shows that a trace of nitric acid has
been formed. The fact that methylnitramine gives a blue color
with the diphenylamine reagent shows the same thing.

Methylnitramine is conveniently prepared 3 by nitrating
methylurethane with absolute nitric acid, drowning in water,
neutralizing with sodium carbonate, extracting with ether, and

II Franchimont and Klobbie, Rec. trav. chim., 7, 354 (1887),
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then passing ammonia gas into the ether solution of methyl­
nitrourethane,

iHTNH
2

I

CH,-NH-COOC2H& CHa-~~,~OOC2H&+ NH s

~ NO,', \

CHa-N-COOCsH/ CHa-NH-NOs·NH a

~02 / /H
CHa-N,

NOs

A white crystalline precipitate of the ammonium salt of methyl­
nitramine is deposited. This is dissolved in alcohol, and the
solution is boiled-whereby ammonia is driven off-and con­
centrated to a small volume. The product is procured by com­
pleting the evaporation in a vacuum desiccator over sulfuric acid.

The heavy metal salts of methylnitramine are primary explo­
sives, but have not been investigated extensively.

Urea Nitrate

Although urea has the properties of an amide (carbamide)
rather than those of an amine, it nevertheless acts as a monoacid
base in forming salts among which the nitrate and the oxalate
are noteworthy because they are sparingly soluble in cold water,
particularly in the presence ofan excess of the corresponding
acid. The nitrate, white monoclinic prisms which melt at 1520

with decomposition, is procured by adding an excess of nitric
acid (1.42) to a strong aqueous solution of urea. The yield is
increased if the mixture i~ chilled and allowed to stand for a
time. Urea nitrate is stable and not deliquescent. It has interest
as a powerful and cool explosive, but suffers from the disadvan­
tage that it is corrosively acidic in the presence of moisture.

Pure urea is manufactured commercially by pumping ammonia
and carbon dioxide into an autoclave where they are heated
together under pressure while more of each gas is pumped in.
Ammonium carbamate is formed at first, this loses water from
its molecule to form urea, and the autoclave finally becomCl\
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filled with a strong solution of urea which is drawn off and
crystallized.

2NHa + COa ---> NHa·HO-CO-NHa ---> HaO + NH,.--CO-NHa

Urea is sometimes incorporated in blasting explosives for the
purpose of lowering the temperature of explosion. Its use as a
stabilizer has already been mentioned.

Nitrourea
Nitrourea is a cool but powerful explosive, and would be use­

ful if it were not for the fact that it tends to decompose spon­
taneously in the presence of moisture. The mechanism of its
reactions is the same as that of the reactions of nitroguanidine,
which differs from it in containing an >NH group where nitro­
urea contains a >CO, but the reactions of nitrourea are very
much more rapid. The nitro group promotes the urea dearrange­
ment, so that nitrourea when dissolved in water or when warmed
breaks down into cyanic acid and nitroamide much more readily
than urea breaks down under like conditions into cyanic acid
and ammonia. The imido group in place of the carbonyl hinders
itl guanidine dearranges less readily than urea, and nitroguani­
dine is substantially as stable as urea itself.

Nitrourea is prepared by adding dry urea nitrate (200 grams)
in small portions at a time with gentle stirring to concentrated
sulfuric acid (1.84) (300 cc.) while the temperature of the mix­
ture is kept below 0°. The milky liquid is poured without delay
into a mixture of ice and water (1 liter) , the finely divided white
precipitate is collected on a filter, sucked as dry as may be, and,
without washing, is immediately dissolved while still wet in boil­
ing alcoho1.4 The liquid on cooling deposits pearly leaflets of
nitrourea. It is chilled and filtered, and the crystals are rinsed
with cold alcohol and dried in the air. The product, which melts
at 146° to 153° with decomposition, is sufficiently pure for use
in synthesis, and may be preserved for several years unchanged
in hard glass bottles. If slightly moist nitrourea is allowed to
stand in contact with soft glass, that is, in contact with a trace

4 The product at this point contains acid enough to prevent it from
decomposing in boiling alcohol. For a second recrystallization it is unsafe
to heat the alcohol above 60°.
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of alkali, it decomposes completely within a short time forming
water, ammonia, nitrous oxide, urea, biuret, cyanuric acid, etc.
Pure nitrourea, recrystallized from benzene, ether, or chloro­
form, in which solvents it is sparingly soluble, melts with decom­
position at 158.4-158.8°.

In water and in. hydrophilic solvents nitrourea dearranges
rapidly into cyanic acid and nitroamide. Alkalis promote the
reaction. If an aqueous solution of nitrourea is warmed, bubbles
of nitrous oxide begin to come off at about 60°. If it is allowed to
stand over night at room temperature, the nitrourea disappears
completely and the liquid is found to be a solution of cyanic acid.
Indeed, nitrourea is equivalent to cyanic acid for purposes of
synthesis. It reacts with alcohols to form carbamic esters
(urethanes) and with primary and second amines to form mono­
and unsym-di-substituted ureas.

Guanidine Nitrate
Guanidine nitrate is of interest to us both as an explosive itself

and a component of explosive mixtures, and as an intermediate
in the preparation of nitroguanidine. All other salts of guanidine
require strong mixed acid to convert them to nitroguanidine, but
the nitrate is converted by dissolving it in concentrated sulfuric
acid and pouring the solution into water.

Guanidine is a strong monoacid base, indistinguishable from
potassium hydroxide in an electrometric titration. There is con­
siderable evidence 5 which indicates that the charge of the guani­
donium ion resides upon its carbon atom.

NH1

I
NHr-C

JH
Guanidine

NH2

I
+H+ ~ NHr-C+

I
NH2

Guanidonium ion

Guanidine itself is crystalline, deliquescent, and strongly caustic,
and takes up carbon dioxide from the air.

Guanidine was first obtained by Strecker in 1861 by the oxida­
tion with hydrochloric acid and potassium chlorate of guanine
(a substance found in guano and closely related to uric acid).

II Davis, Yelland, and Ma, J. Am. Chern. Soc., 59, 1993 (1937).
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Guanidine or its salts may be prepared, among other ways, by
the interaction. (1) of orthocarbonic ester or (2) of chloropicrin

1. CCla·N02+ 3NHa ----l> NH2-C(NH)-NH2+ HN02+ 3HCl

2. C(OCJI5)' + 3NHa ----l> NH2-C(NH)-NH2+ 4C2H5-0H

with aqueous ammonia at 1500
, by the interaction (3) of carbon

tetrabromide with ·alcoholic ammonia in a sealed tube at 1000
,

3. CBr, + 3NHa -----l> NH.--C(NH)-NH2 + 4HBr

by the interaction (4) of cyanogen iodide with alcoholic ammonia
in a sealed tube at 1000

, whereby cyanamide and ammonium
iodide are formed first and then combine with one another to

4. I-C==N + 2NHa ----l> NH,.--C N + NHa·HI ----l>

NH.--C(NH)-NH.·HI

form guanidine iodide, by the combination (5) of cyanamide,
already prepared, with an ammonium salt by heating the mate­
rials with alcohol in a sealed tube at 1000

, and (6) by heating

6. NH,NCS ~ NHa + HNCS ~ NH.--CS-NH2~ NH.--C-N + H:S

NH,NCS + NH.--C=N ----l> NH.--C(NH)-NH2·HNCS

ammonium thiocyanate at 170-1900 for 20 hours, or until hydro­
gen sulfide no longer comes off, whereby the material is con­
verted into guanidine thiocyanate. The reaction depends upon
the fact that the ammonium thiocyanate is in part converted into
thiourea, and that this breaks down into hydrogen sulfide, which
escapes, and cyanamide which combines with the unchanged
ammonium thiocyanate to form the guanidine salt. The yield
from this process is excellent.

For many years guanidine thiocyanate was the most easily
prepared and the most commonly used of the salts of guanidine.
Other salts were made from it by metathetical reactions. Nitro­
guanidine, prepared from the thiocyanate by direct nitration with
mixed acids, was found to contain traces (}f sulfur compounds
which attacked nitrocellulose and affected the stability of smoke­
less powder, and this is one of the reasons why nitroguanidine
powders did not come into early use. Guanidine thiocyanate is
deliquescent. Strong solutions of it dissolve filter paper.
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Cyanamide itself is not a suitable raw material for the prepa­
ration of guanidine salts, for it is difficult to prepare and to
purify, and it polymerizes on keeping. The evaporation of ail
aqueous solution of cyanamide yields the dimer, dicyandiamide,
and the heating, or even the long keeping, of the dry substance
produces the trimer, melamine.

NH2-C(NH)-NH-e N NH
/ Dicyandiamide ~

/"'-
/

NH NH
I I

NH.-e-N -------------> HN=C C-NH
Cyanamide "'- /

NH
Melamine

Cyanamide, colorless crystals, m.p. 40°, i~ readily :!oluble in
water, alcohol, and ether. An aqueous solution of cyanamide gives
a black precipitate of copper cyanamide with ammoniacal copper
sulfate solution, and a yellow precipitate of silver cyanamide
with ammoniacal silver nitrate. The precipitates are almost
unique among the compounds of copper and silver in the resp.ect
that they are insoluble in ammonia water.

Before the development of the cyanamide process for the fixa­
tion of nitrogen, cyanamide was prepared by the interaction of
cyanogen chloride er bromide (from the action of the halogen
on potassium cyanide) with ammonia in water or ether solution.

KCN + Cl. ---> KCl + Cl-CN

2NHs + Cl-eN ---> NH,Cl + NH2-CN

If the reaction, say, with cyanogen chloride, is carried out in
ether solution, ammonium chloride precipitates and is filtered
off, and the cyanamide is procured as a syrup by allowing the
ether solution to evaporate spontaneously and later as crystals
by allowing the syrup to stand over sulfuric acid in a desiccator.
Cyanamide may also be prepared by removing the component
atoms of hydrogeIi sulfide from thiourea by means of mercuric
oxide. Thionyl chloride effects the corresponding removal of water
from urea.

NHr-CS-NH2minus H 2S (HgO) ----> NHr-CN + HgS + H20

NHr-Co-NH2 minus H20 (Cl.SO) ----> NH.-CN + S02 + 2HCl
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The cyanamide process has made cyanamide and its denva­
tives more easily available for commercial synthesis. Coke and
limestone are heated together in the electric furnace for the pro­
duction of calcium carbide. This substance, along with a small
amount of calcium chloride which acts as a catalyst, is then
heated at 800-1000° in a stream of nitrogen gas.

C
2CaCOa + 5C ----> 2ca<g + 3COz

C
Ca<~ + Nz ---> CaNCN + C

The resulting dark-colored mixture of calcium cyanamide and
carbon is known as lime nitrogen (KalkstickstofJ) and is used in
fertilizers. If steam is passed through it, it yields ammonia.

CaNCN + 3H20 (steam) ----> CaCOa + 2NHa

Water, whether cool or warm, produces some cyanamide, which
is readily soluble, and some calcium hydrogen cyanamide, white,
microcrystalline, and sparingly soluble, but water plus acid for
the removal of the calcium (sulfuric acid, oxalic acid, or carbon
dioxide) yields a solution of cyanamide which is directly appli­
cable for use in certain reactions.

NH-CN
2CaNCN + 2HzO ----> Ca(OH)z + Ca<

NH-CN
NH-CN

Ca< + COz + HzO ----> CaCOa + 2NH.-GN
NH-CN

On hydrolysis with dilute sulfuric acid it yields urea. On treat­
ment with ammonium sulfide it prefers to react with the hydrQgen
sulfide part of the molecule to form thiourea, not with the am­
monia part to form guanidine, and the reaction is the commercial
Source of many tons of thiourea for the rubber industry. On
evaporation for crystals, the solution yields dicyandiamide which
constitutes a convenient source for the preparation of guanidine
nitrate.

Dicyandiamide· crystallizes from water in handsome flat needles
or plates which melt at 208.0-208.1 0 and decompose if heated
slightly above the melting point. A saturated aqueous solution
contains-
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TEMPERATURE, °C.
o

10
20
30
40
50
60
70
80
90

100

GRAMS

PER 100 CC.

OF SOLUTION

1.3
2.0
3.4
5.0
7.6

11.4
16.1
22.5
30.0
37.9
46.7

The preparation of guanidine nitrate from dicyandiamide by
the action of aqua regia has been patented,6 but the reaction
evidently depends solely upon the hydrolysis of the cyan group
and does not require the use of a vigorous oxidizing agent.
Marqueyrol and Loriette in a French patent of September 26,
1917, described a process for the preparation of nitroguanidine
direct .from dicyandiamide without the isolation of any inter~

mediate products. The process depends upon the hydrolysis of
the dicyandiamide by means of 61%sulfuric acid to form guanyl­
urea or dicyandiamidine (sulfate) which is then further hydro.
lyzed to form carbon dioxide, which escapes, and guanidine and
ammonia, which remain in the reaction mixture in the form of
sulfates.

NHr-C(NH)-NH-CN + H20 --->
Dicyandiamide

NH~(NH)-NH-CO-NH2+ H20 --->
Guanylurea

NH,.--C(NH)-NH2 + CO2+NHa
Guanidine

The guanidine sulfate, without removal from the mixture; is then
nitrated to nitroguanidine. 7 The process yields a nitroguanidine
which is suitable for use in nitrocellulose powder, but it suffers
from the disadvantages that the dicyandiaInide, which corre­
sponds after all to two molecules of cyanamide, yields in theory

6 Ulpiani, Ger. Pat. 209,431 (1909).
7 The procedure, under conditions somewhat different from those de­

scribed in the patent, is illustrated by our process for the preparation of
~-nitroguanidine; see page 383.
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only one molecular equivalent of guanidine, that the actual yield
is considerably less than the theory because of the loss of guani­
dine by hydrolysis to carbon dioxide and ammonia, and that
the final nitration of the guanidine sulfate, which is carried out
in the presence of water and of ammonium sulfate, requires
strong and expensive mixed acid.

Werner and Bell 8 reported in 1920 that dicyandiamide heated
for 2 hours at 1600 with 2,mols of ammonium thiocyanate gives
2 mols of guanidine thiocyanate in practically theoretical yield.
Ammonium thiocyanate commends itself for the reaction because
it is readily fusible. The facts suggest that another fusible am­
monium salt might work as well, ammonium nitrate melts at
about 1700

, and, of all the salts of guanidine, the nitrate is the
one which is most desired for the preparation of nitroguanidine.
When dicyandiamide and 2 mols of ammonium nitrate are mixed
and warmed together at 1600

, the mixture first melts to a color­
less liquid which contains biguanide (or guanylguanidine) ni­
trate, which presently begins to deposit crystals of guanidine
nitrate, and which after 2 hours at 1600 solidifies completely to
a mass of that substance.9 The yield is practically theoretical.
The reaction consists, first, in the addition of ammonia to the
cyan group of the dicyandiamide, then in the ammoniolytic split­
ting of the biguanide to form two molecules of guanidine.

NH.-C(NH)-NH-eN + NHa·HNOa--->
Dicyandiamide

NH2-C(NH)-NH-C(NH)-NH.·HNOa +NHa·HNOa--->
Biguanide nitrate

2NH.-e(NH)-NH2 •HNOa
Guanidine nitre.te

The nitric acid of the original 2 mols of ammonium nitrate is
exactly sufficient fOf the formation of 2 mols of guanidine nitrate.
But the intermediate biguanide is a strong diacid base; the am­
monium nitrate involved in its formation supplies only one equiv­
alent of nitric acid; and there is a point durIng the early part
of the process when the biguanide mononitrate tends to attack
the unchanged ammonium nitrate and to liberate ammonia from
it. For this reaSOR the process works bestH a small excess of

8 J. Chern. Soc., 118, 1133 (1920).
9 Davis, J. Am. Chern. Soc., 43, 2234 (1921); Davis, U. S. Pat. 1,440,063

(1922), French Pat. 539,125 (1922).
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ammonium nitrate is used. The preparation may be carried out
by heating the materiais together either in the dry state or in an
autoclave in the presence of water or of alcohol.

Guanidine nitrate is not deliquescent. It is readily soluble in
alcohol, very readily in water, and may be recrystallized from
either solvent. The pure material melts at 215-216°.

Preparation of Guanidine Nitrate. An intimate mixture of 210 grams
of dicyandiamide and 440 grams of ammonium nitrate is placed in a
1 liter round-bottom flask, and the flask is arranged for heating ill an
oil bath which has a thermometer in the oil. The oil bath is warmed
until the thermometer indicates 160°, and the temperature is held at
this point for 2 hours. At the end of that time the flask is removed
and allowed to cool, and its contents is extracted on the steam bath
by warming with successive portions of water. The combined solution
is filtered while hot for the removal of white insoluble material (am­
meline and ammelide), concentrated to a volume of about a liter, and
allowed to crystallize. The mother liquors are concentrated to a volume
of about 250 cc. for a second crop, after the removal of which the
residual liquors are discarded. The crude guanidine nitrate may be
recrystallized by dissolving it in the least possible amount o.f boiling
water and allowing to cool, etc., or it may be dried thoroughly and
used directly for the preparation of nitroguanidine. A small amount
of ammonium nitrate in it does not interfere with its conversion to
nitroguanidine by the action of concentrated sulfuric acid.

Nitroguanidine

Nitroguanidine exists in two forms. lO The a-form invariably
results when guanidine nitrate is dissolved in concentrated sul­
furic and the solution is poured into water. It is the form which
is commonly used in the explosives industry. It crystallizes from
water in long, thin, flat, flexible, lustrous needles which are tough
and extremely difficult to pulverize; N a = 1.518, N Ii = a little
greater than 1.668, Nor = greater than 1.768, double refraction
0.250. When a-nitroguanidine is decomposed by heat, a certain
amount of ,B-nitroguanidine is found among the products.

,B-Nitroguanidine is produced in variable amount, usually along
with some of the a-compound, by the nitration of the mixture
of guanidine sulfate and ammonium sulfate which results from
the hydrolysis of dicyandiamide by sulfuric acid. Conditions have

10 Davis, Ashdown, and Couch, J. Am. Chern. Soc., 47, 1063 (1925).
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been found, as described later, which have yielded exclusively
the .a-compound in more than thirty trials. It crystallizes from
water in fernlike clusters of small, thin, elongated plates; N

a
=

1.525, NIJ not determined, N'Y == 1.710, double refraction 0.185.
It is converted into the a-compound by dissolving in concentrated
sulfuric acid and pouring the solution into water.

Both a- and .a-nitroguanidine, if dissolved in hot concentrated
nitric acid and allowed to crystallize, yield the same nitrate,
thick, rhomb-shaped prisms which melt at 1470 with decomposi­
tion. The nitrate loses nitric acid slowly in the air, and gives
a-nitroguanidine when recrystallized from water. Similarly, both
forms recrystallized from strong hydrochloric acid yield a hydro­
chloride which crystallizes in needles. These lose hydrogen chlo­
ride rapidly in the air, and give a-nitroguanidine when recrystal­
lized from water. The two forms are alike in all their chemical
reactions, in their derivatives and color reactions.

Both forms of nitroguanidine melt at 232 0 if the temperature
is raised with moderate slowness, but by varying the rate of heat­
ing melting points varying between 220 0 and 2500 may be
obtained.

Neither form can be converted into the other by solution in
water, and the two forms can be separated by fractional crystal­
lization from this solvent. They appear to differ slightly in their
solubility in water, the two solubility curves lying close together
but apparently crossing each other at about 25 0

, where the solu­
bility is about 4.4 grams per liter, and again at about 1000

,

where the solubility is about 82.5 grams per liter. Between these
temperatures the .a-form appears to be the more soluble.

Preparation of u-Nitroguanidine. Five hundred cc. of concentrated
sulfuric acid in a I-liter beaker is cooled by immersing the beaker in
cracked ice, and 400 grams of well-dried guanidine nitrate is added in
small portions at a time, while the mixture is stirred with a ther­
mometer and the temperature is not all.owed to rise above 10 0

• The
guanidine nitrate dissolves rapidly, with very little production of heat,
to fOl'm a milky solution. As soon as all crystals have disappeared,
the milky -liquid is poured into 3 liters of cracked ice and water, and
the mixture is allowed to stand with chilling until precipitation and
crystallization are complete. The product is collected on a filter, rinsed
with water for the removal of sulfuric acid, dissolved in boiling water
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(about 4 liters), and allowed to crystallize by standing over night
Yield 300-310 grams, about 90% of the theory.

The rapid cooling of a solution of a-nitroguanidine produces
small needles, which dry out to a fluffy mass but which are stilJ
too coarse to be incorporated properly in colloided powder. An

FIGURE 89. a-Nitroguanidine (25X). Small crystals from the rapid coolin,
of a hot aqueous solution.

extremely fine powder may be procured by the rapid cooling of
a mist or spray of hot nitroguanidine solution, either by spray"
ing it against a cooled surface from which the material is re­
moved continuously, or by allowing the spray to drop through
a tower up which a counter current of cold air is passing.

Preparation of fJ-Nitroguanidine. Twenty-five cc. of 61% aqueous
sulfuric acid is poured upon 20 grams of dicyandiamide contained in a
300-cc. round-bottom flask equipped with a reflux condenser. The mix­
ture warms up and froths considerably. After the first vigorous reac~

tion has subsided, the material is heated for 2 hours in an oil bath at
140° (thermometer in the oil). The reaction mass, chilled in a freenng
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mixture, is treated with ice-cold nitrating acid prepared by mlXIDg
20 cc. of fuming nitric acid (1.50) with 10 cc. of concentrated sulfuric
acid (1.84). After the evolution of red fumes has stopped, the mixture
is heated for 1 hour in the boiling-water bath, cooled, and drowned in
300 ceo of cracked ice and water. The precipitate, collected on a filter,
rinsed with water for the removal of acid, and recrystallized from
water, yields about 6 grams of ,B-nitroguanidine, about 25% of the
theory.

Saturated solutions of nitroguanidine in sulfuric acid of vari­
OUS concentrations contain 11 the amounts indicated below.

10.9
8.0
5.2
2.9
1.8
1.05
0.55
0.42

5.8
3.4
2.0
1.3
0.75
0.45
0.30
0.12

N ITROGUANIDINE (GRAMS) PER

100 CC.

at 0° at 25°
CoNCENTRATION OF

SOLVENT SULFURIC ACID, %
45 .
40 .
35 .
30. . .
25 .
20 .
15. . .
o

Nitroguanidine on reduction is converted first into nitroso­
guanidine and then into aminoguanidine (or guanylhydrazine).
The latter substance is used in the explosives industry for the
preparation of tetracene. In organic chemical research it finds
use because of the fact that it reacts readily with aldehydes and
ketones to form products which yield crystalline and easily char­
acterized nitrates.

NOz':""NH-C(NH)-NHz
Nltroguanldlne I--~

C>-
/H ;Hi-.
c~__ J yN-NH-C(NH)~NHa

,9 !!~ ~noguanldlne

o-CH=NH-NH-C(NH)-NHa
Benzaillntlnoguanldlne

Preparation of Benzalaminoguanidine Nitrate (Benzaldehyde Guanyl­
hydrazone Nitrate). Twenty-six grams of zinc dust and 10.4 grams of
nitroguanidine are introduced into a 300-cc. Erlenmeyer flask, 150 ce.
of water is added, then 42 cc. of glacial acetic acid at such a rate that
the temperature of the mixture does not rise above 40 0

• The liquid at
first turns yellow because of the formation of nitrosoguanidine but

Ii Davis, J. Am. Chern. Soc., 44, 868 (1922).
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becomes colorless again when the reduction is complete. After all the
zinc has disappeared, 1 mol of concentrated nitric acid is added, thel\
1 mol of benzaldehyde, and the mixture is shaken and scratched t()
facilitate the separation of the heavy granular precipitate of benzal­
aminoguanidine nitrate. The product, recrystallized from water or from
alcohol, melts when pure at 160.5°.

Nitroguanidine and nitrosoguanidine both give a blue color
with the diphenylamine reagent, and both give the tests described
below, but the difference in the physical properties of the sub­
stances is such that there is no likelihood of confusing them.

Tests for Nitroguanidine. To om gram of nitroguanidine in 4 cc. of
cold water 2 drops of saturated ferrous ammonium sulfate solution is
added, then 1 cc. of 6 N sodium hydroxide solution. The mixture is
allowed to stand for 2 minutes, and is filtered. The filtrate shows a
fuchsine color but fades to colorless on standing for half an hour. Larger
quantities of nitroguanidine give a stronger and more lasting color.

One-tenth gram of nitroguanidine is treated in a test tube with 5 cc.
of water and 1 Cc. of 50% acetic acid, and the mixture is warmed at
40-50° until everything is dissolved. One gram of zinc dust is added,
and the mixture is set aside in a beaker of cold water for 15 minutes.
After filtering, 1 cc. of 6% copper sulfate solution is added. The solu­
tion becomes intensely blue, and, on boiling, gives off gas, becomes
turbid, and presently deposits a precipitate of metallic copper. If, in­
stead of the copper sulfate solution, 1 cc. of a saturated solution of
silver acetate 12 is added, and the solution is boiled, then a precipitate
of metallic silver is formed.

Many of the reactions of nitroguanidine, particularly its de­
composition by heat and the reactions which occur in aqueous
and in sulfuric acid solutions, follow directly from its dearrange­
ment.13 Nitroguanidine dearranges in two modes, as follows.

HNCNH ~ NHzCN
CyanamIde

/NOz /NOz
C(NH)-N ~ NH z +, HNCN-NOz~ NC-N"H

H Nltrocyanamlde

12 Two grams of silver acetate, 2 cc. of glacial acetic acid, diluted to
100 cc., warmed, filtered, and allowed to cool.

13 Davis and Abrams, Proc. Am. Acad. Arts and Sciences, 61, 437 (1926).
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A solution of nitroguanidine in concentrated sulfuric acid com­
ports itself as if the nitroguanidine had dearranged into nitro­
amide and cyanamide. When it is warmed, nitrous oxide contain­
ing a small amount of nitrogen Comes off first (from the dehydra­
tion of the nitroamide) and carbon dioxide (from the hydrolysis
of the cyanamide) comes off later and more slowly. Long­
continued heating at an elevated temperature produces ammonia
and carbon dioxide quantitatively according to the equation,

NH2-C(NH)-NH-N0 2 + H 20 --- N 20 + 2NH 3 + CO 2

The production of nitrous oxide is not exactly quantitative be­
cause of secondary reactions. A solution of nitroguanidine in
concentrated sulfuric acid, after standing for some time, no longer
gives a precipitate of nitroguanidine when it is diluted with
water.

A freshly prepared solution of nitroguanidine in concentrated
sulfuric acid contains no nitric acid, for none can be distilled out
of it, but it is ready to produce nitric acid (by the hydration of
the nitroamide) if some material is present which will react with
it. Thus, it gives up its nitro group quantitatively in the nitro­
meter, and it is a reagent for the nitration of such substances as
aniline, phenol, acet-p-toluide, and cinnamic acid which are con­
wniently nitrated in sulfuric acid solution.

In aqueous solution nitroguanidine dearranges in both of the
above-indicated modes, but the tendency toward dearrangement
is small unless an acceptor for the product of the dearrangement
is present. It results that nitroguanidine is relatively stable in
aqueous solution; after many boilings and recrystallizations the
same solution finally becomes ammoniacal. Ammonia, being alka­
line, tends to promote the decomposition of nitroamide in aqueous
solution. Also, because of its mass action effect, it tends to ·inhibit
dearrangement in the second mode which produces ammonia. If
nitroguanidine is warmed with aqueous ammonia, the reaction is
slow. But, if it is warmed with water and a large excess of am­
monium carbonate, nitrous oxide comes off rapidly, the ammonia
combines with the cyanamide from the dearrangement, and
guanidine carbonate is formed in practically quantitative amount.

Preparation of Guanidine Carbonate from Nitroguanidine. Two hun­
dred and eight grams of nitroguanidine, 300 grams of ammonium car­
bonate, and 1 liter of water are heated together in a 2-liter flask in the



386 NITROAMINES AND RELATED SUBSTANCES

water bath. 'The flask is equipped with a reflux condenser and with a
thermometer dipping into the mixture. When the thermometer indiffites
65-70°, nitrous oxide escapes rapidly, and it is necessary to shake the
flask occasionally to prevent the undissolved nitroguanidine from being
carried up into the neck. The temperature is raised as rapidly as may
be done without the reaction becoming too violent. After all the mate­
rial has gone into solution, the flask is removed from the water bath
and the contents boiled under reflux for 2 hours by the application of
a free flame. The liquid is then transferred to an evaporating dish and
evaporated to dryness on the steam or water bath. During this process
all the remaining ammonium carbonate ought to be driven off. The
residue is taken up in the smallest possible amount of cold water,
filtered for the removal of a small amount of melamine, and the filtrate
is stirred up with twice its volume of 95% alcohol which causes the
precipitation of guanidine carbonate (while the traces of urea which
will have been formed remain in solution along with any ammonium
carbonate which may have survived the earlier treatment). The guani­
dine carbonate is filtered off, rinsed with alcohol, and dried. The filtrate
is evaporated to dryness, taken up in water, and precipitated with
alcohol for a second crop-total yield about 162 grams or 90% of the
theory. The product gives no color with the diphenylamine reagent; it
is free from nitrate and of a quality which would be extremely difficult
to procure by any process involving the double decomposition of guanI­
dine nitrate.

In the absence of ammonia and in the presence of a primary
aliphatic amine, nitroguanidine in aqueous solution dearranges
in the second of the above-indicated modes, ammonia is liberated,
and the nitrocyanamide combines with the amine to form an
alkylnitroguanidine.

HNCN-N02 + CHa-NH2 ---> CHa-NH-C(NH)-NH-N01

Nitrocyanamide Methylnitroguanidine

The structure of the N-alkyl,N'-nitroguanidine is demonstrated
by the fact that it yields the amine and nitrous oxide on hy­
drolysis, indicating that the alkyl group and the nitro group are
attached to different nitrogen atoms.

CHa-NH-e(NH)-NH-N02 + H 20 --->

CHa-NH2+ NHa + N 20 + CO2

The same N-alkyl,N'-nitroguanidines are produced by the nitra­
tion of the alkyl guanidines.14

14 Davis and Elderfield, J. Am. Chern. Soc., 55, 731 (1933).
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Nitroguanidine, warmed with an aqueous solution of hydrazine,
yields N-amino,N'-nitroguanidine,l5 white crystals from water,
m. p. 1820

• This substance explodes on an iron anvil if struck
with a heavy sledge hammer allowed to drop through a distance
of about 8 inches. It may perhaps have some interest as an
explosive.

Flashless colloided powder containing nitroguanidine produces
a considerable amount of gray smoke made up of solid materials
from the decomposition of the substance. The gases smell of
ammonia. The powder produces more smoke than the other flash­
less powders which are used in this country.

Nitroguanidine decomposes immediately upon melting and can­
not be obtained in the form of a liquid, as can urea, dicyandi­
amide, and other substances which commence to decompose when
heated a few degrees above their melting points. A small quantity
heated in a test tube yields ammonia, water vapor, a white subli­
mate in the upper part of the tube, and a yellow residue of mellon
which is but little affected if warmed to a bright red heat. The
products which are formed are precisely those which would be
predicted from the dearrangements,l6 namely, water and nitrous
oxide (from nitroamide), cyanamide, melamine (from the poly­
merization of cyanamide), ammonia, nitrous oxide again and
cyanic acid (from nitrocyanamide), cyanuric acid (from the
polymerization of cyanic acid), ammeline and ammelide (from
the co-polymerization of cyanic acid and cyanamide) and, from
the interaction and decomposition of these substances, carbon
dioxide, urea, melam, melem, mellon, nitrogen, prussic acid, cy­
anogen, and paracyanogen. All these substances have been de­
tected in, or isolated from, the products of the decomposition of
nitroguanidine by heat.

There is no doubt whatever that nitroguanidine is a cool ex­
plosive, but there appears to be a disagreement as to the tempera­
ture which it produces. A package of nitroguanidine, exploded at
night by means of a blasting cap, produces no visible flash. If
10 or 1570 of the substance is incorporated in nitrocellulose
powder, it makes the powder flashless. Vieille 17 found that the
gases from the explosion of nitroguanidine were much less erosive

15 Phillips and Williams, J. Am. Chern. Soc., 50, 2465 (1928).
16 Davis and Abrams, Proc. Am. Acad. Arts and Sciences, 61, 443 (1926).
17 Mem. poudres, 11, 195 (1901).
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than those from other explosives of comparable force, and con­
sidered the fact to be in harmony with his general conclusion
that the hotter explosives are the more erosive. In his experiments
the explosions were made to take place in a steel bomb equipped
with a crusher gauge and with a removable, perforated, steel
plug through the perforation in which the hot gases from the
explosion were allowed to escape. They swept away, or eroded
off, a certain amount of the metal. The plug was weighed before
and after the experiment, its density had been determined, and
the number of cubic millimeters of metal lost was reported as a
measure of the erosion. Some of Vieille's results are indicated in
the following table.

PRES-
SURE

CHARGE (Kg/sq. EROSION
EXPLOSIVE (Grams) em.) EROSION PER GRAM FoRCE

1'45
2403 20.3

5~13.50 2361 22.7 6.58
Poudre BF .... 3.55 2224 24.7 6.96 6.4 9,600

3.55 2253 25.5 7.19
3.55 2143 20.1 5.66J

Cordite ....... 3.55 2500 64.2 18.1 10,000

1'''

2509 84.5

~'}3.51 2370 83.2 23.7
Ballistite VF .. 3.55 2542 90.2 25.4 24.3 10,000

3.55 2360 85.9 24.2
3.55 2416 84.5 23.8

Black military 10.00 2167 22.3 2.2 3,000
Black sporting 8.88 1958 40.0 4.5 3,000
Blasting gelatin 3.35 2458 105.0 31.4 10,000
Nitromannite .. 3.54 2361 83.5 23.6 10,000
Nitroguanidine 3.90 2019 8.8 2.3 9,000

These experiments 18 were carried out in a bomb of 17.8 cc. ca­
pacity, which corresponds, for the example cited, to a density
of loading of 0.219 for the nitroguanidine which was pulverulent

18 The cordite used in these experiments was made from 57% nitro­
glycerin, 5% vaseline, and 38% high nitration guncotton colloided with
acetone; the ballistite VF of equal amounts by weight of nitroglycerin and
high nitration guncotton colloided with ethyl acetate. The black military
powder was made from saltpeter. 75, sulfur 10, and charcoal 15; the black
sporting powder from saltpeter 78, sulfur 10, and charcoal 12. The blasting
gelatin contained 94% nitroglycerin and 6% soluble nitrocotton.
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material "firmly agglomerated in a manner to facilitate the nat­
urally slow combustion of that substance."

An experiment with 18.11 grams nitroguanidine in a bomb of
75.0 cc. capacity (density of loading 0.241) showed an erosion
of 2.29 per gram of explosive.

The temperature (907°) which Vieille accepted as the tempera­
ture produced by the explosion of nitroguanidine had been deter­
mined earlier by Patart 19 who published in 1904 an account of
manometric bomb experiments with guanidine nitrate and with
nitroguanidine. The explosives were agglomerated under a pres­
sure of 3600 kilograms per square centimeter, broken up into
grains 2 or 3 mm. in diameter, and fired in a bomb of 22 cc.
capacity. Some of Patart's experimental results are tabulated
below. Calculated from these data, Patart reported for guanidine

Nitroguanidine

1304}1584 1435
1416

2060}2091
2122

3092} 3080
3068

4118L,t078
4038F

PRKSSURE, KILOGRAMS PER

SQUARE CMNTIMETER

Guanidine
Nitrate

DENSITY OF

LoADING

0.15................ ~~:}1083

0.20.... .. .. .. .. .... :~~} 1486

0.25. . . . . . . . . . . . . . .. ::}2098

0.30.. .. .. . .. .. .. ... ;~~~2941
3668

0.35.. .. . . .. . . .. .... 3730 3699

nitrate, covolume 1.28, force 5834, and temperature of explosion
929°; for nitroguanidine, covolume 1.60, force 7140, and tempera­
ture of explosion 907°. He appears to have felt that these calcu­
lated temperatures of explosion were low, for he terminated his
article by calling attention to the extraordinary values of the
covolume deduced from the pressures in the closed vessel, and
subpended a footnote:

It may be questioned whether the rapid increase of the
pressure with the density of loading, rather than being the
consequence of a constant reaction giving place to a con­
siderable covolume, is not due simply to the mode of de-

w M em. poudrcs, 13, 153 (1905-1906).
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composition being variable with the density of loading and
involving a more and more complete decomposition of the
explosive. Only an analysis of the gases produced by the
reaction can determine this point, as it also can determine
the actual temperature of the deflagration.

The later studies of Muraour and Aunis 20 have shown that
the temperature of explosion of nitroguanidine may be much
higher than Patart calculated, and have given probability to his
hypothesis that the density of loading has an effect upon the
mode of the explosive decomposition. These investigators found
that a platinum wire 0.20 mm. in diameter, introduced into the
bomb along with the nitroguanidine, was melted by the heat of
the explosion-a result which indicates a temperature of at least
1773°C. They pointed out that nitroguanidine, if compressed too
strongly, may take fire with difficulty and may undergo an in­
complete decomposition, and hence at low densities of loading
may produce unduly low pressures corresponding to a covolume
which is too large and to a temperature of explosion which is too
low. The pressure of 3600 kilograms per square centimeter, under
which Patart compressed his nitroguanidine, is much too high.
Nitroguanidine compressed under 650 kilograms per square centi­
meter, and fired in a manometric bomb of 22 cc. capacity, at a
density of loading of 0.2, and with a primer of 1 gram of black
powder, gave a pressure of 1737 kilograms per square centimeter;
compressed under 100 kilograms per square centimeter ana fired
in the same way nitroguanidine gave a pressure of 1975 kilo­
grams per square centimeter, or a difference of 238 kilograms.
In an experiment with a bomb of 139 ce. capacity, density of
loading 0.2, Muraour and Aunis observed a pressure which, cor­
rection being made for various heat losses, corresponded to a
temperature of 1990°.

Assuming that nitroguanidine explodes to produce carbon di­
oxide, water, carbon monoxide, hydrogen, and nitrogen/1 assum­
ing that the equilibrium constant for the reaction, CO + H 20 ~
CO2 + H 2 , is 6, and that the molecular heat of formation at eon-

20 Annales des Mines, 9, 178, 180 (1920); Compo rend., 190, 1389, 1547
(1930); Mem. powires, 25, 91 (1932-1933).

21 This assumption however is not true, for powder which contains nitro­
guanidine produces a gray smoke consisting of solid decomposition products
and yields gases which smell of ammonia.
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stant volume of nitroguanidine is 17.9 Calories, and taking the
values of Nernst and Wohl for the specific heats of the various
gases, Muraour and Aunis calculated the following values for the
explosion of nitroguanidinc, temperature 2098 0

, covolume 1.077,
force 9660, and pressure (at density of loading 0.20) 2463 kilo­
grams per square centimeter. They have also calculated the tem­
perature of explosion of ammonium nitrate 1125 0

/
2 of "explosive

NO" (ammonium nitrate 78.7, trinitrotoluene 21.3) 2970 0
, and of

explosive N4 (ammonium nitrate 90, potassium nitrate 5, trini­
tronaphthalene 5) 1725 0

, and have found by experiment that the
last named of these explosives, fired at a density of loading of
0.30, did not fuse a platinum wire (0.06-mm. diameter) whieh
had been introduced along with it into the bomb.

Nitroguanidine detonates completely under the influence of a
detonator containing 1.5 gram of fulminate. According to Patart 23

40 grams exploded on a lead block 67 mm. in diameter produced
a shortening of 7 mm. Picric acid under the same conditions
produced a shortening of 10.5 mm., and Favier explosive (1270
dinitronaphthalene, 8870 ammonium nitrate) one of 8 rom. Mura­
our and Aunis 24 experimented with nitroguanidine compressed
under 100 kilograms per square centimeter and with trinitro­
toluene compressed under 1000 kilograms per square centimeter,
in a manometric bomb of 22-cc. capacity and at densities of
loading of 0.13, 0.20, 0.25, and 0.30, and reported that the two
explosives gave the same pressures.

During the first World War the Germans used in trench mortar
bombs an explosive consisting of nitroguanidine 50%, ammonium
nitrate, 30%, and paraffin 20%.

Nitrosoguanidine
Nitrosoguanidine is a cool and flashless primary explosive, very

much more gentle in its behavior than mercury fulminate and
lead azide. It is a pale yellow crystalline powder which explodes
on contact with concentrated sulfuric acid or on being heated in
a melting point tube at 1650

• It explodes from the blow of a car-

22 The temperature of 1121 0 was calculated by Hall, Snelling, and Howell,
"Investigations of Explosives Used in Coal Mines," U. S.'Bur. Mines Bull.
15, Washington, 1912, p. 32.

23 Mem. powires, 13, 159 (1905-1906).
24 Ibid., 25, 92-93, footnote (1932-1933).
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penter's hammer on a concrete block. Its sensitivity to shock, to
friction, and to temperature, and the fact that it decomposes
slowly in contact with water at ordinary temperatures, militate
against its use as a practical explosive. It may be kept indefinitely
in a stoppered bottle if it is dry.

The reactions of nitrosoguanidine in aqueous solution are simi­
lar to those of nitroguanidine except that nitrogen and nitrous
acid respectively are formed under conditions which correspond
to the formation of nitrous oxide and nitric acid from nitroguani­
dine. It dearranges principally as follows.

NH2-C(NH)-NH-NO ;:= NH2-NO + HNCNH ;:= NH,.--CN

If it is warmed in aqueous solution, the nitrosoamide breaks down
into water and nitrogen, and the cyanamide polymerizes to dicy­
andiamide. The evaporation of the solution yields crystals of the
latter substance. A cold aqueous solution of nitrosoguanidine
acidified with hydrochloric acid yields nitrous acid, and may be
used for the introduction of a nitroso group into dimethylaniline
or some similar ,substance which is soluble in the acidified aque­
ous liquid.

Preparation of Nitr080guanidine.25 Twenty-one grams of nitroguani­
dine, 11 grams of ammonium chloride, 18 grams of zinc dust, and
250 cc. of water in an 800-cc. beaker are stirred together mechanically
while external cooling is applied to prevent the temperature from rising
above 20-25°. After 2 hours or so the gray color 'of the zinc disappears,
the mixture is yellow, and on settling shows no crystals of nitroguani­
dine. The mixture is then cooled to 0° or below by surrounding the
beaker with a mixture of cracked ice and salt; it is filtered, and the
filtrate is discarded. The yellow residue, consisting of nitrosoguanidine
mixed with zinc oxide or hydroxide and basic zinc chloride, is extracted
with 4 successive portions of 250 ce. each of water at 65°. The com­
bined extracts, allowed to stand over night at 0°, deposit nitrosogualli­
dine which is collected, rinsed with water, and dried at 40°. Yield
8.0-9.2 grams, 45-52% of the theory.

The flashlessness of nitrosoguanidine may be demonstrated safely by
igniting about 0.5 gram of it on the back of the hand. The experiment
is most striking if carried out in a darkened room. The sample being
poured out in a conical heap on the back of the left hand, a match
held in the right hand is scratched and allowed to burn until the mate-

25 Davis and Rosenquist, J. Am. Chern. Soc., 59, 2114 (1937).
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rial which composes the burnt head of the match has become thor­
oughly heated, it is extinguished by shaking, and the burnt head is
then touched to the heap of nitrosoguanidine. The nitrosoguanidine
explodes with a zishing sound and with a cloud of gray smoke, but
with no visible flash whatsoever. The place on the hand where the
nitrosoguanidine was fired will perhaps itch slightly, and the next day
will perhaps show a slight rash and peeling of the skin. There is no
oensation of being burned, and the explosion is so rapid that the hand
remains steady and iLlakes no reflex movement.

Ethylenedinitramine
Ethylenedinitramine, m.p. 174-176° with decomposition, is

produced when dinitroethyleneurea is refluxed with water/6 or it

FIGURE 90. Ethylenedinitramine Crystals (60X>'

may be prepared directly, without isolating this intermediate,
by the nitration of ethyleneurea with mixed acid.

26 Franchimont and Klobbie, Rec. trav. chim., 7, 17, 244 (1887).
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It is a dibasic acid and forms neutral salts, the silver salt a
pulverulent precipitate, the potassium salt needles from alcohol.
It is sparingly soluble in water, about 1 part in 200 at 250

, and
is not affected by refluxing with this solvent. On refluxing with
dilute sulfuric acid it gives nitrous oxide, acetaldehyde, and
glycol. Hale 27 has reported that it explodes spontaneously when
heated to 1800

, in which respect it resembles mercury fulminate
and nitroglycerin, but that it corresponds in resistance to shock
more nearly to the relatively insensitive high explosives, like
TNT and picric acid, which are used as the bursting charges of
shells. He found that it is exploded by a lO-inch drop of a 2­
kilogram weight, the same as picric acid, and reported that it
withstands the standard 1200 stability test as well as tetrvl.

Dinitrodimethyloxamide
This substance was prepared by Franchimont 28 by dissolving

dimethyloxamide in very strong nitric acid (specific gravity
1.523) without cooling, allowing to stand, and pouring into water,
and by Thiele and Meyer 29 by dissolving dimethyloxamide in
crude nitric acid, adding fuming sulfuric acid to the chilled solu­
tion, and pouring onto ice. Dimethyloxamide is prepared readily
by the interaction of methylamine with an ester of oxalic acid.

COOR CO-NH-GHa CO-N(NO.)-CHa
I + 2NH2-GHa --> I --> I

CoOR CO-NH-GHa CO-N(NO.)-CHa
Dimethyloxamide Dinitrodimethyloxamide

Dinitrodimethyloxamide is very slightly soluble in water, spar­
ingly in ether and chloroform, and soluble in alcohol from which
it crystallizes in needles which melt at 1240 and decompose at a
higher temperature. By reduction with zinc and acetic acid in
alcohol solution it yields dimethyloxamide. It is not destroyed
by refluxing with concentrated hydrochloric acid. Concentrated
sulfuric acid splits oft' nitric acid, and the substance accordingly

27 U. S. Pat. 2,011,578 (1935),
28 Rec. trav. chim., 2, 96 (1882); 4, 197 (1884); 13, 311 (1893).
29 BeT., 29, 961 (1896).
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gives up its nitro group in the nitrometer. On treatment with an
excess of aqueous ammonia or on refluxing with a slight excess
of barium hydroxide solution, it yields the corresponding salt of
methylnitramine. Raid, Becker, and Dittmar 30 have reported
that dinitrodimethyloxamide, like PETN, tetryl, TNT, and picric
acid, gives no red fumes after 30 days at 1000 while nitrocellulose
in their experiments gave red fumes after 36 hours and dipenta­
erythrite hexanitrate after 8 days.

Dinitrodimethyloxamide has interesting explosive properties,
but it is limited in its use because it develops an acidity when
wet with water. It has been reported 81 that 30 parts of dinitro­
dimethyloxamide and 70 parts of PETN yield a eutectic which
melts at 1000 and can be poured as a homogeneous liquid. The
cast explosive has a velocity of detonation of 8500 meters per
second which is equal to that of PETN under the best condi­
tions. The further addition of dimethyl oxalate or of camphor 82

lowers the melting point still more and affects the brisance only
slightly but has a significant phlegmatizing action. A mixture of
PETN 6070, dinitrodimethyloxamide 30ra, and dimethyl oxalate
lOra melts at 82 0

, and has, when cast, a velocity of detonation
of 7900 meters per second which is higher than the velocity of
detonation of cast picric acid.

Dinitrodimethylsulfamide
This substance was first prepared by Franchimont 88 by dis­

solving 1 part of dimethylsulfamide in 10 parts of the strongest
nitric acid, and drowning in water. Dimethylsulfamide is pre­
pared by the interaction of methylamine and sulfuryl chloride in
chilled absolute ether solution.

O~XCI )OXNH-eH
3 )0XN(N02)-CH3

p + 2NHr-CH3 ---> --->° Cl NH-eH3 N(N02)-CH3

Dimethylsulfamide Dinitrodimethylsulfllmide

Dinitrodimethylsulfamide is very slightly soluble in water, very
readily in hot alcohol, and moderately in chloroform and benzene.
Crystals from benzene, m.p. 900

• The vapor of the substance

30 Z. ges. Schiess- u. SprengstojJw., 30, 68 (1935).
31 Ger. Pat. 499,403, cited by Foulon, Z. geS. Schiess- u. SprengslojJw., 27,

191 (1932).
32 Ger. Pat. 505,852.
33 Rec. trav. chim., 3, 419 (1883).
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explodes if heated to about 160°. Dinitrodimethylsulfamide has
been suggested as an addition to PETN for the preparation of a
fusible explosive which can be loaded by pouring.

Cyclotrimethylenetrinitram.ine (Cyclonite, Hexogen, T4).

The name of cyclonite, given to this explosive by Clarence J.
Bain because of its cyclic structure and cyclonic nature, is the
one by which it is generally known in the United States. The
Germans call it H exogen, the Italians T4.

FIGURE 91. George C. Hale. Has studied cyclonite, ethylenedinitramine,
and many other explosives. Author of numerous inventions and publica­
tions in the field of military powder and explosives. Chief Chemist, Pica­
tinny Arsenal, 1921-1929; Chief of the Chemical Department, Picatinny
Arsenal, 1929-.

Cyclonite, prepared by the nitration of hexamethylenetetra­
mine, is derived ultimately from no other raw materials than
coke, air, and water. It has about the same power and brisance
as PETN, and a velocity of detonation under the most favorable
conditions of about 8500 meters per second.

Hexamethylenetetramine, C6H 12N4 , is obtained in the form of
colorless, odorless, and practically tasteless crystals by the evapo-
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ration of an aqueous solution of formaldehyde and ammonia.
It is used in medicine under the names of Methenamine, Hexa­
mine, Cystamine, Cystogen, and Urotropine, administered orally
as an antiseptic for the urinary tract, and in industry in the
manufacture of plastics and as an accelerator for the vulcaniza­
tion of rubber. It has feebly basic properties and forms a nitrate,
Ct;H I2N4 ·2HNO:{, m.p. 165°, soluble in water, insoluble in alco­
hol, ethcr, chloroform, and acetone. The product, C;iHaOoNo, pre­
pared by nitrating this nitrate and patented by Henning:<4 for
possible use in medicine, was actually cyclonite. Herz later
patented 30 the same substance as an explosive compound, cyr!o­
trimethylenetrinitramine, which he found could be prepared by
treating hexamethylenetetramine directly with strong nitric acid.
In his process the tetramine was added slowly iIi small portions
at a time to nitric acid (1.52) at a temperature of 20-30°. When
all was in solution, the liquid was wanlled to 55°, allowed to
stand for a few minutes, cooled to 20°, and the product prccipi­
tated by the addition of water. The nitration' has been studied
further by Hale 30 who secured his best yield, 687r" in an experi­
ment in which 50 grams of hexamethylenetetramine was added
during 15 minutes to 550 grams of 100% nitric acid whilc thr
temperature was not allowed to rise above 30°. The mixture was
then cooled to 0°, held there for 20 minutes, and drowned.

Hexanmthylelletetramme Cyclotrl'lwtJ)yl~11~trl.,ltrdIl11ne

The furmaldchyde which is liberated by the reacti<ffi tcnds to be
oxidized by the nitric acid if the mi;durr if' allowed to ~tand or is
warmed. It remain::! in the spent acid after drowning and inter­
feres with the recovery of nitric acid from it.

:14 Ger .. Put. 104,280 (1899).
:I,; Brit. Put. 145.791 (1920); IT. S. Put. 1,402.693 (1922).
:16 J. Am. C!tOIl. Soc., 47, 2754 (1925).
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Cyclonite is a white crystalline solid, m.p. 202 0
• It is insoluble

in water, alcohol, ether, ethyl acetate, petroleum ether, and car­
bon tetrachloride, very slightly soluble in hot benzene, and solu­
ble 1 part in about 135 parts of boiling xylene. It is readily solu­
ble in hot aniline, phenol, ethyl benzoate, and nitrobenzene, from
all of which it crystallizes in needles. It is moderately soluble in
hot acetone, about 1 part in 8, and is conveniently recrystallized
from this solvent from which it is deposited in beautiful, trans­
parent, sparkling prisms. It dissolves very slowly in cold concen­
trated sulfuric acid, and the solution decomposes on standing. It
dissolves readily in warm nitric acid (1.42 or stronger) and sep­
arates only partially again when the liquid is cooled. The chemi­
cal reactions of cyclonite indicate that the cyclotrimethylenetri­
nitramine formula which Herz suggested for it is probably correct.

Cyclonite is hydrolyzed slowly when the finely powdered mate­
rial is boiled with dilute sulfuric acid or with dilute caustic soda
solution.

CaH606N6+ 6H20 -_.--> 3NHa + 3CH20 + 3HNOa

Quantitative experiments have shown that half of its nitrogen
appears as ammonia. If the hydrolYRis is carried out in dilute
sulfuric acid solution, the formaldehyde is oxidized by the nitric
acid and nitrous acid is formed.

If cyclonite is dissolved in phenol at 1000 and reduced by
means of sodium, it yields methylamine, nitrous acid, and prussic
acid. Finely powdered cyc1onite, suspended in 80% alcohol and
treated with sodium amalgam, yields methylamine, ammonia, ni­
trous acid, and formaldehyde, a result which probably indicates
that both hydrolysis and reduction occur under these conditions.

When a large crystal of cyclonite is added to the diphenylamine
reagent, a blue color appears slowly on the surface of the crystal.
Powdered cyclonite gives within a few seconds a blue color which
rapidly becomes more intense. If cinnamic acid is dissolved in
concentrated sulfuric acid, and if finely powdered cyclonite is
added while the mixture is stirred, gas comes off at a moderate
rate, and the mixture, after standing over night and drowning,
gives a precipitate which contains a certain amount of p-nitro­
cinnamic acid.

In the drop test cyclonite is exploded by a 9-inch drop of a
2-kilogram weight. For the detonation of 0.4 gram, the explosive
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requires 0.17 gram of mercury fulminate. It fails to detonate
when struck with a fiber shoe, and detonates when struck with a
steel shoe, in the standard frictional impact test of the U. S.
Bureau of Mines. In 5 seconds it fumes off at 2900

, but at higher
temperatures, even as high as 3600

, it does not detonate.



CHAPTER IX

PRIMARY EXPLOSIVES, DETONATORS, AND
PRIMERS

Primary explosi Yes explode from shock, from friction, and from
heat. They are used in primers where it is desired by means of
"hock or friction to produce fire for the ignition of pOWder, and
they are used in detonators where it is desired to produce shock
for the initiation of the explosion of high explosives. They are
also used in toy caps, toy torpedoes, and similar devices for the
making of noise. Indced, certain primary explosives were used
for this latter purpose long before the history of modern high
explosives had yet commenced.

Discovery of Fulminating Compounds
Fulminating gold, silYer, and platinum (Latin, fulmen, light~

ning flash, thunderbolt) are fonned by precipitating solutions of
these metals with aIlliuonia. They are perhaps nitrides or hy­
drated nitrides, or perhaps they contain hydrogen as well as
nitrogen and water of composition, but they contain no carbon
and must not be confused with the fulminates which are salts of
fuhninic acid, HONC. They are dangerously sensitive, and are
not suited to practical use.

Ful1n1:nating gold is described in the writings of the pseudony­
mous Basil Valentine/ probably written by Johann Th6lde (or
Th6lden) of Hesse and actually published by him during the
years 1602-1604. The author called it Goldkalck, and prepared
it by di~solving gold in an aqua regia made by dissolving sal
ammoniac in nitric acid, and then precipitating by the addition
of potassium carbonate solution. The powder was washed by
decantation 8 to 12 times, drained from water, and dried in the
air where no sunlight fell on it, "and not by any means over the

I We find the df'sl"l'iption on page 289 of the f'econd part of the third
German edition of the collected writing~ of Basil Valentine, Hamburg, 1700.

400
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fire, for, as soon as this powder takes up a very little heat or
warmth, it kindles forthwith, and does remarkably great damage,
when it explodes with such vehemence and might that no man
would be able to restrain it." The author also reported that warm
distilled vinegar converted the powder into a material which was
no longer explosive. The name of aurum fulminans was givtil to
the explosive by Beguinus who described it~ preparation in his
Tyrocinium Chymicum, printed in 1608.

Fulminating gold precipitates when a solution of pure gold
chloride is treated with ammonia water. The method of prepara­
tion described by Basil Valentine succeeds because the sal am­
moniac used for the preparation of the aqua regia supplies the
necessary ammonia. If gold i~ dissolved in an aqua regia pre­
pared from nitric acid and common salt, and if the solution is
then treated with potassium carbonate, the resulting precipitate
has no explosive properties. Fulminating gold IO:,ies its explosive
properties rapidly if it is allowed to stand in contact with sulfur.

Fulminating gold was early used both for war and for enter­
tainment. The Dutch inventor and chemist, Cornelis Drebhel,
being in the service of the British Navy, devoted considerable
time to the preparation of fulminating gold and used his material
as a detonator in petards and torpedoes in the English expedition
against La Rochelle in 1628. Pepys, in his diary for Novelilber
11, 1663, reports a conversation with a Dr. Allen concerning
aurum fulrninans "of which a grain ... put in a silver spoon
and fired, will give a blow like a musquett and strike a hole
through the silver spoon downward, without the least force up-

- ward."
Fulminating silver was prepared in 1788 by Berthollet who

precipitated a solution of nitrate of silver by means (If lime water,
dried the precipitated silver oxide, treated it with strong ammonia
water which converted it into a black powder, decantcd the
liquid, and left the powder to dry in the open air. Fulminating
silver is more sensitive to shock and friction than fulminating
gold. It explodes when touched; it must not be enclosed in a
bottle or transferred from place to place, but must be left in the
vessel, or better upon the paper, where it was allowed to dry.

The black material which deposits in a reagent bottle of am­
moniacal silver nitrate, and sometimes collects on the rim and
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around the stopper, contains fulminating silver. Explosions are
reported to have been caused by the careless turning of the glass
stopper of a bottle containing this reagent. After a test (for alde­
hyde, for example) has been made with ammoniacal silver nitrate
solution, the liquid ought promptly to be washed down the sink,
and all insoluble matter left in the vessel ought to be dissolved
out with dilute nitric acid.

Fulminating platinum was first prepared by E. Davy, about
1825, by adding ammonia water to a solution of platinum sulfate t

boiling the precipitate with a solution of potash, washing, and
allowing to dry. It was exploded by heat, but not easily by per­
cussion or friction.

Fourcroy prepared a fulminating mercury by digesting red
oxide of mercury in ammonia water for 8 or 10 days. The mate­
rial became white and finally assumed the form of crystalline
scales. The dried product exploded loudly from fire, but under­
went a spontaneous decomposition when left to itself. At slightly
elevated temperatures it gave off ammonia and left a residue of
mercury oxide.

In the Journal de physique for 1779 the apothecary, Bayen,
described a fulminating mercurial preparation of another kind.
Thirty parts of precipitated, yellow oxide of mercury, washed
and dried, was mixed with 4 or 5 parts of sulfur; the mixture
exploded with violence when struck with a heavy hammer or
when heated on an iron plate. Other mixtures which react ex­
plosively when initiated by percussion have been studied more
recently/ metallic sodium or potassium in contact with the oxide
or the chloride of silver or of mercury or in contact with chloro­
form or carbon tetrachloride.

The explosion of chloroform in contact with an alkali metal may be
demonstrated by means of the apparatus illustrated in Figure 92.
About 0.3 gram of sodium or of potassium or of the liquid alloy of the
two is introduced into a thin-wall glass tube, or, better yet, is sealed
up in a small glass bulb, 6 to 8 mm. in diameter, which has a capillary
15 to 20 rnm. in length. The tube or bulb containing the alkali metal
is placed in the bottom of a narrow test tube into which 1 or 2 cc. of
chloroform has already been introduced, and the apparatus is then

2 Staudinger, Z. Elektrochem., 31, 549 (1925); Davis and McLean, J. Am.
Chem. Soc., 60, 720 (1938).
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ready for the experiment. Or, if it is desired to prepare in advance an
explosive capsule which can safely be kept as long as desired, then the
bulb is held in place at the bottom of the test tube by a collar of glass
(a section of glass tubing) sintered to the inner wall of the test tube,
and the top of the test tube is drawn down and sealed. When the pre­
pared test tube or cap~:lUle is dropped onto a concrete pavement from

Glass collar

Chloroform__-Ulb-4k:411
Bulb---J.l~-t

Alkali metal---\

Thin.wall
glass tube

Chloroform

FIGURE 92. Apparatus for Demonstrating the Explosion of Chloroform
with an Alkali Metal.

a he;ght of 6 feet, a loud explosion is produced accompanied by a
bright flash which is visible even in the direct sunlight. The chemical
reaction is as follows, each one of the three chlorine atoms of the
chloroform reacting in a different manner.

CI

CI
6CHCIs + 6Na ----> 6NaCI + 6HCI +

CI

CI

CI

Mercury fulminate appears to have been prepared for the first
time by Johann K unckel von Lowenstern (1630-1703), the same
chemist who di~covered phosphorus and awlied the purple of
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Cassius practically to the manufacture of ruby glass. In his post­
humous Laboratorium Chymicum he says: 3

Further evidence that mercury is cold is to be seen when
vou dissolve it in aqua fortis (nitric acid), evaporate the
solution to dryness, pour highly rectified spiritum vini (alco­
hol) over the residue, and then warm it slightly so that it
begins to dissolve. It commences to boil with amazing vigor.
If the glass is somewhat stopped up, it bursts into a thou­
sand pieces, and, in consequence, it must by no means be
stopped up. I once dissolved silver and mercury together in
aqua fortis and poured over it an excess of spiritum vini, and
set the mixture to putrify in fimum equinum (horse manure)
after having stopped up the glass with mere sealing waJ'
only. When it happened a few days later that the manure
became a little warm, it made such a thunder-crack, with
the shattering of the glass, that the stable-servant imagined,
since I had put it in a box, either that someone had shot at
him through the window or that the Devil himself was active
in the stable. As soon as I heard this news, I was able easily
to see that the blame was mine, that it must have been my
glass. Now this was with silver and mercury, 2 loth of each.
Mercury does the same thing 4 alone, but silver not at all.

The preparation and properties of mercury fulminate were
described in much detail by Edward Howard 5 in 1800 in a paper
presented to the Royal Society of London. The method of prep­
aration which he found to be most satisfactory was as follows:
100 grains of mercury was dissolved by heating in 1% drams of
nitric acid (specific gravity 1.3), the solution was cooled and
added to 2 ounces of alcohol (specific gravity 0.849) in a glass
vessel, the mixture was warmed until effervescence commenced,
the reaction was allowed to proceed to completion, and the pre­
cipitate which formed was collected on a filter, washed with dis­
tilled water, and dried at a temperature not exceeding that of
the water bath. Howard found that the fulminate was exploded
by means of an electric spark or by concentrated sulfuric acid
brought into contact with it. When a few grains were placed on a

3 Kunckel, "Collegium Physico-Chymicum Experimentale, oder Labora­
torium Chymicum," ed. Engelleder, Hamburg, 1716, p. 213. Cf. Davis,
Army Ordnance, 7, 62 (1926).

4 Kunckel's meaning in the last sentence is evidently that mercury nitrate
reacts with alcohol on warming, and that silver nitrate does not react with
alcohol under the same conditions.

5 Phil. Trans. Roy. Soc., 204 (1800).
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cold anvil and struck with a cold hammer, a very stunning dis­
agreeable noise was produced and the faces of the hammer and
anvil were indented. A few grains floated in a tinfoil capsule on
hot oil exploded at 368°F. (186.7°C.). When a mixture of fine­
and coarse-grain black powder was placed on top of a quantity
of fulminate and the fulminate was fired, the black powder was
blown about but it was not ignited and was recovered unchanged.
Howard also attempted by means of alcohol to produce fulminat­
ing compounds from gold, platinum, antimony, tin, copper, iron,
lead, nickel, bismuth, cobalt, arsenic, and manganese, but silver
was the only one of these metals with which he had any success.

Brugnatelli in 1802 worked out a satisfactory method for the
preparation of silver fulminate by pouring onto 100 grains of
powdered silver nitrate first an ounce of alcohol and then an
ounce of nitric acid. After the fulminate had precipitated, the
mixture was diluted with water to prevent it from dissolving
again and immediately filtered. Silver fulminate explodes more
easily from heat and from friction than mercury fulminate and
is more spectacular in its behavior. It quickly became an object
of amateur interest and public wonderment, one of the standard
exhibits of street fakirs and of mountebanks at fairs. Liebig, who
was born in 1803, saw a demonstration of silver fulminate in the
market place at Dannstadt when he was a boy. He watched the
process closely, recognized by its odor the alcohol which was
w,ed, went hume, and succeeded in preparing the substance for
himself. He retained his interest in it, and in 1823 carried out
studies on the fulminates in the laboratory of Gay-Lussac at
Paris.

Mercury Fulminate
The commercial preparation of mercury fulminate is carried

out by a process which is essentially the same as that which
Howard originally recommended. Five hundred or 600 grams of
mercury is used for each batch, the operation is practically on
the laboratory scale, and several batches are run at the same
time. Since the reaction produces considerable frothing, capacious
glass balloons are used. The fumes, which are poisonous and
inflammable, are passed through condensers, and the condensate,
which contains alcohol, acetaldehyde, ethyl nitrate, and ethyl
nitrite, is utilize.d by mixing it with the alcohol for the next batch.
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Pure fulminate is white, but the commercial material is often
grayish in color. The color is improved if a small amount of
cupric chloride is added to the nitric acid solution of mercury
before it is poured into the alcohol in the balloon, but the result­
ing white fulminate is actually less pure than the unbleached
material.

Preparation of Mercury Fulminate. Five gram., of mercury is added
to 35 cc. of nitric acid (specific gravity 1.42) in a 100~c. Erlenmeyer

FIGURE 93. Fulminate Manufacture. (Courtesy Atlas Powder Company.)
At left, flasks in which mercury is dissolved in nitric acid. At right,
balloons in which the reaction with alcohol occurs.

flask, and the mixture is allowed to stand without shaking until the
mercury has gone into solution. The acid liquid is then poured into
50 cc. of 90% alcohol in a 5OO-cc. beaker in the hood. The temperature
of the mixture rises, a vigorous reaction commences, white fumes come
off, and crystals of fulminate soon begin to precipitate. Red fumes
appear and the precipitation of the fulminate becomes more rapid,
then white fumes again as the reaction moderates. After about 20
minutes the reaction is over; water is added, and the crystals are
washed with water repeatedly by decantation until the washings are
no longer acid to litmus. The product consists of grayish-yelldw crystals,
and corresponds to a good grade, of commercial fulminate. It may be
obtained white tlnd entirely pure by dissolving in strong ammonia
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water, filtering, and reprecipitating by the addition of 30% acetic acid.
The pure fulminate is filtered off, washed several times with cold water,
and stored under water, or, if a very small amount is desired for
experimental purposes, it is dried in a desiccator.

The chemical reactions in the preparation appear to be as
follows. (1) The alcohol is oxidized to acetaldehyde, and (2) the
nitrous acid which is formed attacks the acetaldehyde to form a
nitroso derivative which goes over to the more stable, tautomeric,
isonitroso form.

CH-CHO
II
N-0H

rNO;: ~HONC
~, I I
C:Hl
II '---'
N-OH Hg(ONC).

Nitrosoacetaldehyde Isonitrosoacetaldehyde

(3) The isonitrosoacetaldehyde is oxidized to isonitrosoacetic
acid, and (4) this is nitrated by the nitrogen dioxide which is
present to form nitroisonitrosoacetic acid.

NO.

CH-CHO CH-COOH 6-COOH
II ----> II ----> II
N-OH N-OH N-OH

Isonitrosoacetic acid Nitroisonitrosoacetic acid

(5) The nitroisonitrosoacetic aoid loses carbon dioxide to form
formonitrolic acid which (6) decomposes further into nitrous
acid and fulminic acid, and (7) the fulminic acid reacts with the
mercury nitrate to form the spa-'ingly soluble mercury fulminate
which precipitates.

NO.
1,- ,

C-+COO:HII ,----~

N-OH

Formonltrollc acid Mercury fulminate

Fulminate can be prepared from acetaldehyde instead of from
alcohol, and from substances which are convertible into acetalde­
hyde, such as paraldehyde, metaldehyde, dimethyl- and diethyl­
acetal., Methyl alcohol, formaldehyde, propyl alcohol, butyralde­
hyde, glycol, and glyoxal do not yield fulminate. 6

Fulminate can, however, be prepared from a compound which
contains only one carbon atom. The sodium salt of nitromethane
gives with an aqueous solution of mercuric chloride at 00 a white

6 Wohler and Theodorovits, BeT., 38, 1345 (1905).
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precipitate of the mercuric salt of nitromethane which gradually
becomes yellow and which, digested with warm dilute hydro­
chloric acid, yields mercury fuhninate. 7

(-------. ,-----------~

~O : r---~O:: O~-----. I /ONC
CH 2=N ---'l)~ C:H 2TN .--' '--- 'N=ClH

2
: --:1:10- Hg

'ONa '-' 'OHgO/ ,--, 'ONC

Sodium fulminate, soluble in water, has a molecular weight which
corresponds 8 to the simple monomolecular formula, NaONC.
These facts, taken together with the fact that mercury fulminate
warmed with concentrated aqueous hydrochloric acid yields hy­
droxylamine and formic acid," prove that fulminic acid is the
oxime of carbon monoxide.

Mercury fulminate dissolves readily in an aqueous solution of
potassium cyanide to form a complex compound from which it
is reprecipitated by the addition of strong acid. It dissolves in
pyridine and precipitates again if the solution is poured into
water. A sodium thiosulfate solution dissolves mercury fulminate
with the formation of mercury tetrathionate and other inert
compounds, and this reagent is used both for the destruction of
fulminate and for its analysis. lO The first reaction appears to be
as follows.

Hg(ONCh + 2N~&02 +H20 ---> HgS40 6 + 2NaOH + NaCN + NaNCO

The cyanide and cyanate are salts of weak acids and are largely
hydrolyzed, and the solution, if it is titrated immediately, ap­
pears to have developed four molecules of sodium hydroxide for
every molecule of mercury in the sample which was taken. If the
solution is allowed to stand, the alkalinity gradually decreases
because of a secondary reaction whereby sulfate and thiocyanate
are formed.

7 Nef, Ann., 280, 275 (1894); Jones, Am. Chem. J., 20, 33 (1898).
8 Wohler, Ber., 43, 754 (1910).
9 Carstenjen and Ehrenberg, J. prak. Chem., [2] Z5, 232 (1883); Steiner,

Ber., 16, 1484,2419 (1883) ; Divers and Kawita, J. Chem. Soc., 45,17 (1884).
10 Brownsdon, Chem. News, 89, 303 (1904); Philip, Z. ges. Schiess- u.

Sprengstoffw., 7, 109, 156, 180, 198, 221 (1912); Taylor and Rinkenbach,
"Explosives, Their Materials, Constitution, and Analysis," U.S. Bureau of
Mines Bulletin 219, Washington, 1923, p. 62.
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HgS.06 + NaCN + NaNCO + 2NaOH --->

HgSO. + N3.2S0. + 2NaNCS + H 20

This reaction i~ restrained by a large exce~s of thiosulfate, and
e,'en more effectively by pota~sium iodide. A moderate excess of
thiosulfatei:> commonly used, and an amount of potassium iodide

FIGURE 94. Mercury Fulminate CrYi'tals for Use In Primer Compoliitioll
(30X).

equal to 10 times the weight of the fulminate, and the titration
for acidity (methyl orange indicator) i~ made as l'Ilpillly as pos­
sible. After that, the same solution is titrated with iodine (starch
indicator) to determine the amount of unused thiosulfate and
hence, by another method, the amount of actual fuhllinate in the
sample. Speed is not essential in the se~ond titration, for thc
iodine value doe~ not change greatly with time as docs thc alkn­
Jinity. Blank deterlllination~ ought to be llmde IJt'l'ausc of tIlC
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possibility that the iodide may contain iodate, and the apparent
analytical results ought to be corrected accordingly.

Mercury fulminate has a specific gravity of 4.45, but a mass
of the cryHtals when merely shaken down has an apparent density
(gravimetric density) of about 1.75. In detonators the material
is Usually cumpressed to a dcnsity of about 2.5, but den~ities as
high as 4.0 have been obtained by vigorous compression. Mercury
fulminate crystallizes from \\-ater in crystals which contain
'i:!H~O, from alcohol in crystals which are anhydrou~. One liter
of watcr at 12° dissolve~ 0.71 gram, at 49° 1.74 grams, and at
100° 7.7 grams.

l\lcrcury fu hllinate is usually storcd tmdcr water, or, where
thcre is dangcr uf freczing, under a mixture of water and alcohol.
When wet it is not explodcd by a spark or by ordinary shock,
but care must be taken that no part uf the individual sample
is allowed to dry out, for wet fulminate is explodcd by the explo­
sion of dry fulminate. It is not apprcciably affected by long
storage, either wet or dry, at moderate temperature~. At the tem­
perature of the tropics it slowly deteriorates and loses its ability
to explode. At 35°C. (95°F.) it becomes completely inert after
ahout 3 years, at 50°C. (122°F.) after about 10 months. The
heavy, dark-colored product uf the deterioration of fulminate is
insoluble in tiodium thiosulfate solution.

When loaded in commercial detonators mercury fulminate is
usually compressed under a pressure of about 3000 pounds per
square inch, and in that condition has a velocity of detonation
of about 4000 meters pcr second, explodes from a spark, and, in
general, has about the same scnsitivity to fire and to shock as
the luosely compressed matcrial. When compressed under greater
and greater pressurcs, it gradually loses its property of detonating
from fire. After being presscd at 25,000-30,000 puunds per square
inch, mercury fulminate bccomes "dead pressed" and no longer
explodes from fire but merely burns. Dead-pressed fulminate
however is exploded by loosely pressed fulminate or other initial
detonating agent, and then shows a higher velocity of detonation
than when compresscd at a lowcr density.

The temperature at which mercury fulminate explodes depends
upon the rate at which it is heated and'; to some extent, upon the
~tate of subdivision of the sample. Wohler and Matter 11 experi-

11 Z. ges. Schiess- u. Sprengstoffw., 2, 181, 203, 244, 265 (1907).
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mented with small particles of var'ious primary explosives, heated
in copper capsules in a bath of W<ood's metal. If a sample did not
explode within 20 seconds, the temperature of the bath was
raised 10° and a new sample w'as tried. The temperatures at
which explosions occurred were als follows.

Mercury fulminate
Sodium fulminate
Nitrogen sulfide
Benzenediazoniurn nitra te
Chloratotrimercuraldehyde
Silver azide ""
Basic mercury nitromethame

1900

1500

1900

900

1300

290 0

1600

In a later series of experiments ViVohler and Martin 12 studied a
large number of fulminates and azides. The materials were in
the form of microcrystalline powrders, and all were compressed
under the same pressure into pe:llets weighing 0.02 gram. The
temperatures at which explosions occurred within 5 seconds were
as follows.

Mercury fulminate , , . , . , . , ' ,
Silver fulminate , .. , , , . , , ,
Copper fulminate , ' .. , ' . , , , , , .
Cadmium fulminate ' , , .. , . , , , . '
Sodium fulminate .. ' . , . , . , . , .
Potassium fulminate ' . , , . , , , , ' . , ,
Thallium fulminate , , , . , ' .. ,
Cobalt azide , ' . , .. , , , ' , , , , ,
Barium azide , .. , , . , , . , ,
Calcium azide .. , , ' .. , , , ,
Strontium azide ... , .... ".,." ' . ,
Cuprous azide " , , . " . , ' .. , . , , '
Nickel azide ... , " , . '
Manganese azide """"""""""
Lithium azide '"""." ,.""."
Mercurous azide
Zinc azide
Cadmium azide
Silver azide
Lead azide

215 0

1700

2050

2150

2150

2250

1200

1480

1520

1580

1690

1740

2000

203 0

245 0

281 0

2890

291 0

2970

3270

Wohler and Martin 13 in the same year also reported deter­
minations of the smallest amoumts of certain fulminates and

12 Z. angelO. Chern., 30, 33 (1917).
13 Z. ges. 8chiess- 11. 8preng.~tofJlI'., 12, 1, 18 (1917).
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azides necessary to cause the detonation of various high ex­
plosives.

SMALLEST AMOUNT Picric Trinitro- Trinitro- Trinitro-
(GRAMS) WmCH WILL Tetryl

Acid toluene anisol xylene
CAtlS~J D~JTON.:\TIONOF:

Cadmium :t7.ide. . , .. .. . 0.01 0.0'.2 0.04 0.1 · .
Silver. azide.... 0.02 0.035 0.07 0.26 0.25
Lead azide .. 0.025 0.025 0.09 0.28 · .
Cuprous a7.idc. 0.025 0.045 0.095 0.375 0.40
Mercurous lt7.ide .. 0.045 0.075 0.145 0.55 0.50
Thallium a:r,ide .. 0.07 0.115 0.335 ... · .
Silver fulminate ... 0.02 0.05 0.095 0.23 0.30
Cadmium fulminate. 0.008 0.05 0.11 0.26 0.35
Copper fulminate. 0.025 0.08 0.15 0.32 0.43
Mercury fulminate. .... 0.29 0.30 0.36 0.37 0.40
Thallium fulminate ..... 0.30 0.43 " . .. . · .

From these data it is apparent that mercury fulminate is by
no means the most efficient initiating agent amung the fulminates
and azides. Silver fulminate is about 15 times as efficient as
mercury fulminate for exploding tctryl, but only about % as
efficient for exploding trinitroxylene. Mercury fulminate however
will tolerate a higher temperature, and is much less sensitive to
shock and friction, than silver fulminate. Lead azide, which has
about the same initiating power as silver fulminate, has an ex­
plosion temperature more than 1000 higher than that of mercury
fulminate. 1\1any other interesting inferences are possible from
the data. Among them we ought especially to note that the order
of the several fulminates ancl azidcs with respect to their efficiency
in detonating one explosi ve is nut always the same as their order
with respect to their efficiency in detonating another.

Silver Fulminate
Silver fulminate is so sensitive and so dangerous to handle

that it has not been used for practical purposes in blasting or
in the military art. It early found use in toys, in tricks, and in
such devices for entertaimnent as those which Christopher Grotz
described in 1818 in his book on "The Art of Making Fireworks,
Detonating Balls, &e."



DETONATORS 413

Amusements with Fulminating Silver.
Segars.
Are prepared by opening the smoking end, and inserting

a little of the silver; close it carefully up, and it is done.
Spiders.
A piece of cork cut into the shape of the body of a spider,

and a bit of thin wire for legs, will represent with tolerable
exactness this insect. Put a small quantity of the silver un­
derneath it; and on any female espying it, she will naturally
tread on it, to crush it, when it will make a loud report.

Silver fulminate is still used for similar purposes in practical
jokes, in toy torpedoes (see Vol. I, p. 106), and in the snaps or
pull-crackers which supply the noise for bon-borns, joy-borns,
and similar favors.

Silver fulminate is insoluble in nitric acid, and is decomposed
by hydrochloric acid. It darkens on exposure to light. One liter
of water at 13° dissolves 0.075 gram of the salt, ane! at 30°
0.18 gram.. The double fulminate of silver and potassium,
AgONC' KONC, is soluble in 8 parts of boiling water.

Detonators

The discovery of the phenomenon of initiation by Alfred Nobel
and the invention of the blasting cap 14 stand at the beginning
of the development of modern explosives, perhaps the most im­
portant discovery and invention in the history uf the art. The
phenomenon has supplied a basis for the definition of high es­
plosives, that is to say, of those explusi"es, whether sensitive (ll'

insensitive, which are incapable, without the invention. uf being
used safely and controllably or perhaps e"en of being usee! at all.
- Nobel's experiments quickly led him to the fonn uf the blasting

cap which is now in use, a cylindrical capsule, generally uf copper
but sometimes of aluminum or zinc, filled for about half of its
length with a compressed charge of primary explosive. The charge
il-l fired either by an electric igniter or by a fuse, crimped into place,
its end held firmly against the charge in order that the chances of
a misfire may be recluced. Its action depends upon the de"elop­
1l1ent of an intense pressure or shock. Fulminate of mercury wa:-t
the only substance known at the time of Nobel's invention which
could be prepared and loaded for the purpose with reasonable
safety, and caps loaded with straight fulminate were the first to

H ~obpl, Brit. Pat. 1345 (1867).
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b~ manufactured. The original fulminate detonators were num­
bered according to the amount of fulminate which they contained,

'Reenforcing
cap

Initiating
explosive

HIgh explosive

Wires

t'-IIHr-,,>-_Sulfur pluS

Tar plug (waterproof)

Wire bridge

Match head
sealed in fiber tube

Initiating explosive

High explosive

FIGURE 95. Blasting Caps. Detonator crimped to miner's fuse. Compound
detonator. Compound electric detonator.

the same numbers being used throughout the world. The charges
of fulminate for the various sizes are shown in the following table,

Weight of Mercury
External Dimensions of CapsuleFulminate

Detonator

Grams Grains Diameter, mm. Length, mm.

No.1 0.30 4.6 5.5 16
No.2 0.40 6.2 5.5 22
No.3 0.54 8.3 5.5 26
No.4 0.65 10.0 6 28
No.5 0.80 12.3 6 30--32
No.6 1.00 15.4 6 35
No.7 1.50 23.1 6 40--45
No.8 2.00 30.9 6-7 50--55

along with the usual (but not universal) dimensions of the cylindri­
cal copper capsules. The same numbers are now applied to com­
mercial blasting caps of the same sizes, whatever the weights and
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characters of the charges. A No.6 cap, for example, is a cap of
the same size as one which contains 1 gram of straight fulminate.
No. 6 caps of different manufacturers may differ in their power

FIGURE 96. Manufacture of D('tonators. (Courte"Y H('rculcs Powder
Company.) The safe mixing of the primary explosive charge for blasting
caps is accomplished mechanil'ully behind a concrete barricade by lifting
lilowly and th('n lowering first one corner of the tritmgular rubber tray,
then the next earner, then the next, and so on. In the background, the
rubber bowl or box in which the mixed ('xplosive iii carried to the building
where it is loaded into caps.
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as they differ in their composition. No.6, 7, and 8 caps are the
only ones which are manufactured regularly in the United States,
and the No.6 cap is the one which is most commonly used.

The fulminate in detonators was first modified by mixing it
with black powder, then with potassium nitrate, and later with

FIGURE 97. Manufacture of Detonators. (Court('sy Hercules Powder
Company,) Charging the capsules. Each of the holes in the upper steel
plate (charging plate) is of the right size to contain exactly enough
explosive for the charging of one detonator. The mixed explosive is
emptied onto the plate, the rubber-faced arm sweeps the material over
the charging plate filling all the holes and throwing the excess into the
box at the right. Under the charging plate is the thin indexing plate
which supplies a bottom to all the holes in the charging plate. The
detonator capsules, seen at the left, are placed under the indexing plate
and in line with the holes in the charging plate; the indexing plate is then
removed, the exploliive falls down into the capsule~, exactly the right
amount into eaeh, and iii later pres.~ed into plaee.
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potassium chlorate.15 The chlorate mixtures soon attained com­
mercial importance in the United States, and by 1910 had largely
displaced straight fulminate. Detonators containing them domi­
nated the market until recently, and are now largely, but not yet
wholly, displaced by compound detonators in which use is made
of the principle of the hooster. Mixtures of fulminate and potas­
sium chlorate are distinctly more hygroscopic than straight ful­
minate, but are cheaper and slightly safer to handle and to load.
Weight for weight they make better detonators. Storm and Cope 16

in a series of experiments in the sand test bomb found that 80/20
fulminate-chlorate pulverizes more sand than the same weight
of the 90/10 mixture and that this pulverizes more than straight
fulminate. The results show that the sand test is an instrument of
considerable precision. A difference of *0 gram in the size of the
charge of fulminate generally caused a difference of more than 1
gram in the weight of sand which was pulverized.

WEIGHT OF SAND (GRAMS) PULVERIZED
FINER THAN 30-MESH BY

WEIGHT OF 90/10 80/20
CHARGE, Mercury Fulminate- Fulminate-
GRAMS Fuiminate Chlorate Chlorate
2.0000 56.94 58.57 59.68
1.5000 47.71 51.11 52.54
OOסס.1 38.33 40.13 41.42
0.7500 29.65 32.30 3428
0.5000 22.45 23.07 2322
0.4000 17.91 17.90 18.13
0.3500 14.16 15.13 15.94
0.3250 1220 12.90 13.13
0.3000 10.01 12.71 12.61
02500 8.84 9.57 11.94
0.2250 6.93 8.71 1029
02000 5.48 8.33 9.44

Storm and Cope 17 also used the sand test to determine the

15 Detonators were manufactured abroad and sold for a time under
Nobel's patent, A. V. Newton (from A. Nobel, Paris), Brit. Pat. 16,919
(1887), covering the use, instead of fulminate, of a granulated mixture of
lead picrate, potassium picrate, and potassium chlorate, but the invention
apparently contributed little to the advance of the explosi"es art.

16 C. G. Storm and W. C. Cope, "The Sand Test for Determining the
Strength of Detonators," U. S. Bur. Mines Tech. Paper 125, Washington,
1916, p. 43.

17 Ibid., p. 59,
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minimum amounts of fulminate and of the fulminate-chlorate
mixtures which were necessary to detonate several high explosives
in reenforced detonators. It is necessary to specify that the tests
were made with reenforced detonators, for the results would have
been quite different if reenforcing caps had not been used. In
an ordinary detonator TNA required 0.3125 gram of 80/20
fulminate-chlorate instead of the 0.1700 gram which was suf­
ficient when a reenforced detonator was used.

TNT

026
0.25
0.24

PRIMARY EXPLOSIVE

Mercury fulminate
90/10 Fulminate-chlorate
80/20 Fulminate-chlorate

MINIMUM INITIATING CHARGE
(GRAMS) NECESSARY FOR EXPLOSION

OF 0.4 GRAM OF

TNA Picric Acid

0.20 025
0.17 0.23
0.17 0.22

The reenforced detonators which were used in this work were
made by introducing the weighed charge of high explosive into
the detonator shell and the weighed charge of primary explosive
into the small reenforcing cap while the latter was held in a
cavity in a brass block which served to prevent the explosive
from falling through the hole in the end of the cap. The primary
explosive was then pressed down gently by means of a wooden
rod, the cap was filled by adding a sufficient quantity of the high
explosive from the detonator shell, this was similarly pressed
down, and the reenforcing cap was then removed from the brass
block and inserted carefully in the detonator shell with its per­
forated end upward. The detonator was then placed in a press
block, a plunger inserted, and the contents subjected to a pressure
of 200 atmospheres per square inch maintained for 1 minute.
The pressure expanded the reenforcing cap against the detonator
shell and fixed it firmly in place.

The minimum initiating charge was determiliCd as follows.
The amount of sand pulverized by a detonator loaded, say, with
TNT and with fulminate insufficient to explode the TNT was
determined. Another experiment with a slightly larger amount
of fulminate was tried. If this showed substantially the same
amount of sand pulverized, then the charge of fulminate was
increased still further, and so on, until a sudden large increase
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in the amount of sand pulverized showed that the TNT had
detonated. After this point had been reached, further increases
in the amount of fulminate caused only slight increases in the
amount of sand pulverized. The magnitude of the effects, and the
definiteness of the results, are shown by the following data of
Storm and Cope.18

WEIGHT OF SAND (GRAMS) PULVERIZED FINER
THAN 30-MESH BY REENFORCED DETONATOR CON­

TAINING 0.40 GRAM TNT AND A PRIMING
CHARm;. (GRAMS) OF

PRIMARY EXPLOSIVE

Mercury fulminate

90/10 Fulminate-chlorate

80/20 Fulminate-chlorate

0.3000 0.2800

r~ 3m

I
I

0.2600

33.00
31.50
30.00
32.70
32.00
33.55
34.05
34.35
34.42
34.70

0.2500 0.2400 0.2300

13.55 12.60

34.45 32.95 13.90
34.67 13.20
34.07
35.07
33.80

34.40 16.80
34.60
34.60
33.80
34.85

Fulminate owes its success as an initiating agent primarily to
the fact that it explodes easily from fire-and it catches the fire
more readily than do lead azide and many another primary ex­
plosive-to the fact that it quickly attains its full velocity of
detonation within a very short length of material, and probably
also to the fact that the heavy mercury atom which it contains
e!1ables it to deliver an especially powerful blow. Its maximum
velocity of detonation is much lower than that of TNT and simi­
lar substances, and its power to initiate the detonation of high
explosives is correspondingly less. Wohler 19 in 1900 patented
detonators in which a main charge of TNT or other nitro com­
pound is initiated by a relatively small charge of fulminate.

18 Ibid., p. 55.
19 Brit. Pat. 21,065 (1900). For an acconnt of Wlihkl"s tll('olY of initintion

see Z. ges. Schiess- u. SprengstojJw., 6, 253 (1911) and Z. (ll/gew. Chern., 24,
1111, 2089 (1911).
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Detonators which thus make use of the principle of the booster
are known as compound detonators and are made both with and
without reenforcing caps. Some manufacturers insert the re­
enforcing cap with the perforated end down, others with the
perforated end Up.20

Not long after Curtius 21 had discovered and described hydra­
zoic (hydronitric) acid and its salts, Will and Lenze 22 experi­
mented with the azides (hydronitrides, hydrazotates) at the
military testing station at Spandau, but a fatal accident put an
end to their experiments and their results were kept secret by
the German war office. Wohler and Matter 23 later studied several
primary explosives in an effort to find a substitute for fulminate,
and in 1907, in ignorance of the earlier work of Will and Lenze,
published experiments which demonstrated the great effective­
ness of the azides. At about the same time, the first attempt to
use lead azide practically in the explosives industry was made
by F. Hyronimus in France who secured a patent 24 in February,
1907, for the use of lead azide in detonators, to replace either
wholly or in part the mercury fulminate which had theretofore
been used, and this whether or not the fulminate would ordinarily
be used alone or in conjunction with some other explosive sub­
stance such as picric acid or trinitrotoluene. In March of the
same year Wohler in Germany patented,25 as a substitute for
fulminate, the heavy metal salts of hydrazoic acid, "such as
silver and mercury azides." He pointed out, as the advantages
of these substances, that a smaller weight of them is necessary
to produce detonation than is necessary of mercury fulminate,
as, for example, that a No.8 blasting cap containing 2 grams of
mercury fulminate can be replaced, for use in detonating ex­
plosives, by a No.8 copper capsule containing 1 gram of picric
acid on top of which 0.023 gram of silver azide has been com-

20 In addition to its other functions, the reenforcing cap tends toward
greater safety by preventing actual contact between the primary explosive
and the squarely cut end of the miner's fuse to which the detonator is
crimped.

21 BeT., 23, 3023 (1890); ibid., 24, 3341 (1891).
22 Cf. Will, Z. ges. Schiess- u. SprengstojJw., 9, 52 (1914).
23 Lac. cit.
24 French Pat. 384,792 (February 14, 1907), Supplement No. 8872 (process

of manufacture), January 13, 1908.
25 Ger. Pat. 196,824 (March 2, 1907).



TESTING OF DETONATORS 421

pressed. In February of the next year Woh~er was granted a
French patent 26 in which lead azide was specifically mentioned,
but the use of this substance had already been anticipated by
the patent of Hyronimus. Lead azide was soon afterwards manu­
factured commercially in Germany and in France, and COlll­

pound detonators containing this material were used fairly gen­
erally in Europe at the time of the first \Vorld War. A few years
later the manufacture of lead azide detonators was commenced
in the United States. In this country compound detonators having
a base charge of tetryl and primed with 80/20 fulminate-chlorate
or with lead azide have been superseded in part by detonators
loaded with a more powerful high-explosive charge of nitroman­
nite, PETN, or diazodinitrophenol and primed with lead azide,
alone or sensitized to flame by the addition of lead styphnate or
tetracene, or with diazodinitrophenol as the primary explosive.

Testing of Detonators
Among the tests which are used for determining the relative

efficiency of detonators,27 the lead block or small Trauzl test, in
which the detonators are fired in holes drilled in lead blocks and
the resulting expansions of the holes are measured, and the lead
or aluminum plate test in which the detonators are stood upright
upon the plates and fired, and the character and extent of the
effects upon the plates are observed) have already been men­
tioned.28 The first of these gives results ~hich are expressible by
numbers, and in that sense quantitative, and it is evident that
both methods may be applied, for example, to the determination
of the minimum amount of primary explosive necessary for the
initiation of a high explosive, for both show notably different
effects according as the high explosive explodes or not. Another
useful test is the determination of the maximum distance through
which the detonator is capable of initiating the explosion of some
standard material, say, a piece of cordeau loaded with TNT. In
the nail test,29 a wire nail is fastened to the side of the detonator,
the detonator is fired, and the angle of the bend which the ex-

26 French Pat. 387,640 (February 28, 1908).
27 Clarence Hall and Spencer P. Howell, "Investigations of Detonators

and Electric Detonators," U. S. BUT. Mines Bull. 59, Washington, 1913.
28 Vol. I, p. 26.
29 Hall and Howell, op. cit., p. 25.
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plosion imparts to the nail is measured. The sand test, in which
the detonator is fired in the center of a mass of carefully screened
sand contained in a suitable bomb and the sand which has been
pulverized is screened off and weighed, is the most precise and
significant of the tests on detonators. It is a real test of brisance,
and its usefulness is not limited to the study of detonators but
may be extended to the study of high explosives as well. Thus,

FiGURE 98. U. S. Bureau of Mines Sand Test Bomb No.1. (Courtesy
U. S. Bureau of Mines.) At left, assembled for making the test. At right,
disassembled showing the parts. Two covers, one with a single hole for
miner's fuse, the other with two holes for the two wires of an electric
detonator.

two explosives may be compared by loading equal amounts in
detonator shells, priming with equal amounts of the same initi­
ator, firing in the sand test bomb, and comparing the amounts
of sand pulverized.

The sand test was devised in 1910 by Walter O. Snelling, ex­
plosives chemist of the U. S. Bureau of Mines, who worked out
the technique of its operation and designed the standard Bureau
of Mines sand test bomb No.1 which was used in his own investi­
gations and in those of Storm and Cope.30 Munroe and Taylor 31

30 Snelling, Proc. Eng. Soc. Western Pennsylvania, 28, 673 \1912); Storm
and Cope, loco cit.

31 C. E. Munroe and C. A. Taylor, "Method!' of Testing Detonatol'>!,"
U. S. Bur. Mincs Repts. of Investiyutiulls 2558, December, 1923.
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later recommended a bomb of larger diameter, Bureau of Mines
sand test bomb No.2, as being able to differentiate more exactly
between the different grades of detonators in commercial use. The
test grew out of an earlier test which Snelling had developed in
1908 for measuring the strength of detonating agents. Starting

FIGURE 99. Walter O. Snelling. (Metzger & Son.) Devised the sand test.
Has worked extensively with nitrostarch explosives and has patented many
improvements in military and in mining explosives. Chemist at the U. S.
Bureau of Mines, 1908-1916; Director of Research, Trojan Powder Com­
I?any, 1917-.

with the thought that true explosives, when subjected to a suf­
ficiently strong initiating influence, detonate in such manner as
to set free more energy than that which had been applied to
them by the initiating charge, he tested several materials which
failed to be true explosives and, although decomposed by the
detonating agent, did not give off energy enough to continue their
own decomposition and to propagate a detonation wave. Copper
oxalate was the best of the "near explosives" which he tried. He
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found it possible to measure the initiating effect of mercury ful­
minate and of other initial detonators by firing them in com­
positions consisting partly or wholly of copper oxalate, and then
by chemical means determining the amount of the oxalate which
had been decomposed. The experiments were carried out in a
small steel bomb, the detonator was placed in the middle of a
mass of oxalate or of oxalate composition, and sand was put in
on top to fill the bomb completely. The fact that part of the sand
was pulverized by the force of the explosion suggested that the
mechanical effect of the initiator might perhaps serve as an
approximate measure of the detonating efficiency; the oxalate
was omitted, the bomb ,vas filled entirely with sand, and the sand
test was devised. Before Snelling left the Bureau of Mines in
1912 he had made about 40 tests on ordinary and electric deto­
nators. Storm and Cope extended the usefulness of the test and
applied it not only to the study of detonators but also to the
study of the materials out of which detonators are constructed,
both initial detonating agents and high explosives.

Lead Azide
Lead azide is a more efficient detonating agent than mercury

fulminate. It requires a higher temperature for its spontaneous
explosion, and it does not decompose on long continued storage
at moderately elevated temperatures. It cannot be dead-pressed
by any pressure which occurs in ordinary manufacturing opera­
tions. Lead azide pressed into place in a detonator capsule takes
the fire less readily, or explodes from spark less readily, than
mercury fulminate. For this reason the main initiating charge of
lead azide in a blasting cap is generally covered with a layer of
lead styphnate, or of styphnate-azide mixture or other sensitizer,
which explodes more easily, though less violently, from fire, and
serves to initiate the explosion of the azide.

Lead azide is not used in primers where it is desired to produce
fire or flame from impact. Fulminate mixtures and certain mix­
tures which contain no fulminate are preferred for this purpose.
Lead azide is used where it is desired to produce, either from
flame or from impact, an initiatory shock for the detonation of
a high explosive-in compound detonators as already described,
and in the detonators of artillery fuzes. For the latter purpose,
caps containing azide and tctryl (or other booster explosive) are
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used; the azide is exploded by impact, and the tetryl communi­
cates the explosion to the booster or perhaps to the main charge
of the shell.

Lead azide is produced as a white precipitate by mixing a solu­
tion of sodium azide with a solution of lead acetate or lead ni­
trate. It is absolutely essential that the process should be carried
out in such manner that the precipitate consists of very small
particles. The sensitivity of lead azide to shock and to friction
increases rapidly as the size of the particles increases. Crystal~

1 mm. in length are liable to explode spontaneously because of
the internal stresses within them. The U.S. Ordnance Depart­
ment specifications require that the lead azide shall contain no
needle-shaped crystals more than 0.1 mm. in length. Lead azide
is about as sensitive to impact when it is wet as when it is dry.
Dextrinated lead azide can apparently be stored safely under
water for long periods of time. The belief exists, however, that
crystalline "service azide" becomes more sensitive when stored
under water because of an increase in the size of the crystals.

The commercial preparation of lead azide is carried out on
what is practically a laboratory scale, 300 grams of product con­
stituting an ordinary single batch. There appear to be diverse
opinions as to the best method of precipitating lead azide in a
finely divided condition. According to one, fairly strong solutions
are mixed while a gentle agitation is maintained, and the precipi­
tate is removed promptly, and washed, and dried. According to
another, dilute solutions ought to be used, with extremely violent
agitation, and a longer time ought to be devoted to the process.
The preparation is sometimc~ carried out by adding one solution
to the other in a nickel vessel, which has corrugated sides, and is
rotated around an axis which makes a considerable angle with
the vertical, thereby causing turbulence in the liquid. The pre­
cipitation is sometimes carried out in the presence of dissolved
colloidal material, such as gelatin or dextrin, which tends to
prevent the formation of large crystals. Sometimes the lead azide
is precipitated on starch or wood pulp, either of which will take
up about 5 times its own weight of the material, and the impreg­
nated starch is worked up, say, by tumbling in a sweetie barrel
with a little dextrine, to form a free-flowing granular mass which
can conveniently be loaded into detonators, or the impregnated
wood pulp is converted into pasteboard which is cut into discs
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for loading. A small amount of basic salt in the lead azide makes
it somewhat less sensitive to impact and slightly safer to handle,
but has no appreciable effect upon its efficacy as an initiator.

The ~ommercial preparation of the azides is carried out either
by the interaction of hydrazine with a nitrite or by the inter­
action of sodamide with nitrous oxide. The first of these methods

FIGURE 100. Technical Lead Azide, 90-95% pure (75X>' For use in deto­
nators. PreCipitated in the presence of dextrin, it shows no crystal faces
under the microscope.

follows from the original work of Curtius,a2 the second from a
reaction discovered by Wisliscenus 33 in 1892 and later developed
for plant scale operation by Dennis and Browne.34 Curtius first
prepared hydrazoic acid by the action of aqueous or alcoholic
alkali or ammonia on acyl azides prepared by the action of
nitrous acid on acyl hydrazides. The hydrazides are formed by

32 Lac. cit.; also J. prak. Chem., [2] SO, 275 (1894) ; Ber., 29, 759 (1896);
cf. survey by Darapsky in Z. ges. Schiess- u. SprengstojJw., 2, 41, 64 (1907).

33 Ber., 25, 2084 (1892).
34Z. anorg. allgem. Chem., 40, 68 (1904).
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the interaction of hydrazine with esters just as the amides are
formed by the corresponding interaction of ammonia.

R-COOC,H, + NH2-NH2 ---> C2H.OH + R-CO-NH-NH2

Acyl hydrazide

R-CO-NH-NH2 + HONO ---> 2H,O + R-CO-Na
Acyl azide

R-CO-Na + H 20 --> R-COOH + HNa

R-CO-Na + NHa --------> R-CO-NH2 + HNa
Hydrazoic acid

By acidifying the hydrolysis mixture with sulfuric acid and by
fractionating the product, Curtius procured anhydrous hydrazoic
as a colorless liquid which boils at 370

• Hydrazoic acid is in­
tensely poisonous and bad smelling. It is easily exploded by
flame, by a brisant explosive, or by contact with metallic mer­
cury. The anhydrous substance is extremely dangerous to handle,
but dilute solutions have been distilled without accident.

Angeli 35 obtained a white precipitate of insoluble silver azide
by mixing saturated solutions of silver nitrite and hydrazine sul­
fate and allowing to stand in the cold for a short time. Dennstedt
and Gohlich 36 later procured free hydrazoic acid by the inter­
action of hydrazine sulfate and potassium nitrite in aqueous
solution.

NH2-NH2 • H 2SO, + KONO ----> KHSO, + 2H20 + HN3

Hydrazine sulfate

The yield from this reaction is greatest if the medium is alkaline,
for nitrous acid attacks hydrazoic acid oxidizing it with the liber­
ation of nitrogen. If hydrazine sulfate 37 is used in the mixture,
the resulting hydrazoic acid is not available for the preparation
of lead azide until it has been distilled out of the solution. (Lead
ions added to the solution would cause the precipitation of lead
sulfate.) The reaction mixture may be acidified with sulfuric
acid, a little ammonium sulfate may be added in order that the

35 Rend. ace. Lincei, [5] 2, I, 599 (1893).
36Chem.-Ztg., 21, 876 (1897).
37 Hydrazine is produced commercially by treating ammonia in aqueou~

solution with sodium hypochlorite to form chloramine, NH,-CI, and by
coupling this with another molecule of ammonia to form hydrazine and
hydrochloric acid. Sulfuric acid is added to the liquid, sparingly soluble
hydrazine sulfate crystallizes out, and it is in the form of this salt that
hydrazine generally occurs in commerce.
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ammonia may react with any unchanged nitrous acid which may
be present, and the hydrazoic acid may be distilled directly into
a solution of a soluble lead salt; but methods involving the dis­
tillation of hydrazoic acid present many dangers and have not
found favor for commercial production. The alternative is to
work with materials which contain no sulfate, and to isolate the
azide by precipitation from the solution, and it is by this method
that sodium azide (for the preparation of lead azide) is gen­
erally manufactured in this country and in England.

Hydrazine 38 reacts in alcohol solution with ethyl nitrite 39 and
cau~tic soda to form sodium azide which is sparingly soluble in
alcohol (0.315 gram in 100 grams of alcohol at 16°) and pre­
cipitates out.

NH2-NH2 + C2H.ONO + NaOH ---> NaN3 + C2H,OH + 2H20

The sodium azide is filtered off, washed with alcohol, and dried.
It is soluble in water to the extent of 42 grams in 100 grams of
water at 18°. It is not explosive, and requires no particular pre­
caution in its handling.

Azide has been manufactured in France and in Germany by
the sodamide process. Metallic sodium is heated at about 300°
while dry ammonia gas is bubbled through the molten material.

2Na + 2NH3 ----> 2NaNH2 + H2

The sodamide which is formed remains liquid (m.p. 210°) and
does not prevent contact between the remaining sodium and the
ammonia gas. The progress of the reaction is followed by pass­
ing the effluent gas through water which absorbs the ammonia
and allows the hydrogen to pass; if there is unabsorbed gas which
forms an explosive mixture with air, the reaction is not yet com­
plete. For the second step, the sodamide is introduced into a
nickel or nickel-lined, trough-shaped autoclave along the bottom

:18 Hydrazine hydrate is actually used. It is an expensive reagent procured
by distilling hydrazine sulfate with caustic soda in a silver retort. It is
poisonous, corrosive, strongly basic, and attacks glass, cork, and rubber.
Pure hydrazine hydrate is a white crystalline solid which melts at 40° and
boils at 118°, but the usual commercial material is an 85% solution of the
hydrate in water.

39 It is necessary to use ethyl nitrite or other alcohol-soluble rltrous
ester, instead of sodium nitrite, in order that advantage may be taken of a
soh-ent from which the sodium azide will precipitate out.
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of which there extends a horizontal shaft equipped with teeth.
The air in the apparatus is displaced with ammonia gas, the
autoclave is heated to about 230°, and nitrous oxide is passed in
while the horizontal stirrer is rotated. The nitrous oxide reacts
with one equivalent of sodamide to fonn sodium azide and water.
The ,vater reacts with a second equivalent of sodamide to fonn
sodium hydroxide ancl ammonia.

NaNH, + N 20 ----> NaN3 +H 20

NaNH2 + H 20 ----> NaOH + NH3

The reaction is complete when no more ammonia is evolved. The
product, which eonsi~ts of an equimoleeular mixture of sodium
hydroxide and sodium azide, may be taken up in water and
neutralized carefully with nitric acid, and the resulting solution
may be used directly for the preparation of lead azide, or thc
product may be fractionally crystallized from water for the pro­
duction of sodium azide. The same material may be procured by
washing the product with warm alcohol which dissolves away the
sodium hydroxide.

The different methods by which hydrazoic acid and the azide~

may be prepared indicate that the acid may properly be repre­
sented by anyone or by all of the following ~tructural formulas.

H-N=N=N

Hydrazoic acid is a weak acid; its ionization constant at 25°,
1.9 X 10-5, is about the same as that of acetic acid at 25°,
1.86 X 10-:;. It dissoh'es zinc, iron, mage~ium, and aluminum,
fonning azides with the evolution of hydl'ogen and the producti<lll
of a certain amount of ammonia. It attacks copper, ~il\'l>r, and
mercury, forming azideswithout evoh'ing hydrogen, and i~ re­
duced in part to ammonia and sometime,,; to hydrazinc and free
nitrogen. Its reaction with copper, for examplr, it' dut'cly an­
alogous to the reaction of nitric acid with that metal.

eu + 3HN3 ----> Cu(N3h + N 2 + NH3

3Cu + 8HNOa ---> 3Cu(N03h + 2NO + 4lLO

SO also, like nitric acid, it oxidize~ hydrogen ~ulfide with the
liberation of sulfur.



430 PRIMARY EXPLOSIVES, DETONATORS, AND PRIMERS

H2S + HN. ----> S + N2 + NH.

3H2S + 2HNO. ---> 3S + 2NO + 4H20

Mixed with hydrochloric acid it forms a liquid, comparable to
aqua regia, which is capable of dissolving platinum.

Pt + 2HN. + 4HCl ---> Ptc!. + 2N2+ 2NH.

3Pt + 4HNO. + 12HCl ---> 3PtCl. + 4NO + SH20

Hydrazoic acid and permanganate mutually reduce each other
with the evolution of a mixture of nitrogen and oxygen. The acid
and its salts give with ferric chloride solution a deep red colora­
tion, similar to that produced by thiocyanates, but the color is
discharged by hydrochloric acid.

The solubilities of the azides in general are similar to those of
the chlorides. Thus, silver azide is soluble in ammonia water and
insoluble in nitric acid. Lead azide, like lead chloride, is sparingly
soluble in cold water, but hot water dissolves enough of it so that
it crystallizes out when the solution is cooled. One hundred grams
of water at 18° dissolve 0.03 gram, at 80° 0.09 gram.

The true density of lead azide is 4.8, but the loose powder has
an apparent density of about 1.2.

Lead azide is dissolved by an aqueous solution of ammonium
acetate, but it is not destroyed by it. The solution contains azide
ions and lead ions, the latter quantitatively precipitable as lead
chromate, PbCr04 , by the addition of potassium dichromate solu­
tion. Lead azide in aqueous suspension is oxidized by ceric sulfate
with the quantitative production of nitrogen gas which may be
collected in an azotometer and used for the determination of the
azide radical.

Pb(N.). + 2Ce(SO.). ----> PbSO. + 3N2 + Ce2(SO.)a

Nitrous acid oxidizes hydrazoic acid with the evolution of nitro­
gen. A dilute solution of nitric or acetic acid, in which a little
sodium nitrite has been dissolved, dissolves and destroy~ lead
azide. Such a solution may conveniently be used for washing
floors, benches, etc., on which lead azide may have been spilled.

Silver Azide
Silver azide is a more efficient initiator than mercury fulminate,

and about as efficient as lead azide. It melts at 251° and decOln­
poses rapidly above its melting point into silver and nitrogen. Its
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temperature of spontaneous explosion varies somewhat according
to the method of heating, but is considerably higher than that of
mercury fulminate and slightly lower than that of lead azide.
Taylor and Rinkenbach 40 reported 273°. Its sensitivity to shock,
like that of lead azide, depends upon its state of subdivision.

FIGURE 101. William H. Rinkenbach. Has published many studies on the
physical, chemical, and explosive properties of pure high-explosh'e sub­
stances and primary explosives. Research Chemist, U. S. Bureau of Mines,
1919-1927; Assistant Chief Chemist, Picatinny Arsenal, 1927-1929; Chief
Chemist, 1929--.

Taylor and Rinkenbach prepared a "colloidal" silver azide which
required a 777-mm. drop of a 500-gram weight to cause detona­
tion. Mercury fulminate required a drop of 127 mm. According
to the same investigators 0.05 gram of silver azide was necessary
to cause the detonation of 0.4 gram of trinitrotoluene in a No.6
detonator capsule, whether the charge was confined by a reen­
forcing cap or not, as compared with 0.24 gram of mercury ful-

40 Army Ordnance, S, 824 (1925).
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minate when the charge was confined by a reenforcing cap and
0.37 gram when it was not confined. They also measured the
sand-crushing power of silver azide when loaded into No.6 deto­
nator capsules and compressed under a pressure of 1000 pounds
per square inch, and compared it with that of mercury fulminate,
with the results which are tabulated below. It thus appears that

"TEIGHT OF

CHARGE, GRAMS

WEIGHT OF SAND CRUSHED (GRAMS) BY

Silver Mercury
Azide Fulminate

0.05 ............... 1.4 0.00
0.10 3.3 0.00
0.20 6.8 4.2
0.30 ]0.4 8.9
0.50 .......... 18.9 16.0
0.75 .............. 30.0 26.1
1.00. 41.1 37.2

the sand-crushing power of silver azide if:! not as much greater
than the sand-crushing power of mercury fulminate as the differ­
ence in their initiatory powers would suggest. Storm and Cope 41
in their studies on the sand test found that the powers of ful­
minate and of fulminate-chlorate mixtures to crush sand were
about proportional to the initiatory powers of these materials, but
the present evidence indicates that the law is not a general one.

Cyanuric Triazide

Cyanuric triazide,42 patented as a detonating explosive by
Erwin Ott in 1921, is prepared by adding powdered cyanuric
chloride, slowly with cooling and agitation, to a water solution
of slightly more than the equivalent quantity of sodium azide.

Cl N3

t t
/~ /~

N N N N
II I +3NaN3 --- II +3NaCl

Cl-C C-Cl N,.-C C-N3

"if "N/
Cyanuric triazide

41 Loc. cit.
42 Ott, BeT., 54, 179 (1921); Ott, U. S. Pat. 1,390,378 (1921); Taylor and

Rinkenbach, U. S. BUT. Mines Repts. of Investigation 2513, August, 1923;
Kast and Haid, Z. angelO. Chern., 38, 43 (1925).
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The best results are secured if pure and finely pmvdered cyanuric
chloride is used, yielding small crystals of pure cyanuric triazide
in the first instance, in such manner that no recrystallization,
which might com'ert them into large and more sensitive crystals,
is necessary. Cyanuric chloride, m.p. 1460

, b.p. 1900
, is prepared

by passing a stream of chlorine into a solution of hydrocyanic
acid in ether or chloroform or into liquid anhydrous hydrocyanic
acid exposed to iSunlight. It is also formed by distilling cyanuric
acid with phosphorus pentachloride and by the polymerization of
cyanogen chloride, CI-CN, after keeping in a sealed tube.

Cyanuric triazide is insoluble in water, slightly soluble in cold
alcohol, and readily soluble in acetone, benzene, chloroform,
ether, and hot alcohol. It melts at 94 0

, and decomposes when
heated abO\'e 1000

• It may decompose completely without detona­
tion if it is heated slowly, but it detonates immediately from
flame or from sudden heating. The melted material dissolves
T~T and other aromatic nitro compounds. Small crystals of
cyanuric triazide are more sensitive than small crystals of mer­
cury fulminate, and have exploded while being pressed into a
detonator capsule. Large crystals from fusion or from recrystal­
lization have detonated when broken by the pressure of a rubber
policeman.43

Cyanuric triazide is not irritating to the skin, and has no poi­
sonous effects on rats and guinea pigs in fairly large doses.43

TayloI' and Rinkenbach have reported sand test data which
show that cyanuric triazide is much more brisant than mercury
fuhninate. 43

3.8
12.2
20.1
28.2
36.8

WEIGHT OF EXPLosn'E,

GRA;I;I";

0.050
0.100
0.200
0.400
0.600
0.800
1.000

WEIGHT OF SAND CRUSHED (GRAMS) BY

Cyan'u'ic 'friazide Mercury Fulminate

2.6
4.8

12.2
33.2
54.4
68.9
78.6

In conformity with these results are the findings of Kast and
Raid who reported that cyanuric triazide has a higher velocity of
detonation than mercury fulminate. They made their measure-

43 Taylor and Rinkenbach, loco cit., footnote 42.
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ments on several primary explosives loaded into detonator cap­
sules 7.7 mm. in internal diameter and compressed to the densi­
ties which they usually have in commercial detonators.44

EXPLOSIVE DENSITY

Cyanuric triazide . . . . . . . . . . . . . . . . . . .. 1.15
Lead azide . . . . . . . . . . . . . . . . . . 3.8
Mercury fulminate 3.3
Mixture: Hg(ONC) 2 850/0, KClO. 150/0.... 3.1
Lead styphnate 2.6

VELOCITY OF

DETONATION,

METERS PER
SECOND

5545
4500
4490
4550
4900

Taylor and Rinkenbach found that cyanuric triazide is a more
efficient initiator of detonation than mercury fulminate. This
result cannot properly be inferred from its higher velocity of
detonation, for there is no direct correlation between that quality
and initiating efficiency. Lead azide is also a much more efficient
initiator than mercury fulminate but has about the same velocity
of detonation as that substance. The following results 43 were
secured by loading 0.4 gram of the high explosive into detonator
capsules, pressing down, adding an accurately weighed amount
of the initiator, covering with a short reenforcing cap, and press­
ing with a pressure of 200 atmospheres per square inch. The size
of the initiating charge was reduced until it was found that a
further reduction resulted in a failure of the high explosive to
detonate.

0.26
0.21
0.24
0.20
0.85

0.10
0.05
0.04
0.09
0.15

MINIMUM INITIATING CHARGE

(GRAMS) OF

Cyanuric Mercury
Triazide FulminateHIGH EXPLOSIVE

Trinitrotoluene .
Picric acid .
Tetryl .
Tetranitroaniline
Ammonium picrate

Cyanuric triazide is slightly more hygroscopic and distinctly
more sensitive in the drop test than fulminate of mercury.44 It is
slightly volatile, and must be dried at as Iowa temperature as
possible, preferably in vacuum.44 Detonators in which it is used

44 KaHt and Haid, lac. C'it., footnote 42.
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TEMPERATURE OF EXPLOSION

When temperature
is raised 20 0 per

minute in In Iron Tube
Glass Iron Temp., Elapsed time,

EXPLOSIVE Tube Tube °C. seconds

Cyanuric triazide 206 0 205 0 200 40, 2
2080 207 0 205 0,

Lead azide 338 0 3370 335 12, 9
340 5, 7
345 7, 6
350 4, 5
355 0
360 0

Mercury fulminate 1750 1660 145 480. 331
150 275, 255
155 135, 165
160 64, 85
170 40, 35
180 15, 13
190 10, 8
195 8, 7
200 7, 8
205 5, 5
210 1, 3
215 0

Mixture: 1680 1690 145 370, 365
Hg(ONC), 85% 171 0 1700 150 210, 215
KClO. 15% 155 155, 145

160 125, 74
170 45, 50
180 23, 22
190 8, 8
195 7, 7
200 7, 8
205 7, 6
210 4, 3
215 0

Lead styphnate 2760 2750 250 90, 85
277 0 2760 265 65, 45

2750 270 0
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must be manufactured in such a way that they are effectively
sealed.

Kast and Haid have determined the temperatures at which
cyanuric triazide and certain other initiators explode spontane­
ously, both by raising the temperature of the samples at a con­
stant rate and by keeping the samples at constant temperatures
and noting the times which elapsed before they exploded. When
no measurable time elapsed, the temperature was "the tempera­
ture of instantaneous explosion." Their data are especially inter­
esting because they show the rate of deterioration of the mate­
rials at various temperatures.44

Trinitrotriazidobenzene

1,3,5-Trinitro-2,4,6-triazidobenzene 45 is prepared from aniline
by the reactions indicated below.

6' 'x NH, ava"" NO, N:~:~'
Cl~a/ Cl N~=Q=~~.<.;;;::...

Cl Cl

Aniline is chlorinated to form trichloroaniline. The amino group
is eliminated from this substance by means of the diazo reaction,
and the resulting sym-trichlorobenzene is nitrated. The nitration,
as described by Turek, is carried out by dissolving the material
in warm 32% oleum, adding strong nitric acid, and heating at
140-1500 until no more trinitrotrichlorobenzene, m.p. 1870

, pre­
cipitates out. The chlorine atoms of this substance are then
replaced by azido groups. This is accomplished by adding an
acetone solution of the trinitrotrichlorobenzene, or better, the
powdered substance alone, to an actively stirred solution of sodium
azide in moist alcohol. The precipitated trinitrotriazidobenzene
is filtered off, washed with alcohol and with water, and, after
drying, is sufficiently pure for technical purposes. It may be

45 Turek, Chimie et industrie, 26, 781 (1931); Ger. Pat. 498,050; Brit.
Pat. 298,981. Muraour, Mem. artillerie jranl;., 18, 895 (1939).
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purified further by dissolving in chloroform and allowing to cool,
greenish-yellow crystals, m.p. 131° with decomposition. It is de­
composed slowly by boiling in chloroform solution.

Trinitrotriazidobenzene is readily soluble in acetone, moder­
ately soluble in chloroform, sparingly in alcohol, and insoluble in
water. It is not hygroscopic, is stable toward moisture, and does
not attack iron, steel, copper, or brass in the presence of moisture.
It is not appreciably volatile at 35-50°. It darkens in color super­
ficially on exposure to the light. It decomposes on melting with
the evolution of nitrogen and the formation of hexanitroso­
benzene.

NO. NO

N:rQN3 N:0

1

NO---> 3N. +
NOr NO. NO I NO

N3 NO

The same reaction occurs at lower temperatures: 0.66570 of a
given portion of the material decomposes in 3 years at 20°,
2.43% in 1 year at 35°, 0.65% in 10 days at 50°, and 100%
during 14 hours heating at 100°. The decomposition is not self­
catalyzed. The product, hexanitrosobenzene, m.p. 159°, is stable,
not hygroscopic, not a primary explosive, and is comparable to
tetryl in its explosive properties.

Trinitrotriazidobenzene, if ignited in the open, burns freely
with a greenish flame; enclosed in a tube and ignited, it deto­
nates with great brisance. It is less sensitive to shock and to
friction than mercury fulminate. It gives a drop test of 30 em.,
but it may be made as sensitive as fulminate by mixing with
ground glass. The specific gravity of the crystalline material is
1.8054. Under a pressure of 3000 kilograms per square centi­
meter it yields blocks having a density of 1.7509, under 5000
kilograms per 'square centimeter 1.7526. One gram of TNT com­
pressed in a No.8 detonator shell under a pressure of 500 kilo­
grams per square centimeter, ,,,ith trinitrotriazidobenzene com­
pressed on top of it under 300 kilograms per square centimeter,
required 0.02 gram of the latter substance for complete detona­
tion. Tctryl under similar conditions required only 0.01 gram. Tri-
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nitrotriazidobenzene may be dead-pressed and in that condition
burns or puffs \vhen it is ignited. It is a practical primary explo­
sive and is prepared for loading in the granular ~orm by mixing
the moist material with nitrocellulose, adding a small amount of
amyl acetate, kneading, rubbing through a sieve, and allowing
to dry.

In the Trauzl test, trinitrotriazidobenzene gives 90% as much
net expansion as PETN; tetryl gives 70%, TNT 6070, mercury
fulminate 23%, and lead azide 16%. Used as a high explosive in
compound detonators and initiated with lead azide, trinitrotri­
azidobenzene is about as strong as PETN and is stronger than
tetryl.

Nitrogen Sulfide
Nitrogen sulfide was first prepared by Soubeiran in 1837 by the

action of ammonia on sulfur dichloride dissolved in benzene.

6SCl~ + 16NHa ----> N,S, + 28 + 12NH,Cl

It is conveniently prepared by dissolving 1 volume of sulfur
chloride in 8 or 10 volumes of carbon disulfide, cooling, and
passing in dry ammonia gas until the dark brown powdery pre­
cipitate which forms at first has dissolved and an orange-yellow
solution results which contains light-colored flocks of ammonium
chloride. These are filtered off and rinsed with carbon disulfide,
the solution is evaporated to dryness, and the residue is extracted
with boiling carbon disulfide for the removal of sulfur. The un­
dissolved material is cmde nitrogen sulfide. The hot extract on
cooling deposits a further quantity in the form of minute golden­
yellow crystals. The combined crude product is recrystallized
from carbon disulfide.

The same product is also produced by the action of ammonia
on disulfur dichloride in carbon disulfide, benzene, or ether
solution.

68"Cl. + 16NHa ---> N,S, + 8S + 12NH,Cl

Nitrogen sulfide has a density of 2.22 at 15°. It is insoluble in
water, slightly soluble in alcohol and ether, somewhat more
soluble in carbon disulfide and benzene. It reacts slowly with
water at ordinary temperature with the formation of pentathionic



NITROGEN SULFIDE 439

acid, sulfur dioxide, free sulfur, and ammonia.46 It melts with
sublimation at 178°, and explodes at a higher temperature which,
however, is variable according to the rate at which the substance
is heated. Berthelot found that it deflagrates at 207° or higher,
and remarked that this temperature is about the same as the
temperature of combustion of sulfur in the open air. Berthelot
and Vieille 47 studied the thermochemical properties of nitrogen
sulfide. Their data, recalculated to conform to our present notions
of atomic and molecular weight, show that the substance is
strongly endothermic and has a heat of formation of -138.8
Calories per mol. It detonates with vigor under a hammer blow,
but is less sensitive to shock and less violent in its effects than
mercury fulminate. Although its rate of acceleration is consider­
ably less than that of mercury fulminate, it has been recom­
mended as a filling for fuses, primers, and detonator caps, both
alone and in mixtures with oxidizing agents such as lead peroxide,
lead nitrate, and potassium chlorate.48

Nitrogen selenide was first prepared by Espenschied 49 by the
action of ammonia gas on selenium chloride. His product was an
orange-red, amorphous powder which exploded violently when
heated and was dangerous to handle. Verneuil 50 studied the sub­
stance further and supplied a sample of it to Berthelot and
Vieille 51 for thermochemical experiments. It detonates when
brought into contact with a drop of concentrated sulfuric acid
or when warmed to about 230°. It also detonates from friction,
from a very gentle blow of iron on iron, and from a slightly
stronger blow of .wood on iron. It has a heat of formation of
-169.2 Calories per mol, and, with nitrogen sulfide, illustrates
the principle, as Berthelot pointed out, that in analogous series
(such as that of the halides and that of the oxides, sulfides, and
selenides) "the explosive character of the endothermic compounds
becomes more and more pronounced as the molecular weight
becomes larger."

40Yan Yalkenburgh and Bailor, J. Am. Chern. Soc., 47, 2134 (1925).
47 Berthelot, "Sur la force des matieres explosives," 2 \'ols., third edition,

Paris, 1883, Yol. 1, p. 387.
48 Claessen, Brit. Pat. 6057 (1913); Carl, U. S. Pat. 2,127,106 (1938).
49 Ann., 113, 101 (1860).
50 Bull. soc. chim., [2] 38, 548 (1882).
51 Berthelot, op. cit., p. 389.
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Lead Styphnate (Lead trinitroresorcinate)
Lead styphnate is commonly prepared by adding a solution of

magnesium styphnate"2 at 70° to a well-stirred sqlution of lead
acetate at 70°. A voluminous precipitate of the basic salt sepa­
rates. The mixture is stirred for 10 or 15 minutes; then dilute

FIGURE 102. Lead Styphnate Crystals (90X>'

nitric acid is added with stirring to convert the basic to the
normal salt, and the stirring is continued while the temperature
drops to about 30°. The product, which consists of reddish'-brown,
short, rhombic crystals, is filtered off, washed with water, sieved
through silk, and dried.

Lead styphnate is a poor initiator, but it is easily ignited by
fire or by a static discharge. It is used as an ingredient of the
priming layer which causes lead azide to explode from a flash.

52 Prepared by adding magnesium oxide to a su.~pension of >ltyphnic acid
in water until a clear solution results and only a \'ery snIall portion of the
styphnic acid rNnams umlissolved.
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A 0.05-gram sample of lead styphnate in a test tube in a bath
of Wood's metal heated at a rate of 20° pet minute explodes at
267-268°.

Wallbaum 53 determined the minimum charges of several pri­
mary explosives necessary for initiating the explosion of PETN.
In the first series of tests, the PETN (0.4 gram) was tamped
down or pressed loosely into copper capsules 6.2 mm. in inside
diameter, and weighed amounts of the priming charges were
pressed down loosely on top. The weights of the priming charges
were decreased until one failure occurred in 10 tests with the
same weight of charge. In later series, the PETN was compressed
at 2000 kilograms per square centimeter. When the priming
charges were pressed loosely on the compressed PETN, consider­
ably larger amounts were generally necessary. One gram of lead
styphnate, however, was not able to initiate the explosion of the
compressed PETN. When the priming charges were pressed, on
top of the already compressed PETN, with pressures of 500,
1000, and 1500 kilograms per square centimeter, then it was
found that the tetracene and the fulminate were dead-pressed
but that the amounts of lead azide and silver azide which were
needed were practically the same as in the first series when both
the PETN and the priming charge were merely pressed loosely.
'Vallbaum reports the results which are tabulated below.

MINIMUM INITIATING CHARGE, GRAMS

Pressure on PETN, kg. per sq. em.
Pressure on initiator, kg. per sq. em.

PRIMARY EXPLOSIVE

o
o

2000 2000
o 500

2000 2000
1000 1500

Tetracene
Mercury fulminate (gray)
Mercury fulminate (white)
Lead styphnate
Lead azide (technical)
Lead azide (pure)
Silver azide ..

0.16
0.30
0.30
0.55
0.04
0.015
0.005

0250 dead-pressed
0.330
0.340

No detonation with 1 g.
0.170 0.05 0.05 0.04
0.100 0.01 0.01 0.01
0.110 0.005 0.005 0.005

Diazonium Salts
Every student of organic chemistry has worked with diazonium

salts in solution. The substances are commonly not isolated in
the solid state, for the dry materials are easily exploded by shock
and by friction, and numerous laboratory accidents have resulted
from their unintended crystallization and drying.

53 Z. yes. Schiess- u. Spreny.stoffw., 34, 126, 161, 197 (1939).
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The first volume of the Memorial des Poudres et Salpetres
contains a report by Berthelot and Vieille 54 on the properties of
benzenediazonium nitrate (diazobenzene nitrate). They prepared
the material by passing nitrous gas into a cooled aqueous solu­
tion of aniline nitrate, diluting with an equal volume of alcohol,
and precipitating in tne form of white, voluminous flocks by the
addition of an excess of ether.

2C6H6-NHz . HNOa + NzOa ----> 3H20 + 2C6H.-N-NOa
III
N

The product was washed with ether, pressed between pieces of
filter paper, and dried in a vacuum desiccator. In dry air and in
the dark it could be kept in good condition for many months.
In the daylight it rapidly turned pink, and on longer keeping,
especially in a moist atmosphere, it turned brown, took on an
odor of phenol, and finally became black and swelled up with
bubbles of gas.

Benzenediazonium nitrate detonates easily from the blow of a
hammer or from any rubbing which is at all energetic. It explodes
violently when heated to 90°. Its density at 15° is 1.37, but under
strong compression gently applied it assumes an apparent density
of 1.0. Its heat of formation is -47.4 Calories per mltl, heat of
explosion 114.8 Calories per mol.

m-Nitrobenzenediazonium perchlorate was patented by Herz 55

in 1911, and is reported to have been used in compound detona­
tors with a high-explosive charge of nitromannite or other brisant
nitric ester. It explodes spontaneously when heated to about 154°.
It is sensitive to shock and to blow. Although it is very sparingly
soluble in water and is stabilized to some extent by the nitro
group on the nucleus, it is distinctly hygroscopic and is not
exempt from the instability which appears to be characteristic of
diazonium salts.

N
III

NH2 N-ClO.6
N

o. +RNO, + RC10. -~ 2R,O +6
NO

'

54 Mem. poudres, 1, 99 (1882-1883). Berthelot, op. cit., Vol. 2, p. 35.
55 Ger. Pat. 258,679 (1911).
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Preparation of m-Nitrobenzenediazonium Perchlorate. Half a gram
of m-nitroaniline is suspended in 5 cc. of water in a wide test tube, and
0.5 cc. of concentrated hydrochloric acid and 2.2 cc. of 20% perchloric
acid solution are added. After the nitraniline has dissolved, 15 ce. of
water is added and the solution is cooled by immersing the test tube
in a beaker filled with a slurry of cracked ice. One-quarter of a gram
of sodium nitrite dissolved in 1 or 2 cc. of water is added in 3 or 4
portions, the mixture being shaken after each addition or stirred with
a stirring rod the end of which is covered with a short piece of rubber
tubing. After standing in the cold for 5 minutes, the material is trans­
ferred to a filter, and the felt/ike mass of pale yellow needles is washed
with cold water, with alcohol, and with ether. The product is dried in
several small portions on pieces of filter paper.

Diazodinitrophenol (DDNP, Dino!)

4,6-Dinitrobenzene-2-diazo-1-oxide, or diazodinitrophenol as it
is more commonly called, occupies a place of some importance in
the history of chemistry, for its discovery by Griess 56 led him
to undertake his classic researches on the diazonium compounds
and the diazo reaction. He prepared it by passing nitrous gas
into an alcoholic solution of picramic acid, but it is more con­
veniently prepared by carrying out the diazotization in aqueous
solution with sodium nitrite and hydrochloric acid.

OH OH O-N

N~N~ ~.: N~Nffi".,~~NO~~
NO. NO. NO.

Picric acid Picramic acid Diazodinitrophenol

Picramic acid, red needles, m. p. 169 0
, may be prepared by evap­

orating ammonium picrate in alcohol solution with ammonium
sulfide.

Preparation of Diazodinitrophenol. Ten grams of picramic acid is
suspended in 120 cc. of 5% hydrochloric acid in a beaker which stands
in a basin of ice water, and the mixture is stirred rapidly with a
mechanical stirrer. Sodium nitrite (3.6 grams) dissolved in 10 cc. of
water i:,\ added all at once, and the stirring is continued for 20 minutes.
The product is collected on a filter and washed thoroughly with ice

56 Ann., 106, 123 (1858), 113, 205 (1860),
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water. The dark brown granular material may be used as such, or it
may be dissolved in hot acetone and precipitated by the addition of
a large volume of ice water to the rapidly agitated liquid, a treatment
which converts it into a brilliant yellow amorphous powder.

L. V. Clark,s7 who has made an extensive study of the physical
and explosive pl'operties of diazodinitrophenol, reports that it has

FIGURE 103. Diazodinitrophenol Crystals (90X).

a true density at 25°/4° of 1.63. Its appa/ent density after being
placed in a tube and tapped is only 0.27, but, when compressed
in a detonator capsule at a pressure of 3400 pounds per square
inch (239 kilograms per square centimeter), it has an apparent
density of 0.86. It is not dead-pressed by a pressure of 130,000
pounds per square inch (9139 kilograms per square centimeter).
It is soluble in nitrobenzene, acetone, aniline, pyridine, acetic
acid, strong hydrochloric acid, and nitroglycerin at ordinary tem­
peratures. Its solubility at 50° in 100 grams of solvent is: in
ethyl acetate 2.45 grams, in methyl alcohol 1.25 grams, in ethyl

57 Ind. Eng. Chern., 25, 663 (1933).
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alcohol 2.43 grams, in benzene 0.23 gram, and in chloroform
0.11 gram.

Diazodinitrophenol is less sensitive to impact than mercury
fulminate and lead azide. Its sensitivity to friction is about the
same as that of lead azide, much less than that of mercury ful­
minate. It detonates when struck a sharp blow, but, if it is ignited
when it is unconfined, it burns with a quick flash, like nitro­
cellulose, even in quantities of several grams. This burning pro­
duces little or no local shock, and will not initiate the explosion
of a high explosive. Commercial detonators containing a high­
explosive charge of nitromannite and a primary explosive charge
of diazodinitrophenol explode if they are crimped to a piece of
miner's fuse and the fuse is lighted, but a spark falling into the
open end has been reported to cause only the flashing of the
diazodinitrophenol. Likewise, if an open cap of this sort falls
into a fire, the diazodinitrophenol may flash, the nitromannite
may later melt and run out and burn with a flash, and the deto­
nator may be destroyed without exploding. While it is not safe
to expect that this will always happen, it is an advantage of
diazodinitrophenol that it sometimes occurs.
. Diazodinitrophenol is darkened rapidly by exposure to sun­

light. It does not react with water at ordinary temperatures, but
is desensitized by it. It is not exploded under water by a No.8
blasting cap.

Clark reports experiments with diazodinitrophenol, mercury
fulminate, and lead azide in which various "'eights of the explo­
sives were introduced into No. 8 detonator capsules, pressed
under reenforcing caps at 3400 pounds per square inch, and fired
in the No.2 sand test bomb. His results, tabulated below, show
that diazodinitrophenol is much more powerful than mercury
fulminate and lead azide. Other experiments by Clark showed

Lead Azide
3.5
7.2

14.2
21.5
28.7
36.0

3.1
6.5

17.0
27.5
38.0
48.4

Mercury
Fulminate

WEIGHT (GRA;vIS) OF SAND PULVERIZED

FI~ER THAN 30-MESH BY

Diazo-
dinitro­
phenol

9.1
19.3
36.2
54.3
72.1
90.6

WEIGHT (GRAMS)

OF CHARGE

0.10.
0.20 .
0.40 .

0.60.
0.80

1.00
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that diazodinitrophenol in the sand test has about the same
strength as tetryl and hexanitrodiphenylamine.

Clark found that the initiatory power of diazodinitrophenol is
about twice that of mercury fulminate and slightly less than that
of lead a~ide. His experiments were made with 0.5-gram charges
of the high explosives in No.8 detonator capsules, with reenforc­
ing caps, and with charges compressed under a pressure of 3400
pounds per square inch. He reported the results which are tabu­
lated below.

Lead Azide

0.12
0.16
0.03
0.075
0.05
0.05
0.05

0.225
0.240
0.165
0.225
0.165
0.175
0.165

MINIMUM INITIATING CHARGE

(GRAMS) OF

Mercury Diazo-
Fulminate dinitrophenol

0.115
0.163
0.075
0.110
0.075
0.085
0.075

HIGH EXPLOSIVE

Picric acid .
Trinitrotoluene ..
Tetryl .
Trinitroresorcinol
Trinitrobenzaldehyde
Tetranitroaniline ..
Hexanitrodiphenylamine

One gram of diazodinitrophenol in a No.8 detonator capsule,
compressed under a reenforcing cap at a pressure of 3400 pounds
per square inch, and fired in a small Trauzl block, caused an
expansion of 25 cc. Mercury fulminate under the same conditions
caused an expansion of 8.1 cc., and lead azide one of 7.2 cc.

Clark determined the ignition temperature of diazodinitro­
phenol by dropping 0.02-gram portions of the material onto a
heated bath of molten metal and noting the times which elapsed
between the contacts with the hot metal and the explosions: 1
second at 200°, 2.5 seconds at 190°, 5 seconds at 185°, and 10.0
seconds at 180°. At 177° the material decomposed without an
explosion.

Tetracene
1-Guanyl-4-nitrosoaminoguanyltetrazene, called tetracene for

short, was first prepared by Hoffmann and Roth.58 Hoffmann and
his co-workers 59 studied its chemical reactions and determined

58 BeT., 43, 682 (1910).
59 Hoffmann, Hock, and Roth, ibid., 43, 1087 (1910); Hoffmann and

Hock, ibid., 43, 1866 (1910), 44, 2946 (1911); Hoffmann, Hock, and Kirm­
reuther, Ann., 380, 131 (1911).
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its structure. It is formed by the action of nitrous acid on amino­
guanidine, or, more exactly, by the interaction of an aminoguani­
dine salt with sodium nitrite in the absence of free mineral acid.

l-......... _-~'- -...,
NH~ ).!!. "", ,,' Hi ~NH , ,

/C-NH-N,-'.>!I~r-N':.o H !.tN- C-.. H N)!! !!9.l-NO
NH Ii '- ... /0 'N -

s """-__) 'H
Nltrons

acid,
AmlnoguanldlneNltro~s I

acld./

NH~ ?NH
C-NH-NH-N=N-CZ + 3HsO

NH{NH-NH-NO

Amlnoguanldlne

I-Guanyl-4.nltrosoamlnoguanyltetrazene

Tetracene is a colorless or pale yellow, fluffy material which is
practically insoluble in water, alcohol, ether, benzene, and carbon
tetrachloride. It has an apparent density of only 0.45, but yields
a pellet of density 1.05 when it is compressed under a pressure
of 30bo pounds per square inch. Tetracene fonus explosive" salts,
among which the perchlorate is especially interesting. It is soluble
in strong hydrochloric acid; ether precipitates the hydrochloride
from the solution, and this on treatment with sodium acetate or
with ammonia gives tetracene again. With an excess of silver
nitrate it yields the double salt, C2H7NIOOAg·AgN03'3H20.
Tetracene is only slightly hygroscopic. It is stable at ordinary
temperatures both wet and dry, but is decomposed by boiling
water with the evolution of 2N2 per molecule. On hydrolysis with
caustic soda it yields ammonia, cyanamide, and triazonitroso­
aminoguanidine which can be isolated in the form of a bright
blue precipitate of the explosive copper salt by the addition of
copper acetate to the alkaline solution. The copper salt on treat­
ment with acid yields tetrazolyl azide (5-azidotetrazole). 60

(t2-C(N:~~NH-NH:=N-C~::-NH-NHJ-NO

Na-C.,- --- Na-C, +NHa+NHs-CN
'NH-NH-NO NH-N~N-OH

{L Trlazonltrosoamlnoguanldlne

\ ~-~-O ~N-NI
Na-C, I )l Na-C, I

NH-N=N NH-N
Tetrazolyl azide

60 Cf. survey article by G. B. L. Smith, "The Chemistry of Aminoguttni­
dine and Related Substances," Chern. Rev., 25, 214 (1939).
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In the presence of mineral acids, sodium nitrite reacts in a
different manner ,vith aminoguanidine, and guanyl azide is
formed.

NH
NH2-C(NH)-NH-NH2+ HONO ---> Na-C(' + 2H20

"NH2

Guansl azide

This substance forms salts with acids, and wa~ first isolated in
the form of its nitrate. The nitrate is not detonated by shock but
undergoes a rapid decomposition with the production of light
when it is heated. The picrate and the perchlorate explode vio­
lently from heat and from shock. Quanyl azide is not decom­
posed by boiling water. On hydrolysis with strong alkali, it yields
the alkali metal salt of hydrazoic acid. It is hydrolyzed by am­
moniacal silver nitrate in the cold with the formation of silver
azide which remains in solution and of silver cyanamide which
appears as a yellow precipitate. By treatment with acids or weak
bases it is converted into 5-aminotetrazole.

,j'NH ~N--N
Na-Cf' ---> NH2-Cf' II

- "'--NH2 - "'--NH-N
5-Aminotetrazole

When the reaction between aminoguanidine and sodiurn nitrite
occurs in the presence of an excess of acetic acid, still another
product is formed, namely, 1,3-ditetrazolyltriazine, the genesis
of which is easily understood from a consideration of the reac­
tions already mentioned. 5-Aminotetrazole is evidently formed
first; the amino group of one molecule of this substance is diazo­
tized by the action of the nitrous acid, and the resulting dia­
zonium salt in the acetic acid solution couples with a second
molecule of the aminotetrazole,

N-N~
II ~/C-NH2 + HONO + CH,..-COOH --->
N-NH

N-N~
11 ~/G-N2-0-CO-CHa + H20
N-NH

N-N~ /N-N
II /G-N,..-O-CO-CHa + NH2-C" II --->
N-NH "NH-N

N-N)c-- "f'N-N
II ~ N=N-NH-C.( II + CHa-COOH
N-NH "NH-N

1,3-Ditetrazolyltriazine
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Preparation of Tetracene. Thirty-four grams of aminoguanidine bi­
carbonate, 2500 cc. of water, and 15.7 grams of glacial acetic acid are
brought together in a 3-liter flask, and the mixture is warmed on the
steam bath with occasional shaking until everything has gone into
solution. The solution is filtered if need be, and cooled to 30° at the
tap. Twenty-seven and sixth-tenths grams of solid sodium nitrite is
added. The flask is swirled to make it dissolve, and is set aside at room
temperature. After 3 or 4 hours, the flask is shaken to start precipita­
tion of the product. It is allowed to stand for about 20 hours longer
(22 to 24 hours altogether). The precipitate of tetracene is washed
several times by decantation, transferred to a filter, and washed thor­
oughly with water. The product is dried at room temperature and is
stored in a bottle which is closed by means of a cork or rubber stopper.

Tetracene explodes readily from flame without appreciable
noise but with the production of much black smoke. Rinkenbach
and Burton,Gl who have made an extended study of the explosive
properties of tetracene, report that it explodes in 5 seconds at
1600 (mercury fulminate 1900

). They found that it is slightly
more sensitive to impact than mercury fulminate; an 8-inch drop
of an 8-ounce weight was needed to explode it, a drop of 9-10
inches to explode fulminate.

The brisance of tetracene, if it is used alone and is fired by a
fuse, is greatest when the explosive is not compressed at all. Thus,
0.4 gram of tetracene, if uncompressed, crushed 13.1 grams of
sand in the sand test; if compressed under a pressure of 250
pounds per square inch, 9.2 grams; if under 500 pounds per square
inch, 7.5 grams; and, if under 3000 pounds per square inch, 2.0
gram."l. The data show the behavior of tetracene as it approaches
the condition of being dead-pressed.

In another series of experiments, Rinkenbach and Burton used
charges of 0.4 gram of tetracene, compressed under a pressure of
3000 pounds per square inch and initiated with varying amounts
of fulminate (loaded under the same pressure), and found that
the tetracene developed its maximum brisance (21.1 grams of
sand crushed) ,,·hen initiated with 0.4 gram of fulminate. A com­
pound primer of 0.15 gram of tetryl initiated with 0.25 gram of
mercury fulminate caused 0.4 gram of tetracene to crush 22.6
grams, or substantially the same amount, of sand. It appears

61 Army Ordnance, 12, 120 (1931). See a1,,0 Stettbacher, Nitrocellulose, 8,
141 (1936); Grottanelli, Chirnica e industria, 18, 232 (1936).
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then that tetracene is more brisant-and presumably explodes
with a greater ve10city of detonation-when initiated by ful­
minate or tctryl than when self-initiated by fire.

Tetracene is easily dead-pressed, its self-acceleration is low,
and it is not suitable for use alone as an initiating explosive.

FIGURE 104. Tetracene Crystals (150X).

It is as efficient as fulminate only if it is externally initiated.
It is used in detonators either initiated by another primary ex­
plosive and functioning as an intermediate booster or mixed with
another primary explosive to increase the sensitivity of the latter
to flame or heat. A recent patent 62 recommends the use of a
mixture of tetracene and lead azide in explosive rivets. Tetracene
is used in primer caps where as little as 2% in the composition
results in an improved uniformity of percussion sensitivity.

62 Brit. Pat. 528,299 (1940) to Dynamit-Aktien Gesellschaft vorm. Alfred
Nobel & Co.
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Hexamethylenetriperoxidediamine (HMTD)

Hexamethylenetriperoxidediamine is the only organic peroxide
which has been considered seriously as an explosive. Its explosive
properties commend it, but it is too reactive chemically and too
unstable to be of practical use. It is most conveniently prepared
by treating hexamethylenetetramine with hydrogen peroxide in
the presence of citric acid which promotes the reaction by com­
bining with the ammonia which is liberated.

CH2-O-O-CH2

C6H12N, + 3H20 2 ---> N/CH2-0-Q-CH2~+ 2NHa'" /CHr-O-Q-CH:
Hexamethylenetriperoxidediamine

Preparation of HexameHtylenetriptJrfXcidediamine. Fourteen grams of
hexamethylenetetramine is dissolved in 45 grams of 30% hydrogen
peroxide solution which is stirred mechanically in a beaker standing in
a freezing mixture of cracked ice with water and a little salt. To the
solution 21 grams of powdered citric acid is added slowly in small
portions at a time while the stirring is continued and the temperature
of the mixture is kept at 0° or below. After all the citric acid has dis­
sofved, the mixture is stirred for 3 hours longer while its temperature
is kept at 0°. The cooling is then discontinued, the mixture is allowed
to stand for 2 hours at room temperature, and the white crystalline
product is filtered off, washed thoroughly with water, and rinsed with
alcohol in order that it may dry out more quickly at ordinary tempera­
tures.

Hexamethylenetriperoxidediamine is almost insoluble in water
and in the common organic solvents at room temperature. It
detonates when struck a sharp blow, but, when ignited, burns
with aflash like nitrocellulose. Taylor and Rinkenbach 63 found
its true density (20°/20°) to be 1.57, its apparent density after
being placed in a tube and tapped 0.66, and its density after
being compressed in a detonator capsule under a pressure of 2500
pounds per square inch only 0.91. They found that it required a
3-cm. drop of a 2-kilogram weight to make it explode, but that
fulminate required a drop of only 0.25 em. In the sand test it
pulverized 2% to 3 times as much sand as mercury fulminate,
and slightly more sand than lead azide. It is not dead-pressed
by a pressure of 11,000 pounds per square inch. It is considerably

63 Army Ordnance, S, 463 (1924).
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more effective than mercury fulminate as an initiator of detona­
tion. Taylor and Rinkenbach, working with O.4-gralll portions of
the high explosives and with varying weights' of the primary
explosives, compressed in detonator capsules under 'a pressure of
1000 pounds per square inch, found the minimum charges neces­
sary to produce detonation to be as indicated in the following
table.

MINIMUM INITIATING CHARGE
(GRAMS) OF

Hexamethylenetriper­
oxidediamine

With Without
Reenforc- Reenforc-
ing Cap ing Cap

0.08 0.10
0.05 0.06
0.05 0.06
0.30 0.30
0.05 0.05
0.13 0.15
0.08 0.10
0.05 0.05
0.08 0.10

Fulminate
with

Reenforc-
HIGH EXPLOSIVE ing Cap

Trinitrotoluene . . . . . . . .. 0.26
Picric acid .... 0.21
Tetryl .... 0.24
Ammonium picrate 0.8-0.9
Tetranitroaniline 0.20
Guanidine picrate ... 0.30
Trinitroresorcinol . . . . . .. 0.20
Hexanitrodiphenylamine "
Trinitrobenzaldehyde .

Taylor and Rinkenbach found that 0.05-gram portions of hexa­
methylenetriperoxidediamine, pressed in No.8 detonator capsules
under a pressure of 1000 pounds per square inch and fired by
means of a black-powder fuse crimped in the usual way, caused
the detonation of ordinary 40% nitroglycerin dynamite and of a
gelatin dynamite which had become insensitive after storage of
more than a year. The velocity of detonation of HMTD, loaded
at a density of 0.88 in a column 0.22 inch in diameter, was found
by the U. S. Bureau of Mines Explosives Testing Laboratory to
be 4511 meters per second.

A small quantity of HMTD decomposed without exploding
when dropped onto molten metal at 190°, but a small quantity
detonated instantly when dropped onto molten metal at 200°.
A 0.05-gram sample ignited in 3 seconds at 149°. At temperatures
which are only moderately elevated the explosive shows signs of
volatilizing and decomposing. Taylor and Rinkenbach report the
results of experiments in which samples on watch glasses were
heated in electric ovens at various temperatures, and weighed
and examined from time to time, as shown below. The sample
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which had been heated at 600 showed no evidence of decomposi­
tion. The sample which had been heated at 750 was unchanged
in color but had a faint odor of methylamine and appeared
slightly moist. At 1000 the substance gave off an amine odor.
The residue which remained after 24 hours of heating at 1000

consisted of a colorless liquid and needle crystals which were
soluble in water.

0/0 WEIGHT LOST AT 60° 75° 100°
In 2 hrs. ... 0.10 0.25 3.25
In 8 hrs. .... . . . . . . . . . 0.35 0.60 29.60
In 24 hrs. .. 0.50 1.30 67.95
In 48 hrs. ............ 0.50 2.25

When hexamethylenetriperoxidediamine is boiled with water,
it disappears fairly rapidly, oxygen is given off, and the colorless
solution is found to contain ammonia, formaldehyde, ethylene
glycol, formic acid, and hexamethylenetetramine.

Friction Primers

Friction primers (friction tubes, friction igniters) are devices
for the production of fire by the friction of the thrust, either push
or pull, of a roughened rod or wire through a pellet of primer
composition. They are used for firing artillery in circumstances
where the propelling charge i8 loaded separately and is not en­
closed in a brass case supplied with a percussion primer. They
are sometimes crimped to an end of Bickford fuse for the purpose
of lighting it. They are sometimes used for lighting flares, etc.,
which are thrown overboard from airplanes. For this usc, the
pull element of the primer is attached to the airplane by a length
of twine or wire which the weight of the falling flare first pu118
and then breaks off entirely.

The following table shows three comp118itions which ha\'(> been
widely used in friction primers for artillery. All the matcriabi

Potassium chlorate .
Antimony sulfide .
Sulfur
Meal powder
Ground glass .

2
1

56.2
24.6
9.0

10.2

44.6
44.6
3.6
3.6
3.6

are in the powdered condition except in the fir~t mixture where
half of the potassium chlorate i~ powdered ancl half of it i~ granu-
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lar. The first mixture is probably the best. The sulfur which is
contained in the second and third mixtures makes them more
sensitive, but also makes them prone to turn sour after they have
been wet-mixed, and these mixtures ought to be made up with
a small amount of anti-acid (calcium carbonate, trimethylamine,
etc., not mentioned in the table). All the mixtures are wet-mixed
with 5% gum arabic solution, loaded wet, and dried out in situ
to form pellets which do not crumble easily.

In a typical friction primer for an airplane flare, ignition is
secured by pulling a loop of braided wire coated with red phos­
phorus and shellac through a pellet, made from potassium chlo­
rate (14 parts) and charcoal (1.6 parts), hardened with dextrin
(0.3 part).

Percussion Primers
Percussion primers produce fire or flame from the impact of

the trigger or firing pin of a pistol, rifle, or cannon, or of the
inertia-operated device in a fuze which functions when the pro­
jectile starts on its flight (the so-called concussion element, the
primer of which is called a concussion primer) or of that which
functions when the projectile strikes its target (the percussion
element). A typical primer composition consists of a mixture of
mercury fulminate (a primary explosive which produces the first
explosion with heat and flame), antimony sulfide (a combustible
material which maintains the flame for a longer time), and potas­
sium chlorate (an oxidizing agent which supplies oxygen for the
combustion). Sometimes no single primary explosive substance
is present; the mixture itself is the primary explosive. Sometimes
the compositions contain explosives such as TNT, tetryl, or
PETN, which make them hotter, or ground glass which makes
them more sensitive to percussion. Hot particles of solid (glass
or heavy metal oxide) thrown out by a primer will set fire to
black powder over a considerable distance, but they will fall
onto smokeless powder without igniting it. The primers which
produce the hottest gas are best suited for use with smokeless
powder.

Primer compositions are usually mixed by hand on a glass-top
table by a workman wearing rubber gloves and working alone
in a small building remote from others. They are sometimes
mixed dry, but in this country more commonly wet, with water
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or with water containing gum arabic or gum tragacanth, with
alcohol alone or with an alcohol solution of shellac. The caps are
loaded in much the same manner that blasting caps are loaded,
the mixture is pressed down by machine and perhaps covered
with a disc of tinfoil, the anvil is inserted and pressed into place
(unless the primer is to be used in a cartridge or fuze of which
the anvil is already an integral part), and the caps are finally
dried in a dry-house and stored in small magazines until needed
for loading.

Primer Anvil Primer cup

~m,o••~/

Cross section

Anvil

Top view (2 types)

FIGURE 105. Primer Cap for Small Arms Cartridge.

For many years the standard mixture in France for all caps
which were to be fired by the blow of a haInmer was made from
2 parts of mercury fulminate, 1 of antimony sulfide, and 1 of
saltpeter. This was mixed and loaded dry, and was considered
to be safer to handle than similar mixtures containing potassium
chlorate. Where a more sensitive primer was needed, the standard
French composition for all concussion and percussion primers
of fuzes was made from 5 parts of mercury fulminate and 9 part~

each of antimony sulfide and potas:'!iulll chlorate.
All the compositions listed in the following table (gum or

shellac binder not included) have bern u~rd, in small arms
primers or in fuze primers, by one or another of the grent powers,
and they illustrate the wide variations in thc proportion:'! of the
ingredients which are possible or desirable acc(U'lling to the t1c~ign

of the device in which the primer is used.

Mercury fulminate. 10.0 28.0 48.8 4 5 2 11.0 32 165 7 190
Potassium chlorate. 37.0 35.5 24.4 2 () 3 52.5 45 1i0.O 21 3;1.0

Antimony sulfide. 40.0 28.0 26.2 3 3 3 36.5 23 33.5 17 43.0

Sulfur .. 2.;;

Meal powder 2.5

Ground glass 13.0 8.5 5 .. 5
Ground coke 1
Tetryl 2
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A non-fulminate primer composition is probably somewhat
safer to mix than one which contains fulminate. It contains no
single substance which is a primary explosive, only the primary
explosive mixture of the chlorate with the appropriate combusti­
ble material, or, more exactly, the explosive which exists at the
point of contact between particles of the two substances. For a
non-fulminate primer to perform properly, it is necessary that
the composition should be mixed thoroughly and very uniformly
in order that dissimilar particles may be found in contact with
each other beneath the point of the anvil and may be crushed
together by the blow of the trigger. It is not absolutely essential
that fulminate compositions should be mixed with the same uni­
formity. Even if no fulminate happens to lie beneath the point
of the anvil, the trigger blow sufficiently crushes the sensitive
material in the neighborhood to make it explode. For mechanical
reasons, the ingredients of primer composition ought not to be
pulverized too finely.64

Several non-fulminate primer compositions are listed below.

Potassium chlorate .. , 50 50.54 67 60 53
Antimony sulfide .. 20 26.31 30 17
Lead thiocyanate 25
Lead peroxide 25
Cuprous thiocyanate 15 3
TNT .. .......... . 5 5
Sulfur 8.76 16 7
Charcoal ........... - ....... .. 2
Ground glass 12.39
Shellac .............. 2.00

Sulfur ought not to be used in any primer composition, whether
fulminate or non-fulminate, which contains chlorate unless an
anti-acid is present. In a moist atmosphere, the sulfuric acid,
which is inevitably present on the sulfur, attacks the chlorate,
liberating chlorine dioxide which further attacks the sulfur, pro­
ducing more sulfuric acid, and causing a self-catalyzed souring
which results first in the primer becoming slow in its response
to the trigger (hang fire) and later in its becoming inert (mis­
fire). It is evident that the presence of fulminate in the com­
position will tend to nullify the effect of the souring, and that it

64 Cf. Emile Monnin Chamot, "The Microscopy of Small Arms Primers,"
privately printed, Ithaca, New York, 1922.
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is safest to avoid the use of sulfur with chlorate especially in
non-fulminate mixtures. The second of the above-listed com­
positions is an undesirable one in this respect. In the third and
fourth compositions, the cuprous thiocyanate serves both as a
combustible and as an anti-acid, and it helps, particularly in the

FIGURE 106. Longitudinal Sections of Military Rifle Ammunition of the
First World War. (Courtesy Emile Monnin Chamot.) The cartridge at
the bottom, French 9.0-mm. Lebel rifle, the one above it, German 7.9-mm.
Mauser, and the one above that, Canadian .30 caliber, all have am'ils
of the Berdan type integrally one with the metal of the cartridge case.

third mixture, by supplying copper oxide which is a solid vehicle
for the transfer of heat. The first and the last of the above-listed
mixtures are the best. They contain no sulfur, and they contain
lead enough to supply plenty of solid particles of hot material.

Gunnery experts ascribe a large part of the erosion of shotgun
and rifle barrels to the action of the soluble salts which are pro­
duced from the materials of the primer compositions, particularly
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to the chlorides which come from the chlorate, and to the sulfates
which result from the combustion of the antimony sulfide. The
following table lists several non-chlorate, non-erosive primer
compositions. They contain no compounds of chlorine. They Con~

Mercury fulminate . _. . . . . . . . . .. 36 40 25 20 39
Antimony sulfide 20 25 15 20 9
Barium nitrate .. 25 25 40 41
Lead peroxide . . 35 10
Lead chromate 40
Barium carbonate .. 6
Picric acid . . 5
Powdered glass. . . . . . . . . . . . . . . . . . 4 4 6
Calcium silicide................. .. 10

tain either lead or barium or both, and both of these metals form
sulfates which are insoluble in water. Moreover, the soluble por­
tions of the residues from the primers which contain barium
nitrate are alkaline and are even capable of neutralizing any
acidity which might arise from the smokeless powder.
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Sachs, 135, 150
Saint Louis, 33
Sakellarios, 228
Sarti, 59
Sastry, 136
Sayers, 295
Schepers, 178
Schereschewsky, 125
Schladt, 68
Schlenck, 136
Schonbein, 244, 247, 248, 250, 251,

252
Schuck, 212
Schultze, 287, 288
Schwarz, 29, 30
Shaw, 29, 30, 32
Shems ed Din Mohammed, 39
Sherrick, 349, 356

Silberrad, 164
Silliman, 31
Silmann, 244
Silver, 125
Sixsmith, 136
Smith,447
Snelling, 22, 204, 340, 391, 422, 423,

424
Sobrero, 195, 196, 197, 198, 211, 244
Sohlman, 212
Sommerhoff, 135
Soubeiran, 438
Sparre, 170
Sprengel, 166, 353, 354, 355
Staudinger, 402
Steele, 360
Steiner, 408
Steinert, 135
Stenhouse, 164, 236
Stettbacher, 173, 187, 209, 278, 281,

283, 284, 449
Storm, 23, 204, 205, 296, 353, 417,

419, 422, 424, 432
Strecker, 374
Street, 157, 358
Sudborough, 135
Symmes, 192, 234, 337

T

Taylor, 152, 181, 183, 224, 248, 249,
251, 333, 341, 408, 422, 431, 432,
433, 434, 451, 452

Teschemacher, 252
Tessier, 62, 63, 70, 83, 84, 93, 94, 95,

96
Theodorovits, 407
Theophanes, 32
Thiele, 394
ThOlde, 400
Tibbits, 328
Tiemann, 153
Tiffany, 23
Tollens, 278
Tonkin, 253
Trojan Powder Company, 20, 205,

274, 423
Troxler, 307
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Turek, 436
Turpin, 166, 354, 355

U

Ullmann, 151, 158
Ulpiani, 378
Urbanski, 273
Ure, 31

v
Valentine, 400, 401
van Duin, 21, 173, 177
van Leent, 136
van Romburgh, 147, 175, 178, 179,

182, 183
van Valkenburgh, 439
Vauquelin, 164
Vecchiotti, 136
Vender, 222
Vennin, 157
Vergnaud, 100
Verneuil, 439
Verola, 152
VieilIe, 14, 292, 294, 295, 307, 387,

388, 389. 439, 442
Voegtlin , 125
Vogel, 241
von Herz, 229, 397, 398, 442
von Lenk, 250, 253, 254, 287

W

Wallbaum, 441
Waller, 276

Wasmer, 227
Watson, 39
Weingart, 66, 71, 72, 85, 87, 88, 93,

99, 100, 112, 120, 121
Welter, 164
Werner, 379
Western Cartridge Company, 26,

261, 262, 265, 288, 291, 319, 328,
329

Whitehorne, 39
Wickelhaus, 155
Wieland, 228
Wigand, 278
Wilbrand, 153
Will, 147, 164, 209, 216, 240, 420
Williams, 387
Willstiitter, 180
Wisliscenus, 426
Wohl, 391
Wohler, 119, 164, 407, 408, 410, 411,

419, 420, 421
\Volfenstein, 162
Worden, 258
Worral, 163
Woulff, 163
Wride, 177
Wyler, 242

Y

Yelland, 374
Young, 163
Yuzefovich, 206
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A

Absorption of moisturf' by smokf'-
If'~s powder, 298, 313 Ii.

Accelerant coating, 328
Acetaldehyde, 235, 278, 394, 405, 407
Acetic acid, soh'ent, 207, 225, 227,

240, 241, 243, 244, 245, 312, 444
ACf'tnaphthalide, 150
Acetone, 150

soln'nt, 135, 152, 158, 169, 174,
177, 180, 184, 186, 189, 207, 216,
219, 225, 226, 227, 229, 232, 240,
241, 242, 243, 259, 269, 275, 279,
282, 284, 290, 295, 296, 297, 319,
321, 334, 388, 397, 398, 433, 436,
437, 444

Acetophenone, 321
Acet-p-toluide, 385
Acetyldinitroglycerin, 222
Acetylene, 3, 235
Aerial shelL~, 44, 56, 63, 81, 82, 83,

86, 87, 88, 100 ff., 111
Airplane flares, 63, 68, 69
Albit, 361
Alcohol, 60, 66, 69, 81, 84, 86, 90,

119, 134, 135, 150
soh'eut, 135, 136, 145, 149. 152,

158, 168, 169, 181, 184, 185, 186,
187, 207, 208, 216, 218, 219, 225,
227, 230, 232, 236, 237, 238, 240,
241, 242, 243, 244, 258, 265, 279,
284, 290, 300, 304, 305, 311, 315,
321, 322, 359, 360, 369, 371, 372,
373, 376, 380, 394, 395, 397, 398,
404, 410, 428, 433, 436, 437, 445,
447

Alcoholic ammonia, 312, 375
Aldol, 235
Alkaline permanganate oxidation,

126
Alkylguanidine, 386

Alkylnitroguanidine, 386
Allyl chloride, 199
Alum, 61, 353
Aluminum, 25, 62, 68, 69, 81, 83,

86, 87, 89, 93, 99, 105, 108, 112,
117, 118, 119, 356, 360, 368, 429

Aluminum cordeau, 11
Aluminum flares, 68
Aluminum picrate, 165
Aluminum plate test, 26, 27, 421
Aluminum stars, 84, 86
Aluminum sulfate, 353
Amatol, 124, 367
Ambf'r, 37, 55,57, 58,61
Amber stars, 85, 86
Amber torches, 67
Amidpulver, 49
Aminoguanidine, 383, 447,448
Aminoguanidine bicarbonate, 449
Aminonitroguanidine, 387
Aminotetrazole, 448
Ammelide, 387
Ammeline, 387
Ammonal, 25, 368
Ammon-carbonite, 352
Ammonia alcoholic, 312, 375
Ammonia dynamite, 334, 339, 341,

342
Ammonia gelatin dynamite, 346
Ammoniacal copper sulfate, 376
Ammoniacal sih'er nitra~e, 219, 376,

401, 402, 448
Ammoniakkrut, 335
Ammonium acetate, 430
Ammonium alum, 353
Ammonium carbamate, 372
Ammonium carbonate, 279, 284,

385, 386
Ammonium chlorate, 359
Ammonium chloride, 58, 60, 65, 67,

123, 352, 353, 357, 392
465
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Ammonium dichromate, 120
Ammonium iodide, 375
Ammonium methylnitramine, 372
Ammonium nitrate, 3, 49, 50, 129,

130, 133, 154, 157, 169, 172, 226,
242, 2?5, 276, 281, 324, 333,335,
336, 348, 350, 352, 353, 365, 367,
368, 370, 379, 380, 391

effect of particle size on velocity
of detonation, 351

effect on temperature of explo­
sion of dynamite, 351

explosibility of, 349
temperature of explosion of, 210,

350, 391
Ammonium nitrate explosives, 341,

342, 343, 346, 350, 351, 352, 359,
364

invention of, 335, 336
Ammonium nitrate military ex­

plosives, 367, 368, 391
Ammonium oxalate, 352, 353, 365
Ammonium perchlorate, 3, 359, 365,

366
Ammonium persulfate, 312
Ammonium phosphate, 357
Ammonium picrate, 51, 63, 70, 71,

167, 168, 443
in colored fires, 71
preparation of, 168
sensitivity to initiation, 434, 452
sensitivity to shock, 165
sensitivity to temperature, 165

Ammonium sulfate, 353, 379, 380
Ammonium sulfide, 280, 377, 443
Ammonium thiocyanate, 120, 367,

368, 375, 379
Ammonium trinitrocresolate, 169
Ammonpenthrinit, 281
Ammonpulver, 45, 49, 50
Ammunition, complete round of,

6 ff.
Amyl acetate, 244, 321, 438
Amyl alcohol, 207, 307, 308, 309, 310
Anagram, black powder, 38
Analysis of black powder, 47, 48
Angina pe(~toris. 208
Aniline, 126, 128, 129, 131, 133, 136,

141, tao, 178, 181, 185, 188, 308,
371, 385, 398, 436, 444

Aniline nitrate, 442
Aniline red, 265
Anilite, 355
Anisic acid, 170
Anisol, 170
Anthracene, 124, 129, 327
Anti-acid, 84, 106, 275, 308, 333, 342,

454, 456, 457
Anti-flash agents, 327
Anti-flash bags, 324, 325
Antimony metal, 64, 69, 71, 83, 96
Antimony sulfide, 7, 53, 55, 57, 58,

61, 64, 66, 69, 71, 83, 86, 87, 89,
95, 99, 453, 4~4, 455, 456, 458

Antioxidant, 323, 325
Anvil, 455, 457
Arabinose tetranitrate, 240
Argols, 326
Armor-piercing shell, 9
Aromatic nitro compounds, 125 ff.,

208, 269, 297, 299, 317, 327, 341,
349, 350, 359, 361, 433

poisonous nature of, 125
Arsenic sulfide, 61, 83; see also

Realgar; Orpiment
Arsenious oxide, 124
Artifice, 52
Artificial silk, 257
Ash in black powder, 48
Asphalt, Syrian, 121
Attenuated ballistite, 259
Augendre's white powder, 358
Auramine, 123
Aurantia, 184
Aurora lights, 71
Aurum fUlminans, 31, 401
Authorized explosives, 347
Azidotetrazole, 447
Azo group, 127

B

Ball-grain powder, 265, 328 ff.
Ballistic pendulum, 24
Ballistite, 50, 214, 259, 293, 294, 295,

296, 298, 308, 332, 343
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Ballistite, attenuated, 259
erosive action of, 388
flashless, 299
progressive burning, 318
superattenuated, 327

Bamboo, 72, 114, 116
Barium azide, 411
Barium carbonate, 61, 64, 458
Barium chlorate, 66, 70, 72, 86, 119
Barium nitrate, 61, 62, 64, 65, 67,

68, 70, 71, 72, 83, 84, 85, 86, 99,
117, 118, 276, 287, 289, 290, 292,
333, 352, 353, 458

Barium perchlorate, 85, 86, 99
Barium picrate, 63
Barrel snakes, 120
Base detonating fuze, 7
Beef suet, 198
Bellite, 349
Bengal flame, 58
Bengal lights, 52, 63, 70
Benzalaminoguanidine nitrate, prep-

aration of, 383, 384
Benzaldehyde, 133, 151, 384
Benzaldehyde guanylhydrazone ni­

trate, 383, 384
Benzaldehyde phenylhydrazone, 150
Benzene, 129, 131, 133, 140, 154, 162

nitration of, 128, 133
solvent, 135, 145, 152, 154, 158,

174, 177, 181, 184, 185, 207, 216,
225, 227, 230, 282, 292, 293, 316,
319, 321, 322, 371, 374, 395, 398,
433, 438, 445, 447

Benzene addition compound with
mercuric nitrate, 162, 163

Benzene-insoluble impurities in
tetryl, 177, 178, 179, 180

Benzenediazonium nitrate, 442
temperature of explosion, 411

Benzidine, 179, 180
Benzoic acid, 128
Benzyl benzoate, 320
BenzyInaphthylamine, 150
Benzylurea, 322
Bergmann-Junk test, 268
Bickford fuse, 12
Biguanide, 379

Biphenyl, 159
Bismarck brown, 265" 266
Bismuth, 61
Bitumen, 35
Biuret, 374
Black match, 4, 5, 45, 55, 67, 69, 81,

83, 90, 92, 98, 99, 102, 103, 104,
111, 122

Black powder, 2, 4, 5, 7, 8, 10, 23,
28 II., 211, 253, 289, 326, 331, 334,
346, 348, 349, 390, 405, 416, 454

anagram, 38
analysis, 47, 48
burning of, 42
development of, 39 II.
erosive action of, 388
in flash less charges, 324
in pyrotechnics, 52, 55, 58, 74, 75,

76, 78, 80, 81, 90, 92, 93, 97, 99,
102, 103, 104, 105, 111, 112

manufacture, 40, 44, 45 ff.
mill, 45, 46
modified compositions, 45, 87, 89,

90
temperature of explosion, 210
temperature of ignition, 21
uses of, 43

Black smoke, 124
Black snakes, 120, 121
Black wax, 118
Blasting caps, 195, 212, 331, 332, 336,

343, 357, 364, 413 II.; see also
Detonators

Blasting gelatin, 258, 259, 332, 334,
343, 344, 345

drop test of, 209, 226, 285
erosive action of, 388
temperature of explosion, 210
Trauzl test of, 211, 235, 285
velocity of detonation of, 210, 336

Blasting of Hoosac tunnel, 212
Blasting powder, 48, 49
Bleaching powder, 252
Blending of smokeless powder, 306
Blocking press, 303
Blowing charge, 103
Blue fire, 58, 61
Blue lances, 58, 70
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Blue lights, 65
Blue smoke, 123
Blue stars, 84, 85, 86
Blue torches, 67
Blue vitriol, 353; see also Copper

sulfate
Boiling, sour, 264

stabilizing, 261 II.
Boiling points of explosives, 206
Bomb, erosion, 388, 389

manometric, 23, 24, 132, 157, 169,
172, 175, 182, 389, 390, 391

practice, 43
Bombs, explosive for, 138, 157, 172,

187, 355, 361, 364, 391
Bombshells; see Aerial shells
Bone ash, 61
Bones of Adam, 38
Booster, 10, 11, 14, 166, 167, 168,

173, 182, 190, 256, 417, 420, 424,
425, 450

Borax, 353
Boulenge chronograph, 14
Bounce, 90
Box stars, 82, 83
Bran, 340, 346
Brandy, 40, 55, 57
Brimstone; see Sulfur
Brisance, 3, 210, 217, 234, 238, 280,

344, 358, 368, 396, 422, 449
tests of, 23 II.

Brisant explosive, 219, 238, 277, 281,
286, 361, 364, 427, 433, 437, 442,
450

Brown charcoal, 42
Brown powder, 41
Bulk powder, 287 II.
Bullet impact test, 186
Burnt lees of wine, 31
Butyl acetate, 292
Butyl centralite, 319; see also Di-

butyldiphenylurea
Butyl tetryl, 183
Butylamine, 183
Butylaniline, 183
Butylene glycol, 235
Butylene glycol dinitrate, 235
Butyraldehyde, 407

C

CP1 , CPo (coton-poudre), 258, 259,
266, 320, 321, 327

Cadmium azide, 183, 411, 412
Cadmium fulminate, 183, 411, 412
Cadmium picrate, 164
Calcium azide, 411
Calcium carbide, 377
Calcium carbonate 66 86 105 106

122, 124, 185, i89, '276: 308: 333:
339, 341, 345, 454

Calcium chloride (muriate), 50, 133
377 '

Calcium cyanamide, 377
Calcium fluoride, 71
Calcium hydroxide, 278
Calcium nitrate, 200, 201, 229
Calcium picrate, 63, 164
Calcium silicide, 458
Calcium sulfate, 353
Calomel, 64, 65, 67, 70, 72, 85, 86
Calx, 38
Camphor, 40, 55, 61, 257, 258, 289,

293, 294
Candle composition, 78, 79, 80, 81,

99, 102
Cane sugar, 64, 239, 240, 247, 333,

334, 350, 358
Caps, blasting, 195, 212, 331, 332,

336,343,357,364
primer, 455
toy, 105, 106, 107, 400

Carbamic acid ethyl ester, 322
Carbamic esters (urethanes), 374
Carbamide, 372; see also Urea
Carbanilide, 188
Carbazol, 150
Carbohydrates, nitrated, 244 II.
Carbon dioxide, 277, 323, 326
Carbon disulfide, 48, 119, 225, 227,

354, 438
solvent, 181

Carbon monoxide, 276, 277, 323,
327, 352

oxime of, 408
temperature of inflammation of

air containing, 325
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Carbon tetrabromide, 375
Carbon tetrachloride, explosion of,

with sodium, etc., 402, 403
solvent, 145, 152, 181,216,398,447

Carbonite, 351, 352
Casemate, 187
Cast-iron filings, 52, 57, 58, 95
Cast-iron turnings, 90, 92
Castor oil, 68, 258, 269, 358, 359,

360, 365
Catalyst, 276, 277, 377
Catalytic process for picric acid,

162, 163
Cathode-ray oscillograph, 18
Cavities, 9, 10, 144
Celluloid, 257, 293, 308
Cellulose, 192, 256, 257, 259, 260,

265
sulfate, 260, 264
trinitrll,te, 257

Centralite, 299, 308, 319, 320, 329,
330

Cereal meal, 336, 341, 352, 353
Ceric sulfate, 430
Chalk; see Calcium carbonate
Charcoal, 2, 28, 34, 37, 38, 39, 40, 42,

45, 48, 49, 50, 52, 53, 61, 66, 69,
72, 74, 75, 76, 78, 79, 83, 84, 85,
86, 87, 88, 89, 92, 93, 95, 96, 97,
99, 104, 105, 112, 117, 198, 254,
275, 331, 333, 335, 336, 341, 350,
357, 388, 454, 456

brown, 42
Charcoal effect, 92, 93, 98
Cheddite, 157, 358, 359, 360, 361,

362, 365
Chinese crackers, 2, 111 ff.
Chinese fire, 52, 57, 58
Chloramine, 427
Chlorate; see Potassium chlorate
Chlorate explosives, 357 ff.
Chloratotrimercuraldehyde, 411
Chlorine, 199
Chlorine dioxide, 456
Chlorobenzene, 130, 131, 135, 140

nitration of, 140 ff.

Chloroform, explosion of, with
sodium, etc., 402, 403

solvent, 152, 174, 181, 186,200,207,
216, 225, 227, 284, 309, 371, 374,
394, 395, 397, 433, 437, 445

Chlorohydrin, 220
Chloropicrin, 375
Chrome alum, 353
Chrome yellow, 122
Chromic acid, 135
Chromium oxide, 276
Chromium picrate, 165
Chronograph, 14, 16
Chrysoidine, 123
Cinnabar, 61
Cinnamic acid, 127, 385, 398
Citric acid, 451
Classification of explosh'es, 2 ff.
Clay, 73, 76, 77, 78, 80, 90, 92, 111,

112
Clinker, 46
Coal, 61, 334, 336, 352
Coal dust, 334
Coal tar, 129
Coated powder, 298, 307, 313, 319,

328,329
Cobalt azide, 411
Cobalt\ oxide, 61
Cocoa powder, 41, 42
Colliery Steelite, 360
Collodin, 287
Collodion (collodion nitrocotton),

192, 210, 217, 218, 219, 223, 226,
227, 233, 235, 257. 258, 281, 284,
297, 334, 335, 343, 844, 345, 346,
351

Colloided smokeless pQwder, 4, 7,
41, 170, 292 f(.

Colophony, 360; 8.ee also Rosin
Colored fire sticks, 119
Colored gerbs, 89
Colored lights, 63 ff.
Colored smokes, 122, 123
Colored stars, 84, 85, 36
Colored torches, 67
Combination fuze, 7, 9
Comets, 98, 99
Common fire, 58
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Compound detonator, 280, 414, 417,
421, 424, 438, 442, 449

Concussion, 8, 454
Conjugate system, 137, 163
Cool explosive, 324, 348, 387, 392
Copper, 429
Copper acetate, 60, 61, 447
Copper acetylide, 1, 3, 5
Copper ammonium chloride, 65
Copper azide, 411, 412
Copper catalyst, 277
Copper chloride, 5, 406

basic; see Copper oxychloride
Copper cyanamide, 376
Copper filings, 57, 58
Copper fulminate, 411, 412
Copper nitrate, 60
Copper oxalate, 85, 423, 424
Copper oxide, 67, 45.7
Copper oxychloride, 67, 70, 84
Copper picrate, 63, 165
Copper powder, 134, 135, 158
Copper sulfate (blue vitriol) I 58,

50, 61, 353, 384
basic, 70, 84

Copper tetrammine nitrate, 149
Copper thiocyanate, 456, 457
Cordeau, 11 II., 16, 17, 140, 194; see

also Detonating fuse
Cordeau Bickford, 12
Cordeau Lheure, 164
Cordite, 214, 295, 296, 298, 317, 343

erosive action of, 388
Cork, carbonized, 356
Corn remover, 258
Corning mill, 46
Corning milldust, 5, 47
Coton-poudre (CP1 , CP.), 258, 259,

266, 320, 321, 327
Cotton, 245, 247, 251, 252, 254, 256,

260
Crackers, 34, 35, 36

Chinese, 2, 111 II.
English, 74, 97, 98, 111
flash, 111, 117
lady, 111
mandarin, 111

Cracking, 129, 224

Cracking gas, 199, 234
Cresol, 129, 130, 169
Cresylite, 166, 169; see also Tri­

nitrocresol
Crimping, 113, 114
Crum Brown and Gibson, modified

rule, 127, 133, 141
Crusher gauge, 23
Cryolite, 63, 70, 71
Crystal, 57
Cut stars, 81, 89
Cyanamide, 369, 375, 376, 377, 384,

385, 387, 392, 447
Cyanic acid, 370, 373, 374, 387
Cyanogen, 3, 387
Cyanogen bromide, 376
Cyanogen chloride, 376
Cyanogen iodide, 375
Cyanosis, 125
Cyanuric acid, 374, 387, 433
Cyanuric chloride, 432, 433
Cyanuric triazide, 432 II.
Cyclohexanone, 278, 285
Cyclonite, 277, 369, 396 II.
Cycloparaffins, 129
Cyclopentanone, 278, 285
Cyclotrimethylenetrinitramine (cy-

clonite), 277, 369, 396 II.
Cystamine, 397; see also Hexa­

methylenetetramine
Cystogen, 397; see also Hexameth­

ylenetetramine

D

DD, explosive, 166
DDNP, 443; see also Diazodinitro-

phenol
DNT; see Dinitrotoluene
DNX; see Dinitroxylene
Dead pressed explosive, 4, 410, 424,

438, 441, 44~., 450, 451
Dearrangement, urea, 373, 384, 385,

386,392
Decomposition by heat, 204, 206,

237, 266, 267, 452, 453
Decomposition in vacuum, 269
Definition of explosive, 1
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Dehydrating press, 299, 300, 302
Density 0f loading, 24, 132, 169, 172,

175, 182, 267, 286, 337, 391
eflect upon explosive decomposi­

tion, 390
optimum, 14, 139, 361, 362, 363

Dermatitis, 125
Deterrent, 291, 319, 328, 329
Detonatiag fuse, 11 fl., 349; see also

Cordeau
Detonation, velocity of, 11, 12, 14 fl.,

17, 18, 139, 140, 172, 175, 192,
193, 194, 209, 210, 217, 231, 232,
234, 238, 280, 281, 283, 286, 336,
337, 340, 344, 351, 353, 356, 357,
361, 362, 363, 364, 365, 366, 395,
396, 410, 419, 434, 450, 452

Detonators, 211, 237, 256, 281, 335,
349, 356, 400, 413 fl., 426, 434,
439

compound, 125, 182, 183, 184, 187,
189, 190, 280, 414, 420, 421, 438,
442

electric, 214, 414, 424
manufacture of, 415, 416
reenforced, 414, 418, 420, 446, 452
sizes of, 414
testing of, 421 fl.

Devil among the tailors, 98
Dextrin, 64, 66, 67, 72, 78, 79, 81, 83,

84, 85, 86, 87, 88, 89, 92, 99, 117,
U8, 119, 120, 289, 425, 426, 454

Dextrose, 208
Diamylose, 244

hexanitrate, 244
tetranitrate, 244

Diatomaceous earth, 332; .~('(' also
Fuller's earth

Diazobenzene nitrate, 442
Diazodinitrophenol, 238, 421, 443 fl.

minimum initiating charge, 231
small lead block test, 231

Diazonium salts, 441
Dibenzylnaphthylamine, 150
Dibutyl phthalate, 327
Dibutyldiphenylurea, 322
Didllarobenzene, 140

Dicyandiamide, 376, 377, 378, 379,
380, 392

solubility of, in water, 377
Dicyandiamidine, 378
Diethanolamine, 224
Diethylaeetal, 4~
DiethylanHine, 183
Diethyldiphenylurea, 265, 319, 322,

327
Diethylene glycol dinitrate, 226
Diethylurea, 322
Diglycerin, 222
Digylcerin tetranitrate, 222
Diglycol, 224
Dimethyl oxalate, 395
Dimethylacetal, 407
Dimethylaniline, 150, 176, 177, 178,

179, 392
Dimethyldiamonobenzene, 150
Dimethyldiphellylurea, 319, 320, 322
Dimethylnitramine, 371
Dimethylo:mmide, 394
Dimethylphenyltolylurea, 320
Dimethylsulfamide, 395
Dimethyltoluidine, 147
Dimethylurea, 322
Dinitroaniline, 141, 189
Dinitroanisol, 136
Dinitrobenzene, 133, 135, 158, 349,

364
preparation of, 134

Dinitrobenzene-di:Izo-oxide, 443; Sf'('

also Diuzodinitro1lhellol
Dinitrobut.yhmiline, 183
Dinitrochlol'oben:r.ene, 131. 140, 141.

162, 170, 171, 172, 183, lK4, IS,'),
189

preparation of, 141
use in Rynthe~i~ of eX]1lo~iveR, 131.

141, 162, 227, 229, 230, 276
Dillitl'oehlol'ohYllrill, 207, 215, 2"20.

221, 341
Dinitrocre~ol, 147
Diaitrodiglyeol, 226, 229
Dinitrodimethyloxumide, 371, 394,

395
DiRitrodil'llethyl~nlfunii(I('. 395. 300
Diuitrodiph{'nylumilll', 185, 312



472 INDEX OF SUBJECTS

Dinitroethyleneurea, 393
Dinitroglycerin, 200, 206, 207, 214 ff.,

218, 219, 222
Dinitrohydroxylaminotoluene, 125
Dinitromethylaniline, 141, 180
Dinitronaphthaline, 155 ff., 350, 364,

367, 391
Dinitronaphthol, 163
Dinitrophenol, 141, 159, 160, 161,

162, 166, 189
Dinitrophenol sulfonic acid, 160
Dinitrophenoxyethyl alcohol, 227
Dinitrophenylethanolamine, 229, 230
Dinitrotoluene, 142, 145, 147, 208,

242, 281, 297, 317, 318, 326, 327,
329, 336, 352, 359, 364, 365

Dinitrotolylmethylamine, 147
Dinitroxylene, 299, 317, 322
Dinol, 443; see also Diazodinitro­

phenol
Dipenta; see Dipentaerythrite hexa­

nitrate
Dipentaerythrite, 281, 282
Dipentaerythrite hexanitrate, 281,

282,283
decomposition by heat, 395

Diphenyl sulfide, 208
Diphenylamine, 48, 136, 158, 180,

184, 240, 242, 265, 275, 276, 289,
292, 308, 309, 310, 311, 312, 327,
328, 329

Diphenylamine derivatives formed
during aging of powder, 311

Diphenylamine reagent, 48, 371, 384,
386, 398

Diphenylbenzamide, 309, 310
Diphenylcarbamic acid phenyl es­

ter, 322
Diphenylnitrosamine, 309, 310, 311,

312, 313
Diphenyltolylurea, 322
Diphenylurea, 188, 322
Dipicrylurea, 188
Discovery of gunpowder, 28 ff.
Disulfur dichloride, 438
Ditdntzolyltriuzine, 448
Ditolylureu, 322

Dope, 275, 334, 340, 345
Double-base smokeless powder, 226,

293, 294, 295, 296, 298, 299, 307,
320,329

Dow process, 130, 131, 140
Drift, 73, 75
Drivers, 91, 92
Drop test, 21, 138, 165, 172, 175, 182,

184, 186, 189, 209, 221, 226, 227,
230, 231, 238, 242, 280, 282, 285,
336, 340, 366, 394, 398, 431, 434,
437, 449, 451

Drowning wash, 203
Dulcite, 238
Dulcitol hexanitrate, 238
Dynamite, 3, 14, 139, 154, 157, 175,

198, 203, 204, 207, 212, 214, 229,
308, 331 ff., 452

frozen, 210
manufacture of, 338, 339, 340, 342
non-freezing, 125, 130, 145, 215,

220, 222, 223, 238
velocity of detonation, 193, 210,

337

E

E. C. powder, 289
Ecrasite, 169
Effect of groups, orienting, 127, 155

on ease of substitution, 128, 159
on explosive strength, 132, 133
on toxicity, 125

Effect of temperature ·on orienta-
tion, 127

Electric detonator, 214
Electric effect, 99
Electric spreader stars, 87, 88
Electric stars, 83, 85, 86, 99
English crackers, 74, 97, 98, 111
Epsom salt, 353; see also Magne-

sium sulfate
Erosion, 296, 388, 389, 457, 458
Erythrite, 235, 278
Erythritol tetranitrate, 235, 280
Ester interchange, 171
Ethanolamine, 199, 229, 230
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Ether, solvent, 135, 152, 169, 181,
186, 187, 207, 216, 218, 219, 225,
226, 242, 279, 284, 300, 305, 311,
369, 371, 372, 374, 376, 394, 395,
397, 398, 433, 438, 447

Ether-alcohol, solvent, 255, 256, 257,
258, 259, 267, 275, 287, 289, 292,
297, 299, 302, 304, 313, 316, 317,
334,376

Ethyl acetate, soh'ent, 168, 184, 207,
219, 244, 296, 321, 328, 329, 388,
398,444

Ethyl acetoacetate, 320
Ethyl benzoate, 398
Ethyl centralite, 319
Ethyl citrate, 320
Ethyl malonate, 320, 321
Ethyl nitrate, 191, 192, 194, 195,233,

331,405
Ethyl nitrite, 405, 428
Ethyl oleate, 321
Ethyl oxalate, 320, 321
Ethyl phthalate, 320, 322
Ethyl picrate, 172
Ethyl ricinoleate, 320
Ethyl sebacate, 320, 322
Ethyl stearate, 320, 321
Ethyl suecinate, 320
Ethyl tetryl, 183
Ethylaniline, 183
Ethylcarbamic acid ethyl ester, 322
Ethylene, 199, 223, 224, 229, 230, 234

nitration of, 228
Ethylene chloride, 207
Ethylene chlorohydrin, 224
Ethylene dinitrate, 223; see also Ni­

troglycol
Ethylene glycol dinitrute, 223; .~ee

also Nitroglycol
Ethylene oxide, 224
Ethylene urea, 322, 393
Ethylenedinitl'llmine, 393, 394, 396
Ethyltriphenylurea, 322
Eutectic, 154, 166
Explosifs NX, NT, NTN, :NDNT,

N2TN,367
Explo~if P, 360, 361. 362

Explosif S, 360, 361, 362, 367; see
also Schneiderite

Explosive, definition of, 1
Explosive N4, 391
Explosive NO, 391
Explosive power, tests of, 23 II.
Explosive wave, 11, 12, 13, 18, 138
External moisture, 305, 313, 314, 315
Extra-dynamite, 335
Exudation, 144, 335, 338

F

Fabric cordeau, 11
Falling weight test, 21
Fat, 198
Fatty acid, 198
Fader explosives, 157, 350, 351, 352,

391
Fehling's solution, 240, 241, 243, 244,

280
Fermentation, 199, 233
Ferric chloride, 430
Ferric picrate, 165
Ferrous ammonium sulfate. 384
Ferrous chloride, 280
Ferrous picrate, 165
Ferrous sulfate, 266, 268, 270
Festoon, 82
Finishing press, 304
Fire balls, 55
Fire damp, 346; see also Methane
Fire wheel, 58
Fire wick, 97
Firecrackers, 34, 35, 36, 111, 112 If.
First fire compo~ition, 69
Fixed star, 58
Flaming Red B. 123
Flash cradwr:<, 117
Flash powder, 112
Flash redneing ageut". 320
Flush report, 105
Flu~hless bulliAite. 2!l9
Fhl~hlc"'15 dI;lrgp;;. 29S. :~:!2 ff.
Fhl~hle~s e:.:plo;;in'. 391. 39'1. 393
Flashk;;s jlO\VlIl'r. 49. 50, 170. 298.

299, 322 tT., 3S7
Flul'lll bUllqlll"~' 90
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Flour, 340, 341, 345, 346, 350, 351
Flower pots, 90
Forcite, 346
Formaldehyde, 182, 278, 283, 284,

285, 369, 397, 398, 407, 453
utilization of, 276 II.

Formic acid, 278, 408, 453
Formonitrolic acid, 407
Formyldinitroglycerin, 222
Fountains, 53, 90
Friction igniters, 453
Friction primers, 453
Friction tubes, 453
Frozen blasting gelatin, 343
Frozen dynamite, 210, 334, 336
Frozen nitroglycerin, 207, 212 ff.
Fructosan trinitrate, 243
Fructose, 236, 243
Fuller's earth, 195, 216, 218, 332, 336
Fulminate-chlorate, 183, 186, 417,

421, 432
density, 434
minimum initiating charge, 418
sand test of detonators contain-

ing, 417
temperature of explosion, 435
velocity of detonation, 434

Fulminating compositions, 109, 117
Fulminating compounds, discovery

of, 400 II.
Fulminating gold, 3, 400, 401
Fulminating mercury, 402
Fulminating platinum, 400, 402
Fulminating powder, 31
Fulminating silver, 400, 401, 402
Fulminic acid, 400, 407, 408
Fuse, 2, 6, 47, 103, 111, 114, 115, 116,

117
Fuse powder, 100
Fuze, 6, 7, 8, 9, 45

G

Galactosan trinitrate, 243
Galactose, 238, 243
Galactose pentanitrate, 243
Galactose trinitrute, 243
Gallic aeid, 73

Gas tar, 129
Gasoline, 355
Gelatin, 425
Gelatin dynamite, 226, 332, 334, 335,

339, 344, 345, 346, 452
Trauzl test of, 211, 281

Gelatin penthrinit, 281
Gelatinizing agents for nitrocellu­

lose, 208, 217, 218, 219, 223, 226,
227, 233, 234, 235, 284, 287, 289,
294, 295, 317, 319, 320 II.

Gelignite, 345
Gerbs, 73, 89, 90, 91, 92
Giant steel fountain, 90
Glauber's salt, 353; see also Sodium

sulfate
Glazed lJowder, 291, 293, 295, 306,

330
Glazing of black powder, 47, 49
Globe torpedoes, 108, 109
Glonoin, 208
Glucoheptose, 244
Glucoheptose hexanitrate, 244
Glucosan, 241
Glucosan trinitrate, 241
Glucose, 118, 238, 240, 241, 256
Glucose pentani~rate, 241
Glue, 66, 124, 326
Glycerin, 191, 196, 197, 198 II., 206,

220, 222, 225, 233, 234, 236, 240,
268, 334, 352

Glycerin chlorohydrin dinitrate; see
Dinitrochlorohydrin

Glyceryl dinitrate, 200, 201, 214 II.;
see also Dinitroglycerin

Glyceryl monoformate, 222
Glyceryl mononitrate, 215, 218; see

also Mononitroglycerin
Glyceryl trinitrate, 191, 195, 215;

see also Nitroglycerin
Glycol, 191, 199, 223, 224, 227, 228,

240, 334, 397, 407, 453
Glycol dinitrate, 191, 199; see also

Nitroglycol
boiling point of, 206

Glycollic acid, 228
Glyoxal, 407
Gold l:hlorillc, 401
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Gold, fulminating, 3, 400, 401
Gold gerbs, 89
Gold powder, 57
Gold showers, 87
Gold stars, 86
Gold streamers, 87
Grades of black powder, 47
Granite stars, 87, 88

_Graphite, 49, 291, 293, 295, 306, 330
Grasshoppers, 74, 98, 111
Gravel, 106, 107, 108
Gravel board, 106, 107
Gray smoke, 123, 124
Greek fire, 32, 34, 37
Green fire, 57, 58, 60, 61, 71, 72
Green lances, 58, 70
Green lights, 64, 65, 71, 72
Green meteor, 99
Green smoke, 123
Green stars, 84, 85, 86
Green torches, 67
Grenade, 33
Grenade explosive, 275, 289, 361
Grenite, 275
Gtisounite, 157, 350
Grisoutine, 351
Ground coke, 455
Ground glass, 57, 453, 454, 455, 456,

458
Guanidine, 373, 374, 377
Guanidine carbonate, preparation

of, 385, 386
Guanidine iodide, 375
Guanidine nitrate, 50, 168, 324, 348,

374 II., 381
preparation of, 380
temperature of explosion, 389

Guanidine perchlorate, 366
Guanidine picrate, 168, 169, 281

sensitivity to initiation, 452
Guanidine sulfate, 378, 379, 380
Guanidine thiocyanate, 375, 379
Guanidonium ion, 374
Guanine, 374
Guanyl azide, 448
Guanylguanidine, 379
Guanylhydrazine, 383

Guanylnitrosoaminoguanyltetrazene,
446; see also Tetracene

Guanylurea, 378
Guhr; see Fuller's earth
Guhr dynamite, 332, 343, 358

drop test, 226, 285, 336
properties of, 336, 337
temperature of explosion, 210, 351
Trauzl test of, 211, 223, 235, 285

Gum agragante, 55
Gum arabic, 55, 66, 68, 81, 120, 123,

275, 329, 454, 455
Gum, K. D. j 67
Gum, oil of, 34

red, 64, 65, 66, 67, 86, 87, 90, 118,
119

Gum tragacanth, 455
Gum yacca; see Red gum
Guncotton, 18, 175, 219, 247, 248,

249, 250, 251, 252, 253, 254, 255,
256, 258, 259, 263, 287, 289, 295,
296, 297, 317, 327, 388; see also
Nitrocellulose

analysis of, for nitrogen, 270
high-grade, 263
'frauzl test of, 211
velocity of detonation, 194
wet, 256

Gunpowder; see Black powder
Gypsum, 353; see also Calcium sul­

fate

H

HMTD,451
Hang fire, 456
Hard lead, 96
Hat snakes, 120
Headache, 208, 215, 225,227, 233,284
Heat test, 268, 269, 285
Hellhoffite, 354
Hexaamylose, 244
Hexachloroethane, 123
Hexamethylenetetramine, 396, 397,

451, 453
Hexamethylenetetramine nitrate, 397
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Hexamethylenetriperoxidediamine,
451, 452, 453

Hexamin, 184; see also Hexanitrodi­
phenylamine

Hexamine, 397; see also Hexameth-
ylenetetramine

Hexanitroazobenzene, 189
Hexanitrobiphenyl, 140, 158, 159
Hexanitrocarbanilide, 188
Hexanitrodiphenyl sulfide, 22, 172,

187
Hexanitrodiphenyl sulfone, 22, 187
Hexanitrodiphenylamine, 141, 184 ff.,

190
ammonium salt, 138, 184
explosh-e powder, 159
preparation of, 185, 186
sand test of, 446
sensitivity to initiation, 231, 446,

452
sensitivity to shock, 138, 186
sensitivity to temperature, 22
velocity of detonation, 186

Hexanitrodiphenylaminoethyl ni-
trate, 232

Hexanitrodiphenylurea, 188
Hexanitro-oxanilide, 188
Hexanitrosobenzene, 437
Hexil; see Hexanitrodiphenylamine
Hexite; see Hexanitrodiphenylamine
Hexogen, 396
High explosive, definition of, 3
High explosive shell, 9
Highway warnings, 63, 65
Hollowed charges, 20
Hull shavings, 259
Hydrazine, 146, 189, 387, 426, 427,

428, 429
Hydrazine hydrate, 428
Hydrazine perchlorate, 366
Hydrazine sulfate, 427
Hydrazoic acid, 420, 426, 427, .428,

448
Hydrazotates, 420
Hydrocarbons, heavy, 275; see also

Petroleum
Hydrocellulose, 317, 327

Hydrocyanic acid, 433; see also
Prussic acid

Hydrogen chloride, 221, 365
Hydrogen peroxide, 451
Hydronitric acid, 420
Hydroxyethylaniline, 229
Hydroxylamine, 137, 408
Hydroxytetryl, 178
Hygroscopicity of powder, 158, 170,

313 ff., 327
Hypochlorous acid, 224

I

Igniter, 7
Ignition temperature, 3, 21, 165, 189,

206, 446
Impact, sensitivity to, 21, 138, 157,

165, 168, 184
Incendiary compositions, 28, 35, 52
Indigo, 123, 164
Indoor fireworks, 70, 93
Indurite, 296
Inhibitory effect of groups, 128
Initiator, 2, 11
Iodine, 409
Iron, 429
Iron filings, 52, 57, 118
Iron oxide, 61
hon picrate, 63, 165
Iron scale, 53
Iron wire, 118
Isoamyl phthalate, 322
Isoamyl sebacate, 322
Isonitroacetic aaid, 407
Isonitrosoacetaldehyde, 407
Isopropyl alcohol, 207
Isopropyl nitrate, 195
Itching, 140, 141
Ivory, 61
Ivory black, 122

J

Japanese fireworks, 63
Japanese torpedoes, 106, 107
Jets, 89
Judson powder, 334
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K

KI starch test, 268, 285
Kekule oil, 228
Kerosene, 66
Kieselguhr, 23'5, 332, 354, 356; see

also Guhr; Fuller's earth
Koronit, 361

L

Lachrymator, 140, 144
Lactose, 65, 123, 208, 238, 240
Lactose Hexanitrate, 242
Lactose octonitrate, 241
Lady crackers, 111
Laevulosan, 243
Laminated powder, 298, 318
Lamium, oil of, 34
Lampblack, 57, 61, 64, 65, 70, 71, 72,

84, 85, 86, 90, 108, 118, 289, 356
Lampblack elIect, 98
Lampblack stars, 86, 87
Lances, 57, 58, 63, 69
Lead acetate, 425, 440
Lead azide, 3, 4, 8, 169, 183,209,281,

391, 420, 421, 424 II., 431, 434,
440, 450

density, 430, 434
drop test, 209
efficiency as initiator, 280
minimum initiating charge, 231,

412, 439, 441, 446
sand test of, 445, 451
sensitivity to fire, 419
temperature of explosion, 411, 435
Trauzl test of, 438, 446
velocity of detonation, 434

Lead chloride, 84
Lead chromate, 430, 458
Lead dinitrocresolate, 147
Lead nitrate, 63, 70, 96, 425, 439
Lead oxide, 147
Lead peroxide, 439, 456, 458
Lead picrate, 3, 6, 63, 164, 417
Lead styphnate, 3, 169, 421, 424, 440,

441
density, 434

Lead styphnate, temperature of ex­
plosion, 435

velocity of detonation, 434
Lead trinitroresorcinate, 440; see

also Lead styphnate
Lead thiocyanate, 456
Lead block compression test (lead

block crushing test), 24 II., 192,
341, 342, 364, 365, 391, 421; see
also Small lead block test

Lead block expansion test (Trauzl
test), 24 II., 132, 133, 159, 175,
192, 341, 342, 344, 353, 357, 364,
365, 366

Lead plate test, 26, 27, 233, 421
Ligroin, 216, 240, 241, 284, 316, 321,

322
Lilac fire, 93, 118
Lilac lances, 70
Lilac stars, 84
Lime nitrogen, 377
Linen, 245, 247
Linseed oil, 34, 35, 68, 90, 118, ·121
Linters, 259
Liquid e1\:plosives, 211,214,284,343;

see also Sprengel explosives
Liquid fire, 33, 78
Liquid oxygen explosi"es, 355 II.
Litharge, 6, 95
Lithium azide, 411
Lithium chloride, 325
Litmus, 204, 217, 220, 406
Loading, by compression, 167

by pouring, 130, 166
Low explosives; see Propellants
Low-freezing (1. f.) dynamite, 333,

334, 339, 341
Lycopodium, 86
Lyddite, 159, 166; see also Picric

acid

M

MDN, explosive, 157
MDPC, explosive, 166
MMN, explosive, 157
MTTC, explosive, 166
Macaroni press, 302
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Magnesium, 62, 81, 86, 429
Magnesium carbonate, 86, 187, 339,

346
Magnesium flares, 68
Magnesium oxide, 440
Magnesium picrate, 63
Magnesium stars, 86
Magnesium styphnate; 440
Magnesium sulfate, 353
Malachite green, 123
Maltose octonitrate, 241
Mandarin crackers, 111
Manganese azide, 411
Manganese dioxide, 66, 108, 355; see

also Pyrolusite
Manna, 236, 238
Mannitol, 236
Mannose, 236
Mannose pentanitrate, 241
Manometric bomb, 23, 24, 132, 157,

169, 172, 175, 389, 390, 391
Marine flare torch, 67
Marine signals, 63, 66
Maroons, 104, 105, 358
Malta, 35
Match, 35, 97
Meal powder, 5, 44, 45, 58, 68, 69, 83,

86, 87, 89, 92, 93, 95, 97, 99,100,
122, 435, 455

Melam, 387
Melamine, 376, 386, 387
Melanina, 198
Melem, 387
Melinite, 159, 166; see also Picric

acid
Mercury, 269, 270, 271, 272, 273, 370,

371, 404, 405, 406, 427, 429
Mercury azide, 183, 411, 412, 420
Mercury chloride, 402, 407
Mercury fulminate, 3, 4, 7, 8, 10, 11,

139, 165, 167, 168, 183, 184, 189,
209, 221, 223, 332, 349, 354, 391,
394, 399, 405 II., 413, 415, 416,
417, 418, 420, 424, 430, 431, 432,
433, 436, 439, 445, 450

analysis of, 408, 409
dead pressed, 410, 441
,density, 434

Mercury fulminate, deterioration of,
410

discovery of, 403, 404, 405
drop test, 209, 431, 449, 451
in primer compositions, 454, 455,

456,458
minimum initiating charge, 231,

412, 418, 419, 433, 434, 441, 446,
452

preparation of, 406, 407
sand test of, 417, 432, 445, 451
temperature of explosion, 210, 411,

435,449
Trauzl test of, 211, 438, 446
velocity of detonation, 434

Mercury nitrate, 120, 133, 162, 163
Mercury oxalate, 3
Mercury oxide, 376, 402
Mercury sulfide, 119
Mercury tartarate, 3
Mercury tetrathionate, 408
Mercury thiocyanate, 119, 120
M eta-hydroxytetryl, 178
Metaldehyde, 407
M eta-nitrotetryl, 178, 179, 180
Meteors, 98, 99
Methane (fire damp), 346, 347, 348
Methenamine, 397; see also Hexa-

methylenetetramine
Methyl alcohol, 407

solvent, 207, 227, 241, 242, 243, 295,
296, 360, 444

synthetic, 276, 277, 369
Methyl nitrate, 191, 192 II., 194, 233,

331
boiling point of, 206

Methyl orange, 265, 409
Methyl phthalate, 322
Methyl picrate, 138, 169
Methyl sebacate, 322
Methyl violet test, 268
Methylamine, 141, 180, 181, 276,284,

386, 394, 395, 398, 453
Methylaniline, 175, 180
Methylcarbamic acid ethyl ester, 322
Methylene blue, 123
Methylene group, 195
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Methylglucoside tetranitrate, 243
Methylglycol dinitrate, 234, 237
Mcthylindole, 150
Methylmannoside, 243
Methyhnannoside tetranitrate, 243
Methylnitmmine, 181, 269, 370, 371,

372, 395
Methylnitroglycol, 234
Metliylnitroguanidine, 386
:(\1ethylnitrourethane, 372
Methylol group, 277
Methylpicramide, 177, 182
Methyltetryl, 147
Methylurea, 322
Methylurethane, 371
Mettegang recorder, 16
Mica, 61, 95, 194
Mica dynamite, 194
Milk sugar; see Lactose
Milky grains, 316
Minelite, 360, 361, 363
Mineral jelly, 295, 296, 298; see also

Vaseline
Miner!s fuse, 12, 104
Miner's wax, 65
Mines, 75, 97, 98

naval, explosive for, 158
Minimum initiating charge, 139, 182,

183, 184, 189, 231, 412, 418, 421,
434,441

Minium, 64
Misfire, 456
Moderant, 319
Moisture, absorption of, by smoke-

less powder, 313 II.
Moisture, effect on ballistics, 313
Moisture in black powder, 47, 48
Molecular compounds, 126, 135, 149,

150
Monoacetic, 222
Monoacetin dinitrate, 222
Monobel, 342, 351
Monochlorohydrin mononitrate, 219
Monoethanolamine, 224; see also

Ethanolamine
Monoformin, 222
Monoformin dinitrate, 222

Mononitroglycerin, 206, 215, 216, 217,
218,219

Multiperforated grains, 317, 318
Munroe effect, 18 II.
Muriate of lime, 60
Mustard gas, 14, 199

N

NC, 256; see also Nitrocellulose
NG, 195; see also Nitroglycerin
Nail test of detonators, 421
Naphtha, 37, 355

solvent, 145
Naphthalene, 124, 129, 136, 154,309,

310, 333, 335, 350
addition compound with mercuric

nitrate, 163
nitrated, 129, 154 II.

Naphthalite, 157
Naphthol, beta, 120, 121, 122
Naphthol pitch, 120, 121, 122
Naphthylamine, 126, 150, 312
Naphtite, 156
Nib-glycerin trinitrate; see Trimeth-

ylolnitromethane trinitrate
Nickel azide, 411
Nickel picrate, 165
Niperyth; .~ee Pentaerythrite tetra-

nitrate
Kipple,89
Niter; see Potassium nitrate
Nitramines; see Nitroamines
Nitrated sulphuret of potash, 31
Nitrating total, 260
Nitration by kneading, 121
Nitric esters, 126, 191 II., 229, 269,

278, 333, 334, 341, 344, 345, 442
Nitric oxide, 266, 267, 268, 269, 270,

271,272
Nitro compounds, 191
Nitroamide, 369, 370, 373, 385, 387
Nitroamines, 126, 191,229,269,369 II.
Nitroaniline, 129, 178, 443
Nitroaniline sulfate, 173
Nitroanilines, comparative ease of

nitration, 129
Nitroarabinose, 240
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Nitrobenzene, 3, 125, 128, 133, 158,
207, 242, 244, 296, 334, 335, 354,
355, 398, 444

preparation of, 133
Nitrobenzenediazonium perchlorate,

442, 443
Nitrocellulose, 3, 4, 11, 21, 22, 125,

152,158,170,191,245,246,256 fl.,
275, 281, 289, 290, 292, 293, 294,
295, 297,.298, 299, 300, 313, 315,
318, 319, 320, 326, 327, 329, 330,
336, 343, 345, 349, 375, 388, 395,
438

decomposition in air, 307, 395
decomposition in presence of sta­

bilizers, 308, 309, 310, 311
decomposition in vacuum, 266,

267,269
destroyed by caustic )'Ioda, 280
fibers, 261, 262
high-grade, 259; see also Guncot­

ton
stabilization of, 263 fl., 328
temperature of explosion, 210

Nitrocinnamic acid, 398
Nitrocotton; see Nitrocellulose
Nitrocyanamide, 384, 386, 387
Nitrodulcite, 238
Nitroerythrite, 235
Nitroethyl nitrate, 228
Nitrogen, determination of, in ni.

trocellulose, 269 fl.
Nitrogen dioxide, 267, 354
Nitrogen selenide, 439
Nitrogen sulfide, 3, 438, 439

temperature of explosion, 411
Nitroglucose, 241
Nitroglycerin, 3, 4, 50, 184, 191,

195 fl., 218, 219, 220, 221, 222,
223, 230, 233, 235, 236, 237, 239,
256, 258, 259, 281, 284, 292, 294,
295, 296, 298, 299, 313, 318, 327,
330, 331, 332, 333, 334, 335, 336,
337, 338, 339, 341, 342, 343, 344,
345, 346, 349, 350, 351, 352, 353,
361, 364, 365, 388, 394, 444

action of heat on, 197, 204 fl., 209,
226

Kitroglycerin, boiling point, 206
drop test of, 285
frozen, 212 fl.
headache, 209
heat test, 285
index of refraction, 225
manufacture, 202 fl., 212
preparation, 200, 201
sensitivity to shock, 209, 217, 226
small lead block test, 217
solubility, 207, 208
specific gravity, 204
temperature of explosion, 210
temperature of ignition, 206
Trauzl test of, 211, 217, 226, 239,

285
two forms of, 207
vapor pressure, 204, 225
velocity of detonation, 192, 193,

194, 209, 210
Nitroglycide, 216, 217, 218, 219
Nitroglycol, 193, 207, 223 ff., 226,

228, 229, 233, 237, 281, 298, 336,
337, 341

Nitroguanidine, 3, 4, 269, 281, 299,
324, 348, 369, 370, 373, 374, 375,
378, 380 fl., 392

decomposition by heat, 387
erosive action of, 388
hydrochloride, 381
nitrate, 381
preparation of a-, 381, 382
preparation of fJ-, 383
solubility in sulfuric acid, 383
temperature of explosion, 388, 389,

390,391
tests for, 384

Nitrohexanol, 286
Nitrohexanone, 286
Nitrohydrene, 239, 240
Nitroisobutanetriol trinitrate; see

Trimethylolnitromethane trini­
trate

Nitroisobutylglycerin trinitrate; see
Trimethylolnitromethane trini­
trate

Nitroisonitrosoacetic acid, 407
Nitrolactose, 196, 240, 241, 242
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Nitromaltose, 240, 241
Nitromannite, 196, 198, 236 ff., 421,

442, 445
erosive action of, 388
temperature of explosion, 210
Trauzl test, 211
velocity of detonation, 194

Nitromannose, 241
Nitrometer, 177, 208, 269, 296, 309,

370,371, 385, 395
Du Pont, 271 ff.
Lunge, 270, 271

Nitromethane, 278, 283, 284, 407
basic mercury salt, 411

Nitronaphthalene, 155 ff., 309, 310,
354, 358, 359

Nitropentanol, 286
Nitropentanone, 285, 286
Nitrophenol, 159
Nitropolyglycerin, 226
Nitroso group, introduction of 392
Nitrosoacetaldehyde, 407
Nitrosoamide, 392
Nitrosodimethylaniline, 150
Nitrosodiphenylamine, 312
Nitrosoguanidine, 3, 383, 384, 391,

392,393
preparation of, 391

Nitrostarch, 192, 273 ff., 294, 336,
349, 423

Nltrosucrose, 239, 240, 241, 242
Nitrosugar, 239, 240, 242, 247, 248,

341
Nitrotetryl, 178, 179, 180
Nitrotoluene, 127, 142, 143, 147, 352,

355
Nitrourea, 370, 373, 374
Nitrous acid, 192, 260, 279, 307, 308,

392, 398, 407, 427, 430, 447
Nitroxylene, 143, 153
Nobel's Safety Powder, 332
Non-freezing (n. f.) dynamite, 125,

130, 145, 215, 220, 222, 223, 234,
235, 238, 239

Non-hygroscopic powder, 317, 327·
Non-mercury snakes, 120, 121
Non-picrate whistles, 73

Non-volatile solvent, 297, 298, 299,
317,328

o
Oil, green, 129

heavy, 129
light, 129
middle, 129

Oil of carraway, 32
Oil of mirbane, 125
Oil of turpentine, 55
Olefines, 199
Oleum, 201, '202, 436
Olive oil, 198
Order of loading colors, 69
Orienting effect of groups, 127, 143,

155, 178
Orpiment, 55
Orthocarbonic ester, 375
Oxalic acid, 137, 159, 208, 222, 228,

246
Oxalic ester, 394
Oxanilide, 188, 326
Oxinite, 229
Oxonite, 354
Oxyliquit, 355
Ozokerite, 333

P

PETN; see Pentaerythrite tetrani-
trate

Palm tree effect, 99
Palm tree set piece, 58, 60
Panclastites, 355
Paper, nitrated, 245, 246, 247, 251
Paper caps, 105, 106, 107
Parachute, 78
Paracyanogen, 119, 387
Parade torches, 67
Paraffin, 70, 71, 90, 118, 124, 167, 289,

333, 336, 338, 350, 361, 364, 366,
391

Paraffin oil, 276, 289; see also Hy­
drocarbons, heavy; also Petro­
leum

Paraldehyde, 407
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Pa:ranitraniline red, 123
Paranitraniline yellow, 123
Parazel, 146
Paris green, 64, 65, 6.7, 70,81, 85, 86,

122
Pastilles, 93 fl.

anti-flash, 326
dahlia, 97
diamonlil, 96, 97
ordinary, 95, 96

Pectic a<;id, 274
Pellet powder, 49
Penta; see Pentaerythrite tetrani­

trate
Pentaerythrite, 278, 279,280
Pentaerythrite tetranitrate, 11, 12,

266, 277, 278 fl., 286, 299, 395,
396, 421, 454

boiling point, 206
in smokeless powder, 280, 281
preparation of, 279
sensitivity to impact, 280
sensitivity to initiation, 28G, 441
sensitivity to temperatl1re, 395
Trauzl test, 286, 283, 438
velocity of detoaation, 280, 283,

395
Pentathionic acid, 438
Penthrinit, 281
Penthrite; see Pentaerythrite tetra-

nitrate
Pentryl, 199, 229 II., 233
Perchlorate explosives, 357
Perchloric acid, 443
Percussion, tt

mixtures sensitive to, 402
Percussion cap, 211
Percussion primer, 453, 454 fl.
Percussion sensitivity, 450
Perdit, 364
Perforated grains, 41, 49
Perkoronit, 364, 365
Permissible explosives, 335, 341,

346 fl.
Permitted explosives, 347
;petral stone,38
Petroleum, 34, 35, 37, 53, 129, 199,

275, 354, 356, 300, 361

Petroleum ether, 242, 369, 371, 398
Pharaoh's serpents, 119, 120
Pharaoh's serpent's \lggs, 120
Phenetol, 170
Phenol, 128, 129, 140, 141, 169, 207,

308, 355, 367, 371, 385, 398, 442
Phenol sulfonic acid, 160
Phenolphthalein, 204
Phenylcarbamic acid benzyl ester,

322
Phenylcarbamic acid ethyl ester, 322
Phenylcarbamic acid phenyl ester,

322
Phenylenediamine, 265
Phenylethanolamine, 229, 230
Phenylhydrazine, 146
Philosopher's egg, 37
Phlegmatization, 358, 36.5
Phosgene, 140, 188
Phosphoric acid, 357
Phosphorus, red, 3, 66, 105, 106, 110,

124,454
yellow, 78, 197, 403

Phosphorus pentachloride, 140, 433
Phosphorus pentoxide, 200, 201
Picramic add, 443
Picramide, 132, 137, 138, 173
Picrate compositions, 70, 71, 72
Picrate whistles, 72
Picric acid, 3, 5, 22, 126, 129, 131,

138, 140, 154, 157, 158, 159 fl.,
169, 170, 173, 178, 181, 182, 189,
233, 335, 354, 366, 394, 395, 42G,
443, 458

boiling point, 206
drop test, 231
explosive power, 132, 133, 169, 172
in pyrotechnics, 71, 72, 83, 121
manufacture of, 160
preparation of, 161, 162
sensitivity to initiation, 231, 412.,

418, 434, 446, 452
sensitivity to shock, 138, 165, 172
sensitivity to temperature, 6, 22,

16.5
small lead block test, 231, 391
smokeless tableaux fire, 72
teml1lerature of explosion, 210
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Picric acid, Trauzl test, 211, 231
uses of, 11, 164, 166, 167, 168
velocity of detonation, 139, 140,

194, 232
Picronaphthalene, 358
Picryl chloride, 134, 138, 140, 141,

158, 171, 187, 371
Picryl sulfide, 187
Picrylnitroaniline, 184
Piezoelectric gauge, 23
Pilot's blue light, 67
Pink lights, 64
Pinwheels, 93 II., 111
Pipe, 93, 94, 111
Piped match, 103
Piperidine, 151
Pitch, 34, 124, 361

coal tar, 129
naphthol, 121, 122
roofing, 121

Plastic explosive, 281
Platinum, 430
Platinum sulfate, 402
Plumbic powder, 95, 96, 97
Poaching, 263, 328
Point fuze, 7
Polyglycerin, 222
Potassium, 197, 402
Potassium bicarbonate, 283
Potassium carbonate, 5, 150, 251,

252, 253, 254, 400, 401
Potassium chlorate, 3, 7, 59, 60, 61,

62, 64, 65, 66, 67, 69, 70, 71, 72,
73, 84, 85, 86, 104, 105, 106, 108,
110, 112, 117, 119, 123, 183, 294,
334, 349, 354, 355, 357, 358, 359,
360, 366, 374, 416, 439, 453, 454,
455, 456, 458

Potassium chloride, 323, 324, 325,
352, 353

Potassium chromate, HI6
Potassium cyanide, 376, 408
Potassium dichromate, 88, 289, 353,

436
Potassium. ethylenedinitramine, 394
Potassium ferrocyanide, 357
Potassium fulminate, 411

Potassium hydrogen tartarate, 323,
325

Potassium hydroxide, 150
Potassium iodate, 410
Potassium iodide, 268, 409
Potassium iodide heat test, 268, 285
Potassium nitrate, 2, 28, 31, 32, 33,

34, 35, 37, 38, 39, 40, 42, 45, 48,
49, 50, 51, 52, 53, 55, 58, 50, 61,
62, 64, 66, 67, 69, 72, 74, 75, 76,
78, 79, 83, 85, 87, 88, 89, 90, 92,
93, 95, 96, 97, 99, 100, 112, 117,
118, 120, 124, 221, 252, 287, 289,
290, 292, 297, 326, 331, 333, 334,
345, 346, 350, 351, 352, 353, 388,
391, 416, 455

Potassium nitrocarbamate, 369
Potassium perchlorate, 59, 65, 66,

67, 68, 70, 83, 85, 86, 105, 110,
117, 118, 119, 123, 158, 349, 359,
364, 365

Potassium permanganate, 105, 355,
430

Potassium picrate, 5, 63, 72, 294, 417
Potassium thiocYanate, 120
Poudre B, 258, 292, 294, 295, 297,

308, 309, 313, 326
erosive actiol!l. of, 388

Poudre Brugere, 51
Poudre N, 292
Press cake, 47
Prewash, 203
Primacord-Bickford, 12, 13, 14
Primary explosives, 2, 3, 14, 137, 372,

391, 400 II., 431
densities of, 434
velocities of detonation, 434

Primer cap, 8, 9, 455
Primer composition, 7, 65, 125, 358,

409, 453, 455, 456, 458
Primers, 400, 424,· 439, 450, 453 fr.

concussien, 454
non-erosive, 458
non-fulminate, 456, 457
percussion, 454 II.
souri1'lg of, 456, 457

Prismatic fountain, 90
Prismatic grains,. 41, 42
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Progressive burning powder, 313,
317, 318, 319

PrometMes, 355
Propagation of explosion, 10
Properties of explosives, 1 II.
Propyl alcohol, 207, 407
Propyl nitrate, 192, 195
Propylene, 199, 234
Propylene glycol dinitrate, 234
Prussic acid, 387, 398
Pull-crackers, 413
Pulping, 254, 262, 263
Pulverin, 45
Pumice, 61
Pumped stars, 99
Pumps with stars, 79
Purple of Cassius, 403, 404
Purple torches, 67
Pyridine, 244, 308, 367, 408, 444
Pyrocellulose, 259 II., 289, 297, 299,

312, 313, 315, 316', 317, 321, 322,
327

Pyrodialyte, 360
Pyrolusite (manganese dioxide), 66..

118
Pyronite, 175; see also Tetryl
Pyroxylin, 251, 252, 257
Pyruvic acid, 138

Q

Quick stabilization process, 264, 265,
'l66, 328

Quickmatch, 67, 69, 91, 92, 98
Quinoline, 136

R

Rack-a-rock, 354
Raffinose, 244
Raffinose hendecanitrate, 244
Railway fusees, 65
Railway torpedoes, 109, 110
Raschig's white blasting powder, 50
Rate of burning, 293
Reactivity, 3
Realgar, 52, 64, 69, 83, 87
Red fire, 61, 64, 71, 72

Red gum, 64, 65, 66, 67, 86, 87, 90,
118, 119

Red lances, 69, 70
Red lights, 64, 65, 69,.71, 72
Red smoke, 122, 123
Red stars, 84, 85, 86
Red torches, 67
Reenforcing cap, 231, 414, 420, 432,

434, 446, 452
Residee, 360
Residual solvent, 313, 314, 315
Resorcinol, 169
Rhamnose, 243
Rhamnose tetranitrate, 242
Rhamnose trinitrate, 243
Rhodamine red, 123
Rice hulls, 340
Rivets, explosive, 450
Rocket, 34, 35, 44, 53, 56, 61, 63,

73 II., 83, 84, 86, 87, 88, 89, 111
Rocket composition, 74 II.
Rocket head, 74, 75, 77, 78, 122
Rocket specifications, 76
Rocket spindle, 73, 75
Rodman gauge, 23
Roman candle, 33, 44, 53, 56, 63,

79 II., 83, 97, 98, 99
Roman candle composition, 78, 79,

SO, 81, 99, 102
Roman fuse, 100
Roofing paper, tar, 118
Roofing pitch, 121
Rosaniline, 290
Rose lances, 58
Rose stars, 85
Rosin, 333, 334, 336, 345, 350, 360

oxidized, 360; see also Residee
Rule of Crum Brown and Gibson,.

modified, 127, 133, 141
Russian fire, 60
Rye meal, 345

S

Safety fuse, 12
Sal ammoniac, 65, 6?, 400, 401; see

also Ammonium chloride
Salicylic acid, 258
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Salt, common (sodium chloride),
60,204,365

Saltpeter; see Potassium nitrate
Salutes, 117, 358
Sand, 66, 124
Sand test, 23, 184, 189, 194, 233, 417,

418, 419, 422, 423, 424, 432, 433,
445, 446, 449, 451

Sand test bomb, 422, 423
Sarcocolla, 34
Saucissons, 97, 98
Sawdust, 65, 66, 105, 251, 334, 335,

340, 351
Saxons, 92
Schneiderite, 45, 157, 173, 367
Scratch mixture, 66
Sebomite, 360
Selenium chloride, 439
Sensitivity, loss of, 344
Sensitivity to impact, 21, 138, 157,

165, 168, 184, 192, 209, 221, 226,
227, 230, 231, 233, 242, 280, 336,
354, 358, 366, 367, 394, 395, 398,
402, 437, 442, 445, 449, 451

Sensitivity to initiation, 182, 183,
184, 186, 192, 195, 217, 227, 231,
235, 280, 337, 343, 344, 349, 364,
366, 367, 398, 399, 412, 417, 419,
431, 437, 449

Sensitivity to shock, 3, 71, 72, 130,
157, 167, 168, 209, 217, 223, 233,
235, 238, 240, 282, 334, 343, 354,
355, 356, 364, 366, 392, 394, 410,
412, 425, 431, 439

Sensitivity to temperature, 3, 21,
165, 189, 193, 197, 217, 219, 226,
231, 233, 238, 280, 282, 366, 392,
394, 399, 405, 411, 412, 442, 449,
452

Sensitizer, 336, 424, 440
Serpent mine, 75, 97
Serpents, 56, 74, 75, 97, 98
Setback, 8, 9, 71, 144
Shellac, 64, 65, 67, 68, 69, 70, 72, 81,

83, 84, 85, 86, 119, 455, 456
Shells, aerial, 44, 56, 63, 81, 82, 83,

86, 87, 88, 100 Ii., 111

Shells, explosive for, 9, 129, 130, 133,
138, 140, 154, 157, 158, 164, 166,
167, 173

Shimose, 159; see also Picric acid
Showers, 53
Shrapnel, 43
Silesia explosive, 358, 360
Silica, 193, 194
Silica gel, 140
Siliceous earth, 198, 331; see also

Fuller's earth
Silk, 7, 164, 326
Sih'er,429
Silver acetate, 384
Silver azide, 183, 420, 427, 430 Ii., 448

minimum initiating charge, 412,
431, 441

temperature of explosion, 411
Silver catalyst, 277
Silver chloride, 402
Silver cyanamide, 376, 448
Silver ethylenedinitramine, 394
Silver fulminate, 106, 107, 183, 412,

413
preparation of, 405
temperature of explosion, 411, 412

Silver nitrate, 401, 404, 405, 447
Silver nitrite, 427
Silver oxalate, 3
Silver oxide, 401, 402
Silver picrate, 170
Silver potassium fulminate, 413
Silver rain, 58
Silver showers, 87, 97
Silver streamers, 87
Silver tartarate, 3
Silver torpedoes, 106, 107
Single-base powder, manufacture of,

299
Siphon, 33
Slowmatch,97
Small lead block test (lead block

compression test, lead block
crushing test), 24, 25, 192, 217,
231, 341, 342

Smoke, black, 124
colored, 122, 123
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~oke, gray, 123, 124
white, 123

Snwke boxes, 124, 368
Smokeless powder, 2, 4, 7,22, 41, 42,

49, 50, 125, 152, 236, 240, 265,
287ff., 375, 454

heat tests of, 268
temperature of ignition, 21

Smokeless tableaux ires, 71
SRakes, 119 ff.
Snakes-in-the~grass, 120
Snowball sptIli"klers, 99, 117
Soap, 198
Sodamide, 426, 428, 429
Sodium, 78, 402, 428
Sodium acetate, 185, 447
Sedium azide, 425, 428, 429, 432, 436
Sodium biearbonate, 70, 174
SOOhtm carbonate, 61, 133, 150, 1'14,

181, 184, 185, 189, 262, 263, 353
Sodium chlorate, 359, 361, 364, 365
Sodium chloride, 50, 204, 325, 351,

352, 353
Sodium cresol sulfonate, 50
Sodium cyanide, 312, 408
Sodium dichromate, 135
Sodium fulminate, 408, 411
Sodium hydregen sulfite, 149, 174
Sodium hyd1'0xide, alcoholic, 312
Sodium _Rypoehlerite, 427
Som.um Bitr:a.te, 49, 50, J.i66, 221, 242,

254, 275, ZIG, 331, 333, 3M, 339,
341, 3d,. 343', 346, 352, 353, 365,
366,~,~

&at1:lm Bitrll:te powder, 45, 49
,Socl,ium Mtl'ite, 181, -US, 430, 443,

447, 4<$, 4~
&~ ElJlialate, 64, mI, 76, 85, 86.,

i1,et
'Sodium. piol'ate, 63, i65, lSI, 184
&ditmt. ·~YMdift&e;· Btl, 173
.8Ddhun st,tifate., '1, 284, 358, 408
,~s1!tIi'lle, 144, 143., 146, 1:99,

=
8.otiiuIh thioeyanarte, 121'4, .ros
SOdhtm thi"Elstttfat"e,' 187, 408., 4'69,

416

Solvent recovery, 394, 305, 307
Sorbite. %36, 238
Sorbosaa trinitrate, 243
Sorbose, 243 .
Sour boiliRg, 264, 328
Souring, 83
SfXj,rklers, 117, 118, 119
Splicing of cordeau, 12, 13
Splitter stars, 9f)

Spreader stars, 87, 88, 99
Sprengel explosives, 133, 353 ff., 358
Stability, 3

affected by nitro groups, 284
Stability tests, 22, 269
Stabilization of nitrocellulose, 254,

255, 260, 261 ff.
Olsen's quick process, 264, 263,

266, 328, 329
Stabilizers, 158, 239, 240, 276, 289,

296, :ro7ff., 320, 373
Stamp mill for black powder, 44
Star, 53, 55, 56, 62, 71, 72, 74, 78, 79,

SO, 81 ff" 89, 97, 98, 102
Star mold, 82
Star plate, 82
Star pump, 79, 81, 88
Starch, 245, 246, 251, 256, 2517, 273,

274, 289, 327, 329, 333, 334, 358,
360, 4B9, 425

nitration of, 274, 275
Starling fire, 65, M, 122, 123
Steam-air-dry process for etouble-

base powder, 307
Stea.rie acid, 368
SteaftBe, 64, Ga, 7&, 122', 124, 16.7,333
Steel effect, 9.2, 93
Steel filings, is, 57,.58, 89", 93; U8
Steel gerBs, 89
'Steel wool, 95
steetite, 360
still proeessfor making bulk f)eW-

de'!', 289, 290
Stone of Tagus, 37
St0tle ef. UsiOll, .38
Strlllight aynamite, 332, 333, ,33'4, W,

33S If., 343,352, _, 357
Streei€xp!esives,358
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S.trmgth of dyenamite, 338, :laD, 34t,
345

Strepta, 33
Sl,i'oliltium azide, 411
Strontium cll>l'bonate, 61, 61, 00, 72,

84, 85, 86
f9tronti1:lm chlor.ate, 86
Strontium chloride (muriate), 60
Strontium nitrate, 50, 61, 62, 64, 65,

66, 67, 68, 69, 71, 72, 85
~trontium oxalate, 85
Strontium picrate, 63
Strontium sulfate, 7Q, 84
Eltyphnic acid, 169, 440
Sublimate, cerresive, 5!i,
Successioo. of color, 69
Sucr.ose octonitrate, 242
Su~r, cane, 61, 64, 239,240,247,333.

334,358,358
Sugar, liitrated mixtures, 238 II.
Su'lfttr (~imstQlle), 2, 2S, 3l, 34, 35,

3:'1, 38, 39, 4Q, 42, 45, 4&, 52, 53,
q~5~m,~,6t6~6~6~~,

69, 7-0, 16, 18, 79, 83, 84, ~5, 87,
88, 89, 9Z, 93,97; 99, 100, HM,
11>5, .112, 117,118, 1~4, 254, 27:6,
aa3., a;w, 336, 340, 341, 345, 3M,
857) 338, 388, 4M, 402, 453, ~54,

_,45&,457 .
S~r chloride, 220; see O!lsfJ Disu.1-

fur dichloride·
Sulhw dichl€lride, 438
Sulfuryl chloride, 3'91).

8up:erattenuated baUistite, 327
Swee,tie barrel, 290, 2l}1

T

T;N~, S8, 41~; see~ Tetrll,nitro-. .
_iIine

TNB, 1M; ~ also Trinitrobenzene
TNT, 141; s~e also Trinitrotohlene
TN'l' oil, 145
TNX, ,153; se§ als9 Trinitrexylea'E!
T4, 396; see also CyclGnite
Tableitrewor4,s, 93
l'agus, Iilt~ Q'f, 37

Tartar, a4
Temperature 6fexplosioo." 24. 43;

~, 182, ue,~,~· ~ 351,
SIia, 364; 365.s.i _ '"465; 41~;

424,435,136; ,44.t.-.4~
Ttlmperatttre oftgnh.i~....il,"· 22,

165, 2Q6, 44t1 '
Temperature of ~matiQA ol

carbon monoxide~air mixtures,
325

Tetraamyelose, 244
Tetraamyelose octonitrate, 244
Tetracene, 3, 238,~"'383, 421, 4'41,

446 II.
Tetralite, 175; see also Tetryl
Tetramethyelbenzidine, 179
Tetramethylolcyeclohexanol pentani>-

tNl,te, 286
Tet~methylolcYdohexanone 'tetra­

nitrlillte, 2iil:l
Tetrll.metAyelolcYc!opentanal pea­

talj.itrate, 285, ~867 •
. Tetpamethylgliiy.cl0Pen.tamoBie ,tet~

OWlitraJ;e, 285, a86
Te1fr~ethylilr'ea, a22
Tetranitr@ll,niliae, 129, ta4., ia.7,t73..

174, 17.5, 178., lSi
sensi'lliV'i1:¥ t'O iMtia&n, 21;1, 418:;;,

434, 446, 452 .

T!\;trRnitroa~,.~eazene, 134·
Tetraflj.trobip~l'lYl, 159
Tetl!anit~arbtunlide, tB9
'Je1;mn~'rin, ~, .. 341
Tetranitro(ijmethylbenzidi'fledin!ttao-

mine, 180 ' ' .

Tetranitrpdiphen;rlamine, 186
T9otranitro(ji~§!'JetbAn~ 230. "!32 ' '" , ' '.

T-etranitr...tfr,a~,:'i. '"
TJ!tranitJ!Offlethan.e, -f=O, .14~

T~F8ltlft,l'omet!Wl~, 11S .
, Tetta.nitI!Ql!laphtltaJeDf£,. .,1i6" t£',319
1'etr~~lDiIthyJIli1lr~,

118
T$a~~nY'lu£ea, ~

,TetI'MOlYi~,4R
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Tetryl, 3, 22, 131, 141, 175 II., 184,
233, 269, 276, 284, 308, 350, 370,
371, 394, 395, 421, 424, 425, 437,
449, 450, 454, 455

drop test, 209, 231
explosive power, 175, 182
manufacture of, 176 II..
preparation of, 177
reactions of, 177, 181, 182
sand test, 446
sensitivity to initiation, 183, 231,

280, 412, 434, 437, 446, 452
sensitivity to shock, 138, 165, 182,

186
sensitivity to temperature, 22, 165
small lead block test, 231
solubility, 181
Trauzl test, 211, 231, 438
uses of, 10, 166, 167
velocity of detonation, 140, 232,

283
Thallium azide, 412
Thallium fulminate, 411, 412
Thallium picrate, 168
Thionyl chloride, 376
Thiophenol, 208
Thiourea, 375, 376, 377
Thorium oxide, 180
Time-train rings, 6, 8, 45
Tin, powdered, 323
Tin cordeau, 11, 164
Tinfoil, 120
Tissue paper, nitrated, 258
Tolite, 141; see also Trinitrotoluene
Toluene, 127, 129, 130, 131, 135, 140

solvent, 158, 207, 330
Toluene addition compound with

mercuric nitrate, 163
Toluidine, 150
Torches, 63
Torpedo board, 106
Torpedoes, Globe, 107, 108, 109

Japanese, 106, 107
naval, 20, 401
railway, 109, 110
silver, 106, 107
toy, 400, 413

Total volatiles, 313, 314

Tourbillion, 75
Toxicity, 125, 184
Toy caps, 105, 106, 400
Transition of ammonium nitrate, 50
Trauzl test, 24 II., 192, 195, 210, 211,

217, 218, 219, 221, 223, 225, 226,
231, 233, 234, 235, 242, 280, 281,
283, 285, 340, 341, 342, 344, 353,
356, 357, 364, 365, 366, 368, 438,
446; see also Lead block com­
pression test

Trehalose, 244
Trehalose octonitrate, 244
Trempage, 305, 306
Triamylose, 244
Triamylose enneanitrate, 244
Triamylose hexanitrate, 244
Triazonitrosoaminoguanidine, 447
Trichloroaniline, 436
Trichlorobenzene, 436
Trichloromethyl group, 127
Trick cigars, 413
Triethanolamine, 224
Trilite, 141; see also Trinitrotolu-

ene
Trimethylamine, 454
Trimethylene glycol, 233, 234
Trimethylene glycol dinitrate, 207,

233, ~34, 237
Trimethylolnitromethane trinitrate,

283, 284, 285
Trinal, 158
Trinitroaminophenol, 174
Trinitroaniline (picramide), 132, 137,

138, 173, 189
Trinitroanisol, 138, 169 II.

preparation of, 171
Rensitivity to initiation, 412

Trinitrobenzaldehyde, 150
sensitivity to initiation, 446, 452

Trinitrobenzene, 125, 130, 13411.,
144, 145, 158, 182, 281

boiling point, 206
explosive power, 132, 133
manufacture of, 134, 140
preparation of, 135
reactions of, 136 II.
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Trinitrobenzene, sen.~itivity to im­
pact, 138

velocity of detonation, 139
Trinitrobenzoic acid, 134, 135, 138,

144
Trinitrochlorobenzene (picryl chlo­

ride), 134, 140
Trinitrocresol, 147, 163, 166, 169, 170

explosh-e power, 132, 133
,,-elocity of detonation, 139, 140

TrinitrodiphenYlamine, 181, 312
Trinitroglycerin, 191; see also Ni-

troglycerin
Trinitromel5itylene, 132
Trinitromethylaniline, 177
Trinitronaphthalene, 132, 133, 155,

156, 157, 158, 308, 350, 367, 391
Trinitrophenetol, 169 II.
Trinitrophenol, see Picric. acid
Trinitrophenoxyethyl nitrate, 227
Trinitrophenylbutylnitramine, 183
Trinitrophenylenediamine, 174
Trinitrophenylethylnitramine, 183
Trinitrophenylmethylnitramine, 175
Trinitrophenylmethylnitraminophe-

nol, 178
Trinitrophenylnitraminoethyl ni-

trate (Pentryl), 229
Trinitroresorcinol, 132, 174; ,~ee a~~o

Styphnic acid
sensith-ity to initiation, 231, 446,

452
Trinitrostilbene, 151
Trinitrotoluene (TNT), 3, 4, 9, 10,

12, 13, 14, 20, 21, 22, 125, 126,
130, 134, 141 II., 154, 157, 158,
174, 175, 182, 183, 184, 187, 188,
189, 208, 233, 276, 280, 281, 322,
336, 352, 364, 365, 367, 368, 391,
394, 395, 420, 421, 433, 454, 456

boiling point, 206
density, 153
drop test, 231
explosive power, 132, 133
manufacture of, 142, 144, 145
oxidation of, 135
preparation of, 148, 149

Trinitrotoluene (TNT), reactions of,
150, 151, 152

sensitivity to initiation, 183, 231,
412, 418, 419, 431, 434, 437, 446,
452

sensith-ity to shock, 10, 11, 21,
130, 138, 165, 186

sensitivity to temperature, 6, 22,
151, 152, 165

small lead block test, 231
solubility, 152
Trauzl test, 211, 231, 438
uses of, 9, 11, 12, 130, 166, 173
velocity of detonation, 11, 12.

14 II., 139, 140, 172, 232, 283, 368
Trinitrotolylmethylnitramine, 147
Trinitrotriazidobenzene, 436
Trinitrotrichlorobenzene, 436
Trinitroxylene, 125, 130, 143, 144,

145, 153, 154, 336, 367
explosive power, 132
sensitivity to initiation, 412

Triphenyl phosphate, 321
Triphenylurea, 322
Tritol, 141; see also Trinitrotoluene
Triton, 141; see also Trinitrotoluene
Tri-Trinal, 158
Trojan explosive, 275
Troty1, 141; see also Trinitrotolu-

ene
Truck signal lights, 65
Turning sun, 58
Turpentine, 55, 355
Twinkler, 78, 87

U

Ultramarine, 122
Urea, 188, 192, 265, 276, 279, 308,

328, 372, 373, 374, 376, 377, 386,
387

substituted, 265, 319, 320, 321, 374
manufacture of, 372

Urea dearrangement, 373, 384, 385,
386, 392

Urea nitrate, 372, 373
Urethane, 369
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Urotropine, 397; see also Hexa­
methylenetetramine

Utilization of coal tar, 129
Utilization of formaldehyde, 276 ff.

v
Valerianic acid, 308
Vapor of pearl, 37
Vaseline, 289, 295, 361, 388
Vegetable meal, 364
Velocity of detonation; see De-

tonation, velocity of
Verdigris, 55, 57
Vermilion, 122
Violet lances, 70
Violet stars, 84, 85
Viscosity, effect on explosive prop­

erties, 192, 194, 219, 223, 234
V.olatile solvent, 327

powder containing, 297, 298, 299,
317

recovery of, 304, 305, 307
Volcano snakes, 120

W

Water-dried powder, 313
Water-drying, 305, 306, 307, 316
Water fireworks, 56
Water gas, 277
Water glass, 108, 253
Web thickness, 8, 299
Whale oil, 199
Wheel cake, 46
Wheel mill, 45, 46, 51, 290
Wheels, pyrotechnic, 91, 92
Whistling fireworks, 72, 73
Whistling rockets, 72
White fire, 61, 64, 71, 118
White lances, 58, 69
White lights, 64, 68, 71
White powder, Augendre's, 358

Raschig's, 50
White smoke, 123

White stars, 83
Willow tree, 86
Wing-tip flares, 68
Wire dips, 119
Wood cellulose, 259
Wood distillation, 276
Wood fiber, 256
Wood meal (wood flour), 65, 239,

281, 333, 334, 341, 342, 345, 346,
352

Wood pulp, 3, 242, 333, 334, 339,
340, 341, 345, 351, 356, 425

X

Xylene, 128, 129, 130, 153, 398
solvent, 182

Xylene sulfonic acid, 153
Xyloidine, 245, 246, 247, 251, 252,

274
Xylosan dinitrate, 242
Xylose, 242
Xylose tetranitrate, 242
Xylose trinitrate, 242

Y

Yellow fire, 61, 71
Yellow lances, 58, 63, 70
Yellow lights, 64, 71, 78
Yellow powder, 31
Yellow sand, 57
Yellow smoke, 123
Yellow stars, 63, 85
Yellow twinkler, 87

Z

Zinc, 61, 429
Zinc azide, 411
Zinc chloride, 123
Zinc dust, 83, 87, 88, 383, 384, 392
Zinc filings, 57, 58
Zinc oxide, 276, 341
Zinc picrate, 63, 164, 165




