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HISTORICAL SKETCH

The long period of the development of the culture concern-
ing the discovery of » method for utilizing fire un to the in-
vantion of cun-powder tulkee in an entire eporh. TNuring this
perfod of tiwme, huuwwsn aociety in the majority of countrier went
throueh & gradual process of Formation of a primitive tyvpe of
communism and eeevitude, aul then entered into the ers of Teudal-
iem. "hile thege sociéties ware developing and then rubeeguently
declinine, wan began to slowly recoegnize uatnra.'und elowly tried
to utilize its raepoutces for hie own intererts. Technology was
being correspoadingly decveloped at @ slow paes. Thus, weny thou-
rende of yeare alapeed frount the discovery of the bow and arrow up

to the time of the tuvention of gun powder nnd firearwce.

Ihe Discovery of Salipstar aod lovention of Gunnowder. Saltpeter

was dircovered hundreds of vears ago in Chins. The Chinese wers
the first te dimcover the capebility of ealtheter to support rora
buetion, and they ueed it in incendiary cowmporitions. Later on,
they used saltpeter in the production of rockets which mervad for
propelling arrows.

Durieg the course of many centuries, a pradual perfectine of
saltpeter-containing compounds took place. Various components in

14

various prcopertions were seleciod fur these coupetindg, and their

processing methods were improved. The result of this was the avolu-

tion of a substance with heretofore unknown explorive properties -

powder, which we today call sun, or black, powder.

| 1 Best Available Copy



The Chinese scholar, Sun-Tei Mao, described the composition
of gunpowder and the formula for its preparation in his work
"Dantsin” around 600 A. D.

Information conéerninz galtpetar and its use passed on from

the¢ Chinese into Indiam, and, from there, to the Arabs and Greeks.

The Lwergence of Firearms. The appesrance of gunpowder wag & Neceff-

ury preréquisite for the beginninge of fireerms. On the other hand,
fuch e posribility war prepared for through the development of
catepult weapons in the pre-ilirmarms era. The balliﬂia CTORF~-boOW
#nd arquebus, which werms created during the development of the

bow and catepults, reremble firearme to a leree extent.l The
alanticity of the drawn bow egtring rerved ar the pronpellent for
arrows {cross-bow and arquebur) and bulletes (arquebusr). The crea-
tive ability of wmore than one zeneratiﬁn waa naeded in order to
suhstitute the work of the drawn bow-string by the work of powder
prner and, through that, to create firearms which would be of prac-
tical use.

Firearms were invented in China in 1132, The barrel was made
out of a length of bamboo tube. The "Tukochin" firearm was in-
vented in China in 1259. Projectiles cruld be fired from this
weapon. This weapon alsgo had a 1ong bamboo berrel. Guopowder was
elready being widoly uged in China in military operations during
trage year: (JIIth and XIIIth ccaturier), whereas it began to be
usead in Europe only in the XIVth century. Firearms appeared in
kLurope during the first half of the fourteenth century. In Mus-

covite Ruseia, gunpowder and firearms appeared around 1382, for



it 1s a well-known fact that gunpowder was used by artillery in

defense of Morcow in that year.

Gug Fowder. Trom tae tiwme of the apnoarance of firearms and approxi-
mately up {o the middle of the nineteenth centur?, i.e, a period
of almost 500 years, not eveu one new explorive was discovered,
besides gunpowder, which was practical for propéllinq purposes,
shell propellants or blasting purposes. Owing to the rewtinonecss
and rtognation of the fauwlnlistic eystem, =znd to the predominance
of the church in spiritual 1ife, science and technology developed
extremely slowly. Only with the origination and development of
capitalism did the developmaent of natursl sciences, incluiding
chemistry and physics, accelerate. This crented tha conditious
for the discovery of new explosive substances.

The works of M. V. Lomonosov plnyed a very important role in
the development of gunpowder. A rational proportion among the
components of this powder wae established on the basirg of thege
woﬁﬁ towarde the end of the 18th century. This proportian is
§till in use today. Only then was the technolozy of gun-powder

production perfected.

Methods of Igniting Guopowder. Begiunineg with the first proto-

types of firearms, and up to the heginning of the 1°th century,

i.e. & period of 500 years, sunpowders were ignited through a
"primer"”. The weapou had a vent which expandad cutwards and was

finished off{ with a pan for the primer. In the early days, the

. Best Available Copy



primer was ignited by pieces of smoldering coal. Later on, this
was done by meauns of glowing mticks. Wicks were used after this.
Matchlocks appeared in the 106th century. The fliot lock was the
noat perfect of these, Peter the First introduced the flint lock
inio the Russian Army in 1701, and they were part of the standard
military ordnance for asbout 150 years, until the end of the Cri-
mean War,

The first flint lock had & number of serious defects. There-
fore, attempts to find better ways toc ignite the powder charge in
a weapon were started already at the close of the 18th century.

The possibllity of sclving this probiem was facilitated by
the earlier development of chemistry, and, in particular, by the
discovery of Berthollet's salt. A few years aftar the discovery
of this palt, the Scot, Forsythe, proposed ths use of a chlorate
mixture, which wap easy to axplode upon striking and produced a
gpark which wag sufficieunt to iguite the powder. Pea-gized balls,
grains, and lozenges, which were latar coated with wax, were made
ol such mixtures. Thege mixtures were called percussion compounds.
A mpecial lock was inventsd, the percussion hemmer of which had a
gtriker pin which hit into the flash pan. This flash pan held the
percusgsion lozenge or ball,

In 1815, the English inventor Igg proposed to press the psr-
cussion mixture into a metal Jacket - a cap. Thus, the friction
primer came into bheing.

The production of friction caps, with fulminate of mercury in
the percussion compound, was staried iun Pussia in 1843 at the

Okhtensk powder works.




1 un . DMuring the sescond helf of the
18th century, in connection with the development of industrial
capitalism, & need for powder, which was more powerful than gun-
powder, arose. This powder was to be used for the wining industry
and military purposes. Resgearch was initiated in eorder to find
such a powdar.

The firet veunture in this field was carried out by the Freunch
chemigt, Berthollet. Ille proposed to prepare a powder consisting
of a mixture of Berthollet's salt (discovered by him in 1786),
carbon, and sulfur. After several unforeseen explosions with re-
sulting serious loss of human 1ife, the experiments were discon-
tioued.

Berthollet's failure can be expleined by the fact that only
the fundementale of inorganic chemistry were in existence at that
time. There fundementals were insufficient for the creation of a
naw, powerful powder aud for new explosives. The emergence of a
new branch - organic chemistry - was necersary to achiave this
purpose. This fact was borne out through a further development of
science, Meanwhile, organic chemistry started to be developed

only during the last 20 years of the 19th century.

» Di f nd N « Two noto-
worthy discoverler were based on the attaioments of organic chewis-
try ~ the discovery of unitrocellulose (Braconuot 1832) and nitro-
glycerine (Sobrero 1846). These two discoveries were the basis
for a further development of guupowder and high explosives.

The discovery of nitrocellulose suhsequently brought about a




turuing point in the history of gunpowder - colloidal powder was
invented. The discovery of unitroglycerine led to the discovery
of the phencmenon of detonation and high explosives, which was
the result of the problems facing the rapidly-developing miuning
industry in the 1¢th century.

The rapid development of industry and the huge swounts of
procrers which were nttaiued in the fields of physics, chemistry,
mathematice and mechanics in the 1th ceauntury were also accon-
paniad by great progress in military mcience.

Yifled artillory pieces were put into service practically
simultaneously (around 1240) in Ruseia und other Furopsan coun-
tries. This lod to a lares increase in range and itmproved accu-
rnéy of fire in comparison with the hithorto-used smooth-bore
artillery. At the same time, the urge for a further improvemeut
in the ballistic qualities of artillery and small arms required
a still faster rsolution to the previously mentioned problem -
the finding of a powder which was more powerful then the old,

black powder.

Attempte (o Use Nitrocellulose for Firing Purposes. No in-
termat was shown in nitrocallulose for several years after its
discovery. Academician G. I. Gess and Colonel Fadeyev investi-
cated the properties of nitrocellulose during 1846-1848, and they
showed that it was several times more powerful than black powder.

Experiments were takine place in various countries during
the following ysare, which had as their purpose a study ¢f the

porgibility of using nitrocellulose instead of black powder for




firivg purpoges. These experiments ended in failure for a long

time, The chief difficulty lay in the fact that, in firing with
loose nitrocellulose, an extremely rapid and, through that, noun-
uniform coubustion of it occurred. The result was the generation
of a very high pressure which caused a large shell dispererion or

aven ruptured the weapon.

The Begiunipgs of the Need for Smokeless Powder. Meagazine~-

fed riflas wore developed in various countries during the 1870's
in order to increase the rate of fire of small arms. However,
in comparison firing tests, the magazine-fed rifles, for all in-
tents and purposes, were not superior to the single-shot rifler
with regpect to impact count. The reason for this was that, in
rapid fire with the magszine-fed rifles, the smoke did not have
time to dissipate and the riflemen had difficulty in seeing the
target. In counection with this, the problem of finding a low-

smoke or emokeless powder was presented in all its sharpness.

Iuvention of Smokelegs Powder. After prolonged experiments,
the French chemigt, Vielle, was the first to obtain smokeless
nitrocellulose powder in 1884, His invention consisted in the
gelatinization of nitrocellulose by treating it with a hydroxy-
ether mixture. A fine-grained powder was produced from this mass
which was used for rifles and as a strip-type powder for caunnon.

Owing to ite compact structure, the powder which was obtained
in thisg manner burns in parallel layers. This makes it possible
to control the combustion time of the powder charge by means of

altering the sizes of the powder elements.




In 1888, A. Nobel invented nitroglycerine (ballistite) pow-
der. 1In 1889, Nob102 and Abel invented in England a nitroglycer-
ine powder of another type (cordite).

Tﬁe problem of sustained fire with wmagazine-fed rifles was
golved with the use of smokeless powder. It was possible to re-
duce the caliber of the rifle at the same time (on account of
making it easier to clean the bore, which heretofore was made
difficult due to the large amount of foulings from the black pow-
der). The muzzle velocity, range, and accuracy of Ffire were in-
crenred. The flatness of the trajectory and penetrating ability
of the bullet were also correspoundingly increased.

To the saume extent, the use of smokeless (colloidal) powders
marked a turning peint in artillery technology, where the muzzle
valocity of the shell, range, and accuracy of fire also increased
sharply.

Smokeless powder is also & necessary prereguigite for the

production of automatic weapons, machine guns in particular.

Technglogy. The work of Russian scientists and specialists had
a great impact on the development of gunpowder technology.

IL.. N. Shighkov made an analysis of the combustion products
of black powders and computed the combustion temperature for the
first time in the 1B50°s. N. P, Fyedorov published a noteworthy

study concerning the composition of gunpowder residue and pro-

ducts of the decomposition of black powder under various pressures.

N. V. Mayevskiy (1829-1892) and A. V. Gadolin proposed a ballis-




ticelly-suitable shape for black powder grains in the form of a
cubic prism with one or seveun channels. These two shapes are oncoe
again being used in contemporary one- and seven-channeled grains
of colloidal powders. In the early 18¢0's, Professor of the
Artillery Academy N. X. Fyedorov and Instructor 8. V. Panpushko,
in conjunction with two ouployees of the Okhtensk powder works,

A. V. Sukhingkiy aund &£. V. Kalachyev, developed in a very short
period of time an industrisl process for the production of nitro-
cellulose powder. rmu.y produced two forms of powder - lamellar

for rifles and strip-type for cannon,

In 1891, D. I. Mendeleyev developed a unique form of nitro-
cellulose powder - pyrocolloidal.

B, 1. Mendelayov also proposed a mathod for dehydrating nitro-
ceallulose with alcohol, thus simplifying the operation and makineg
it safer. He also proposed a meathod for trapping the alcohol and
gther vapors, which work was completed by V. N, Nikol'skiy under
Mendeleyev's guidance. In 18¢5, Nikol'skiy developed a method
for the removal of the residual solvent from the powder through
soaking.

The chemical stability of nitrocellulose powder was greatly
ivoreased at the beginning of the 20th century by introducing
diphenylamine into the composition as a stabilizer. This was dono
on the basie of investigations which were carried out by N. A,
Golybitskiy, V. N. Nikolskiy, and others. The theory of the
nitrating mixture, which was developed by A. V. Sapozhnikov, aud

the relationship whieh he established between the nitrating mix-




ture and degree of nitration of cellulose are of significant im=
portance to the nitrocellulose industry.

The achievements of the Ruseian sclentists and specialists
were also made use of in the powder-producing factories of other
itations., In particular, the D, I, Mendeleyev uitrocellulose

powder was accepted in industry of the U, 8, A,

N E . In 1884, the famous Russ-
ian chemist, Nikolay Nikolayevich Zinin, for the first time posed
the question of using nitroglycerine as an explosive, and, under
his direction, the Russian artillery officer, V. F. Pyetrushevskiy,
ileveloped a method for large-scale production of nitroglyceriie
aud a method for its explosion. Pyetrushevekly developed the first
powder-type dynamite, called "magnesia",

For a number of reasons, the artillery command refused to
utilize nitroglycerine for shell fillers, which caused the experi-
ments to be discontinued. They were renawed at a later tiwme
through the initiative of the military engineer 0. B, Gern, who
wes interested in uging nitroglycerine for demeolition work.

Nitroglycerine was used for the first time by Pyetrushovskiy's
collaborators for blasting operations in the gold fields of Fastern
Siberia. )

In 1865, Captain Andriyevskiy, a collaborator of N, N. Einin,
suggested a fulminate detonator, the use of which greatly increased
the shattering effect of explosives and led to the discovery of the
detonation phenomenon.

The introduction of nitroglycerine as an explosive, quickly
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leading to the invention of the detonator and to the discovery of
the (detonation phenomenon, laid the fouundation for the rapid de-
velopment of high explosives. It turned out that a large number
of chemical compounds and their mixtures, whose explosive proper-
ties were not too well known, could be detonated by a detonator.
The force of the detonation is many times more poworful than the
detonation force of black powder. Such compounds as picric acid,
for instance, are among there compounds. Picric ecid was used as
a coloring agent for a hundred years with no suspicion on aunyone's
part that it could also be used as an explosive.

The honor of the further development and practical utilization
of the noteworthy works of the Russian scientists balongs to the
Swadish engineer, A. Nobel. Nobel parfected the deslign of tho
detonator and invented a number of dynamites and nitroglyocerine

powders (ballistites).

Ihe Application of High Explogives in Ariillery. The Russians
decided to accept nitrocellulose as a filler for artillery shells
in 1876, llowever, the development of a method for filling was
difficult owing to its newness and difficulty of the task. The
filling of shells with damp nitrocellulose was developed ouly dur-
ing the beginuing period of the year 1890, and, furthermore, this
nathod was used for only a few uwortar and cannon ghells whose cali-
ber was from 8 to 11 inches.

The filliong of ammunition with nitrocellulose instead of black
powder was an important stage in the history of artillery. But,

on account of the high mengitivity of dry nitrocelluloge to mechani-

- 11 -




cal effects, it could only be used in shells with e dampness con-
tent of 18-20%. Maintaining such dampness required a constant
supervision over the nitrocelliulose. It was also necessary to
exercise control over its chemical stability.

In connection with the defeots which are intrinsic to nitro-
cellulose, after Turpin (France discovered a method to detonatc
from a booster with cast picric acid (melinite) towards the close
of tho 1800's, a number of nations decided to substitute it for
nitrocellulose as a shell filler. The Russians decided to use
the properties of this substance and started to fill shells with
this at the beginning of the 1890's. This work was conducted by
S. V. Panpushko. 4 method for filliug several large-caliber
shells with melitine was developed in 1894, Duriug this period,
a method for filling the shells uged by the Model 1877 field piece
with melitine was developed., During testing of these shells, two
guns ruptured, causing fatalities. This failure, the causes of
which were not sufficlently investigated at that time, slowed
down the introduction of high explosives as a shell filler for
field pieces for a long time.

The works which were conducted along these 1ines in other
countries were algo not too successful. FEven though the English
armed forces wore equipped with lyddite shells (English term for
melinite) toward the close of the 1890's, the amount of incouplete
shell bursts during the Boer War (1899-1002) amounted 1o 1007,
This was due to the imperfect design of the fuses. The shelling
offact was completely unsatisfactory, and worse than in the case

where black powder shells were used.
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With the appearance of rapid-fire field artillery at the be~
ginning of the twentieth century, the opiniou was that all of the
tasks required in combat operations could be fulfilled with one
gau: a ligh field~piece firiug one type of shell - shrapnel. In
connaction with this idea, the light field artillery h. e. shell
was reuoved from the ordnance in several European countries.

Japan was the only country to uee the high-explosive shell for the
75 mm field and mountain gun. This shell wag filled with 800

grams of plcric acid ("Shimoze").

The lwsso-Japanege War had an important effect on the development
of military techunology in general and on the development of ammuni-
tion in particular., This war completely resolved the moot quostion
concerning the value of the high explésive shell in ground cowbat.
During the Russo~Japanose War, troops and materiel occupied
well-organized trenches and wood- and earth- dugouts for a pro-
longed period for the very first time. These engineer-constructod
field fortifications were set up not only on the main line of re-
sistance, but alsgo in the rear areas. Powerful high explosive
shells and long-range heavy artillery was needed to demolish themn.
The importance of large~-caliber high-explosive shells containing
a picric acid charge of up to 40 kg (in 12-inch shellms) for naval
engagements was also manifested in this war. Naturally, these
shellg could not pierce even light armor, but their bursts caused
4 large amount of destruction on the ship. Finally, the Russo-

Japanese War showed that the new methods employed in the conduct
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of war require a large expenditure of ammunition, which fact was
ot observed in previous wars.

All of this caused many countries to introduce miscellaneous
and numerous field pieces into their ordnance and to steck-pile
large supplies of ammunition in the interim between the Russo-
Japanese War and World War I.

Trotyl (TNT) was introduced in Russia as a shell filler during
this period (1909).

Shortly after the ouibreak of World War I new circumstances
came into existence, which greatly increased the consumption of
ammunition, and, correspondingly, explosives.

First of all, in spite of the prevailing opinioun, it was de-
termined at the very beginning of the war that artillery fire would
inflict the heaviest losses and was, therefore, the most deadly.
This led to a further increase in artillery. At the same time,
trench mortars appeared in large quantities during World War I.
These were invented and first used by the Ruseian armies during
the giege of Port Arthur by the Japanese. This mortar was pri-
marily a smooth~bore weapon loaded from the muzzle, and with a
range of 0.5 to 1 kilometer. They were ocalled bomb-throwers and
trench mortars. lland and rifle grenades were used in large quan-
titios for the first time in World War I. Heavy machine esuns, and,
at a later date, automatic rifles also made an appearance in large
numbers.,

Secoudly, defense in Worid War I was not only perfected eu-
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gineering-wise, but also greatly strengthened on account of the
increasing fire-power of artillery and small arms., Infantry was
not in a position to break through the enemy defenses without a
previous preparation for this break-~through with special sngincer=-
ing means. Artillery was the decisive means, because prior to the
appearance of chemical offensive means as well as of tanks wnd
aviation at a lator period, only the heavy fire of the artillery
could demolish the defensive installations of the snemy, to dos-
troy or demoralize their defenders, to silence their fire, and to
enable the attackers to break through the defenses with fower
casualties.

The dynamics of the growth of ammunition expenditure for tho
relatively short historiocal period from 1870-1645 are of some in-
terest.

During the Franco-Prussian War of 1870-1871, the Prussians
used up 650,000 ghells. The Russians used up 900,000 shells in
the Russo-Japanese War.

The ammunition expenditure for the sntire period of World

War I consisted of (in millions of artillery roundsof all calibers):

Russia . . . « up to 50
Austria-Hungary . . . about 70

Germany . . . . about 275
England . . . . about 170
Fraunce . . . . ﬂbout 191

(75 and 155 mm)
The overall artillery ammunition expenditure for the period

of World War I was more than a billion rounds at a cost of more
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than 50 billion rubles.

Not only the overalyémmunition expenditure, but also their
tremendous expenditure in narrow sectors of the front in separate
operations, is enlightening. Thus, for iunstance, the preparatory
artillery fire prior to the infantry assault and protection for
the Allied attacking forces at Verdun on a 15 kilometer front
during the period 13-26 August 1917 required the expenditure of
about three million 75 mm and one million heavy~caliber shells.
This artillery ammunition expenditure wae of about 120,000 tons,
which means that about 8 tons of ghells were fired per 1 moter of
front. This figure does not include land mines.

Ammunition expenditure was even greater in World War II,
Massed artillery fire was used in the direction of the main effort.
Yhere the number of pieces per kilometer of front did not exceed
160 during an assault on the enemy in World War I, during World
War II the number of piecee and mortars used in separate opera-
tions amounted fromkso to 610 per kilometer of front.

During the years of World War II, the U, S. A. produced
331,000,000 shells, 377,000 tons of mines, 5,900,000 tons of air-
craft bombs, and scores of millions of rounds of small arms ammuni-
tion. _

The ammunition expenditures which were great even in World War
I, speeded up the development and introduction into ordnance of
new explosives shortly after the outbreak of this war. This was
done in order to meet the requirements of unforeseen massive de-

mands for explosives.
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0f this group, the ammonium-nitrate explosives took on a
baslic importence. These explosives consisted of an ammonium
nitrate mixture with TNXT, trinitroxylene, as well as with other
nitro compounds. The raw material source of thelr basic com-
ponents was ammonium nitrate.

This class of explosives was used for the first time during
the 1880's by I. M. Chel'tsov, who, in 1886, proposed to use a
mixture composed of 72.5) picrate, called "thunderbolt", as a
filler for mines end shelle. Leter on, when the production ¢f
TNT, divitronaphtelene, etc., becrme organized, ammonium nitrate
nxplosives which contained these nitro compouands began to be pro-

duced.

Ligh Explogives in the USSR. The production of high explos-

ivas was at a retarded pace in pre-revolutionary Nussia. Some

of the explosive-producing factories were owned by fToreign iu-
terests previous to World War I. It is guite natural that thsy
did not care too much about ileveloping the technology of this in-
dustry, but were only interested in profits.

Therefore, it was necessary to import large quantities of
oxplosives during World War I. The proposal of A, A. Solonin to
use awstol - a mixture of ammonium nitrate and TNT - as a filler
for shells, and ammmonal - a mixture of ammoﬁium nitrate with
alumioum end hylyl - as a filler for hand grenades was of great
importance.

When high explosives were first used es ammunition fillers,
thig ammunition waes filled by pouring melted substances into them

(except nitro-cellulose)., The introduction of pour-type ammonium
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nitrate explosives brought about the development of new loadiag
methods, which, however, remained very imperfect throughout the
course of the entire war. The methods for loading with pour=~
type explosives were improved after World War 1. YNonetheless,
tha old method of loading still found extensive use in conjunc-
tion with the new methods.

0f the sclentists and specislists who had a dacisive in-~
fluence on the development of the ammunition-loading pursuit in
Rusria, the attainment of the pioneer in this field, 8. V. Pan-
pushko, should be pre-emineut. E. G. Gronov developed amatol-
loading during World War I.

During the Soviet period, NX. T. Zverysv made durther im-
provemients in the use of TAT as a filler. N. T. Zvyeryev made
more important contributions in the teochnique of loading ammuni-
tion by the endlesg-scorew method, which was developed by him
during 1929-1931, This method solved the problem of using am-
monium nitrate explosives as smnunition filler in the Great

Patriotic War.

Anti-Tank Ammunition. Tanks appeared on the battlefield
for the first time in World War 1., Specially-designad shells

which could pierce the armor plating were needed in order to
successfully engage them. The killing effecf of such a shell
must be beyond the armor plate, i.e. on the inside of the tank.
Due to the requirements of a rapid rate of fire, these Qhells
wore of emall caliber at first. A requirement for greater power

in the explosive was a uatural sequel.
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Research and study into the properties of high explosives
was intensified after World War I. A use for PETN and cyclonite
as high explosivers was found.

The appearance of such rapidly moving targets such asg tanks
and airplanes made it necessary to he able to obmerve the tra-
jectory of the bullst or small-caliber shell, so that aimed fire
could he employed. This problem wes solved by the use of tracers.

A further development in ammunition for anti-tank guns led
to the employment of shaped-charge shells during World War II.
The phenomenon of shaping was first discovered in 1864 by M. M.
Boryeskov., The Soviet scientists end artillerists made use of
this theory in the Great Patriotic War and produced various tynes

of shaped-charge ammunition,

Explogives ju World War JII. PETN and cyclonite were pro-
fluced in large quantities for the firet time in World War II.

No other new explosives, with the exception of some minor sub-
stances, appeared in auy of the warring nations.
The work of plante and research laboratories were apparently
directed to increesing the quantity of the explosives produced
at that time with preservation of the highest possible qualities
for the purpose of satisfying the greatly increasing need of
loading all types of ammunition, including the previouély unfore-
reen demand in aircraft high explosive bomLis.
Ignition and Initiating Means. For a long time, molid shot
was fired from cannon, and only beginning with the close of the

17th and beginning of the 18th centuries was there an appearance
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of bursting, spherical shells loaded with powder and provided
with a wooden time fuse filled with powder.

The reequipping of artillery with rifled pieces led to the
development of new types of shells (cylindrical) with impact
and time fuses with friction primers.

Tulminate detonators were employed for stimulating the high-
oxplosive shells., In 1900, combination detonators were proposed,
in which up to 3/4% of the fulminate of mercury was substituted
by TNT or tetryl, which secured the production and use of the
detonators and which greatly increased their initiating ability.
4 further increase in the power was obtained by substituting the
TNT in comhination fuses with tetryl at first, and then with PETN
and cyclonite.

The works of A. A, Solonin had a great impact on the per-
fection of azide detonators. He studied the derivation and pro-
perties of azide and trinitroresorcinate of lead in great detail
and then developed methods for their employment in detonators.

Back in the days of World War I, 8, P, Vukolov and R. V.
Mussyelius developed several test samples of azide detonators
for fuses which were used for naval-type shells. The works of
our talented designers, E. G. Gronov, A. A, Dzyerzhkovich, V. I.
Rdultovekiy, A. K. Yurvyelin and others playéd an laportant role
in the development of primers.

The worke of the Soviet primer specialiste were of great

inepiration in the Great Patriotic War.
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Dovelonment of Pyrotechnics. It has been noted above that

fire was used ag a means of combat even back in antiguity and
that the Chinese employed combustible substances for several
centuries prior to our era.

For a long time, the development of pyrotechnics in Ruseia
proceeded mainly along the lines of fireworks compositiouns.
Starting with the 19th century, Russian scientists started to
study the compounds for military purposes. K. I. Konstantinov
(1819-1871) did a lot for the development of Russian domestic
pyrotechnics. He carried out many studies, designed several
rockets and set up their production during the Crimean War of
1853-1854. The works of V., N, Chikolyev and F., T. Matyugo played
a prominent role in the further development of pyrotechnics. In
conjunction with other ecientists, they laid down the scientific
principles of pyrotechnics in the middle of the last century.

The works of these scientists were continued by P. 8., Tsytovich
(1883-1894) and F. V., Styepanov (1821-1909).

The importance of the works of the eminent Russian physicist-
chemist, N. N. Byeketov, must also be mentioned in particular.

He discovered aluminothermic reactions in the 1860's. The note-
worthy studies of N, N. Byeketov led to the origination of a

new branch of metallurgy and of a new type of extremely effective
combustible compounds - tharmites and glightly-gasgaous or non-
gaseous thermite mixtures.

A prominent role in the development of pyrotechnies up to

1914 and during the period of World War I was played by Ershov,
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Sannikov, Gorbov, Pogrebnyankov, and others.

Bombardment Avjetion and Rocket Shells. The problem of

gshelling the enemy's far rear areas already ocame up in World
War I, The famous German long-range gun (Big Bertha), which
shelled Paris in 1916 from a range of about 100 km, had a cer-
tain, short-lived, morale success, but it turned out to be in-
effective and tco expensive.

The problem of shelling the enemy's far rear areas was
solved in World War II by the employment of bombardment aviation
for this purpose. Long-range guided missiles appeared toward the
end of the war. Once egain the problems of extreme-range shell-
ing were solved. In addition to this, rockets assumed a great
importance as a means for the destruction of the enemy's manpowsr,

tanks, airoraft and other targets.

Atomic Weapong. After World War I, the chemists were faced
with the problem of creating a super~-powerful explosive which would
oxceed many times the force of tho explosives known at that time.

A study of the problem showed that contemporary chemistry was_in
a position to come up with an explosive whose foroe would exceed
such knowa explosives as nitroglycerin evea four- or fivefold.

The problem of getting a super-powerful explosive could be
golved only a quarter of a century later by contemporary nuclear
physics. With respect to energy capabilities of the latter,
this can be quickly ascertained by the data relating to the de-

compogition of uranium, where an energy of 18 billion kiloocals/kg
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is released. When the uranium decay explosion takes place, the
temperature builds up to about 10 million degrees. (The maxi-
mum toumperature during the explosion of ordinary explosives
amounts to about 4000°.) The digcovery of the chain reaction of
radioactive uranium decay made it possgible towards the end of
World War II, to create a wzapon of tremendous power- - the
atomic bomb. 8till more powerful gources of anergy were dis-
covered later on - thermonuclear reactions, which wore the hasis

for the creation of the hydrogen homb,

4 striking feature in the organization of scientific~research
opaerations in the Soviet period is the fact that, when &uy ar-
bitrary and more or less complex problem has to he solved, teams
of scientists and engineers of varying specialties are put ou
the project, instead of just individuale. If, in the beginnineg,

& scientist verifies and works out some problem on the bawis of
new ideas, then, at a later period, beginning with a predeiermined
phase, collective effort proved to be the most fruitful. Just
thie kind of eoffort on the part ol our scientists and engincers,
who were filled with Soviet patriotism, brought about to a signi-
ficant extent the remarkable attainments of Soviet science and
technology.

Soviet scientiegts successfully continued the works of their

talented predecessors, they made great contributious in the

- 23 -



development of a wide circle of issues concerning the theory,
production and employment of military high-explosives and gun
powders, which helped to assure the supply of the Soviet armed
forces in the Great Patriotic War with all types of high-quality

ammunition in the required quantities.
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SECTION I

THEORY OF EXPLOSIVES

CIHAPTER 1

GENERAL CHARACTERISTICS OF EXPLOSIVES
AND TUEIR CLASSIFICATION

1. General Considerations Concerning Explosion
1. Definitions. The term explosion means a very rapid de-

velopment of mechanical work which is caused by the sudden ex-

pansion of gases or vapors. The causes of thie sudden expansion
of gases or vapor can be vaeriegated. We ghall mention somo of
ihese.

a, Ao abrupt change in the physical state of a system, &g,
for inatance, the rupture of & vassel of compressed gas. ‘Vhen
gas expands, a rupture of the vessel’s wall takes place; the
splinters fly at a rapid pace; and circumambient objects are de-
molished or damaged. The explosions caused by similar physical
processeg are called phyaical sxplorious.

b. A rapid chemical reaction with the formation of gaseous or
vaporous products, which are accompanied by the g%neration of heat.
An example of this can be the explosion of gunpowder, where a ra-

pid chemical reaction among the saltpeter, carbon, and sulfur
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takes place. Thie reaction is aoccompanied by the emission of

¢ large amount of heat. The forming gaseous products, which
have been heated to a high temperature by the reaction tempera-
ture ,have a high pressure, and, in expanding, produce mechani-
cal work.

Exploegions caused by a rapid chemical reaction are called
chemical explogiong. Chemical remctiouns which are accompanied
by, or are capable of being accompanied by an explosion, are
called explosive trausformatiouns.

Substances which are capable of explosive transformation

are called explogives.

c. Fast-acting nuclear or thermonuclear reactions (reactions

of figsion or fusion of atomic nuclei) at which a tremendous a-
mount of heat is liberated. The reaction products - the jacket
of the atomic or hydrogen bhomb and a certain portion of medium
surrounding the homb - are instantaneously converted into ex-~
tramely high-temperature gases which possess a correspondingly
high pressure. This phenomenon is accompanied by tremendous
mechanical work.

Explosions which occur as the result of such reactions are
cnlled atomic explasions.

We shall examine only chemical explosione and the pertinent

sxplosives ln this book.

2, GCouditions Determining Chemical Explosion. A chemical

sxplosion isg determined by four conditions: exothermic nature of

the chemical reaction, thes quantity of gases or vapors ‘n the re-
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action products, fast chemical reaction rate, and power of self-
propagation.

a. Exothermic nature of the reaction. In order to carry
out mechanical work during an explosion, it is necessary to ex-
pend an equivalent amount of energy. The source of energy in an
oexplosive is the heat of the chemical reaction. If a supply of
anergy from without (endothermic reaction) is required for the
chemical tramsformation of a suhstance, than such a transforma-
tion cannot be accompanied by an explosion. Only those substances
where there 1s an evolution of heat during chemical transforma-
tion can be explosive.

b. The presence of gaseous substances in the praosence of
chemical transformation. Just asg in the case of any heat machine,
a working body - gases or vapors -~ are needed to convert the hoat
genorated by chemical reactions into mechanical work. When gases
or vapors are not present, such a conversion is impossible, and,
ag a result, the phenomenon of explosion is also imposeible.

c. Fast chemical reaction rate. This condition is obviously
asgoolated with the first two conditions: the exothermic nature
of the reaction should guarantes a rapid rise in temperature, and
the presence of gases or vapore in the reaction products requires
the completion of the reaction previous to the time wheu the gaens
or vapors begin to expand and spread through the unreacted parts
of the substance.

d. DPower of self-propagation. An explosive trausformation

generally originates within a limited sector of the substance under
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the affect of an external impulse. This is possible in the case
when the begun chemical reaction propagates spontaneously along
the substance. This condition is associated with the first three

conditions to a certain extent.

2. EXPLOSIVES AS A SOURCE OTF ENERGY AND THEIR CLASSIFICATION

1. Coumparison of explosive energy with fuel energy.

The overall amount of energy emitted by an explosion of ex-
plosives which are equal by weight to the quantity of a mixture
of ordinary combustible substances with oxygen is lower than the
heat of combugtion. Thie can be readily seen from Tables I and II.

Another picture can be obtained by comparing the same quan-
tities taken not as & unit of weight, but as a unit of volume
(Tables II1I and IV),

It is evident from a comparison of Tables I and II thet, in
the combuation of ordinary combustible substances with gaseous
hydrogen heats which are two to threes times greater than in the
explosion of 1 kg of explosive are emitted per 1 kg of the mix-
ture. A comparison of the temperatures of these same reactions,
related to a unit of volume (Tables III and IV) indicate that
the concentration of energy in liquid and solid explosives in a
unit of volume is 200 to 500 greater than in the case of ordin-
ary fuels, end 1000 greater than in the case of a mixture of

hydrogen and oxygen.,
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TATLE 1

Fxnlogive Hapt of Explosion
ilocel/kg
ffunpowder 665
TN 050
Pyroxylin 1025
Nitroglvecerine 1500

TABLE IT
Teat of Combustion of Combustible Mixturar with Geseonus
Oxygen
Tuel Heat of Combustion
in kilocel/ke

Carhon 2140

Panzeane 2330

Hydrogen 3230
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TABLE 111

Explogive T'ept of Explosion
Kiloenl/ke
Gunpowder 800
TNT 1460 -
Pyroxylin 1330
Nitroglycerine 2400
» TABLE 1V
Heat of Combustion of combustible mixtures with gageous
axyegan. .
Fuel Heat of Combustion
Kilocal/kg
carbon L,2
Benzeane L.b
Hydrogen tﬁ 1,7
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2, Relation of the power generated iu an explosiou to the
auaregy releage rate. Aside from the high volumetric concentra~

tion of energy, its very rapid rate of release is characteristic
in the case of explosives.

The life of an explosive transformation for various explos-
ive charges can he from several hundred to hundred-ithousandth
and millionth parts of a second. This factor determines the
higﬁ power which is devéloped in an explosion. We shall demon-
strate tuis Ly using TNT as an axample.

Nine huadrad and fifty kilocals are emitted in the explos-
ion of 1 kg of TNT, Arpuming that the propagational explosion
products are adiabitic on account of the brevity of the process,
and taking the efficiency as equal to 10%, we find that the
mechanicul work which can be crerted by the explosion products
of 1 kg of T5T is equal to 0.1 x 950 x 427 = 41,000 kilogram-
woters (%27 kilogrammoeters/kilocel = mechanical equivalent .of
heat). Within certaiu allowances with respect to shape and den-
gity of the charge, the duration of the explosion can be rousghly
calculated to one one=thousand of a second. From this point, we
can find the power generated in the explosion of 1 kg of TNT
(considevring that 102 kilogremmeters/second is equal to 1 kilo-

watt)

41,000 = 40,2 million kilowatts
10°% x 102
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It is a well-known faot that there are no machines in exist-
ence which can generate such cologsal power. This example shows
that the high power of explosives is dependeut not so much upon
the large store of Internal energy, a&s upon the extremely short
life of the explosmicn.

3. QClassification and Geperal Characteristice of iha Ex-
nleosive Trausformation Phenomenon. The chemical transformation
which originates in some pert of the explosive propagates in suc-
cesgion. The presence of a trensformetion front, i.e. a narrow
zona of intense chemical reaction which 1liberates reaction pro-
ducts from the still unreacted initial explosive, is a charac-
teristic feature. The distance which the reaction front tra-
verses in a unit of time, and equal to the layer thickness of the
explosive undergoing explosive transformation in a unit of time,
is characterized by the propagation rate of the explosive.

The self-propagating chemical transformation of the explos-
ive can take place in accordance with two different methods.

A. The energy liberated in the reaction zone is transferred
from the burning products to the nearest layers of the initial
oxplosive in the form of heat in accordance with heat transfer
processes. The temperature of the substance in these layers is
inoreased and a reaction sets in. In this particular case, the

chemical transformation propagates by atmospheric pressure at a

rate of millimeters per second and the propagation rate is strictly

dependent upon the pressure under which the process takes place.

Such a procesgs is celled gombugtion.
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When the combustion takes place out in the open, it is not
accompanied by either the characteristic sound effect or mechani~
cal work., In a closed space, however, such as in the powder
chamber of a weapon, the process ococurs more energetically: the
pressure increases swiftly and, as e result, the rate of combus-
tion increases; a vory rapid displacement of the sghell or bullet
takes place under the effect of this hipyh pressure, i.,e. a shot
acocompanied by a sharp sound effect.

The effect, which cousists of imparting velocity to the ob-
ject by means of pushing it forward with its being buret (split-
ting or bréaking up) is called propellivg effeat.

When black powder burns in a tamped shot-hole,® there is also
an increase in pressure snd corresponding increase in the combus~
tion rate which brings about the demolition of the circumambient
wedium such as stone, rock, etc. and flight of the broken-up
pieces -~ an explosion occurs.

For burning in a closed space, such as in a weapon's powder
chamber or a shot-hole, it is characteristic of the gas pressure
to rige more or legs swiftly but not sharply, to a value of
several thousand atmospheres.

B. The second mechanism for the propagation of the chemical
transformation of an explosive consists in thé trangfer of energy
from layer to layer by a compression wave., Speaking more strictly,
this is a shock wave, with which we shall bscome acquainted shortly.
In thie case, the chemical transformation propagates along the

substance with a speed on the order of a thousand meters per second,
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whereupon, in contrast to ocombustion, the propagation rate does
not depend oun the outside pressure at which the chemical trans-
formation occurs. '

Such a chemical transformation is called detfonatjon.

Detonation is characterized by an abrupt jump in pressure
up to 200 to 300 atmospheres at the point of explosive transforma-
tion, and by a very sharp crushing effect upon the circumambient
medium.

Having defined the terms "combustion" and "detonation", we
shall use the term "explosion" as the characteristic of the ex-
terior manifestation of the explosive transformation, expressed

in a very rapidly proceeding mechanical work.

4. Classification of Explosives.®* All explosives which are
used, or have been used, in practice can he divided into the follow~
ing groups:

Group I - propelling explosives or powders.

Group II ~ powerful or high (secondary) explosives.

Group III - initiating (primary) explosives.

Group IV - many pyrotechnic compounds which satisfy
the regquirements for chemical explosiong
as a rule, they are not intended for
blasting.

The basic criterion for dividing explosives into these groups
are the explosive transformation conditions (combustion or de-
tonation) which is characteristic for each of them, and the condi-

tions of excitation.
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Group I. Propelling explosives or powderg. The character-

igtic form of explosive transformation for substances of this
group is combustion, not crossing over to detonation even at
high pressures which develop in firing. Tﬁase substances are
suitable for imparting motion to a bullet or shell in the barrel
of a weapou and for imparting motion to & rocket shell.

By its physical structure, powder can be divided into two
classes:

1gt Class. Mechanical Mixtures. Potassium nitrate-contain-
ing gun or black powder, and various mixtures of the same type
with other solid oxides such as mixtures with sodium nitrate,
belong to this class.

2nd Class. lelgiﬂ_nnndn;s. Pyroxylin, which has heen ge-
latinized by a solvent, is the preeminent form of colloid pow=-
ders. Colloid powders can be divided into two categories, de-
pending on the nature of the solvent.

1. pyroxylin powders, produced with the application of a
volatile solvent, which is removed from the powder to a great ex-
tent during successive phases of production}

2. powders with a glightly-volatile or non-volatile sol-
vent, all of which remains in the powder.

Group II. Rowerful or high (secondary) explosives. The
characteristic form of explosive transformation of this group of
substances is detonation; they are also capable of combustion,
but, when the pressure is raised, the combustion becomes unstable

and, under certain conditions, it can convert into detomation.
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High explosives are used as shell fillers and other kinds of
ammunition, as well as for blasting operatione.’ Substances of
this group are called secondary explosives because their explos-
ive transformation is difficult to excite by ordinary forms of
exterior effect (flame, friction, shock, prick, etc). Second-
ary explosives are detonated with initiating explosives (see
below).

By their chemical nature and composition, the most prevalent
high explosives can be divided into the following classes.

1st Class. Nitric esters (nitrates) of alcohols or hydro-
carbons. As an example, the following belong to this group:

1. Nitric esters of hydrocarbons. The chief representative
of these explosives is pyroxylin or nitrocellulose.®

2. Nitric esters of alcohols. Thoe characteristic repre-
gentatives are:

a. glycerintrinitrate or nitroglycerin, C,H, (ONOB)S, which
is used for the production of powders and dynamites}

b. diethylene glycol dinitrate or nitrodiglycol, (CHQ)‘
(ONoa)z’ used for the production of colloid powders.

c. pentaerythritol tetranitrate, or PETN, C(CHaONoa)‘,
used as an anti-tank shell filler, for detonators, blasting caps,
detonating cord, and other uses.

2nd Claes. XNitrocompouunds. These are the most important
high explosives. They include:

a. Trinitrotoluene or trotyl CH, (C“s) (Noa)a;

b. Trinitroxylene or xylene, C,H (CH,)_ (N0 ),
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c. dinitro benzene C I, (NOQ)a
d. dinitro naphtalene C H_  (¥0,),
i 1

e. picric acid C‘HnOJ (NOa)s

f. ammonium picrate C‘H, (ONH‘)(N:'Oa)a

g, Tetranitrophenyl - methylnitramine or tetryl
cn,

C,Hg (\'OA)3 \§

\?Oa

he. cyclo=trimethylene trinitramine of cyeclonite

Cally Ny (NO,),

Fusions of nitro compouunds, as, for instence, trinitrotolu-
ane with dinitro naphtalens, cyclonite or xylene and some wmechani-
cal mistrues of certain nitro compounds or their fusions with
powdered aluminum or other substancer, have agsumed an importent
meaning. .

3rd Clags. ExnlgglngQinuzgﬁ, congisting of a mixture of
an oxidizer with the explosive and fuel. These include:

1., ammonium-saltpeter explosives, which contain ammonium
nitrate as an oxidizer. An example of this are the amatols
80/20, 60/40, 50/50, 40/60 (the numerator indicates the ammonium
nitrate content and the denominator indicates the trotyl content);
granulated dinaphtalite - a mixture of 88% aﬁmonium nitrate and
12% dinitronaphtelene procesered a special way - as well 8af others,

2. explosive mixtures on a bage of liquid nitric acid

(nitroglycerine explosives)., The nitric acid ester comes mostly

in the form of a gelatine (dynamite), but compositions containing
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small amounts of ungealatinized nitrorlycerine are in existence.
In addition to the nitrete alcohols, oxidizers (nitrates) and
comburtible matarials go into the mixtures

3. chlorato and perchlorates explorives, containing salts
of chloric or perchloric acids (chlorates or psrchlorates);

4. explosive mixtures on a base of liquid oxidizers, which
include liquid oxygen explosives and mixtures on a base of nitro-
geti dioxide or councentrated nitric ecid.

Liguid oxygen explosives are made of & combustion-gorber

primer which has beesn impregnated with liquid oxygeu.

Group IIT. Initieting (primary) explorives. Initieting ex-
plorives are characterized by the fact thet they can be easily
oxploded from simple forms of sxternal action such as flames,
pricks, and friction, and they can also detonaie high explosives.
The combustion of initiating explosivesr is unstable even at
atmospheric preassure, and, when they are ignited, datonation occcurs
ulmost instanteously. Similarly to high explorives, they produce
¢ shattering and breaching effect on the closest media.

The most important representatives of initiating explosivesr
urel

1. fulminate of mercury Hg(ONC)a-morcuric salt and fulminic
acid CNOH;

2. lead azide Pb(N’)ﬂ ~ lead eslt of hydrazoic acid HNs;

3. 1lead trinitroresorcinate C‘H (OﬂPh)(NOH)3 H,03

4. tetrazene CaHOOﬁq.
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CHAPTER I1I

SENSITIVITY OF EXPLOSIVES
AND TIIE INITIAL TMPULSE

1. DEFINITIONS

In order that an explosion would initiaste, it is necessary
to produce an outside effect on the explosive, which would im=
part a certain smount of energy to it. Thim outside effect is
called initigl impulss.

The ability of the explosive to withstand the effect of
somme kind of outside effoct is called the geumitivity of the ex-
plosive.

The minimum energy of the initial impulege which is suffi-
cient to excite the explosive is tho measure of mensitivity of

the exploerive to & speciflc initisl impulee.

2. TIE NATURE OF THR SENSITIVITY OF EXPLOSIVES
Explosives were previously congidered as unstable substances.

Molecules of explosives were calibrated with a cone standing on
its apex. A slight push was sufficient to throw it out of equi-
librium., An even hetter methoc snemed to be comparing the ex-
plogive with "Prince Rupert's drops™ which are produced by pour-
ing molten glass into cold water. Pronounced internal strosses
originate in these drops, owing to which they convert into »a
powder when they are lightly scratched by some solid. However,

if such a ghape matching is allowed in the case of highly-sensi-
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tive substances (nitrogen iodide), not having practical applica-
tion, and if it i1s more or less acceptalle for certain initiating
sxplosives, then it is not acceptable for high and many initia-~
ting explorives.

We shall examine this matter from the point of view of =
presenatation of the conditions of chemical reaction and mole-
cular stability.

In order that two moleculer of different composition react,
it is obvious that they must collide. Tnhie is a necessary cone
dition, but it is not sufficisnt by itself. The number of colli-
sions, ag experiment bears out, exceeds many times the numbar of
reacted molecules. Conseguently, not svery wmolecular collision
is accompanied by their reaction.

. Reaction occurs only in the collision of reactionable, or
activated molecuies. The activated moleacules are those which
contain a store of energy whose magnitude must be not less than
that of a specific ecapacity. The reacting capability of a mole-
cule with an increase in the store of ite energy.

This minimum amount of energy which molecules must have =0
that they could resct is called activation euergy.

It is quite cbvious that the larger is the number of acti-
vated molecules in comparison with their overall number, the
greater is the rate of reaction.

We shall apply these considerations to the case of a colli-
slon between moleculer AB and CD, ponsisting of atoms A, B, C,
und D. Let us take the relationship A to C and B to D as greater

than A to B and C to D, 1In order that the regrouping (reaction)
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AB + CD = AC +BD would take place, it is first of all necessary
to break or greatly weaken the bond between A and B and between
C and 7. Let us suppose that an energy E is needed to accom-
plish this. 1In the collision of moleculesg having an excess of
energy E, a rupture of the bond occurs, as, for example, in the
molecules AB and CD in our case.

It is obvious that in the succeeding collision of atoms A

and C, B and D, new coubinations AC and BD will form, i.e. a
combining of those atoms whose force of attraction to each other
1 the greatest.

But what becomes of the other molecules of the substance?

Three cases are possible here.

18t Came. Let um characterize the initial state of the re-
acting molecules by the point K. 1In order to convert the system
into the activated state L, an amount of heat which is equal to
the activation energy F is necessary. Tinally, let us character-
ize the terminal state (reaction products) by the point M. The
energy store in the corresponding state is plotted on the ordin-
ate axis of the diagram,

It can be seen from the diagram that, as a result of the re-
action, only a part of the activation energy of the molecule is

released, and an amount of heat Q1 is absorbed. The reaction is

endothermic, and, therefore, the gystem is not explosive.

2nd Cuse. Let the system he characterized by the game states -

initial by K and the intermediate by L, but the terminal state by
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Mz. It is evident from Figure 1b that, in this particular re-
action, not only all of the systems activation energy E is re-
leased, but, moreover the reaction heat Qa. In the transition
of the released energy (E + Qa) toward the unrescted molecules,
some of them become reactable.

The activation energy of many explosiveé fluctunates within
limits of 30 to 60 kilocal/mole, and the explosive transformation
heat fluctuates within 200 to 300 kilocal/mole. Congequently,
the amount of heat liberated during chemical transformation of
geveral molecules of an explosive is sufficient to impart activa-

tion energy to a new and thereby larger number of molecules of
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that substance. It is clear that reactions of thls type are cap-
able of self-propagation and the corresponding rystems are ex-

rlosive.

Jri Case. Lot thé system be charactarized by tha‘same states -
initial by ¥, intermediats by I and the terminal state by Ms.

It is clear from Figure lc that, in this reaction, in andi-
tion to the wctivation anerey i, only a small amount of heat Yy
is releasad. This amcunt can be ingufficient for the activatiow
of new molecules, and the reaction, in spite of 1ts being exo-
thermic, cannot be relf-propagating with the result that it will
ol be explosivae.

The exeamined cases show that it is impossible to explain the
sensitivity of an explosive Ly the irstability of their molecules.
A wolacule of a substance cen be relatively oﬁly slightly
stable, but, if no her! or au anount of heat which is insuffici-

et to aclivote Fevaral now molecules, is released during ite
chemical transformation; the reactiov will not propagate and ex-
plosion will wot oceur. In eusther case, the molecules can be
stable, but, if & cuantity of enecrev is rolessed in its chemica:
transformation which ief sufficiant for the activation of several
neighboriin molecules, then the reaction is self-propagating and
sxplosion takes place.

The amount of ~nergy which is necessary for the dissociation
of a molecule, i.e. ectivation energy, can serve as a measure of
iis seusitivity. The activation cnevey of many exploéives is con-

siderable, and, in certain cases, attains 60 kilocal/moles. But
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thore are ®lso In existeonce certain explosives whose activation
energy consists of only 25 kilocal/moles and even less. Dluring
the same period of time, the temperature of oxplosive tvansformna-
tiou for all typical explomiver greatly exceeds the uctivation

anergy.

3. KIANDS OF INITIAL IMPULSE
Varioue kinds of energy can serve as an initial iupulss, as,
for exeswmplo:
1. thermal - heating or flame jet;
2. wmechanical = shock, hullet shock, friction, and
pricking

3. explosive sneregy of another explosive.

1. Thermal Impulese. Basic Cousiderations Concernine Ther-
aal Dacomposition. In a manner similar to non-explosive chemical
wystems, explosives can undergo slow decomposition, which, in
contrast to combustion or detonation, take place not in a narrow
ravction front, but throughout the entire mass of the substaunce.
Iu the case of ordinary explosives, the rate of such decomposi-
tion at normal temperature iz imperceptibly small, but increases
sharply with temperature. The majority of explosives undergo
slow decay at elevated temperatures (beslow ignition tenperature -
see page 28), the spesd of which is subject to the law of mono-
molecular reaction

dx
V=—=K(a-x) (1)
dt
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1

where ™ reaction rate;

-

initial coneentration of mubstance;

X
i

the amount of substeance undergoing decay to a given
momants

a=x = concantration of the subsgtence at 2 ziven momont.

The coafficient k, callad the renction rate constant, d/-
pende upeu the temperature and activation ensrgy.

Tn wany coages of the thormal decomposition of an explosive,
the reaction products {(nitric acid, nitric oxides, ete) act o«
catalystz aud sharply accelerat: the decomposition. Such au
acceelsruiion of & reaction by ite productes ies called gautccatalysis.
1t iy necessery in thie rage to introfluce one more term into the
oguation feterminiag the reaction rate, which characterizes the

nffect of the catelyst
% . - n
V= rie k(d-%) + Kyq4(a-2)x (2)

where n = thn order of the reaction taking place with the parti-

cipation of a catalyast.

Figure 2 shows the nature of the chanse in the reaction rate
as a funétiun of the duration of the process. OCurve I represents
a pure monomoleculesr decomposition (without catalytic effect of
reaction products). Its rate decreases on account of a reduction
in the amount of the substance.

Curve Il represents the process during autocatalysis. At

the outset, the reaction proceeds in accordance with the mono-~
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molecular law, after that, as the decomposition products accumu-
late and act as catalysts, the process is accelerated. Subse-
quently, in connection with the use-up reacted (iuitial) sub-
stance, the rate decreases once again.

Curve 111, plotted at a temperature T3>Ta, lies above Curve
I1 because the reactiou rate inoreases with an increase of the
oxplogsive's temperature. Curves IV, V, and VI were plotted at
rising temperatures (T3<T‘<‘Ts< T,). The unique nature of these

curves in comparison to Curves II and IIT can be explained by
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the fact that, at some moment of time, the rate of decomposition,
and, accordingly, of the release of the reaction heat, attains
values at which the heat intake exceeds the heat output (on ac-
count of heat conduoctivity, vaporization and other possible pro-
cesser), and the isothermy of the process is disrupted. If a
sufficient quantity of the original substance remained up to

this momeut, then its temperature starts to rise, which leads to
u further acceleration of the reaction, terminating with igui-
tion (a phenomencu aecoupaiied by & souund effect and flame).

The rate of tho process attains a critical value at high tempera-

tures in a shorter interval time, as can be scen from Figure 2:

the series 7,>7,271 gorresponds to the series Ty >T, > T, Ino

further incrores of the temperature T, the time intervals 7, ~hich

are called explosion holdback poriod, will decrease. A teupore-

ture T, can Hn visanlized at which the inities1l rete of the pro-
cesp is equel o the critienl value, i.a., the disruption of iso~
thermy and correspoudineg origination of ignition will take place
at an immeasurably small values for the holdback period. It ir
undersetood that this should take place with any temperature which
is greater thun T’.

This minimum temperature et which the isothermy is disrupted,
i.s, where the heat iuvtaize bocomes greater than the heat output
and the chemical reaction assumss the character of an explosive

transformation on account of a sharp acceleration, is called

lgoition temperature.
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Ignition can also occur at relstively low temperatures. In
thir case, the holdback time depends not only upon the tempera-

tures, but also on the particularly iwportent sdmixtures of cer-

tain substences which act ar catalysts, ar, for instance, mineral
acide.

For instance, nitroelycerine in its pure form (thoroughly
rinsed from acids during its production) cen be preserved for a
long time (montha, yesrs) at a2 f{cmperature of 41° without any
alterations. But this same nitroglycerine with an admixture of
5% HNOa burets into flames after 320 minutes at the same tempera-
turs of 41%, A check of the substance's temperature (with »
thermocouple) showed that it remains equal to 41° for almost all
of the mstretch of the experiment, and it starts to rise only dur-
ing the finel winutes prior to ignition. This indicates that the
holdback is necessary not only for accelerating the reaction by
smlfP-heating but slro for the accumulation of rsaction products

which accelerste ite progress.

?. EXPERIMENTAL DETERMINATION OF IGNITION TFEMPERATURE. The
ienition temperature of an explorive ran be practically defined
as thes lowert temperature to which it ig necessary to hmat the
axplosive so that a chemical transformation could occur with a
spead that is sufficient to obtain & sound effect and flames.

The ignition temperature is not strictly counstant for every
substance, but dependes on a number of causes, first of all on
the conditions determining the relationship between heat intake

and heat output.
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The ignition tempsrature is determined under strictly de-
fined conditions so that comparable findings could be obtained.?

An earpily-melted metallic alloy is welted in a speclal iron
tank (Figure 3). After attaining a given temperature which is
close to the expectant ignition temperature, a glars or metallic
tegt tube containing a weighed portion of 0.1 g (or 0.05 g) of the
tested explosive is pleced in the tenk. The iangth of time it
takag to the moment of ignition at that temperature is recorded.
Repsated hests dotermine the minimum temperature below which ig-
nition ie not obrerved after a 5 minute exposurs. The Accuracy
is up to 59.

The igunition tmaperature for the more important explosives

is shown in Table v,

Tt
vt}

1l
ISHIMINY!

-(_)3.6;)——- -

}
.

“ig. 3. =~ Noviea for detormining ignition temporature.
Matal tank with eleoctric heator

1’
2, Tart tube with weighed portion
3. Thoermometer
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3. Mechenical Impulse. The action of a mechanical impulse
is explained by the conversion of the kinetic snargy of shock
(friction) iunto heat. However, this domas not produce uniform
heating in the entire manse of the explosive, and minuts local
hot-spots originate, wherein the temperature ig raised to several
hundred degrees. An explogive transformation origivates in thease
hot-spote, which in a very short period proceerds in the form of
combustion, but which quickly hastens to explosion.

In the opinion of the Engligh scientist, ¥. P. Bowden, ani
his school of thought, the hot spots can consist of the most mine
ute air pockets which efe contained in the explosive (amoug its
crystals). Duriug shock, these air pockets quickly coumpress and
the gas contained in them heats up to a high temperature. The
heated air pockets then ignite the circumsmblent layer of the
explorive., The hot spots can also, according to Bowden, ori-
ginate through friction on surfaces which contain explorive
hetwesen them, on the particles of sxtraneous admixtures which
contain explogive in it, and throuegh friction on the ecrystals of
the sxplogive iteelf. Also, according to the data of N, A.
Kholavo, hot spot is possible as tha result of the explosive's
viscous flow, originating in shock.

The imeue of the mechanical orizination-of heat-up by vari-
ous mechanical means hag not as yet been fully explained. It
has been established, lhowever, that a fundamental role is played
by not only the stresses originating in the explorive, but alro

by the transformation of the substance wherein the mechanical
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TLBLE V

Tenition Tomparature of Explosives

'Ignition s Ignitio':r:l
i ature
Explosive temf:l;zglne VE"P celve ’tem&e}'c
\
Fulminate of mercury | 175—180 Tetryl 195200
Lead azide 340 Picric acid 290 - 300
Lead styphnate 275 TNT 200--205
Pyroxylin 195 Ammonttes 200240
Nitroglycerine 200 Smokeless powders 180—200
PETN 215

Black powders 10

Cyclonite 230 ] P 200—3
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esuergy is converted into thermal enarey.

Theres ars many varieties of mechanical impulses. Of these,
shock, bullet shock, friction, and pricking have the greatest
practical significance (for initiating axplosives).

The sensitivity of an explosive to shock is determined by
tessting on an impact tester.

The testing of mecondary explosives Is carriel ovut on an
impact-testing machine (Wigurs 4), which consists of two guides
fastened vertically. 4 steel weight of 2, 5, or 10 grama elides
freely between these two guides. The top part of the weight lias
u head which is held butween the release lugs of the apring
breaker. The breaksr can be set Pt any desired height, which
can be meagurod by the scale. The basre of the machine, which i
made of gsolid steel, is placed on a solid foundation. A punch
device is s®7 on the hase (Figure 5) in which steel rolleres (for
bearings) serve as the snvil and hammer head. The diameter of
thmese rollers ia 10 mm, A 0.05 gram weighed portion of the
tested explosive is spread out evenly betwean the surfaces of
the anvil and hammer head of the roller devies.

Resnltes of the detarmination of seonsitivity can he exprassed
in three ways:

1. Carry out a specific number of tests at a constant
height of fall and weight, and then determine the psrcentage
of explosions (the ratio of the number of tests which terminated
iu explorion to the number of all the tests which were carried

out). Ordinarily, a weight of 10 kg, height of fall of 25 cu,
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Yig, 4. = Ivpoct-tostiug machine for testiing secondery explosivae,

1. Guides 2. Weight 3. Snring broekar
Y. feala 5, Teviece for lifting weight
6. Cord with grip for trinping the breaker relems: lues

7. Conereote bago . 8teel envil
9., Punch

Fig. 5. = Junch
1. “oller-anvil Toller hemmer haoea!

2
3, Guide sleeve b, ‘achine's euvil




TABLE VI

Sensitivity of high explosivas to shook

|Percentage
Explosive of
explosions
TNT 4—8
Amatols 2030
Picric acid 24—-32
Tetryl 50—60
Cyclonite 70—80
PETN 100
Smokeless powder 70—80
TABLE VIl

Sensitivity of initiating exploeive to shock

Hyo| Limitsinem
Explosive e .
=H | upper | lower
Im:
Fumgg]}gyof 0,69 5,5 8,5
Tetrazene 0,69 7.0 12,5
Lead azide 0,98 7.0 23,0
Lead styphnate | 1,43 14,0 25,0
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and no less than 25 tests, are ured. The characteristice of romM®
gecondary explogives which were obtained by this method are fhown

in Table VI.

2., Determine the mioimun height of fFall of a 2 kg woight
which cauges even one axplosion from a sot number of tests. Thir
criterion of eensitivity has heen eetablisrhed for commeTical ex-
plosives.®

3; Characterizing the cousitivity of initiating explosives
by the upper #nd lower limitsx of eensitivity, to wit:

a. by the waximom height of fall of the weight at which
10t eveu one explosion occurs from a set mimber of teste (lower
limit);

b. by the wminimum heiehit of fall of the rame weight at

which 1009 of explorions rre cohtained (upper limit).

The upper limit serves oF ~orditional measura of the sensi-
tivity (reliability of the e"fect) of the initiating explosive
and the object containing it. The lower limit mrerves 2s d MEH-
sure of safety in the handling of initiating explosive or objectr
containing it.

The rasulteg of the tests which were carried ont by this
wmethod are shown in Table VII.

Inifiating explosives cav e tested on a lever-type impacting
testing machine (Figure 6) which consists of a plate with a steel
anvil, measuring arc with gradcetions, and a welght-carrying
lever which rotates about & hivea. The weight can be held at a

get height by means of a hold-down ECTeW.
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"ig., 6. - Impact echine for testing initieting enhstences

1, plate 2., Steel envil 3. Measuring srce
b, Weight 5. Wingoe 6. Tever
7. Lever hold-rfdown scrow

T'ig. 7. - NDevice for determining mensitivity to friction

1. Tightening screw 2. Steal roller 3. eaxnlosive

L., Qliding plate 5, Pendulum striker.
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A 0.02 gram weighed portion of exploesive is prersed into
the cap of a tuse assembly, covered with lead foil, and then
placed on the anvil., A hammer head is set ou top of thes cap
which etrikes the cap when a weight from 0.5 to 1.8 ke drope
on it,

A study of the sensitivity of explosives to shock led to
the conclusion that explosions and failures are distributed
ptatistically in accordauce with the law of random errors, and,
just ag in the case of the upper and lower limits, any point
on the sensitivity curve (sea Tigure 34 and its description ou
page 119) are the result of statistical scattering of the experi-
mental data.

If it would be possihle to obhsarve a full identicity of all
tast conditions - full similarity of all tests and nature of
shock - durivng the carrying-cut of the tests, then we could ob-
tain a certein critical baieht uf fall for the waight below whick
no explosions would obsorve, while the number of explosions ahove
this height would be equal to 1007, )

In reality, however, tho tests diffor from the ideal by foru,
dimensions, uniformity, etec., owing to which every test has itr
corresponding ceritical height which differs from the ideal in i~
direction or the other. 7This means that should one part of the
test samples sxplode when a weight ie dropped on them from the
critical height, while the other part should end in failure.

If we are to consider that the causes leading to explosion

or failure are equiprobable, the, where there are a sufficieuntly

- 57 -~




large number of impacte from the eritical height of fall, there
should be en equal number of explosions and failures, i.e. by
50% of the overmll number of tests. Consequently, under test
conditiong, the critical fall height of the weight corrersponde
to a 50% probability of explosion.

When the fall height of the weight is changed to soms other
value, the number of explosions or failures changes correspond-
ingly in accordance with the law of probahility.

The sensitivity to a bullat shock is determined by a shot
from a rifle into an object filled with the tested substance
(such as a hand erenade or aircraft bomb).

The sensitivity of an exploesive to friction is determiuned
in various ways. The most prevalent method is the one basad on
grinding the explosive between two blocks. The block rotates
ubout a vertical axis at a rate of 20 to 150 turuns psr minute,.
This method is characterized quantitatively by the weight of the
load which presses the blocks to each other and which produces
an explosion in the sample of explosive, and by the time elapsed
from the beginning of the test to the moment of explosion.

Another deviece for this same determination, which was used
by Bowden, is shown in Figure 7. Here, a thin layer of explosa-
ive, compared with a set force between the roller and plate, is
subjected to a quick shift when the plate slides after it har
been hit by the weight-pendulum, dropping from a predetermined
height.
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Sengitivity to pricking of initiatine explosives is of
great importance for cepped objects., The methods for determin-

ing the sengitivity to pricking are dercribed in Chapter IV.

%, Sousitivity to the Detonation of Another Explosive.
The seusitivity of a sacoudary explorive to detonation cau be
characterized by a weight of minimum charge of initiating ex-
plosive which assures a sustieined detonation of the tesied sub-
stance under set couditions. Such a charge is called the limif-~

lug charge of juitistiug explosjive with respect to # specific

axplosive {(see Table VIII).

TABLE VIII

Sengitivity to detonetion of three high explosives which wore
pressed into tha copper jacket of » blaastine cap at identicel

pPressures.

Limiting charge ing
Explosive Fuhl(’)l%nate" Lead
mercury azide
Tetryl 0,29 0,025
Picric acid 0,30 0,025
TNT 0,36 0,08
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The amount of limiting charge depends on the test couditions:
material, dimenslons and the shape of the jacket into which the
initiating explosive has been presred ini on the density of both
charges - initiating and secondary explosives; on the quentity of
crystals of both explosives, and on some other conditions.

The charge of initiating explosive which merves for excitineg
the detonation of the high explosive is called the jnitiator, and
the object consisting of the jacket with the charge of initiating
axplosive pressed into it is called a blagting cap. Some explos-
ive charges (for example cast TNT) cannot be detonated by a blast-
ing cap. In order to eiploda such explosives, a blasting cap in
conjjunction with a booster charge of smcondary explosive (such as
tetryl) is used. This booster charge is called jutermediate
detounator or simply detouastor.

5., Detonation by Iufluence. 1In the detonation of an explos-

ive charge, the second charge can be detonated not only by its
being butted up against the other, but also when it is placed at
a certain distance from it. Such a transmittal of detonation is
called the getive charge, and the second charge, which is placed
away from the first, is called the paggive charge. The spaciag
distance through which the detonation is transmitted depends on
a number of factors, of which we sghall mention the chief oneg:
a. Brisance, quantity, distribution, and shaps of the
active charge. PETN and cyclonite transmit a detonation farther
than ithe less-brisant TNT or pieric acid; a tightly compressed

explosive transmite a detonation farther than the same axplosive
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which is not ar dense; the eaffect is greater in the direction of
the propagation of the detonation than in the opposite or side
directions (see paras 86-36); the distance of detonation trans-
mission grows with an increase in the weight of the activea charen.

b. Seusitivity to detonation and density of the nassive
charge. Substunces which are more sensitive to rdetonation de-
teriorgte at ¢ greatoar distance from the active charea ihan lrse
seangitive oucs do. Hecause the sengitivity to detovation as o
rule Jecreares with auv increase in density, then the transmilfine
disgtance of detunulion by infTluouce also is reduced with an jucrae: e
in dengity of the passive charge. Ton general, all factors which
alter the seunsitivity ol » passive charge to detonation &ls. 1%
the trensmitting distence of detonation by influence.

c¢. Ordivary joacket. The trensmitting distance is iu-
creased by encasing the charger in some kind of Jacket, ag for
iustance, a tube.

d. Nature of ithe medium separeting the charges. TBetoii-
tion cau be transmitted hest of all through air, worse through
water, worege yeot throtizti claye, and woret of all through =rteel

and powdery wedia surh aws loose soil, sand, etc,

6. Transmigeion of Netonation from Cartridee to Cartridge.
Explosives in tho form of cartridges which compose a chargo arn
used in many kinds of blasting ()pﬁl‘ﬂf.iOM-}.9

It is obvious thet, during the propagation of a detonation

by the charge, every preceding cartridge can be considered ars a
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datonator with respect to the subsequent cartrideo. 1In order
to assure & detcnation of the completes charge, a sufficient in-
itiating capability of the detonator and e sufficlent sensiti-
vity to detonation of the succeeding cartridge are requisite.
In the case where the guality of the sxplosives is lowered (this
primarily refers to explosive mixtures) and whese cartridges ere
made out of this explosive, a detonation of the couplete charge
may not take place.

When testing the reliability of a transmission of detona-
éion frou cartridege to cartridge, the maximum distance between
tvo cartridges whore a transmission of dstonation atill takes

placo is determined,

e 1 Kin itial Im ol 8.l

Lxplosive. Simple Initisl Impulge. The described forme of ini-
tiel impulse, with the exception of the anergy of the secondary
explosive, ers called gimple initial impulses. These include a
flame, spark, blow, friction, pricking, ete.

In many cases, the absance of equivalence betwesn various
forms of iha initial impulse can be observed. TFor instance,
black powder is more sensitive to flame than are aromatic nitro-
compounds, but it is less sensitive to a blow; lead azide is
more sensitive to mechanical action than is trinitroresorcinate,

but lees stable to thermal effect.
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4. TFACTORS INTFLUENCING THE SENSITIVITY OF EXPLOSIVES

1. a [ d . As a
genearal rule, whmen the compregrive pressure of a powder-type
explorive is increased with a corresponding increase in ite
density, the sensitivity to shock and detonation decreasesr.

The sengitivity to detonation of a cast eaxplosive is much smaller
than that of the same explosive which has been comprassed. Thesec
relationsghips can be =seen in Table IX.

The influence of the physical structure on the seusitivity
to detonation can be clearly seen in the case of pyroxylin and
explosgive mixtures with solid oxidizers.

Compressed pyroxylin can be readily detonated by a blasting
cap; but a compact charge of gelatinized pyroxylin is only slightly
sengitive to detonation. It is also equally difficult to deton-
ate a charge consisting of thick powder elements - webs, tubes,
atc; a charge congisting of the same powder but which has been
thoroughly pulverized can be readily detonated by a blasting cap.

When the density of ammonium nitrate explogives is increased,
thelr sensitivity to detonation decreases; beginning with some
value for the density of the charge, the sensitivity decreases
to such an sxtent that detonation can be produced only by a
powerful detonator.

A change in the density of certain initlating explosives,
particularly in fulqi?ate of mercury, produces an unusual offect.

“hen the density incfaasea, its sensitivity to flame increases,
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TABLE IX

Influence of physical structure of charge on sensitivity to detona-
tion,

TNT Picric acid
' Limidn,
Compressior Density c%mmugg Compression| Density a charge gf
&rel:sure 2| tng/em® | fulminate of | Pressure o| ing/em® | fulminate of
g/ cm mercury in g kg/cm mercury in g
500 1,52—1,54 2 1500 1,68 0.4
3000 1,58-1,60 3 2900 1,68 0,68
Cost 1,6—1,54 | Incomplete Cost 1,58-1,60 3
explosion
with 3 g of
fulminate
of mercury
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attaining a maximum at 2 density corresponding to a compression
pressure of 250-300 kg/cm2. With h'furthar increase in density,
the senpitivity gradually decreases, and the fulminate of mer-
cury, which haes been compressed under a pressure of about 3000
kg/om®, will burn when ignited, but will not detonate.

The eengitivity of fulminate of mexrcury to pricking changes
analogously, but the optimum density corresponding to the great-
ent sengitivity to pricking is observed at a compression pregs-
ure of 700-750 kg/cm?, and the complete loss of sensitivi'y ut

a compression pressure of about 2000 kg/cm?. Increasing the cou.-

pression pressure from 750 to 2000 kg/cm® and above reduces al:o t'¢

songitivity of fulminate of mercury to other kinds of mechauicsl
effects, as, for example, to shock.

At the mame time, an increase in density has no effect o
the sensitivity of fulminate of mercury to detonation. TFulminstn
of mercury which has besn compressed under a pressure of 3000
kg/cm® and above infallibly detonates by initiating it with, as
an example, a small charge of the same explosive but with a less:r
density. |

The data which we have at present does not permit aus to
establish one quantitative characteristic of the influence of a
substance's structure and density on the senéitivity which would
be applicable to all explosives. As a more or less overal qual’
tative relationship, it is posegible to point out that an ircrearn
in the dengity and a conversion from e porous to compact struc-

ture decrease the sensitivity of an explosion, even though it is
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not in an identical degree for various kinds of initial impulse.

The following can be pointed out as the proﬁablo caurer of
this phenomenon:

a. with en increase in deusity, one and the same amount of
energy of the initial iwpulre is distributed on a larger masg of
the substance; a less probable caure is the high concentration of
energy in specific points}

b. with an increare in density and transition to & compact
satructure, the porsibility of & relative displacement of the
crystals dacrearer, and, conssquantly, the origination of local-
ized hot rpotr which lead to ignition and explorion, is also de-
cronead,

¢, with a changs in dersity, the queantity end size of the
air pockets is changed, which hag an effect on the seneitivity

d. an increase in density and mlimination of the air pocketr
hinder the infiltration ef combustion products among the particles
of sxplosives, which produces an effect on the transition of com-
bustion into detonation (see page 63), and it hindere the propa-
gation of the detonation through the "explorive combustion”

mechanism (see page 73).

2. Shape nnd Size of the Crvgtalg. A remarkable difference
in the pensitivity of various cryrtallegraphic modifications hae

been established for certain explosives such as lead azide, ful-
minste of mercury, and nitroglycerine. Thus, the stable form of
nitroglycerine (rhomboid) is more sensitive than *he unstable

(triclinic) form.
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Lead azide can he obtained in two forms - short acicular
and needle. Ordinary leed azide ig of the short acicular form.
It ir lers rtable to & blow and other forms of exterior influsncer
than the needle crystals. The formation of thick crystals of ths
needle form is sometinmar accompenied by a ppontaneous eaxplorion.
In the majority of explosives, ths menmitiviiy tu mechanicel

affort increases with an increare in the size 0f the crystels.

3. Temperature. The number of activated moleculrsr is iu=-
crerarad with an increare in temperatures. The amount of en.rgy
which is needed to induce explosive transformation is decreagad
accordingly. Therefore, sn incresse in the temperature . [ &2 .x-
plorive increasms its sensitivity.

Nitroglycerin will explode under certein couditions if fthe
work of the blow consists of 0.2 kg/cm® at a tempermsture of l(“,
at 0.1 kg/cm? ot 9&0, and et 1820, it explodes from sity =lijgl-t
jar. Celluloid is ingensitive at ordinary tempersture, hui -t

cen ha exploded by a blow at 160-180°,

4. Admixtures. AdmixXturse have an affect on the se. <iliviiy
of an explorive to mechanical effort. Particles with a lLisgh . 7
ing point and whoem harlness is greater thaun the hardness of *u-
axplosive (for instance, sand, glass, metallic powdars) incre-s-
the rmnsitivity to mechanical effort. Thus, dinitronapht=]l »
without an admixture of sand will not explode on an impect testic

machine when a 2 kg weight drops on it from a height of 2 mj il

4 10% admixturs of rand, partial, explosions are already produce?’
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from a drop height of 70 em. The sensitivity of TNT to shock
ig greatly increased with only insignificant admistures of sand
(Table X). The cause of this increase of sensitivity in these
cageg is the localized concentration of shock msnergy on the

sharp edges of the hard particler of admixture.

TABLE X

Bffect of an admixture of sand on the sengitivity of TNT to
shock

Percentage of explo-
Sand content in | sions obtained with a

TNT in % 10 kg weight and drop
height of 26 cm .

0,01-0,05 6
0,1 —0,15 20
0,2 —-0,25 29

According to Bowden's data, the melting temperature of the
admixture's particles plays an essential role in conjunction with
the hardness. The admixture increases the rensitivity only in
thet case where its melting temperature is higher than some cer-
tain miniuvum (h00-500°). Admixtures of eagily~-melted substances
which cover the explosiyo's crystalr with & thin film act in a

different manner. A part of the heest produced by the hot rpotr,
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which originate during mechanical action on the sxplorive, ig
expended in the heating and melting of there admixtures; there-
fors, when such an admixture ir present, the work performed hy
# blow, which is necessary to induce explosion, is greater thun
in the case where the admixture is ahsent.

Substances which in relatively small quantitims greatly ra-
ducs the sensitivity of an explosive are called phleguatizers.
Conversely, substunces which increases this rensitivity are crllei

sensitizers.

5. Chemicel Factors. In conjunction with tha above-dercribed
physicel factors, the chemical structure of an explorive alro Ve
an effect on the rensitivity of an sxplorive. The sensgitivity of
nitrate esters, alcohols and hydrocarbons increases with aun in-
creare in the number of nitrate groups into a molecule of an estemr.

In the care of a nitrocompound, the rengitivity to mechanical
action and detonation is the greater when ths quantity of nitra
groups in the molacule is greater. TFor instance, mononitrophenol
will not be exploded by & two-gram blesting cap, while only 0.3
g of fulminate of mercury is sufficiant to detonate trinitrophenol.

4 pensitivity to msachsunical or thermal initisl impulsees is in-

- eaged in the same way.




CHAPTER III

STABILITY OF EXPLOSIVES
AND METHOD OF ITS DETEHMINATION

1. CHANGES IN EXPLOSIVES DURING STORAGE

Wo ghall examine through several examples the phenomena which
take place in explosives during their storege.

Purified TNT, Neither the physicalnoﬁmShemical properties
of TNT change in a multiyear etorage under normal conditions.
After many yearg of storage, a shell filled with thig TNT is suit-
able for firing, and there is no doubt that it can be further
safely stored. TNT is physically and chemically stable.

Unpurified TNT. Raw TNT* conducts itself differently in stor-
age than does purified TNT. In the summer time (temperatures of
35° and above), a shell which has been filled with this trotyl
exudes a liquid, the so-called trotyl oil. In addition to this,
a certain aeration of the charge occurs, but no chemical trans-
formationg in the TNT are to be observed.

Unpurified TNT is a substance which is physically unstable,
but stable chemically.

Amatol 80/20 humidified when stored owing to the hygroscopy
of ammonium nitrate. As a result of the repetitive processes of
humidificetion end drying which take plece during its storage,

amatol hardene (cakes). Under suiteble conditions, the volume
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and rhape of the charge can change, but no chemical transforma-
tions, which could leasd to melf-ignition and explosion, taks
place.

Consequesntly, amatol is phyrically unstabls, but chemically
stable.

Blasting geiatin (nitroglycerins gmlatinized by a small quan-
tity of nitrocellulose) can undergo various changes during storage.
A digcharge (exudation) of nitroglycerine is possible., The physi-
cal structure of the gelatin changes with time; it becomes trans-
parent and more elastic. Hesides this, blasting gelatin underrgoer
chemical changes which can, under unfavorable copditions, lead to
spontaneous combustion and explosion.

Blarting gelatin is not only physically, but also chemically
unstable.

Pyroxyline powder alro undergoes a number of changse duiing
storage; it loses the volatile solvent contained in it, and thie
affects a change in the powder's structure. Besidas this, ctemi-
cal transformations occur in the powderr jurt ap in the bl.etive
gelatin, The onsetting decomposition can 1lsad to spontancour
combugtion of the powder.

Consequently, the powder is physically asnd chemically un-

gtable.
2. PHYSICAL AND CHEMICAL STABILITY OF EXPLOSIVES

The ahove-mentionsd sxamples make it possible to establish

two kinds of etability - physical and chemical.
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Phygical steability is the capability of an explosive to pre-

serve its physical properties under practicel conditions of their
storage. A change in these properties can occur either as the re-
sult of strictly physical processes (evaporation or absorption of
dempness, etc.) or of physico-chemical processsr (recrystalliza-
tion, exudation; ate.).

Chemical stability is the capability of an explosive not to
undergo any chemical trensformation which could lead to spontane-

ous combustion under normal storace conditions.

3, FACTORS DETERMIVING THE CHEMI-
CAL STABILITY OF EXPLOSIVES
The basic factors determining the chtiemical stability of ex-
plosives are chemical structure, the presence of an admixture,

and storage conditions.

1. Chemical Structure. The least stable of commercially-

used explosiver are the nitrate esters in which the NO' group is
bonded with an atom of carbon by the oxygen. The nitrocompounds,
in which the nitro group is bonded directly with a carbon atom,
are very steble, The most etable nitrate esrters are much less
stable than the nitrocompounds which are used in industry.

The following regularity cen be observed in the change in
chemical stability of nitrate esters of alcohols and hydrocarbons.

a. the gtability of complete nitrate esters of multi-atomic

alcohols, generally speakine, is lowered in proportion to the in-
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crease of the valenca of the alcoholr. TFor instance, dinitroglycol
is more stable than nitrogliycerine.
b, =wlightly nitric c¢ellulose estears are more stable chemi-

cally than are the highly nitric onss,

2, Admixture of Cotalvsts and Stabilizers. Various admix-

tures can greetly change the chemical stability of explosives.

Certain admixtures fulfill the role of catalysts, accelara-

ting the decomposition processes of the explosive. Trecec of Tree
acids (=trictly spenking, hydrogen ions) heve the greatest practi-
cal significance of this group of admixtures.

During a slow dncomposition of the nitric acid estlers, Ui
nitric oxides NO_, und \'90a are formed, which, in conjunction with
ftampness (contained in the explosive but also liberated during
decomposition) form nitric and nitrous acids. The quantity of ihe
catalyst graduelly ivncreasmss and the decomporition is acecelnretrd
accordingly.

Other admixturer (diphenylamine, centralite, aniline, orrtfone,
and others) readily react with the oxides of nitrogen, formine
chemically stable nitroso- and nitrocompounds., Thur, one of the
most important causes of the acceleration of an explosive's -
composition is elimivated. An admixture of this kind of uqul steurns
increares the chemiconl glability of sn explosivs.

Compounds whicli, alfter having besen introduced into the cowm-
position of an explosive, increame its chemical stability with u
corresponding increures in its service life, are called gtabilizevre.
The procees of introducing a stabilizer into an mxplosiva or oum

of removing an admixturs catalyzing the chemicael decompogition,
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is ocalled stabilization.

3. Storage Couditions of Explosives. Chemical gstability depends

greatly upon the temperature at which the explorives are stored. In
turn, the storage temparature depends on the climate and special

local conditions (for instance, storing in ships, where the tem-

perature can eesily reach 40° with en absence of ertificial cooling).

The higher the temperature, the more rapidly oceur the decompori-

tion processes of an explosive.

4. EXPERIMENTAL DETERMINATION OF CUFMICAL STABILITY

The decomposition process of an explosive proceeds extremely
slowly at ordinary temperatures, and it is very difficult to evalu-
ate its rate by either the qualitative or quantitative method. An
experimental determination of the stability is carried out at ele-
vated temperatures when the decomposition reaction rate is greatly
increassad.

The starting point of the methods for determining the chemi=
cal stability is the assumption that if, under identical test con-
ditions (elevated temperaturs), one of two explosives proved to be
less stable than the other, then the first will also be lems mtable
during prolonged storage at an ordinary temperature. _

Smveral of the simplest teste which are used for determining

the cheumicel stability are described hbelow.

1. Abkel Heat Tesgt. This test is besed on the mutual reaction

of oxides of nitrogen and water with potassium 1odide wherein free




jodine is releamssd. This iodine combines with starch to form a

colored compound.

¥ig, P. =~ Tegt tuhn contoinineg explosive, prepsred for the ‘hel
tost,

1. elass tost lube 2. stoppnr with slas: 1od
3. stareh icdide paper Y, tostod explosis -

Saquence of tha test (Tigures 8).17 A weighed portire of il
teated explosive is placsi into & test tube. The test fube i
capped with a stopper. ' glass or platinum hook is suspr oled o
the tube from the hottom of the stopper. A small piece «f sicvch
iodide paper is attached to the hook. One half of the paper S
gsoaked with an aqueous soulution of glycerine. The test tube is
seated in a water tank whoses tempersture is kept at a preset lev 1

(750 or some other preret temperature). The characteristic of ihe




chemical stability is the time elapsed from the beginning of the
test up to the appearance of a light brown color on the paper where
the soeked and dry parts meet.

In the case of dynamite nitroglycerine, this time should be no
less than 15 minutes, and for blasting gelatine, this time shoulqd
be no less than 10 minutes (at 75°).

The Abel Heat Test is the firast to be proposed for teesting
the atability of an explorive, and is distinguished by its simpli=
city and speed of execution. In conjunction with this, this tert
has a number of serious defecta. The findings depend upon the
gquality of the employed starch iodide paper, upon the volatility
and dampuess of the tested substance, upon the experience of the
person conducting the test, and other reasons. Therefore, the
Abel Heat Temt is presently considered as not too reliable, it is
used only for the detemination of the chemical.stability of nitro-

glycerine and dynemites.

2., Vieille Tegt (litmur test). Vieille tests ears used for

pyroxylin and smokeless powders. This test consists in determin-
ing the time that it takes the tested substance, which is con-
tained in @ hermetically-geeled cylinder placed in a thermostat!?
at a temperature of 106.50, to changa the color of a standard blue
litmus paper to red. The change in color is caused by the separa-
tion of the nitrogen oxides during decomposition of the powder
which, with water, form nitric and nitrous acids.

Pyroxylin and colloid powder should produce the red color no

earlier than after a 6 hour lapse.
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3. Repeated Viellls Tegt. The repeatsd test cousists of a
successive number of experiments by a siuple test with one and the
gpame weighed portion of powder. In every instance, the experi-
ment is carried out io the appearance of the red color, but no
longer than of a seveu-hour duration, after which the test ramples
are stored st ordinary temperature. The tests are repeated the
next day. The repsnted tests extended to the production of the
red color for 1 hour from the beginning of heating, but not any
longer than 10 days. The sum of the hours of heating character-
ize the stability of the powder. Stable powders produce tho [ollow-
ing results:

pyroxylin . . « 60 houre

nitroglyesrine . . . 40 hours

The Vieille tests (ringle and rapesated) ure also 1na’ aun i
but they are nevertheless much mors reliable than the fhel Vet
Test. Their ovorall drfaect is the use of an indieator vhoer
reading depends on 1he observer (gharpneges of vision, ahilil: fto

differentiate intarmediate colors, atc.).

4. Weight Tesi. The determination ol chemical stability oy
the weight test is one of the more precisge methods. In this u
thod, weighed portious of powder or explosive are kept in o tl.aua
sgtat at a temperaturn o0 QSO, and they sre weighed sfter oncl 70
hour period. The lossr tu weight of the powder is determined.
This lose is expressmsd in percentage of the original weight. The

findings are shown in a diagram (Figure 9),.
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Heating ime in 24 hour periods
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Fig, ¢, - Graphical representation of the tost results for stability
of two powder enmplems, carriod out by the weight tost.

The tests are terminated when an inflection is clearly de-
veloped on the curve, This inflection indicates the onset of an
accelerated decomposition of the powder. The stability is charac-
terized by the time elapsed from the start of the tegt to the in-
flection of the curve (points A and B on Figure 9), expressed in
24 hour periods.

The Abel Heat and Vieille Tests enable one to detect only the
initial decomposition phase. The weight tests show the progress
of decomporition not only at ite beginning stage, but also in the
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phase where it 1s mora profoundly decouposed.

5. M i E ' . Other precise tests
are in existence. Thess tesis are based on the measursment of
the gog pressures which are formed during the decomposition of
specific quantity of msxplosive, and determination of the quantity
of nitrogen oxides or other principes liberated during the test.
In the first case, the decomposlition rate of the powder is evelu-
ated by the growth of gaseous products of the diseociation iu a
sealed volume of presrure. The substance is heated at o pres .t
temperature and the pressure of the decomposition products is
meugured ~t equal iutervals of time. A curve of the fiadivue
then plotted. The stability is characterized by the time roquires
for ohtaining, under predetermined conditions, a certain prercrihed
pregsure.

One of the elactrometric tests is the Hansa teat. Eight ter
tubes, sach containing 5 ¢ of a substance, are heated at 110°,
One tert rample is taksn ount every hour and the pH is wHarured.

The curve pH-time characterizes the stability of the nowlier.'?

5. THE SIGNIFICANCE OF CHEMICAL STABITITY OF EXPLOS!IVES
The problem of chemical stability is of particular importance
for nitrceglycerine axplosives and colloid powdsrs. Ivasm.ch @
the storage time fur uitroglycerine explosiver used io wining
not longer than 1 year, and the storage time of powder isr o« aw {0

w8 many years (15-20 years and more), then chemical eiiilif( 3.
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of the greatert importance in the carse of colloid powders.

During the period when colloid powders were first started
to be uged, they were only slightly stable and disrociated rather
quickly during storage. Another time, the dissociation took place
80 violently that a spontaneocus combustion of the powder.took
place. Thus the slightly-stable powders ware not only unsuitable
economy-wise, requiring a frequent renewal of the combat supplies
on hand, but alro represented a great hazard. Cases are known
when spontaneous combustion of a powder was accompanied by fatal-
itiea and sometimers assumed the dimensions of immense catastrophef.

In 1¢0%7, ar the result of spontaneous combustion of powder,
an explosion of the ammunition aboard the French battlssghip "Jena"
took place. -Another instance took place in ¥rance in 1¢11, An
ammunition explosion, having serious consequences, took place
aboard the French battleship "Liberté", which was berthed in the
port of Toulon.

From the time of the above-describad two catastrophes, many
great improvements in the production of colloid powders have been
made, Powders containing reliable stabilizers, such as diphenyl-
amine and others, are used everywhere.

The safe storage period for a powder contéining a stabilizer
is more than 20 yearm, while the period for one without a stebili-
zer is around 10 years. However, the rervice reliability period
of the powder is sometimes 1-1/2 to 2 times less, owing to losses

of ballistic qualities.
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CHAPTER IV
HEAT AND TEMPERATULL OF EXPLOS'ON, COMPOSITION
SPECTFIC VCLUME, AXD PRESSUVE OF THE PROPUCTS

OF EXPLOSTVE THANSFORMATION

1. DPefinitigns. The hert of formation of a cheriic 1 ¢ Am-

pound is that amourt of evnsrgy which is releaged or shsorh: o
Aurive {ihe formation react - on of eimp’o cubsrtancees of 600 0l
or onre kXiloegrom of that substiance.

e Lept of combugt on o .- enbhstonee ieg that an

heat which is ecvolved i {he compleate combustion of w0 o o

™~

vee KiJogram o that substance in oxyeen.

The Yoot of epxplogive transformation or hent of oxy. ©. o

s that quantity of heat which is evolved in the explos o of
one mole or one gram of an explosive of ono mole or ow P,

-

of a» explosive. All t ree of there anumerated values wre

. . . 4
pressed in kilocal/eram-mole or kilocal kg.!

2. Heess'o Taw. VThn thermsl T fect of 8 chewmical HTrores:

does not depead on _ites course (intermediate stages), it o

only unpun the Lerigning and terminel states of the systen oo

covditiore ruch thrt the trucoesefoprantion takes plece ot 1

gtant volume.
Tt ie obviour t''ni1 thig law ie i partial cese of v~ 1.
consarvation of encrgy.

The thermal effocte of such trangformationg, where it ix
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difficult or imposrible to determine the thermal effect directly
by experimental meansg, can be computed by using lless's Law. VFor
example, Vess's Law maker it possible to caloulate the t'ermal
effecte of complex reactionr throush experimentally-determined

thermal effects of much simpler reactions.,

3. ‘nati

Compored of Simple Substences by ‘tg leat of Combustion, As an
exampl!e, we shall ghow how the heat of formation of TVT is dn-
termined,.

The myrtem, composed of simple substances, can go over iato
a mstate which corresponids to the producte of & complete combus-
tion of the TNT by two weais:

Q.

) 7C+ 2.5 Yy T 15 Ny 4 8.25(%r¥—~——+ 7 CO2 + 2.5 nao

+ 1.5 NS

q
2,) 70+ 2.5 mo+ 1.5 N‘ + 8,25 03--3:-+

. 2.9 '
Ca"a Cﬂa (\02)3 + 5,25 02_________*
7 €0, + 2,570+ 1.5V

(t'e valuer Q, denote ti'a thermal affecte which are character-

istiec of the reaction).

According to Yeers'm law, we can write
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from whera

Ql,l = Q!.l'_ Ql.!‘

The "*'a hoot of conbustion qas ie determined experime.tally
by burning a weighed portion of the substance in a calorimetric
bomb 1 oxyger. The heat of formation of the comburtion products
Qbsis fourd it thermochomienl tebles. Thus ng can bo determined

in this way.

Conrequently, the heat of formation of an explorsive it ogual

to tle _difference betwean _the hest of formation of the combustion

products comnoged of eiwmp'e pubrtancer and the hont of cobr i o

of t'ao oxplogive.

4. Computation of the 1eat of Kxplosiva Trangformatico o7 an
Exploriva. The reaction of explosive treusformation for 7 T nro-

ceadr in accordance with the equation

CgHaCH, (NOy), =2C0 4 1,2C0, + 3,8C + 0.6H, + 1,6H,0 +1,4N, +
+0,2NH; + Q4.

Just as in the previous axomple, wa can write

Q
7C 4 2,5H, - 8,250, + 1,5N; —'C,HyCH, (NO,), + 5,250
Qs Qs |

: v
2C0 +1,2C0O, +3,8C +o,sHl. +1,6H,0 4 1,4N, + 0,2NH,.




According to Hesms'e law

and
Qra=Q s+ Q:,aTQ!,a"‘ Qia—Qugs.

P tw he 1 £ ion of th } -

0 f ation of th y a it .

5. E imental Determivati f _the Hea fE iv
Trangformation. The heat of explosive transformation of explos-
ivas which are readily ignited by a glowing wire and which burn
completely in an inert atmosphere is generally determined experi-
mentally in a device consisting of a calorimetric bomb and calori-
meter.ls Powders, for ingtance, belong to such substances. Ex-~
perimental methods for determining the heat of exp'osion have
a'ro been propored for detonating explosives, but they have not

been up to now used on a wide rcalse.

2. EBxplosion Temperature

The expnlosion femperature is the maximum temperatire which ir
attaired by the products of the decomposition of an explosive dur-
ing explorive transformation.

In view of the fact that a direct determination of the ex-
plorion temperature is difficult and that the findingas are not
too reliable, this temperature is generally determined by calcula-
tion,

The bagis of the calculation is the assumption that the ex-
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plosive transformation is an adiabatic process taking place with
a coustant volume and, consequently, that the heat which is evolved
during the explosion iw oxpanded only in the heating of its pro-~
ducts. Tu conjunction with the forsgoing assumption, the follow-

ing formula can be urod for computation

where c.? = average wmpacific hept at a conrtant volume of all ex-
1
. . 0
plosion products in an interval from 0 to °,

L = dor red temparature of explosion;

]

). heat of the oxplosive transformation at congtunt

volume,
The epecific heat itself depends upon the temperature. Tn

rourh calecnlations, this relation ean be expressed by thoe formvls
EU = U + bt
Then

(¢ + bt) t

<
&
il

from where

f == —a+y a’+4b9.
2b *

The values of the coelficiante ¢ and b Por variour garar aro

lisgted in Table X1i,

33
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TABLE XI

a b-10%
Gases cal/gram- mole cal/gram-mole

degree degree
Bivalent gases 48 4,5
Water vapors 4,0 21,5
Carbonic acid gas 9,0 53
Tetravalent gases 10,0 4,6
Mercury vapors 3,0 0,0

The atomic specific heat of molid substances (rimple) is,
according to Dulong and Petit, equal to 6.4 cal/degz. gram-atom.
The specific heat of solid compounds can be datermined by the
Joule ard Kapp law, according to which the molar specific heat
of a solid compound is approximately equal to the sum of the
atomic specific heats of the elements which comprise this com-

pound. For instanoe, the average molar specific heat of potass-

ium carbonate is equal to:
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6.4 X 6 = 38.4 cal/gram-mole deg, or

38.4 x 1000 _ 278 cal/kg deg.
138

(138 -~ the molecular weight of potassium carbonate).

Example. Calculation of the explorion temperature of TNT. We
shall use the following equation for the explosrive transformation

of TNT:

CsHy (NO,), CHy == 2C0 +1,2C0, +3,8C+0,6Hy + 1,6H,0 +1,4N;+ 0,2NH..

By making use of thermochemical tables,‘“ we can find the

heats of formation of the oxplosion products:

200 . . 264x2 = 52,8 kiloral
l.eco, . . 94.5x 1.2
1.6

i

113.% kilocal

it

92.3 kilocal

»

1.6}130 Y Y

0.2 N”s .« 11.5 x 0.2 2.3 kilocal

The sum of the heat formation of all products of the explow-

) o 1 260.8 kilocal

Heat of formetion of TNT. . ., . . . 13.0 kilocal
Heet of explomive transformation Q, = 260.8 - 13.0 = 247.8

kilocal.
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We shall calculate the specific heat of the productes of the ex-

plosion:

CO, H_*N_ - 4 mole - (4.8 + 0.00045¢)4 = 10,2 + 0.00180¢ cal
1.2 Co, (9.0 + 0.00058¢)1.2 = 10,8 + 0.00070¢ cal
3.8 C 6.4 x 3.8 = 24,3 cal

1.6 110 (4.0 + 0.00215()1.6 = 6.4% + 0.003%%¢ cal
0.2 Ni (.0.0 + 0.00045¢)1.,2 = 2.0 + 0.0000C¢ cal

The specific heat of all explosion producte is equal to 62.7 +
0.00603¢ cal/deg. Congequently,

— 62,7+ /82,754 1.0,00603- 288000 _

b= 2.0,00603

3040°,

t - 3313% K

Because the values of specific heat are given in small calor-
ies, we shall also substitute the expressesion for ¢ by Qp in
small calories.

According to recent opinions (.. D. Landau, K. P. Staninko-
vich), a large portion of the reaction heat ir converted into
elagtic energy which repulses the molecules of the highly-com-
pressed detonation products. In connection with this, the tem-
perature of the detonation products turns out to less than the
calculated one, and depends on the volumetric density of the ex-

plosive. It decreases when the density is ineremsed.
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3. Equatio. for the Decomposition Reaction of
Explosives

1. Oxycen halauce. The relative content of oxygeﬁ in an
explosive her a dirnet hearing on the‘decompositfon products of
this explosive. Thoe amount of the gxygeou halance of‘an oxplogr-
ive is ured for an evaluation of this content. The term oxygen
bPlahce means a surplur or deficiency of oxygnh in an explosive
«& against the amount whieh is necessary for complete oxidation
of the hydroge: sl carbon which is ég»tninnﬂ in it into water
and carbon dioxide, expressed in percentages of tle weight of the
substance.

This leads to the counception of oxplosives with o pesitive,
zero, and nogative oxygen halance.

Tu liau of the oxyren balance, the oxygen coofficiceo? cn T
used (proposed by A. A, Schmidt).

The oxyenn coefficient ir the oxygev coﬁtent in an explos-
ive, expressend iv perceenteges of the-amount of oxyrer which s
necegrsary for oxidizing the carbon and hydrogeu which is contalned
in the explosive iuto carbon dioxide aud water.

sxamples. The following is needed for a full oxidatio:. of

all the carbon and hydrogen wihich is contained in a molecuio of

nitroglycerine C H  (ONO )3
a 2

&

for 3 atoms of curhou - 6 atoms of oxygen

for 5 atoms of hydrcoan 2.5 atomg of oxygen

total 8.5 atoms of oxygen

_85) -
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A molecule of nitrog!ycarine contains 9 atoms of oxygen.

Congequently, the oxygen coefficient of nitroglycerine is equal to

9
— 100 = 105.9%, and the oxyger balance is iglgé%li: 100 = 43,519
8!5 o

(227 - molecular weight of nitroglyecerins).

For a complete oxidation of the carbon and hydrogen contained
in nitroglycol C.n, (010,)_ into carbon dioxide and water, € atoms
of oxygen are required. In this case, the oxygen coefficient is
equal to 100%, and the oxygen balance is equal to zero.

For oxidiziung TNT C I, CH, (Noa)s into carbon dioxide and
water, 16.5 atoms of oxygen are required, while a molecule contains
only 6 atoms. Consequently, the oxygen coefficient of TNT is equal
to 36.4% and the oxygen balance consiste of -74%.

The equation for the reaction of an explosive transformation
is the zimplest one of all to understand if the exploasive has a
positive or null oxygen balance. When the oxygen balanace is nege-

tive, the correrponding calculation is made more difficult.

2. Q14 on fo he ACOMNO S i

with a Positive or Null Oxvegen Balance. Various mutual reactions
between the carbon, oxygen, hydrogen and nitrogen whieh is con-
tained in an explosive are possible. The more important ones are
listed in Table XII.

In order to resolve this problem, it is necessary to deter-
mine which of these reactione take place during the explosive de-

composition of a specific explosion, and in what ratio. It can

be assumed that the reaction follows the principle of greatest
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TABLE XII

Equationg and Thermal Fffects for the more-important reactions
among carbon, hydrogen, nitrogen and oxygen,

Thermal Thermal
Reaction cffecr Reaction effect
kilocal kilocal
2C-+ 0y - 2C0O +52,8 QH;+ 04 +2C - CH+CO, —3,5
C-{-O’-OCO| +94,5 C+2H3—*CH| +18,4
2H; +0, = 2H,0 (vapory | +115,4 H;+2C-C,H, —57,1
CO+H,0+H, | CO, +9,8 2C+N,+Hy-2HCN | —65,8
9Hy4CO, ~TH 04 C 1216 Ny + 3H, — 2NH, +21,0
2CO +2H, — CH{+CO, +89,1 N;+ 0, -+ 2NO —41,2
CO+3H, -+ CH; + H,O(vapory +57,8 2Ny + O3+ 2N,0 - —3v,4
2C0-CO+ C +41,2 N, +20, +2NO, -8,2

work (Berthollet), which states: "of the number of possible clinmi-

cal transformations for u giveu systom, the most probable ie the
one wherein the groatos amount of heat is liberated."

It can be moen from Table XIT that, in a reaction amonr car-

bon, hydrogen, oxygzenr, und nitrogen, the greatest amount of heat '«

evolved iu the caro of

ihe combustion of oxygen into carbon di-

oxide and of hydrogon into water. Consequently, in the explosive

transformation of an oxpiosive with a poritive or null oxygon
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balance, it cen be asrsumed, in the first approximation, that all

of the carbon is oxidize
the hydrogen ir oxidized
nitrogen are liberated i

Examples.

3C0

1.) C,H_(0NOy),

2.) CQH‘(ONOQ)a

Secondary reactions

ducts, as, for instaunce:

2 COZ
210
2

N+ 0
2 2

Howaver, the (O, Hz, 03,
explorion products 55§1n

reactions can be dimscoun

200
2

d into carbon dioxide and that all of
into water, and that the oxygen and

n the elementary state.

. T 25 H20+ 1.5?\" + 0.250,

+ 2“20 + Va

can take place betweeu the explosion pro-

= 2 00 + 0a
#2H +0
2 2

2 2 NO

NO and other secondary components in the
gignificant, and, in many cases, these

ted.

CO and Ha originate in the decomporition products in addition to
H,0
Coa,and Nz. In a.genera

be represented in the fo

1 case, the equation for the reaction can

llowing form:

C.H.N,O‘ =3 ncoCO + ﬂCO,CO. + aH'H. + nH,ngo + NN.N,.




where the subscripts i, 2, ¢, d denote the number of atoms of
the correspouding molecule of explosive, 7ng, 7gp, cseneers

2
uvre the number of moles of the corresponding components of the
products of the explosive transformation.

It is evident that

Py w2y o= b

6o T 2 Moo, * My 0 = 4

A reversible roaction takes piace hotween the dscomposit on

products (the so-called water gas reaction):

ﬂcoCO '}‘ ﬂH'OH.O 2 ﬁco, CO: + nﬂ, H.a

Expressing the concentrations of the water geas componouts
through unknown values (nCOa' neo s nHQO’ nﬂg) in acecordance with

the doctrine of chomical oguilibrium, we shall obtain!®

oo 0
=

2 !
co, "M,

where K1 - equilibrium covrtant of the water gae reaction.
The equilibrium constant for the given reamction depends
only on the temperaturo. An analytical expression of this de-

pendenecy is difficult to accomplish., 1In the caleculations, the
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velues for the counstants, which are found in the appropriate
tables, are used.

In order to determine the equilibrium constants by a table,
it is neceesary to know the temperature of the explosive trans-
formation. On the other hand, iun order to calculate the tempera-
ture, it im necesmary to know the composition of the explosion
producte. This circle is resolved by the fact that, at the be-
cinning, tentative values are assigned for the temperature T, the
magnitude of K‘ ig determined by this temperature and then the
equations are solved. Haviung determined the values nCOa’ nCO’

ano, nNe and nHa’ the temperature of the explosive trausforma~

tion is then computed (see section 2).

If the temperature which is obtained differs from the one
that wae initially used by more than 500, then a new equilibrium
constant is found by this temperature. Next, the celeulation is
repeated up to the obtaining of a satisfactory approximation be-
tween the two temperatures.

For precise calculations, apart from the water gas reaction,
other possible reactions between the decomposition products as

well as the dirsociation of the products are also congidered.

Example. To derive an squation for the decomposition of PETY:

C (CH,ONOy) == ncoCO +n¢go lCO;. + ﬂH'H’+ R“.°H|0+ 2N,

We shall set 4000° as the decomposition temperature of PETN.
At this temperature, the equilibrium constant of the water gas

reaction is equal to 8.418. We then have the following system of
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equations
"co + "eo, = 5
2.7y 42 Mg =8
"co * 2 "go, * “nao =12

- !
) nHQO = 8.418

n
co, ",

Solving these equations, we find that "pg = 1.758; ”coa =

3.242; myp, = 0.242; o = 3.758,

The desired decomposition equation will take on the form:

C (CH_ONO,) = 1.76 €O + 3.24 CO_ + 0.24 H_ + 3.76 171 0 + 2 Y,
2 4 2 2 2

The explosion tempsrature calculated for this equation is equnal

to 4303%., The approximation is sptisfactory.

4. Explogive with a negative oxyegen balance - oxygen con-

teut iugufficient for oxidizing all of the carbon into GO, (free
gcarbon remaing in the explogive transformation products. The

egquation for the decomposition reaction can be writton in the

following general form:

CoHyN, O = ncoCO + nco,COy + 1,0HyO + 7, Hy 4- 8 Ny + 1 Ce




Tn addition to the water gas, the so-celled blast-furnace

gas reaotion can alego occur in this particular case:

Jn order to determine the unknown coefficients, we ghall

uge the geme equations as in the previous caro!

n00+n002 + 7g = as 2""-\Iz=c;
nco + 2 Mgo, + "0 = 43 ,
co "0 _ X,
2 /LH8 + 2 nHao = b; ncoa n’}{a

From the equilibrium constant equation for the blast-furuace

gas, we shall obtain

where R - gas constants
T - temperature of the explosion products;
¥ -« volume occupied by the explosion products.
We shall also assign a tentative temperature during the
solution of thig system of equations, and then we shall solve

the problem by the successive approximation method.

-96-




5. Egquation for Powder Deflagration Reagtion. The problem
is complicated by the necessity to accurately compute the composi-
tion of the deflagration products of the powder, which is parti-
cularly important for powder-propellant jet snginas. In this casoe,
on account of the relatively low pressures, there is a signifi-
cant development of secondary reactions and dissociations. It is
therefore necessary to determine, in addition to the basic reac-

tion products CO, CO_, W Hzo and Nz, the following secondary

3’
products (or a part of them): O0,, O, N, H, OH, and NO which are

formed by the reactions:

co, = €O + 1/2 0,; (1)
0, = 20 (11)
g 2N (111)
H, # 21 (TV)
mo = /2, +on (v)
1/2 X,+ 1/2 0+ X0 (V1)

Retaining the former denotations, we can find the chemical

equation for the deflagration reaction of the powder

CoHaNOg = Hcoco+’lco'C02+nn.Hg+.H'°Hgo+'l“'&+
+ﬂN N+"0.03+ o O+ ny H +n°H°H+""ON°’




Obviously,
‘meo gy, = 4;

2y, + 2y 0+ My + B0y = b3

2”"' +WN+HN° -gs

#co +2Ilco. +ayotR °+2llo.+ll°“ +ago =&

We shall add seven equations to these four equations of

(1)

(2)

(3)

(4)

atomic balance of the chemical selements which enter into the com-

position of the powder and deflagratioun products, by making use

of the expressions for the equilibrium constants of the water gas

and revereible reactions (I-VI):s

where "y - the overall mole quantity of all the combustion pro-

ducts, and

- gg-

(5)

(6)




P - the pressure under which deflagration of the powder

occurss

o, ng W (7)

’IO. ng

N

7y =0 (o)

o =K. (10)

o= (11)

The equilibrium constants depend on the temperature of the
powder gases, which, in turn, depends on the deflagration heat of

the powder and conditious of expansgion of the combustion products:
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T=F (Qy, P, V) (12)

The pressure P ig normally set by the rooket designers.

We obtained a system of 12 non-linear equations, aun analy-
tic solution of which is impossible, and, therefore, an ingpec=
tion or successive apprbximation method should be used. The
latter method is more satisfactory, which we also made use of
in this case.

From squation (2) we shall determine
1 1 1
nH,O = Tb_"ﬂ'— ?"H—T?Q“-
By setting 1/2 b - 1/2 7y - 1/2 Mgy = A, we can write

0 = A - "}{2' (13)

Substituting the value ncoa from equation (1) and nnzo from

equation (13) into equation (4), we obtein

Regm 38+ A d =y + g+ 20 o Koy + yg-

Setting 2¢ + A = d + ng + 2n03 + noy + Mg = B,

we then write

"eo = B - my . (14)
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From equation (1) we have

From equation (3) we have

nN2= 1/2¢ - 1/2n,\‘, - 1/2 g *

By setting 1/2 Ny + 1/2 Typ = D, we write

g =1/2C -0 (16)
2
We treat the values A, B, and D as hypothetical values. We ob-
tained four equations (13) - (16) with five unknowns. In order
to solve the system, we also have equation (5) for the water
gasg reaction constant. We find the value of the constant K1 by
the temperature T which is anticipated in the combustion chaum-

ber.

Substituting the values nCO’ nHSO’ nco2 from equations (13),
(14) and (15) into equation (5), we obtain

(B‘-’nna ) (A-n}{a )

(a-B=ryg ) ™y
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Heuce

ny =10 =B K1+ (A4 B)) + Y [@= R, FATEFAR =TYAB

' 2(Ky—1)

The rign of the root is relected in such a way that the rsolu-
tion would be poritive.

Having determined the value w”a, wa find the values "HQO’
6o nco2 from equation (13) - (15): pfter this we shall correct
the number of moles of the remaining components by making use of
the equations for the eguilibrium constants () = (11). If the
obtained valuer satisfy the selected velues A, R and D with the
degree of accuracy assumed in the calculation, then the solution
is valid. If themse values are unsatisfactory, then adjustments
are made in the values A, B, and D, and the calculation is ra-
peatafl until the prescribed degree of accuracy is obtained.

For a check of the velidity of the hypothetically selectad
temperature of the powder gases, it is determived by the pre-
viously-described method with the calculation of the expansion

of the combustion products in the reaction chamber.

4. Vvolume of the Gareous Products of the
Decomposition of Explorives.
The volume of the explosion productes can be determined by
two methodr!?
1. by calculntion after the decomposition remction of the

explorive;
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2, by experimeutal meaus -~ measurement of the volume of
the gares which are formed during the explosion or combustion

of a specific weighnd portion of explosiva.

1. alculation of the volume of L ? oxplosive
transformatigu. We shall write the reaction of the decomposition

of an explorive in the eenaral form:

mM =M +nsMs+nsMs+ ...,

where M - the molecular weight of the explosive;
m = number of molesg of this rubstance;

M?, Mq - molacular weight of the productsi

" no, % - correrponding number of molas of these products.

1% 2 3

Then the especific volume of the gases which are formed in tho

oexplogion of 1 kg of oxplorive is:

vy LALIEBE ) 9941000 14 tare/ke At 00 avd 760

The produecte of thn decomporition, which sre gasres at ex-
plosion temperaturs, snd which ara setually Ffound in a liouid or
s0lid rtate at 00, aro conventionally rerardad as garas, and,
counraquently, are cousidersd in the calenlation of the volume.
Tha volume of tha substancer, which are found in the rolid or
licuid state at explosion temperature, are disregarded.

kxample. To compute the volume of the products of explosive

transformation of T\T.

403 -
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On the baris of the equation for the decomporition reaction

of TNT (page 85):

o = (Z+1.2+0.6+1.6+1.4+0.2) x 22.4 x 1000)
° 2 x 227

= 691 litexrs / Kkg.
At 0° and 760 mm Hg (water turns to vapor),
2. E mevtal dotermination of th 11l Q o
ang] tion ( . Tv order to determine the specific
voluume of the explorive transformation nroduets, the gases which
are obtained in the explorion of a welghed portion of explorive
in a closed vesrel are transferred into a gas meter.!”’

Because water ia found in a liquid state under the experi-
mantal conditions, whereas it is a vapor at the moment of explos-
ive transformation (and in this state it takes part in the mechani-
cal work produced by the explosion products), then the volume
which the water would occupy if it were in a vapor state is do-
termined by calculation, and this volume is added to the mnasured

volume of gaw.

5. Prersure of the Products of Explosive
Transformation
The question of the presrures which originate in the de-
tonation of an explosive are examined in Capter VI (ree pages
74=75 of original). The reletions determining the pressure of
the explosive transformation productes, under conditions whan

the dynamic effects arrociated with the propagation of the shock
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wave do not oceur, are examined bhelow. There reletionships are
valid for the case of deflagration of powders and exploriver,

1. DNeterminations, TIn the sequel, it will be nacessary
to make use of the agrumptions concerning several forme of fden-
gity. The correspondineg determinations are listed helow.

Nengity 1 the mars of unit volume of a compact subestance,
i.e. without air gapa. Tt is expressed in glcmq.

Volumetric or cubic density is the mases of unit volume oc~-
cupied by the mubstavce, including asny gepe which may be found
between the particles., It is expressed in z/cmB.

Gravimetric deurity is the mass of unit volume of loorely
poured (i.e. without shaking, tamping, compreseion, etc.) of =
powdery or granular rubstance, including the geps between its

3 or g/cm).

graing. It is expressed in kg/ﬂecimeter:

Deneity of loading is the mass of a substance, referred to
the volume of space of the explosion, sas for instance, a charge
chambor. It im expresred in kg/denimeterj.

In the came of a loosely poured substance, the values for
the gravimetric and volumsetric dengity arn identical.

In the care whore the explosive fills up the charge cham-

ber completrly, the valueg for the volumetriec and loading charge

densitiers are the same.

2, Computation of the Pressurs of the Combggtion Products

of an Explosive. If the gareous productes of au oxplosive trans-

formation would he rubjact to the law of ideal gages, and the

- 1065 -




entire taken quantity of explosive would transform evenly into
gares, then the pressure produced in the explosion of M kg of

explosive in &8 volume V could theun be computed by the equation
P=nRT¥

where 7 - number of gram-molecules of gar formed in the explosr-
ion of 1 kg of explorive.

The magnitude M is the ratio of the mare of the explorive
charge to the volumg in which the explosion tekes place, i.s.

the charge density, which we rhall denote by 4.
P = n RT A. (1)

The product n RT is the mtrength or power of the exploriva,
and it im denoted by the letter f. Yow, formula (1) amsumer the

form
P=fa (2)

We shall determine the physical meening of the magnitude f.
Let 1 kg of explosive be subjected to explosive transformation,
wherein the originating gases are expanded at an atmospheric
pressure of P, = 1.033 kg/cm2 and at a temperature of T = 273o K
to a volume Vo‘ It ia obvious that the expansion of gases under
these conditiong 18 equal to P,V,.

According to the Clapeyron equation n R = 2%§9 s 1.6, the

magnitude n R is the work which the gar would perform at a pres-

sure P, while being cooled to 1°, Hence it Pollows that the
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strength of the powder 7 = n RT is the work produced by the expan-
sion of 1 kg of gas, while being cooled to a temperature of ™ at
an atmospheric presrsure P..

The strangth of the powder can be increared by such a changn
in 1ts comporition wherein T and Vo, would alro increass.

Formnla (2) ie used only 1n the case of very small charge
densities and correspondingly low pressures, when it ocould bo
assumed that the cowbustion products are subject to the equation for
the composition of ideal gases.

In the case of large charge densities and high pressures, tho
combustion products by thoeir characteristics, are far from ideal

gages. Their state can ho described by the Van der Wasls aequatiou
(P + @) (V - »n) =n QT - (3)

The magnitude P is the internal force dependent on the mu-
tual attraction of molecules., This forece is slight in comperi-
gson with the high presrure of the powder gases. Therefore,
equation (3) is used in the following form for the deflspration

products of a powder
P (V - A) = n BT ()

The magnitude g, called the co-yolume takes into account thnat
portion of the volume of gag which repreéents the sum of the spherar
of activity of the wmolecular forces and is accessible for the
movement of the molecules.

The magnitudes of the co-volume, according to theoretical
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computdtions, is approximately equal to the quadrupled volume
of the molecules themselves. A theoreticel calculation of the
volume of the molecules is difficult, and impractical in many
cages. Therefore, an approximate value for the co-volume of the
gageous producte is ured in determining the explosion pressure.
It is taken as 0.001 of the volume which is occupied by the gasesr
under normal conditions.

Equation (4) satisfactorily described the properties of pow-
der gaser only at pressures which are no higher than 6000 at,

It follows from equation (4) that

= 1—at ' (5)
—a

This is the fundamental internal ballistic formula.

It follows from squation (5) that:

1. the greater the pressure, the greater the force s and
co-volume of the explosives

2. the greatest pressure is produced by those substauces
which aere capable of forming the largest volume of gases with a
low specific heat and thereby capable of evolving a relatively

larger amount of heat.
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3. Ex imental Ne a n p e of t De~
Llegration Producta of o Powder. A manometric bomb is used for
an experimental determination of the pressure of gases which form
during the deflegration of powders in a constant volume.

Not only is the maximum pressure measured in the bomb, but
also the influence of the powder's properties and size and shape
of the natural elements on the law of growth of pressure in time
(relationships P, ¢), and on deflagration rate, asr wall as othor
characteristics playing a large role in interunal ballistice, are
determined.

The bomb (Figure 10) consists of a steel case with two clos-
ing plugs: caps: i1guition and crusher gage. The ignition clos-
ivg plug is equipped with a device for ignitiung the charge which
is inside of the bomb. The inside volume of the bomb is from 18
to 400 em?.,

The pressure is dotermined by the amount of contraction of
the little copper cylinder colled crusher gage. The orushar gage
displaces along the mleeve, the asgembhly of which is shown in
Figure 11. A clorely ground piston moves back and forth in the
sleeve's channel. This piston tranafers the pressure from the
combsution productr to the crugher gage, which is set in the
closing plug. A steal peu is attached to tho piston head,.

The bomb is rlamnad in apacial vieeg (Figure 12) so that the
pen could be in light contact with the blackened paper which is
fastened to the rurface of a revolving drum.

At the beginning vf combustion, the pen traces a line on
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tho paper which is parallel to the base of the drum (1-1, Fig-
ure 13). During the process of combustion, the pen traces a
curve of the interior pressure gage's deformation which corres-
ponds to the nature of the growing pressure in the bomb, auvd,
after attaining maximum pressure, it ouce again traces a line
which ie parallel to the base of the axia. A curve is thus ob-
tained with which the law of rise of pressure in time can be
established.

The time rate is determined by e memsurement of the sinus-
oidal wave length, which ig obtained on the blackened paper
through the ocontact of another men, attached to the tine of =
tuning fork, vibrating with a known vibration, This sinuroid
can be sgeen in the upper part of Figure 13.

The so-called tare tables are used for determining the
nressure by the contraction of the interior pressure gage. They
determine the relation between the pressure and contraction of
the interior pressure zage.

The interior pressure gauges can boe cylindrical (Figure 14,
a aud b) and conical (Figure 14, c).

A defect of the cylindrical interior pressure gage is that
it begins to contract only at a prossure of about 200 kg/cmz.
The cylindrical gege, although being entirely satisfactory for
determining maximum pressures, are not too satisfactory for de-
tormining the coureso of the rise of pressure. This problem is

solved by the use of a conical interior pressure gage, which
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begins to contract at 5 to 7 kg/cmz. This type of gage was pro-
posed by M, E, Serebryakoviy.

If two pressure determinations are made by means of the
manometric bomb, as, for inmtance, at charge densities of A1
and by then after obtaiuning the data, the magnitudes ~ and 7,
entaring into equation (5), can be computed. By knowing these
magnitudes the same squation can then be used to find the nress-
ure for dny other charge densities.

Other devices, besiders interior pressure gages, are used
for the measurement of pressure. Of these, the most ideal are
piezoelectric manometers with procise and instruments for mea-

suring and recording electric alternating voltages.
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Fig. 13. - Trecord of a test in manometric homb

a. curva for determination of time rate
b. curve for deformation of interior pressure garo,
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Fig. 14. -~ Interior prespurc gager
a. cylindricanl b. cylindrical after contraction

c. conicanl
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CHAPTER V

THE COMBUSTION OF GASEOUS

AND COVDENSED HEXPLOSIVES

1. THE ORIGIYATION AND PROPAGATION

OF COMBUSTION IN (FASFOT'S SUBSTANCES

Gageour explosives are not used in industry. But the pro-
cesges of combustion powders and explosives occur through the
formation of the gaseous phase; therefore, a study of the com-
bustion in gaseous systems should precede a study of the rame
phenomenon in gondeused explosives. In addition, the formation
of muzzle flash in a shot is connected with the combustion of

a mixture of powder gases and air.

1. Ihe mechanism of spontaneous combustion of a gaseous
mixture. When & gaseous mixture heats up, a reaction between the
combustion gases and oxygen originates. Its rate rises rapidly
with an increase in temperature. The amount of heat which ir
evolved in a unit of time increases in accordance with an in-
crease in the reaction rate. The rate of heat elimination into
the circumambient medium grows relatively weakly with an increase

in the temperature of the mixture.
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At low temperatuer, the reaction temperature is able to dis-
persa, owing to which the gas, for all practical purpores, ro-
taing the same temperature as the circumambient medium. In the
heating of the gassous mixture, the heat intake grows morec ra-
pidly than the heat transfer, and becomes greater than the lattoer
after attaining a certain temperature. TFrom this momeut, the
temperature of the gas rises rapidly, which, in turn, leads to the
reaction which terminates in explosion.

The miniwmum temperature of the gaseous mixture at which the
heat intake becomes greuter thau heat transfer and where the chemi-
cal reaction assumes +tho character of an sxplosive transformation
is called the gpontaucous cowbustion or ignition temperature.

The spontaneous combustion temperature, in a manner similer
to the one which has heon established ahove for condensedl® ex-
plorives, depends on a number of conditions determining the map-
nitude of heat intake and heat outgo. For instance, if the gare-
our mixture is contained in a spherical vesrsel of small diameter,
then the spontansour combustion temperature will be higher than
in a vessel of large diameter (heat transfer is proportional to
area of surface, i.e. rquare of the diameter, while heat intake
is proportional to the volume, i.e. cube of the diameter). IFf
the gaseous mixture is found under an elevated pressure, then
the spontaneous combusiion temparatue will be lower (the press-
ure increases the reaction rate but has practically no offect

on the heat transfer).




2. Jelay of Spontaueous Comhustion. Experiment shows that,
in heating an explorive gaseous mixture to spontaneous combustion
temperature, ignition originates not instantaneously, but after
a certain period of time, called the delay perind.

The spontaneours combustion period depends on a number of
causes, perticularly on the temperature and composition of the
mixture. Table YITT contains data concerning the length of the
delay of certain methane-air mixtures at various temperatures.
The spontaneous combsution delay periods for mixtures of air with

carbon monoxide or hydrogen are much lower than that of the methane-

air mixtures.

TABLE XITI

Spontaneous combustion delay poriod (in seconds) for methane-
air mixtures.

s
: [
Methane content in Temperature of the vessel in °C

volumetric percents | 790 | 75 | ms | e | o | wom

6 6,4 | 1,08 | 058 | 035 | 0,12 | 0,09
9 — | 130 | 065 | 03 | o014 | 0,04
12 ~ | 164 | 074 | 044 | 0,8-] o;05
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The phenomenon of spontaneous combustion delay is depend-
ent on the same causes ag the delay in ignition of condensed

explosives.

In the case where the entire volume of gaseous mixture does not
heat uniformly, and where heat sources of a high temperature act
on certain of its parts (glowing wire, flame), an intense re-
action takes place in a thin layer of the substance which is sub-
jected to direct action of high tempereture, aud ignition occurs.
Thermal energy is transferred from the combustion products of
this burning layer to the clogest layer of gas by means of heat
transfer, and, by heating it, it then causes ar intense reactiou.
If, in addition, the reaction heat of the new gas layers exceedsr
the heat lomsmes, then the reaction propagates from layer to layer
combustion takes place. There 1is no propagation of the reaction
in a contrary care.

Thug, the mechanism of combustion conmsists of the propagation
of the thermal wave along the gas, accompanied and sustaiued by a
rapid exothermic chemical reaction.

The cowmbustion rate of the gaseous mixtures depends ou the
pressure, temperaturs and other factors. Tu the case of methanae-
air mixtures, for example, at a normal temperature and pressure,

this rate is equal to several meters per second.
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2. MECHANISM OF COMBUSTIONY OF CONDENSED EXPLOSIVES

1. Mechanism of combustion of explosives and powders accord-
ing t0 Bvelvayev. Byelyayev established that the combustion of
highly volatile high explosives hes a complex character: during
the heating of the explosive by a source of hest, melting and
vaporization of a thin layer of the substance takes place. Tho
vapors which are formed are heatsd to a spontaneous combustion
temperature with subsequent intensive chemical reaction. The
combustion products heat the following layer of explosive under-
going the same physical processes and chemical reactions. Tig-

ure 15 shows the Byelyayev combustion mechanism.

¥ig. 15, - NDiagram of Byelyayev explosive cowbustion mechanism
i« condenged phase region B, region of the re-
action's combustion products

C. =zone of combustion of vaporous substance
D. =zone of proparation of vapors for combustion

The vapors which are formed by the evaporation of the con-
densed phase do not deflagrate all at onee, but only after the

expiration of a certain period time which is necessary for their
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heuting and development of a reaction in them. As a result,
the combustion will take place in zone C, at some distance from
the coundensed phage A. A preheating and preparation of the va-
pors for combustion zone D is found between A and C. During the
combustion of the explosive, the energy is transmitted by means
of heat transfer to the condensed phase througﬁ the vapor layer
D, preparing itself for reaction.

It is evident that during sustained conditions of combus-
tion, the amount of mubstance which vaporizes in 1 second per
1 cm2 of crose section is equal to the amount of rubstance which
ig burned in 1 mecoud per 0m2. In othar wordsg, thes mass rate of
vaporization of the condensed phase should be equal to the mase
rate of vapor combsntion. Ag concerns the combustion mnchaunism
of the vapor phase, i1 is obviously identical to the previously-
aexamined combustion mechanism of explosive gaseous systems.

Pyroxylin is the base of colloid powders. It does not have
any volatility. Zyel'dovich amssumes that decomposition reactions
take place in the heated surface layar during the combsution of
the powder. The regult is that volatile substances, which are
capable of reacting, are formod {(products of incomplete oxidetion).
Further, these substances react among themselves in tho gaseous
phase and form the eund products of the combustion (C0p, €O, 11,0,
N5) with the liberation of the correspouding reaction heat. The
ganeral flow sheet of the phenomenon is thereby close to that

ghown in Figure 15 for the volatile explorives with the oaxcention
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that the rols of the vepors is played by the gameous products of
the original reactions.
There is a concept in the recent works of Soviet and foreisn

scientistse that the sole process determining the combustion rate

of the powder is without any doubt the reaction in the gaseous

phage.

2. St ine io: i ) ive.
K. K. Andreyev and A. F. Byelyayev showed the important signifi-
cance of the ratio between gas intake and gas outéo in their ex-~
amination of the steadiness of combustion. We shall imagine that
an explosive filling up a cylindrical tube 1s igunited and burans
along the face. The originating gases flow off in a direction
which ie opposite to the direction of the propagation of the com-
bustion, owing to which the pressure above the surface ¢f the
exploasive rises. The pressure above the surface of the explosivo
will depend upon the ratio between the gas intake rate (depeud-
ent on the combustion rate of the explosive) and the gas outgo
rate. Both of these quantities increase with an increase in
the pressure, but tho rates of such a rise can be different.

The ratio between the gas intake and outgo depends upon the
nature of combustion (at a met intornal pressure) and its chaugn
with rise in pressure.

Depending upou the properties of the explosive aud conditions
under which the combustion takes place, two extreme cases are

possible:
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1. The gar outflow rate is equal to the rate of their for-
mation. In this caso, we have a steady combustion process, i.eo.
combustion at a set {(coustant) rate;

2. the gar intako rate is greater than the gas outflow ere.
In this casre, the prossure in the front of the combustion will
continually risc and the combsution rate will increase.

we shall examipne the relations between gas intake and ges
outflow for variour mubstances. The relationghip of the combus-
tion rate of au explosive to the pressurc can be expressed hy tho
formula un = a -+ va. Wo ghall denote the area of the charge along
the edge of combustion by 8, and tho density of the explosiva by
5. Then the gas intukoe is mo= udé8. This relation is srhown
graphically on the diagrams . (Figure 16, a, b, and ¢). The re-
latiouship of tho gas ouiflow to the pressure, determined in ac-
cordance with the laws of gas dyvamice, ig shown in diagraus m,
of the same figuras (dimengion of gas intake and outflow are in
g/cw? mec).

In the care whereo v < 1 (Figure 16 a), the prersure rises in
the beginning because the gas inteke ip greater than the gas out-
flow at Px’ the gue intako is esqual to the outflow. At elevatad
pressurs (P > P1) ithe gar outflow becomes grenter thanr the egar
intake and the pressure is lowered to P:' Consequently, a rstoady
burning of the explosive takes place &t v < 1.

For the same rearonm, the burning along curve T is steady
even at v = 1 (Figure 16 ¢, curves m, and T). The rame holdes true

for Curve I, Figure 16 ¢, with the condition that the pressure is
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Fig, 16. - Nelation of gas intake and outflow to pressrure

rmaller than Pa.

Curves TI of graphs b and ¢ which correspond to the came wherse
the gas intake is greater than the gas outflow at any pressure,
and the upper part of curve 1 of graph ¢ characterize the unsteady
nccelerating combugtion of the explosive.

It can be deduced from the examined relationship that, if, for
a given explomive and conditione of the experiment, the gas intake
rate always remaina less than the e¢as outflow rate at rising preses-
ure, then the prespure during combustion will remain steady. Con-

versely, under conditions when the gas inteke rises with the press-
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ure at a8 rate which is greater than that of the gas outflow, the
pressure during combustion will risme. A rise in pressure accel-
erater combustion, i.e. the gas intake increamer per unit of time,
which, in turn, leads to a new increase in prersure. In this
particular case, the gas intake and outflow balance is disturbed,
the pressure and combustion rate increase successively, and, un-
der favorable conditions, the combustion is transformed into »
detonation.

Ae experiment bears out, initiatine exvlomsives not only have
a high burning rate even at low pressures, but they are also char-
acterized by a sharp increase in combustion rate with the growth
of pressure. The characteristic capability of initiating explos-
ives to detonate easily upon burning can be explained by: the
high buruing rate is dependent ou the very dynamic rise in press-
ure above the surface of the buruing powder. In turn, the rise
in pressure increases the combustion rate to a rate which ir of
the order of a detonation rate.

Detonating explosives conduct themgelves in burning in a wan-
ner similar to the initiating ones only in that case where therc
are factors facilitating the transition from combustion into de-
tonation.

We shall examine the combustion process of an axplosive hLiav-
ing a porous structurs. Burning gaseous products partislly penc-
trate the pores, i.e. deep within the explosive. They then ig-
nite it along inner surface, formed hy the pores., Ar a rerult of

this, the actual burning surface increases in comparison with tho
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crors section area of the charme. The gas formation rate riser
acoordingly, i.e. the amount of gases formed in a unit of time
per unit of croes section arsa. On account of this, an acceler-
uting increase in pressure sets in in the the combustion front,
the combustion becomes self-acceleratiug and can, under certain
conditions, more or lesr rapidly convert into detonation.

The process of the combustion converting into detonation,
which has been described above for porous explosives, is obviously
impossible in the caso of liguid explorives. The conversion of
comhustion into detonation which war observed here cen be ex-
Plained by the fact that, in tho burning of the rubstance, the
surface layer of the liquid ceases to be flat. "Waves" appear on
this layer. The actual combsution surface becomes much greater
than the vesmel, and the gas intake rises. In addition, vapor
and apatters of the liquid hit into the zone of combustion whsre
they burn up repidly, and the pressure rises. The combustion he=-
comas self-accelerating and can pasrs over into detonation,

Cast explosiver (cast TNT for instance) have a continuous
structure. It is a@a well-known fact that combustion of such sub-
stances takes place only under conditions of heat supply (with
burning from without at first, and later on from the combustion
haat), which ir sufficient for a preliminary melting of the follow-
ing layer of the rubstance. Therefore, the phenomenon here can
take place analogously to the burning of liquid explosives, i.e.
during combustion, vapors and spatters of water get into the zone

of burning gaser where they burn up and thereby accelerate the
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process of a further combustion, bringing it to detonation under
favorable circumstancers.

The rteadiness of burning of colloid powders is dependent,
on the one hand, on their homogeneous continuous structure, and,
on the other hand, on the fact that the base of the powder is
.non=melting and non-vaporizing pyroxylin. VWhen this powder burns,
the surface of the unburned part of the grain remmins solid, and,
on account of an almost complete absence of pores, it is not per-
meable to gases. These properties greatly hinder the transition

of burning into detonation.

3. Burning of Powders

Three stages are distinguished in the process of burning a
powder: ignition, propagation of burning along the surface, and
burning within the innards of the powder grain,

Ignition is the origination of combustion in a more or less
resgtricted surface layer of powder.

The stronger the thermal impnlse causing ignition, the more
readily iguition occurr. In addition the ease of ignition depende
on the composition of the powder, sizes of the powder elemente,
the character of their surface, structure of the powder (porous,
compact), and upon other factors.

In view of the fact that the conditions of ignition differ
substantially from the conditions at which the deflagration tem-

perature is determined, the connection between the significance
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of the igunition temperature and eare of ignition ie not always
clea;ly geen, For example, the ignition temperature of gunpowder
is equal to 290 - 310° while the ignition temperatire of colloid
powder is 180 -200°. Moreover, gunpowder is ignited wore readily
than colloid powder. Granular colloid powder is ignited easier
than a powder of the same substance in the form of strips, tubes,
and sticks, 1.e., from coarre powdsr elements. Equally, e porous
grain is easier to iguite than a cowmpact one.

We shall examine the cause of the influence of the physical
structurs on the inflammability of an explosive by the example of
two powder elements produced from one and the same powder block.
One of these is porour and the other is compact. These elements
differ by the size of gpecific surfaces (i.e. by the surfaces per
unit volume of the substance), large for the porous, and small
for the compact. 1Tn addition to this, the thermal conductivity
of the porous substance is much smaller than that of the compact.
An increase in the specific surface and a decrease in the thermal
conductivity facilitate ignition of the porous substance by a
flame acting on a restricted surface layer of the substance., The
conditions at which the ignition temperature 1is determined are
substantially different. A uniform and gradual heating of the
entire mass of the substance tekes place, the specific surface
aund thermal conductivity have iittle effect on the results of the
experiment, and the ignition temperature proves to be identical
for both the porous anil compact substanca.

Devices in which the tested powder is subjected to the effect
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of fleme jet with constant intensity are used for evaluating the
ignition capability. The minimum length of time nocespary to ig-
nite the powder is determined.

The tests indicated that gunpowder in the powder form (powdery
pulp) is ignited more readily than grainy powder; that gunpowder
ignites more readily than pyroxylin powder; and that pyroxylin
powdere ignite with more difficulty than highly-calorific nitro-
glycerine powders, otc.

The propagation of combustion along the surface, called in-
flammation, tukes place primarily during the burning of the powder
in air.

According to Andreyev, the high inflammation rate (in couwpari-
soﬁ to the rate of combustion within the grain) is dependent on
the fact that, the buruing substances which are contained in the
powder gases will, during burning in air, blend with the air and
burn out the oxygen, whereupon the flame temperature rises. Vor
this reason, the surface layers of the powder along the front of
the combustion are heated by a« flame with a higher temperatura.
Therefore, the inflammetion of the powder occurs faster in air
than the propagation of the combustion within the depths of ihe
grain., TFor instance, according to Andreyev's data, the inflamma-
tion rate of one tost sample of nitroglycerine powder cousisted
of 16.7 em/miu, but the combustion rate of the same powdar within
the depths of the grain amounted to only 4.5 om/min,

In the closed area of a charging chamber where the powder

combustion occurs without air, the accelerated propagation of the
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combustion along the surface of the powder does not play such a
role, and, so that a practically simulteneous inflammation would
take place along the entire surface of all powder grains, it is
necessury to make sure that this surface is covered by the flame
from the igniter.

Owing to the fact that colloid powder is difficult to ignite
at low presegures, hangfires aund aven misfires were obgerved dur-~
ing the period when it was first used for firing purposes. Second-
ary charges, called igniters, were introduced for reliability of
ignition. Igniters are made from gunpowder or porous pyroxylin
powder. During the combustion of the igniter, the pressure in
the bore rises rapidly to 60 - 100 at. and intense flames cover
the powder elements (tubes, grains, ete.) of the base charge,
which assures its rapid ignition along the entire surface and
oliminates hangfires and migfires.

Combustiou of the powder, or burning, is the process of the
propagation of the decomposition reaction from the surface layers
into the depths of the grain.

The combustion rate of a powder depends on its nature, physi=~
cal structure, internal pressure (i.e. the pressure at which the
combustion takes place) and, to a lesser degree, upon the initial
temperature of the powder.

Ballistics-wise, the most important appears to be the rela-
tion of the combustion rate to the pressure. Various authors pro-

.posed formulas for determining this relationsghip. In ballistics,
this relation is generally called prigciple of combustion rate.
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The formula proposed by Vieille has the following form:

u =A'pv9

where p - pressure;
u - combustion rate at pressure p;3

‘A and v - magnitudes dependent upon the nature of the powder.

Vieille took v = i/2 for ordinary gunpowders. According to
M. E. Serelryakov's data, v = 1/5 for slow-burning gunpowders.

G. A. Zabudskiy took v = 0.93 for pyroxylin powders.

Nowadays, Soviot scientists recommend the use of various
formulas for determiuning the combustion rate of a powdor iun diffor-
ent pressure intervals.

For a pressure up to 100 at., the following formulas are pro-

posed:

u a + bpv and

u = bp\J

where v can be from 0,7 to 0.95 for different powders.
In the case of pressures from 100 to 300 at., the principle

of the combustion rate is established.

u = a + bp
where the magnitudes ¢ and b depend on the nature of the powder.
In the case of pressure above 300 at, the principle of com-

bustion rate is generally used:
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u=up

where u, is a coafficient dependent on the nature, and, to a

lesser degrea, on the temperature of the powder.

The combustion rate of a powder rises with an increare 1in

the epecific heat of combustion (caloricity), therefore, the com-
» buption rete of pyroxylin powders increases with apn increase of

the nitrogen content in the pyroxylin, and the combustion rate

of nitroglycerine powders is raised with an inereass of the nitro-

glycerine content, and is lcwered with an increase of the content

of inert admixtures (stabilizers, plasticizers, etc.).
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SECTION 11

HIGH EXPLOSIVES

1. GENERAL REQUIREMENTS FOR EXPLOSIVES

USED AS AMMUNITION FILLERS.

High exploriver are uped ar ammunition fillers (shells, mines,
aircraft bombe). Depending on the purpose of the ammunition, stan-
dards have been set for blart effect and brisance of the explos-
ive. Standerds with respect to the rensitivity of an explosrive
to mechanical effect are set in relation to the rervice require-
ments of the ammunition. In thig relation, the most character-
istic are artillery proiectiles, the bursting charge of which is
subjected to a larges mechanical effect during the travel of the
projectile along the horo and when it ies pierciung armor (armor-
piercing shell).

The stresses developlue in the critical cross section during
ite firing or piercing of armor have been taken as the charactor-

istics of the degree of mechanical effect on the bursting chargs.

1. GCalculation of the Stresses Origineting in the bursting
gharge during firing. When a projectile travels along the bore,
it gaine acceleration. Proceeding from Newton's second law, we
shall determine the inertia and the mtress originating in the

bursting chargs during its firing.
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Illlllﬁl

Fig., 26. - COross sectional view of filled projectiles

We shall use the following denotations (Figure 26): p - the
pressure of the powder gases (variable magnitude)} Pm - the highest
pressure of the powder gases originating during firing;

R = half-caliber, i.e. the radius of the projectile body taken
along the bourrelet;

r,~ the radius of charge opening at base;

r_~- radius of charge opening at head of projectile (armor piercing);

w - welght of bursting charge;

G - weight of filled projectile;

g - pravitetional attraction;

vV - diéplacement velocity of projectile

=132 -




When it is fired, the projectile travels with accelerated
motion under the offect of the force pnR2. We shall examine the
cross section of the projectile at any arbitrary point. The part
of the projectile lyiug to the right of this cross section presses
on the opposite part with the force

ay du

T e

g‘dt’
where W= the weight of the portion of the charge lying tc the
right of the given cross rection. The greatest inertia force

acte on that layer of the charge butting aginst the bare of the

projectile; for this cross section

o dv
f,,___;z-. (1)
av
We shall determine the acceleration of the projectile 77 from the
equation
G duv
R? = 2
P g dt
from wherse %% =p g ™ R?.,
The greatest acceleration occurs where p = pp.
Therefore,
- f.‘"‘;""pm"R’- (2)

By dividing both parts of this equation by 7 rla, wo shell

find the maximum strese originating in the critical crosr section
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of the bursting cherge:
o R
RS (3)

Formula (3) can have a:othar form

oo e 1
8y = Py . ()
m That G
R
w
where —— - traverse load on the explosive in the critical cross
MTp2
g
scction,
—%: - transverse load on the projectile is the same cross
mih2
section.

2. Calculation of the sgtresses originating iu the buretiug
n 8 le _pi 8 . We ghall consider these

stresses by Brink's approximation method which is based on the
following assumptions:

1. during the entire period of piercing the armor, the pro-
jectile ias subjected to a full force of resistance;

2, the path of the projectile, along which complete pierc-
ing of the armor is attained is 1 =11 + b, where Il is the length
of the projectile’'s head, and b is the thickness of the armor.

By assuming that all of the projectile's kinetic energy is

fully expended in the work of piercing, we can then write:




fel=—~ (5)

where Vo T the velocity of the projectile before hitting the armor.

According to Newtou's recond law:

G dv

fe’:";'-;;' (6)
where %X - aceceleration (nepative, i.e. slowing-down of the pro-
t

jectile at piercing of armor.
Substituting the expression for f, into equation (5), wo

obtain

The force developed in the crifical croes section of the

bursting charge is

2

¢y wody LI
LRl T (7)

From here, we shall determine the stress in the same cross section:

w u: 1

il T (8)
Because the diameter of the opening of the head part in the
critical crose rection is small, the gtresses can be large.

Example. We shall compute the greatest stresses originating

in the bursting charge of a 45 mm armor-piercing projectile at
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firing and at piercing of armor.

Initial data: o = 0.015 kg3 00 = 0.8 kgy R = 2.2 cm; r o=
1.2 cm, r, = 1.0 cm.

Velocity of projectile prior to hiting into the armor Vo =
500 m/Reci py ~ 2500 kg/cw?; L = 6 om.

The wmaximum stress at firing is:

__2500-0,015.2,20 _

m 081,28 158 ke/om?

The maximum stress at piercing is:

0,015-50 000?

[ " FRNER AV LS e = a
™~ 081.2.6.3,14- 13 1015 kg/em

Thus, the stress in the critical cross section of the burst-
ing charge of a 45 mm armor-piercing projectile at piercing is

1015 = 6.4 times greater than the stress at firing.
158

The maximum stressattaing 1100 kg/cm2 in many projectilesr
uged in modern artillery. When designing ammunition, it is necocee-
ary to know the criticel stress of an explosive , 1.e. the great-
68t stress which the projectile's bureting charge can withstand
without bureting. 7This magnitude is determined by test firings
with specially-designed knock-down projectiles. The design of
such a shell, developed by V. I. Rdyltovekiy and used by him for
studying the stability of bursting charges at firing is shown in
Figure 27. After the critical stresses are obtained experimentally,

permitted stresses are theu esteblished, which make firing safe.
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TABLE XXI

Critical ond pérmitted pressures for some explosives

} -
Explosive T cr s kg/cme | € perm, kg/cm?
TNT 1900 1100
Amatol 80/20 1400 1100
Tenyl 850 -
Flegmatized PETN 720 -
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Fig. 27. - Experimental projectile for determining critienl stross

1. plug with mont 2. oaxplosive charge
3. 1inert body 4. 1lead 5. woodan plug
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Appropriate valuer of critical and permitted gtresses for mome
explosives are listed in Table XXI.

It should be mentioned that the critical stress is not ab-
solute, but a conditional characteristic of the sensitivity of
an explosive. If is a well-known fact that very large stresses
can be produced in a charge by static pressure without any in-
dications of its decomposition. Actually, the magnitude of stress
i1s not important by itself, but the origination of the charges
deformation, caused by these stresses, which causes a displacement
of the charges particles with respect to each other or with res-
pect to the charge's countainer, is important. 'When such a dis-
placement takes place, thore is the posgibility of a conversion
of mechanical energy into thormal anergy with a localized heatiung
causing the formation of reaction hot spots. The conditions of
the formation of such a hot spot depend not only upon the physico-
chemical and mechanical properties of the explosive, but also on
the quality of filler, design of the charge and projectils, and
upon other factors. The experimental values of the eritical stress
approximately take into account the effect of these factors for

the fixed methods of filling.

1 i o_the se ivid 1 eff . The

gtrictist requirements in relation to sensitivity to mechanical
effect should be set forth for those explosives which are intended

for filling armor-piercing projectiles.
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Plugs - wooden, cement, or plasgtic - whioch increase the area of
the explosive in the critical cross section are placed in the head
cavity of armor-piercing projectiles to decrease the stresses 1n
the bursting charge.

Strict requirements are set forth for an explosive which is
intended as a filler for high explosive projectiles used in largs
caliber guns. Diaphragms are sometimes inserted into large-cali-
ber projectiles in order to reduce the stresses in the explosive.
These diaphragms separate the buresting charge into two separate
parts (Italian 149 mm and German G15 mm projectiles).

Lesger sensitivity requirements are met forth for explosives
which are ured as fillers for medium-caliher howitzer projectiles
(122 and 152 mm). These requirements are losser still for ex-
plogives of shaped-charge projectiles, where a relatively light
weight of the charge is characteristic for the bursting charges.

Finally, it would reem that the requirements could be even
less strict for those explosives which are used as fillers for
mines and haud grenades. However, the mengitivity of the explos-
ive to bullet shock assumepg an importance here. There is the
requirement that the bursting charge would not be triggered by

the impact of a bullet.

2. NITRIC ACID ESTERS (NITRATES)
1. Pyroxylin. The chemical properties and method of prepera-
tion are described in pages

Nowadaye, pryoxylin is used only for the production of
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colloid powders and dynamites.

2. Nitroglycerine. CF, (0NO,) CIf (ONOZ) CHp (ONO,). Fitro-
glycerine is obtained by processing glycerol with a mixture of
nitric and sulphuric acide. After the nitrbglycerine has been
goparated from the acids, it is worked to & neutral reaction so
that a chemically=-stable product is obtained.

Nitroglycerine is an oily, transparent liquid. The specific
gravity is 1.6 g/ow’ at 15°. Solidification temperature is at
+13.2° (stable form) and at +2.1° (labile form). 1.8 g of nitro-
glycerine is dissolved in 1 liter of water at 20°.

The volatility of nitroglycerine at ordinary temperature is
vory slight, which is of iumportance for the physical stability of
nitroglycerine powders and counstancy of their ballistic qualities.

The sensitivity of nitroglycerine to a blow iﬁ'high; it ex-~
plodes when a 2 kilogram weight drops on it from a height of 4 cm.

Nitroglycerine is used for the production of nitroglycerine
powders and explosives. Nitroglycerine explorives are unsuitable
ags ammunition fillers on account of their high mensitivity to a

blow and friction.

3. Nitroglyecol (glycol dinitrate). Cli,0N0p = CHp ONO,.
Glycol serves as & basic product. It is obtained synthetically
from ethylene. Glycol is nitrated by a mixture o nitric and sul-
phuric acids, and nftroglycol is then obtained, It is a liquid
with a golidification tomperasture of -22°,

Nitroglycol is used for the production of non-freezing dyna-

mites. On account of its iucreased volatility, it is unsuitable

“140 -




for production of powders of the nitroglycerine type.

4. Dinitrodiglyveol (diglycol dinitrate) CH,ONO,—CHy—0O—
~CH2—CH£ON02. Niethylene glycol CH,OH-:CH,—0--CH,—CH,OH,
shortened to dilycol, ia a basic product which is also obtained
gynthetically from ethylene. A large quantity of diglycol is ob-
tained as a by product of certain operationr in the chemicel in-
dustry. Dinitrodiglycol is obtained by nitrating diglycol with
a mixture of nitric and sulphuric acids. It is a liquid with a
solidification temperature of 11.3°. The specific gravity at 15°
ig aqual to 1.39 g/cmj.

On account of the slight volatility of dinitrodiglycol and
u number of propertioes approximating those o7 nitroglycerino,
dinitrodiglycol is used for the production of powders of the

nitroglycerine type.

5. PETN. The uitric acid ester of pentaerythritol-penta-
erythritetetranitrate, or PETN, has assumed a great importauce

gince World War II.

O,NOH,C——(;——CH,ONO,
CH;ONO,
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PETN is obtained by nitrating tetravalent pentaerythritol
alcohol, which, in iurn, is produced by the condensation of acet-
aldehyde (CHBCHO) with formaldehyﬂe.(HCHO). These aldehydes,
Just as the nitrie acid used for nitrating, is obtained syneheti-
cally from easily-obtaiuned besic substances.

PETN is a white crystalline substance whose density is 1.77
g/cmj. It is easily pressed into a volumetric deusity of 1.60
g/cmB. It is non-hygroscopic. The melting temperatue is 1&10,
and the ignition teupsrature is 2150.

PETN is chemicelly stablo in relation to other nitric scia
estors. It is more sousitive to m blow than TNT, tetryl or oven
cyclonite (explosion occurs when a 2 kg weight drops on it from
a height of 30 cm, and explosion occurs for 2ll tests where a 10
kg weight end 25 cm drop height are used). The sensitivity of
PETN to detonation is Qomewhat higher than that of cyclonite aid
other secondary explosives. Hxpangion in a lead bomb is 500 cmj.

In a standard compression test, PETN produces a complete n-
formation of the column. The compression is 16 mm at a charge
wolght of 25 ¢. The detonatvion velocity is 7000 m/sec at a den-
sity of 1.60 g/cm3. PETN is FPlogmatized mostly by the addition
of small amounts (up to 57) of paraffin, wax, and similar sub-
stancesy the sensitivity to shock is thereby greatly reduced,
und the working cepacity end detonsation valocity are slightly
lowered.

PETN is used for blasting caps, detonators and primacord.

The flegmatized PETN is used as a filler for detonators and for
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shaped-charge and othsr projectiles.

3. NITROCOMPOUNDS

1. General Iunformation. Nitrocompounds are the most impor-
tant class of high explosives. Many representative of this class
are characterized by large fugacity and brisance effects at a low
gongitivity to mechanical effects in comparison to explosives of
other classer. These substances are particularly euitable as
fillers for artillery and other types of ammunition. Mixtures of
a number of nitrocompounds (for example, TNT, trotyl, dinitronaphta~-
lonn) with ammonium nitrate are used ag a filler for medium-caliber
artillery ammunition.

Nitrocompounds are chemically-stable substances. They can bo
stored for many years without any changes in physical or explosive
indexes eveun uunder unfavorable conditions.

The basic substances for the production of nitrocompounds of
the aromatic sories are the aromatic hydrocarbons and their derive-
tives: benzene Cglg, toluene CgHeCli3, xylene CgHy(Cl3) 5, naphtalene
Cpollgs phenol C6H50H, dimehtyl aniline 06H5V(CH3)2 and otherr,

These substances are obtained from the coking products (by-
products) of coal: coke oven gag and tar. In addition, a large
quantity bf aromatic hydrocarbons are formed during the pyrolysis
of petroleum (petroleum benzene, toluans and xylene). TFinally,
toluene 18 obtained directly through the fractional distillation
of certain kinds of petroleum (toluene-gasoline). Phenol and
other aromatic hydrocarbon:=derivatives are obtained during a fur-

ther chemical processing of these substances.
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The hydrocarbone or their derivatives are treated with a

mixture of nitric and sulfuric aeide in order to obtain the nitro-

compounds.

2. TIXNT. The most important representative of fhe nitrocom-

pound clase 1Ig trinitrotoluene or TNT

. cH,
ON¢” jNo,
kvo.

The solidification temperature of chemically pure TNT i=
80.85°% The polidification tempersture of the commercial product is
the eriterion of its purity. TNT which is usad as ammunition
filler should have a molidification temperature whieh is not lower
than 80.2°., During wartime, a temperature of no less than 70° is
a1llowed,21

The density of TNT is 1.663 g/cm3. The gravimetric density is about0, 9 g/cm3; it can fairly
easily be compressed to adensity of 1. 6 g/em3. Density of poured TNT ranges from 1,55 to1, 59 g/om3,

TNT for all practical purposes does not react with metals.
The sensitivity of TNT to mechanical effect, and to a blow, in
particular, is relatively slight, which is its basic advantage over
many other nitrocompounde. When tested on the impact testing ma-
chine (10 kg weight and 25 em drop height), TNT produces Y to 8%
explosions, while tetryl, for instance, produces about 50% explos-

ions.

The pensitivity of cast TNT to detonation is much lower than
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that of the pressed type. A booster ir necessary to detonate casrt
TNT, wherear a blagting cap is sufficient for the detonation of
pressed TNT. Presrod TNT charges are rometimes used as boosters
for cast TNT. Pressed-TNT detonators are ured for these purporesr
more frequently.

The expaunsion in a lead bomb is 285 cm3. The detonation velo-
city is 6900 m/rec at a density of 1.50 g/cm3.

The brisance, accordineg to the contraction of lead cylinders
in a test, is 16 to 17 mm.

Requirements for TNT used ar shell filler. The TNT, which is
obtained by washing the product after the separation of acide, has
a solidification temperature of 77—780 and is called raw T T. It
contains about 6% of various admixtures, namely isomers of trinitro-
toluene and, dinitrotolusne. These admixtures worren the oxplomrive
gqualities of the TNT. For instance, the sensitivity to detonation
is substantially reduced, and, during the summer mounths, a liquid,
the mo-called trotyl oil, leaks out of ghells filled with this rub-
stance.zz

The efflux of o0il from the bursting charge 1s accompanied by
the following phenomena:

1. Loomening of thoa explosive, which can cause a possible ig-
nition of the charge at firing, and premature explosion.

2. Ia projectiles with screw-in bases, the trotyl oil, which
carries TNT in liquid form, partislly remains in the screw threads.
At the moment of firing, the metal surfaces hit each other, and
the 0il which is found between these hitting surfaces can caure an

explosion. There is ulso the change of an ignition of the charge
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by the powder gases. This cau be mccomplished by the transmission
of fire along the 0il which is contained in the screw threads of
the base.

3. The trotyl oil which separates from the TNT can collect
in the recees underneath the fuze (or detonator). In this case,
the 0il can sometimes get into fuze or booster where it then acte
like a flegmatizer. This ceuses incomplete explosivers and duds.

Raw TVT ig not used ar an ammunition filler. It is cleaned
beforehand by washing it with an aqueous solution of sodium sul-
fite or by other means.

Use of TNT. Trotyl i=s the basic high explosive which is used
ag an ammunition filler. Owing to its relatively low mensgitivity
to mechanical effect under adequate brirance and fugaclity effects,
TNT is the best explosive for use in projectiles intended for naval
and coast artillery guus. Armor-piercing projectiles used by theso
guns ﬁave been filled up to the prerent with flegmeatized TNT, cou-
sisting of 94% TNT, 4% naphtalene, and 2% dinitrobenzene.

Large amounts of TNT were used in alloys with other uitro-
compounds: with cyclonite for filling shaped charges and small-
caliber projectiles; with 209 dinitronaphtalene under the name of
K-2, with 5% xylene under the name of Alloy I, and others.- TNT
war used during the war in mixtures with ammonium nitrate.

Cartridges and chargee for blasrting work are made out of TNT.

3. Picric acid (trinitrophenol). The chemical formula is:
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OH
Q,N[/ \INo.

The solidification temperature of chemically pure picrie acid is
121.9°, The density is 1.813 g/cm3. It is easily preesed to a den-
sity of 1.63 g/cmB.

In temsting it on the impact tester with a 10 kg weight dropping
on it from & height of 25 cm, picric acid produces a 32% percentage
of explosions. Ignition tempersture is around 3000. The senmi-
tivity to detonation ias greater than that of TNT, and lower than
that of tetryl. The detonation velocity is 7210 m/sec at a den-
sity of 1.63 g/cm3. The expansion in 8 1sad bomb is 330 cm3.

The brisance, when tested by the contraction of lead cylinders,
is 17=-19 wm,

The bieg dofect of picric acid is itr ahility to form salis
upon contact with motals (berides tin) where even a little bit of
moirture is preront. Some of these salts have a high gonsitivity
to shgck. In connection with this, it is necessary to shinld the
inner surface of the projectile case so that it would not come in
contact with the picric acid. This has been accomplished by
varnishing and also by the use of camed fillers (charge in a card-
board container). However, even with these precautions, it was

nccessary to limit the storage time of thesn projectiles bcocausn
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even when the protective coating is used, a slow reaction between
the pioric acid and projectile casing metml takes place. The use
of picric acid, primarily on account of the above-mentioned de-
fect, has prectically ceased during the past few years.

Picric acid was used in both the pure state and in alloys, as,
for instance, with dinitronaphtalene. Two alloys werevused: the
"Russian mixture” containing 51.5% picriec acid and 48.5% dinifig;

naphtalene, anda'Frenchmixture' containing 80% picric acid and 20% dinitronaphthalene. 5
the Great Patriotic War, picric acid was used in anti -tank mines whichhad a wooden case.

4. Ammouium picrate - ammonium salt of picric acid - has a
lower sengitivity to shock than even TNT, owing to which the United
States started to use it from 1600 for filling armor-piercing pro-
jeotiles of a 10 inech and larger celiber. Later on, they started

to uge it also as a filler for aireraft bombs.

5, Tetryl. The chemical name is trinitrophenylmethylnitramino.

Its formula is:

CH,—N—NO, -
0,N¢” \No,

The solidification temperature of the pure substance is
128.70. The solidification temperature of commercial tetryl should
be no less than 12?.70. The specific gravity is 1.78 g/cm3.
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A dengity of 1.68 z/cm3 can be attained by preseing the
tetryl., The ignition temperature is around 100°, The seusiti-
vity to shock 18 around 50% with a 10 ke weight and drop height
of 25 cm. The expansion in a lead bomb is 340 em>. Brisance,
ag determined by testing on lead eylinders, is 20 - 21 mm, The
detonation velocity is 7770 m/sec at a density of 1.61 g/cmB.

The sensitivity to detonation is greater than that of picric acid.
At a density of 1.68 g/cm3, tetryl can atill be detonated by a
blasting cap with 0.54 ¢ of fulminate of mercury. As can be seen
from these data, tetryl is more brisent than any of the previously
described nitrocompoundes. Itas sensitivity to detonetion and deu-
salty ettained by pressing ie greater than that of TNT. On account
of these superior qualities, tetryl is particularly suiteble for
the production of detounators and blasting caps. Owing to the high
sengitivity of tetryl to mechanical effect, it is not guited as

a shell filler except for smell caliber ones, in which it is used
in both the pure and flegmatized form. Tetryl Aalloys with TXNT or

cyclonite are also nsged ag fillers for some munitions.

6. Cyclonite. The chemical name is cyclotrimethylenotrinitr~

amine. The chemical formula is:

CH,
OmﬂN[\N~NQ

H,C //th

N—NO,
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It is obtained by nitrating urotropin.

The melting temperature of cyclonite is 203.50. Its density
is 1.82 g/cmg. The ignition temperature 230%.  The sengitivity
to shock is somewhat lower than that of PETN. Expansion in 8
lead bomb is 480 om”. 1In & standard brisance test, cyolonite,
analogously to PETY, produces a complete deformation of the lead
column., An 18 mm contraction i produced with a 25 gram charge.
Its detonation velocity at a densgity of 1.70 p:/cm3 is equal to
8370 m/sec,

Cyclonite and the previously-described PETN are the moet
powerful and most brisant of all ths chemically homogeneons solid
explosives which are in use today, It is flegmatized by paraffin,
wax, cerepin, and other subetances, so that its mensitivity to
gshock and friction would be reduced. It is also flegmatized by
di- and trinitrotoluene, asg well as by other nitrocompounds.
Flegmatized cyclonite can be pressed to a density of 1,65 g/cmB.

Cyclonite melte with dissociation. In addition, at a high
melting temperature (203.50) ite sensgitivity to shock and fric-
tion is greatly increared. Therefore, the filling of ammunition
by cyclonite is not done by pouring, but only by pressing.

On account of the high sensitivity of the pure explosive to
mechanical effect, only flegmatized cylonite is used for pressing.
When ured in such form, detonators, shaped charee, and small cali-
ber projectile charges are pressed from it.

Analogously to PETN, pure cyclonite is used onrly for the pro-

duction of blarsting ceps.
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Cyclonite has an important use in the form of a mixture with
other nitrccompounde, ar, for instance, with TNT, as & filler for
various ammuntion. These mixtures Aare lers mensitive than eyclon-
ite, and they have a greater strength than TNT. They can he pour:«

(in the form of a suspension of oycloniie in welted TNT).
7. Xylyl (trinitroxylene). The formula is:
CsH(CHs)a (NO3)s.

Depending upon the degree of purity, the commercial product con-
tains a greater or lesser amount of various igomeric trinitro ‘
derivativers ~ ortho- and p-xylene. The rolidification temperanture
of purified xylyl is 170 - 178°, Xylyl is A neutrel suhrtence
which does not form salts with metals. The ignition temperature
is around 3300. The senritivity to eshock is greater, and the
senmitivity to detonation is markedly lower, than that of TNT,

The expansion in a lead bomb is 270 cm’. The contraction of thes
lead cylindere is 12 - 13 mm. Xylyl is used ar an ammunition fillcyr
in the form of a mixture with ammonium nitrate and as an alloy
with TNT (Alloy L). This alloy contains ©5% TNT and 5% xylyl.

Itr rolidification temperature is 7h°. Alloy 1, does not have any
explosive properties which are different from TNT, but it is char-
acterized by e much better sensitivity to detonation, which is

caused by its finely-crystallized structure.

8. Diuitronaphtalena. The chemical formulas of both isomers

of dinitronaphtalene are:
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NO, NO, NO,
1) M
U

1.5 dinitronaphthalene 1.8 dinttronaphthalene

Commercial dinitronaphthalene consigtes of a mixture of thesse
isomers. The sensitivity of dinitronaphthelene to detonation is
very small. Therefore, it is not used in the pure form, hut
only in a mixﬁure with ammonium nitrate, called dinaphtalite.

This mixture is used as a8 filler for both ammunition and commer-

cial blasting operations.

9. lllnltt.ﬂ.hmm The chemical formula is?

inE

NO,
N

NO,

The aolidif!catrion temperature of m-dinitrobenzene is 80,00,
The solidification temperature 6f commercial dinitrobenzene is

lower on account of the presence of the isomers contained in 1t.
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Theee isomere are ortho- and p-dinitrobenzene. The deneity i=n
1.57 g/cm3. The detonation velocity im 6100 m/eec, and expan~
gion in a lead bomb im 250 ml.

The uge of pure dinitrobenzene for filling shells ig diffia-
cult, owing to its smell gensitivity to detonation. Another
drawbeck of dinitrobenzene is its toxicity. Heretofore, we
(Russians) used an alloy of TNT with 24 dinitrobenzene and U%
naphthalene ar & filler for armor-piercing projectiles uged in
navel and meacoast artillery gune., Alloye oonﬁisting of large
amounts of dinitrobenzene are not suitable ae & filler on account

of the low melting temperature.

10, New and Powerful Explosives., Tetryl, PETN and cyclaonite,

which, in strength, greatly exceed TNT and other aromatic nitro-~
compounds end ammonium-explosives, are referred to ae "powerful”
explosivea, Judging by the present pertinent literary dete, new
explosivee are being found at the present time, The most
interesting appear to be ootogen, ethylenedinitramine and dinitroxy-
diethylnitremine,

Octogen is

CH. *
OQN;—TT/\!IQ—NO.
i
ON—N N-—NO,
H,
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is obtained from urotropin by the action of concentrated nitric
ucid on it in the presence of acetic acid, The stability in heat-
ing is greatsr than that of cyclonite. Its explosive qualities

are cloge to that of cyclonite.

CH,—NH—NO, .
Ethylene-dinitramivne | .
CH;—NH~-NO, .

1t i8 equal to tetryl in force of explosion and rensitivity to
mechanical action. In comparison with tetryl, it is less toxic

and doee not have any coloring properties.

Pinitroxydiethylnitremine = OJN—N(CH,CHONOs)s. Sensitivity
t0 shock is on the order of PETN. It is close to PETN aund ocyclo-

nite in explosive force. It read11y>galatinizes nitrocellulore.

4. EXPLOSIVE MIXTURES
The classification and general characteristics of explosive

mixtures were given on page 34,

1. Aumonium uitrete Explosives. Definitions.?® Ammonium

nitrate explosives are those mixtures whose hamic component is
ammonium nitrate.
The oxidizer in ammonium nitrate explusjves ig ammonium ni-

trate. The igniter can be various substances, explosive (TvT,

. xylyl, and other nitrocompounds) as well am noq-axploclve (wood

meal or some other organic meal, aluminum, pitch, ete). Certain

special admixtures such as sodium chloride enter into the ocom-
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pogition of individual ammonium nitrate explosives. This type of
oxplosive i8 used in gas wells, etec.

Amgioujte is ar ammonium nitrate explosive which containg an
explosive nitrocompound.

Dyuaumnoy is an ammonium nitrate explosive which conteins, in
addition to ammonium nitrate, only non-explosive combustible
muterials.

Aimonal ies an ammonium nitrate explosive which contains alumi-
num in 1tes comporition.

Aumonium nitrate. The properties of ammonium nitrete explor-
iver depend to a large exteant upon the properties of their bhasic
component - ammonium nitrate. It is a white, crystelline sub-
stance with a melting point of 169,00,

Anmonium nitrate existe in tha form of several crystal modi=-
ficationsg. Tour of these, which change onms into the other ut
temparature of -16, +32, and +87° (tranaition points) are the
nort important by their effect on the properties of ammonium ni-
trate explorives. Not only the shaps of the crystals, but also
their size and epecific volume are changed during transition.

Aumouium nitrate is very hygroscopic. Water vapors, which
are absorbed from the atmosphere, coudense on the surfaces of
separate cryetale and dissolve the surfece layer of salt with
the formation of a saturated solution. When the vapors evapor-
ate (in the case of a reduction in the relative moisture of the
air), oryetals are separated out of the eaturated solution, which

then fasten themeselves to the adjoining particle of niter. As
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the result of a repeated humidifying and drying, the niter crystals
are bonded all the more solidly, and a process of densification

and caking of the ammonium nitrate tekes place. After prolonged
storage at varying humidity, the niter converts into a monolith,
and it is then granulated with diffioculty.

The sensitivity of ammonium nitrate to detonation is very
small. Accordingly a stable detonation of it can oceur only with
a large diameter of the charge or by enclosing it in a solid case
(page 78 of original),

The composition of ammonium nitrate explosives. Numerous com-
positions (formulas) for ammonium nitrate explosives and some of
their valuable properties were known for long time prior to the
Firset World War. 1In World War 1, after a grave defect was dis-
covered in explosives, the suifable'ammonium nltrate explosive
formulas were quickly put to use and the filling of ammunition
with these explosives was adopted. Mixtures of ammonium nitrate
with TNT, called amatols, assumed the greatest importance from
the very beginning and have been in constant use up to the pre-
sent day. These mixtures contain from 40 to 80% niter and from
20 to 60% TNT.

Filling by the screw-in method, which was developed after
World War I, made it possible to widen the assortment of ammonium
nitrate explosives suitable for ammunition. In addition to the
amatols, it was poseible to use other ammonium nitrate explosives
for fillers, particularly some of those which were produced for
commercial blasting operations.

Table XXII lists some of the typical ammonium-nitrate ex-
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plosivers intended for blasting operations.

Safety explosives, a repregentative of which is showu iu
Table XXI1, are used for operations in coal mines which are gas
and dust hazardous. Their formules ir melected in such a way
that no inflammation of the gas-air and dust-air mixtures would
occur. This ir accomplished by reducing the brisance and fuga-
city effect and explosion temperature by the ingertion of sodium
chloride into the composition. Thaere is a requirement in safety
ar well ar in other axplosives which are permitted for under-
ground operations that the amount of toxic gases (VOQ and CO)
which are formed at explosion does not axceed the prescribed
norms.

The production of ammonium nitrate explosives. Amatols with
a content of 40 to 607 TNT are obtained by mixing melted TN7T with
heated, preliminarily dried and pulverized ammonium nitrate.

The TNT does not form any alloys with the ammonium nitrate, hut

u gruel-like suspension of the ammonium nitrate particles is
obtained in the meltem TXT, which is then in a suitable counditionr
to be poured as ammunition filler. After this pasty mass cools,
a conglomerate is formed which counsists of the solidified TAT
containing the ammonium nitrate particles within it.

If the amatol contains less than 40% TNT, it then does not
form a mixture of gruel-like congistancy which is suitable for
pouring into ammunition. Such mixtures f£i1l emmunition by means
of a mechanical method (pressing, mcrewing-in).

Powdered ammonium nitrate explosives are obtained by grind-
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TABLE XXII

Typical representative of ammonium nitrate sxplosives
which are used for commercial blasting operations.

Composition in % . o | :
- 2 - 3%?5‘35 bognd g9
Name of gg Z . 8 gﬁ EEE 24 3‘ 'Q.B%
explosive % | Cilkr components | EH K ) E gg
i B8qy |53 [BEESH 52T
2 Bay |58 HEE
A:;:mogite No,8,|.7 | TNT 2l 11,0118 20| 14 | —
powdere
Ammonite No.6,| 79 Same 1,25—1,35 360 20 | 3800
pressed
Ammonite No ,7 | 81 b a?lﬁ e;f , plne 1,0—-1,11 350 13 | 4070
g mGraxl:ltxalit:;d 88 taaigéugleaph- 1,0-1,25 32 18 -
ap
Alumits No,1 80 al’{;gtil 128, 0,95—~1,05 400 18 -
Dinamon 0088, ocjﬁmic meal .09 330 11 {2500
Safety ammo- TNT 10, sodium| 1,0—
nite i % chloride 10-12,211- ! Lig 20 “- %10
- cake or pine tar
'meal, 2,.

1 pulverized pine bark or peat, etc.

Note: Comma represents decimal point,
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ing previocusly-dried ammonium uitrate and combustible materiales
with subsequent intermixiug of them in drums (epherical grinders).
The mixing is sometimes done under millstones, through which a
finer pulverizetion is attained at the saue time. This incresres
the dsurity,detonntion velocity and brisance.

Properties and use of ammonium nitrate explosives. The
presence of ammonium nitrate in the composition predetermines the
hygroscopy and caking tendency of emmonium nitrate esxplosives,
this being their intrinsic defect. Niter, covered by a thin film
of water-repellent substances ig used in order to reduce the hyero-~
scopy. Caking can bhe lowered by inserting certain loosening ad-
mixtures such as oilceke mecal, pitech, etec. into the explosivo's
conposition.

The explosive properties of ammonium nitrate explosives do=
pend upon the nature of the components, weight relation among
theuw, method of productioun of the explosive, degree of pulverizea-
tion, and intermixing (ree Table XVII on page ?7¢ of original),
deirity of the charge, and degree of caking.

When emmonium nitrate is added to TNT, the brisance is some-
what reduced, but the fugacity effect is somewhat increared. Tho
fugacity increeses with an increasing content of ammonium nitrate
in the mixture. Therafo;e, where earth, wood-earth and anslogous
fortifications are to be destroyed, and requirii_; a large fuga- ‘
city effeact, the use of amatol is possibls. Conversely, in
direct fire against a solid mamp such as an armored objmct where

brisance effect is neaded, it is necemsary to uss projectiles

"189 -




filled with TNT or some other more powarful explosive.

The sensitivity of ammonium nitrate explosives to detonn-
tion is reduced in proportion to their caking tendency. There-
fore, 1t is necessary to prepare ammonium nitrate explosives
for a prolonged storage (multiyear), and munitions are filled
with these explosives only during time of war, when they are
rapidly used up.

In comparison with other explosive mixtures, ammonium ni-
trate explosives are oharactefized by a lower mensitivity to
mechanical effects. On accounthf this and aleo on account of
their low cost and satisfactory fugacity end brisance effects,
they are widely used as a filler for many types of munitions.
Tor those very same reasons, they find a wide application, and,
in the Soviet Unipn a practically exclusive application, for
commerclial blasting operations.

During the Great Patriotic War, the largest amounts of am-
monium nitrate explosives were consumed for medium-caliber pro-
Jectiles. Hesvy-caliber projectiles (besides armor-piarcing for
naval and coast artillery guns), aircraft bombs and marine ob-
stacle mines were filled with amatols 40/60, 50/50 and 60/40 by the
pour method.

When filling ammunition with ammonium nitrate explosives, a
density of 1.45 to 1.55 g/om3 is effected. This greatly lowers
the sensitivity to detonation. Thereforse, it is necegsary to
initiate this explosive by a more powerful detonator than one

that is used for initiating a TNT charge. %This feature is taken
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into congideration when eelecting fuzes for ammunition which has

beenawith'nitrate explosive in wartime.

2., Chlorate and Perchlorate Explosives. Chlorate and per-

chlorate explosives consist of a mixture of chloric or perchloric
acid salts with a combustible., The most widely used are KClGa,
KC10, and ¥, C10, .

Chlorate explosives draw attention to themselves, hecause
the oxidizer contained in them, Berthollet's salt, can be readily
obtained in large quantities from sbundant raw materials. How=-
ever, their capability to be used as ammunition fillers is
strictly limited on account of the great sensitivity to mechani-
cal effects. They were used in World War I in TFrance, England
and Germany for filling mortar and bomb-thrower projectiles,
which are characterized by a low initial velocity and corras-

ponding low stresses in the bursting charge.

3. Explogives on a hase of liquid oxidizers. Oxyliquits
and mixtures on a basge of nitrogen dioxide or nitric acid belong
to this category of explosive mixturee. '

Oxyliquits are cartridges of a combustible component - ab-
rorber - which has been impregnated with liguid oxyegen. The im-
pregnation of oxyliquit cartridges for military-enginaeering or
commercial blasting operations is done immediately prior to their
use. Such carttidges, as the result of a vigorous vaporization

of the liquid oxygen, loose their explosive properties relatively

quickly. In relation to the cartridge size and conditions of use
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its "life span" consists from eeveral minutes to 1-1% hours.

This singularity of oxyliquits precludes their use in munitions.
Explosive mixtures on a base of nitrogen dioxide have great

strength, but on account of a high sensitivity, volatility, and

pronounced toxicity, their use is limited. They were uged in

France during World War I as an aircraft bomb filler. YNitro-

benzeue, liquid hydrocarbons and other organic substances were

used as the combustible. Both components were ingerted separately,

and they were intermized by means of a spscial mechanism after

they were dropped from the airoraftt.
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SECTION V
COLLOID POWDERS

1. GCeneral Informasion

Comhustion is a characteristic form of mxplosive travsforma-
tion of powders. It is a well-known fact that the rate of com-
bustion of apowder is increased with an inorease in preagsure,
Nouethelers, aven upon firing from a weapon, where the pressurs
can go up to 3000 at, an increase in the combugtion rate does
not present auny danger with respesect to dameging the barrel.

It would turn out differently if the weapon were to be loaded
with an equal amount of high explosive insteed of powder. In this
case, & rapid use in the pressure would take place, and the cou-
bustion would convert into detonation, whersupon the barrel of
the weapon would buret.

The ability to have steady combustion at high temperatures is
determined by the physical structure of the powder elements - thair
density, stability, and absence of pores (or by a small quantity of
them). In connection with this, the combustion proeceeds only along
the surface of the powder, which burns in parallel layers. This
makes it possible to control the powder combustion process in the
weapon by a suitable selection of the sizes aﬁd ghapes of the
powder elements. Figure 50 shows the curves for changes in press-
ure, developing in the bore of a weapon at firing. The x-axis
showe the travel of the projectile and the y-axis the pressure in

the bore.
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Fig, 50 - Curves for the pressure developing in the bore at firing

At the oiigin, the coordinate corresponds to the initial
pogition of the base of the projectile. As the combustion develops,
the pressure in the initial air-spaée will beein to rise, und at a
certain moment, it will cause the projectile to be set in motion
along the bore, overcoming inertia and bite of the rotating band
in the rifling.

A rapid rise in the pressure occurs in the initial period of
the projectile's travel, attaining a certain maximum Pp,. From
this moment, the pressure begins to fall on account of the fact
that the volume of the initial air-space grows more rapidly then
the influx of the powder gases. After coupletion of combustion

of the powder, the velocity of the projectile continues to rise

under the action of the expanding powder gases.
The work of the expansion of the powder gases, upon which the

wuzzle velocity of the projectile depends, is equal to the work of
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the force propelling tha projectile along the tuhs, 1.e,

=8 | pdl,

Ol e

where 8§ - the cross rection of the projectile upon whieh the

powider gases Precs;

10 - bore length (distance from beginning of rifling to muzzle

facei.

The sames work can be accomplished for different values of the
maximum pressure Pm in relation to the law of gas formation dur-
ing the combustion of powder. This can be readily seen from a
comparison of curves 1 and 2 in Figure 50. QCurve 2, for which the
value Pm is minimum At a constant value lo, is the ideal pressure
curve.

One of the fundamental neede set forth for a powder ie that
it should burn inparesllsl layere; only in this case is it posaible
to control the gar influx by a selaction of the size and shapes
of the powder elements, and to make sure that the nscessary ballis-
tics firing indexes are obtained. It is obvious that, with ran-
dom combustion retes which change from one round to another, it
is necessary to obtain uniform ballistics results. Colloid pow-
dere fully aati;fy this requiremant, while black powder does this
only at a density of 1.8 g/cm3 and above. Ilowever, the prepura-

tion of msuch a powder is difficult.
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2. Clamgification of Colloid Powders

Cellulose nitrater - nitro-cellulosss (ree below) « ure the
bagic colloid powders. DNepending on tha molvent ured for geletin-
izing the pyroxylin, colloid powdere are divided into two baric
groupss

1. ©Pyroxylin powdars on a volatile solvent which is almost
completely removed from the powdsr during production.

2, Powders on a difficult-to-volatilize solvent, all of
which remains in the powder.

Nitroglycerine and diglycol powders are the wmost important
representatives of powders on the Aifficult-to-volatilize solvent.
Nitroglycerine powders are, in turn, divided into ballis-

tites and cordites.
Ballistites are powders produced on a base of nitroglycerine-
dissolved pyroxylin with a low uitrogen content, called golloxyliu.
Cordites are powders which are produced on a base of pyroxy-
lin with high content of nitrogen, or containing a large amount
of collyxylin. In both of these canes, the nitroglycerine entor-
ing into the composition of the powder does not amssure a complete
gelatinization of the nitro-celluloss. A supplemantary volatile
solvant, which is removed from the powder during later stages of
production, is used for complete gelatinization. Acetone ig
used as the volatile solvent for high-nitrogen pyroxylin, while
an alcohol-ether mixture ie used for colloxylin.

Beginning with World War I1, many countries started to use
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diglyeol powder, alied to the nitroelycerine bamllistites in com-
porition and properties, but containing disthylenaglycol-dinitrata

instaad of nitroglyceriner.

3. MATFEPRIAL® USED TN THE PRODMUCTION OF COLLOID POWDERS,

The properties and method of obtaining nitroglycerine and
dinitroglycol were described on

1. Pyroxylin is a nitric reid earter, or cellulore nitrete,
which ir alro called nitro-cellulorse.

Cellulora is ured for the production of pyroxylin. Tt ir
found in cottom, wood, flax, hemp, strew, ete., in amounts very-
ing from 92-9%7 (ecotton) to 50-60% (wood). Pure cellnlore, which
ig obtained from the plant raw material by & special chemienl
treatment, is used for the production of high-quality pyroxylin.

A molecule of cellulore consisrts of a leree humber of idan-

tiecally formed and interlinked glucose radicelr C‘um 8!

\CH-—-C

-2 &H OLI

(&H < )'H

“en— cfi
Lodn b

Therefore, the general formula for cellulose has the form (C,1,0 )»n,

where n ir the.number of glucoee radicals. Celluloss dosr not
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conprimt of identieal molocules of a specific length, but of »
mixture of molecules with varyine amounts of glucose radicele,
which, according to the data of various resemrchers, fluctuate
from several hundred to mseveral thourand. Tn writing the chemi-
cal reactions, it is conventianal to expresr eellulose by the
formule for the glucore radical c,u“os.

Fvery glucore radical contains three hydroxyl eroups OW,
Namely, these hydroxyl groupse react with nitric acid according

to the equationt
CeH-;Og (OH) 3+MHN03=C5H1OQ (OH) 3-m (ONO:) M‘*‘mHQO,

where m is 1, 2, or 3.

Age @ result of this remction, the OW groups are replaced by
ONO, groupr, called pnitrates. Depending on the conditions, not
all of the OF groups can be replaced by the nitrate groups, but
only a part of them, For this reseon, not one, but several
pyroxyline with various degree of esterification, are obtained.

Cellulomre is not nitrated by pure nitrie acid, but with e
mixture of thisg acid with sulfuric acid., The reaction of the
cellnloge with the nitric acid is accompanied by the separetion
of water. The water dilutes the nitriec acid, which weakens ite
nitrating action. Wowever, the sulfurie acid takes up the water,
which then cannot impede esterification.

The more concentrated the acid mixture, 1.6, the lower the
water content, the greater is the degree of the cellulose esteri-

fication., Pyroxylin with a prescribed degree of esterification
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can be obtained by a suitable choice of the comporition of the
acid mixture.

Forms of nitrates of cellulore. The structure of cellulore
should be expreesed by some definite formula, beceuse it is not
homogeneous with respect to amount of moleculers. This pertaine
to a still greater degree to nitrates of cellulors which consist
of molecules which are not homogeneoum in degree of esterifice-
tion,

Therefore, nitrocellulose is characterized by the nitrogen
content in it, determined by chemical analysis or by the degres
of erterification (number of nitrate groups found, on the average,
in the glucose radical).

Tor practical reasons, the following forms of nitrocollulosre
which are used in powder production, are differentiated:

a. Colloxyvlin. Nitrogen content is 11.5-12,04, Completely
soluble in ether-alcohol mixtures.

b. Pyroxylin No, 2, Nitrogen content is 12.05-12.4%. At
leart 90% of it is dissolved in ether-alcohol mixtures.

c. D, 1. Mondelevev Pyroxviig. Containe 12.45% nitrogen.
Solubility ix at least 95% in ether-alcohol mixtures.

d. Pyroxylin No, 1. Njitrogen content is 13.0-13.5%. Solu-
bility in ether-alcohol mixtures is from 5 to 10%.

o. Blended pyroxyline. These conmist of 2 mixture of
Pyroxyline No. 1 and No. 2, and contain from 12.7 to 13.1% nitro-
gen. The solubility in ether-alcohol mixtures ig 25 to 504, The

rropagation between the two types of pyroxylin in the mixture
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varioua for different powders.

Pyroxylin Production. The production of pyroxylin consists
of the following operationas nitration of the cellulose, washing
and stabilization, cowmporition of aggregater, finishing treatment.

Nitration of Cellulose. The cellulose is immersed in a mix-
ture of nitrie and sulfuric acide and 1t is stirred in this mix~
turc for a predetermined time at a preseribed temparature.

Waghing and stabilization of nitro cellulose. After the ni- .
tration is finished, the acid is removed from the formed pyroxylin
in a centrifuge. Generally, a quantity of spend acid, which is
approximately equal to the pyroxylin by weight, remains in it
after centrifuging.

The biggest part of thie acid ie removed by washing in cold
water. After thies, the pyroxylin contains the following residuest
a. an inpignificant amount of sulfuric rrd nitric se’de

(around 1%):

b. various slightly stable admixtures which were formed dur-
ing nitration (Fulfuric acid esters of cellulosn and nitric acid
astore of raccharine substances).

The procerr of removing these admixtures, called gtabilization,
congiste of the following:

a., Hot washing in vats. An acid bath is performed at first.
AOShgolution of sulfuric acid is used in order to accelerate the
dirintegration of the slightly~stable sdmixtures, and after that,
by an alkali (with sode admixture) in order to neutralize the acid.

All of theme wasghings are done through boiling.
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b. Pulverization in 8 hollander. Pyroxylin conmirte of
neparate fibers, being narrow capillaries, whiech, during nitre-
tion, are occluded with acid. Thie acid 1e# very difficult to
remove from the fiber by washing. In order to remove this acid,
it ie necessary pulp the fiherr =0 that their inner cavities
conld be sxpored. Tn addition, pulped pyroxylin can be morse
raadily procersed in powder production, and the powder which is

obtained is more homogeneous.

-
Fig., 51 - Diagram of llollander
1. hollander trough 2. loungitudinal baffle
3. drum 4o drum knives
5. atationary knives 6. 1inclined trough bottom
(hillock)
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The pyroxylin is pulverized in hollanders bhetween the knives
which are fastened to the revolving dArum and the stationary knives
which are mounted in the hollander trough. The construction of a
hollander is schematically shown in Figure 51.

c. Poaching in serubbers. When the cellulose is pulverized
in the hollanders, not only acid residuas, but also the slightly-
stabhle admixturee which were not disintegrated in the hot workw-
inge are separeted out of the fiber. The pulped pyroxylin is
therefore subjected to poachinz in a serubber. TFigure 52 shows
the construction of a sorubber.

The above-deacribed complex and lengthy procees of washing,
pnlverizing and poachineg is necessery for obtainine a chemically
steble pyroxylin, which is one of the besic conditiong for sub-
saquently obtaining a chemically stable powder which irs suitable

for prolonged storage.

Fig. 52 - Sorubber (diagram)

1, ateam 2. pasty mass 3. water
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Comporition of the aggregate batoch. Tndividual batches of

pyroxylin are somewhet dAifforent in properties. So thet 2 homo-
ganeonrs materiel could be obtained, it is necessary to intermix
several batches into one hig one, called the aggregete hatech.
Tn addition, such an intermixing ie necessmary for obtaining
Mlanded pyroxylin from the various forms of nitrocellulose (for
inrtance, from pyroxylin Nos. 1 and 2).

The pyroxylin batches are mixed in iron or iron-concrete

mixers.

Finishing treatment of pyroxylin. After mixing the pyroxylin,

the random admixtures and large quantity of water heve to be re-
moved from it. Thie is done in the following manner:

a. the water-soaked pyroxylin .is passed through a soreen so
that it conld be meparsted from the non-metallic admixtures, end
through an electromagnetic field eo that iron filinge and ochins
could be removed.

b. the batech coming from the electromagnets contains up to
90% water, which is removed et first by wringers or, more fre-
aquently, by meang of gettling the pyroxylin and then deecenting
the water, and then centrifuging, whare the water content in the
pyroxylin is reduced to approximetely 307, The pyroxylin is than

ready for powder production.

2, XNitrocellulosge Solvents. Nitrocellulose solvants are

substances which form plastic, colloidal systems with the nitro-

celluloses. Ethyl alcohole and egimple ethers are not solvents
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for nitrocellulores umed in the powder indumstry - they only ceuse
them to swell up,

A mixture of ethyl alcohol with diethyl ether (ether-nlcohol
mixture) proves to be a good mrolvent for colloxylins, pyroxylin
No. 2 and collodion. This mixture is widely used in the powder
industry.

Aoetone is the most effective molvent., It aelatinizes all
nitrocelluloses, from colloxylins to pyroxylins, with the high-
et degree of esterification.

Nitroglycerine and diglycol dinitrate are solvents for colloxy-~

lins.

3. Stebilizers. Diphenylamine ((CGHB)QNH) is uged as a
stabilizer in pyroxylin powders.

The stabilizing effect of diphenylamine is based on the fact
that it readily reacts with the initial products of the decomposi-
tion of nitrocellulose - nitrogen oxides and nitric and nitrous
acide - forming chemically stable nitromo- Aand nitrocompoundsr.

Diphenylemine aots in a saponifiabhle manner on nitrocellulose,
aven more intensely on nitroglycerine and dinitrodieglycol. It irm
allowed in pyroxylin powders in an amount not exceeding 2%, while
it is not at all permitted in powders on a difficult-to-volatilize
solvent.

Derived ureas - centralites - nre used ar stabilizers in pow-
ders on a difficult-to-volatilize powder. They can also readily
react with the nitrogen oxide and nitric and nitrous acide, form-

ing chemically-stable nitroso- and nitrocompounds. Centralites
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are white, crystalline substances, soluble in nitroglycerine.

4, Plasticizers. BSupplementary solvents, which accelerate
the gelatinization process and which remain in the resdy powder,
are generally uged in the production of powders with & difficult-
to-volatilize molvent. B8uch substances are called plasticizers.
Non-volatile substances such as dinitrotoluene, dinitroanisole
and others are ured am plagticizers. Centralitesis a simultane-

ous plasticizer and stebilizer.

5. Flogmatizors. These are substances which reduce the com-
bustion rate of a powler, Cemphore, for instance, are ured as
fleomatizers.

Camphor is a solid, volatile substence with a characteristie
odor. It is difficult to dissolve in water, but dissolves readily

in aloohol.

6. Graphite. TFinely-granulated and laminated powders are
covered with a thin film of graphite so thet electrification of
the powder and blocking of the grains would be eliminated. 1In
addition, graphiting incresses the gravimetric density. TFor in-
stance, graphiting made it possible to increase the gravimetric
density of rifle-cartridge powder from 0.5 to 0.7 kg/deoimeterB;
thereby the capacity of the cartridge cese was increased from 2,5

to 3.48 g of powder.

4. Production of Pyroxylin Powders
The production of pyroxylin powders consiste of the following
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operations (for cannon powdere):
1. dehydration of the pyroxylin,
2. nmixing the pyroxylin with solvent,
3. bhlocking,
Y. preliminary sun-dryine,
5. outting,
6. second sun=drying,
7. sgeparating (sorting),
8. wmoaking,
9. drying,
10. composing smell batches,
11, compoeing aggregate batch,
12, pecking,

13. physico-chemical and balligtics tests.

In the production of rifle~cartridge powders, flegmatization,
graphiting, reparation of the graphited powder, second drying,
mixing of emell and ageregate batches, packing, and physico-
chemical and hallistice tests aro carried ont after it has beon

fried,

Dehvdration of vvroxvlin. Water hinders the swelling of
pyroxyling it is therefore necessary to reduce its content to
some definite limit (no more than 4%), 1In this case, it is
necersary to directly dry by hot air on account of the danger of
inflammation and explosion. Pyroxylin can be dehydrated by al-
cohol, which dislodges the water easily.

The role of alcohol during dehydration of pyroxylin is not
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limited to the dislodgement of water., Alcohol dirsolves the low-
nitrogon cellnlose nitrates and the unstable sdmixtures, which in-
crenrer the nitrogen contenet in the pyroxylin snd increagas its
chemicel stability.

i in w 1 + The
basic phage of production, where the pyroxylin is converted into
powder, is the gelatinization proceses which trkea plaece during
the mixing of the pyroxylin with solvent and blookine.

In the first stage, the pyroxylin particles soak up the rol-
vant and swell up. This operation is carried out in speciel
blenders into which the alcohol-dehydrated pyroxylin, &8 corras-
ponding amount of other (in the case of necersity, alcohol is
atded), and gtabilizer are loaded. A more or less homogeneous,
jally=like block is formed.

The block is then placed into a steel diea whare it is ex-
truded into powder tubes, stripe, ribhons, cords, etc. of &
given size. The pressure of pressing is within limits of 300 -
500 kg/cmz. The geletinization process of t!ie powder block ter-
minites during the pressing. The block becomer compact and trans-
parent.

A powder blocking die for a tubular greained powder (Figure §3
is a gtemsl cylinder which containg a recess for the needle tolder
in the upper part. The recess hap a oonical prreage which ir
attachaed to the cylinder mouth. The needle ir pPositionnad alone

this axis.
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Fig. 53 - Powder blocking die for tubular-grained powdnr

1. steal cyliuder 2. usenaidlas holder 3. 1eedln

The die for blocking powder with 7 perforations (Pig., 5U4)
har seven needles instead of one. Tha oross sectional ares of
the opening through which the powder block enters the conical
arra ghould be much larger than the cross sectional area of the
oylinder mouth of the die, 1In a contrary cese, the powder hlock
will not be eufficiently compressrd, The block will not hold
togather after it has bean disinited by the nnedles, and the
powider will thenr be of a dissimilar machanicel stebhilitv.

The blocked nowder is subieacted to abrinkaga in further
operations, 1,8, the initirl sizes are decreased, The amount
of shrinkage depends primerily upon the solvent contort, T+t
2lro dapends on the quality of the pyroxylin, hlockirz conditions,
etc. It has bean established by practice that thickneses shrink-
age is, on the average, agqual to 30 - 35’. The din rizes are
splacted with a congideration for subasquent shriﬁknge of the

powder.
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"ig, 54 - Powder blocking die for powder with 7 perforations
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Ireliminary sun-drying snd cutting of the powder. The pow=-

der coming out of the die conteains around 407 of the ether-alecohol
solvant, and it is therefore eagily deformed. When cutting it,
it is necessary to give it some mechaniocal stobility by & partial
romoval of the solvent, which 1s done by the so=-celled sun-ﬂrying.”‘
After rolvent recovery, A lrrge smount of_nolvent still ;emaina in
the powder, which is nended ego that burre, chips, eracks, etc.
would not appear during cutting. The cutting of corde or tubes
for powder elements ir done on special machinas.

A particle element ie a particle of powder of a prescribed
form ani size (tablet, cord, tube, etc.). Powdler elements which

are friable are celled graius.

= w « The powder still
containsg a lot of solvent after cutting, which is reduced to approxi=-
mately 15% by a second solvent recovery operation, and, after that,
it ia meparated (sorted); thereby dust, powder elements of irregu-

lar shape or size, etc. are removed.

Soaking. The solvent content ip the ready powder should be
reduced to 0.5 = 5% (depending on the web thickness). However,
thie is very Aifficult to do by drying, becauss when the solvent
content is less than 15%, the drying rate drops rapidly. The
external layers of the powder dry quicker, the pin holes are
covered up, end 1t becomes more difficult for the solvent to get
out of the layer. Therefore, water soaking is used. In soaking,

the pin holes in the surface layers are not covered over and the
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rolvent ir removed quickly. When the powder ig not soeked thoroughly,

it has 8 decreased density, which worgene its ballistices quality.

Dryving. After the powder has been soaked, it is Aried ot o
touperature of ahont 500, go that the moisture abheorbed during
soaking canr be removed,

Finally, after drying, whers the powder is generslly over-
dried, tre powder ig lightly humidified (keeping it in a demp
atmosphere) so that the moisture content could be brought to the

norm prescribed by technical conditious.

Counosition of the Ageregate Batch. The dry powder which has
been obtained in separate apparatus is then intermixed so that =
homogeneous aggregate batch could he formed. The ready batch is
pecked into hermetically-seanled cases (galvanized iron chest), =0
that a constant content of the residual solvent end moisture could
be preserved in the powder, Thig is necessary in order to maein-

tain unvarying ballistic properties.

5., Powders on Difficult-To-Volatilize Solvent
Table XXVIII ghows, in the nature of an example, the com-
positions of four brands of powders on a solvent which is diffi-
cult-to-velatilize.
Powder elements on a difficult-to-volatilize solvent are
produced in the form of tablets, cords, tuhes, rings, disgks, or

ribbons without perforations.
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TABLE XXVIII

Examples of powders on a difficultly-veolatile solvent

Content of components in %

Name of components Cordite Ballistite g:ﬁgg:l Nmpga%:x;idme
Blended pyroxylin 66 - -~ —_
Colloxylin - "] 66 42
Nitroglycerine 2,5 30 - -—
Dinitrodiglycol - - 23,0 18,5
Nittoguanidine - - - . 30,0
Centralite 2 3 5,7 11
Other stabilizers - - 1,8 0.5
Other plasticizen - - 41 7.7
Dinitroderivatives —_— 7.8 — —
Vaseline 3,8 1 - —
Acetone (above 100%) 1.5 _— - -
Moisture (above 100%) 0'5 0.5 - —
Graphite (above 100%) - - 0.1 0,1
Potassium sulfate - - 1' _
Magnestum oxide - - 0,1 0,1

Note: Comma represents decimal point,
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1. Nitroglvgeriue powders of the hallistite fypa. The
powdsr components of the ballistite type are blended in warm
water. This causes a swelling of the cellulose nitrates in the
golvonts,

After the water has been squeezed out, the powder hlock is
ropeatedly possed through hot rolls. A further, slmost comploete,
water removal occurs, and the powder block gelatinizes ard dengi-
fies. It im then rolled into rolls and extruded through an
gppropriate die into tubes or cordes. The tubes and cords ers
then cut to the required sizes.

If the powder is deaired in tablet form, it is passed through
rolls (oalenders) with a closely regulated clesrance. The thin
gheets which ere obtained are then cut up into tablets of the de-
aired size.

2. Ddiglvool powders of the ballistite type. The method of
production is analogous to the ballistite=-type nitroeslycerine pow-
ders. By imbedding nitroguanidine into the composition of t*-e
glycol powder (see Table XXVIII), the combustion rate can be ine
creased, This type of powder was used in the base charge of some
multisection charges in the German Field Artillery Arm (see page

202).

3. XNitroglvcorine powders of the cordite type. According

to one of the methods for producing cordite pdwder, nitrocellulose
and nitroglycerine are blended under waterj then the water is
squeezed out by rolls, the squeezed-out block is then transferred

to the blender where acetone and other powder compenents are added.
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After being processed in the blender, the powder block is rolled
and bloocked through dies into corde and tubes, which are then
passed on to the cutters. Then the powder elements are drisd so

that the acetone can be removed,

6, Properties of Colloid Powders

1, Physgical properties. The density of a powder, which is
of great practical importance, depends primarily upon the composi-
tion. This density fluctuates from 1.56 to 1.65 g/cm3 for vari-
ous types of powders., Nitroglycerine powders have a density from
1.54 to 1.62 g/cm?,

The gravimetric density of granulated pyroxylin powders fluc-
tuates from 0.6 to 0.9 kg/decimeterB. It depends upon the density
of the powder, and sizes and shapes of the powder graing. The
maximum possible charge st prescribed sizes of the shell case or
powder chamber in the tube depends upon the gravimetric density.

Ungranulated powders (cords, tubes, etc.) are not firable, in
their case, the maximum seating capacity, rather than the gravi-
metric density, is determined. This is the largest weight of
cord or tube powder inorements placed in a unit of volume (deci-
meter’) of the shell case without being forced in., The maximum
seating capacity for monoperforated or cord powders attains 0,8

kg/daoimeterB.

2, The content of moisture and residual golvent. The con-

tent of volatile substances in pyroxylin powders is of great
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importance. The same is true of water in nitroglycerine powders,
The volatile substances in pyroxylin powders are the residual
solvent (alcohol, ether) and water. The water content in pyroxy-
1in powders is usually from 1 to 5%, and the residual solvent con-
tent is from 0.5 to 5%, depending on the size of the powder grain.
Because it is difficult to determine the residual solvent
and water separately, the overall volatile substance content, ond
the content of volatile substences which were removed by ¢ six-
hour drying of the powder at 950, are determined. During this
giz=hour powder drying period, all of the water and p small smount
of the residual content in nitroglycerine powders is 2 to 3 times

lower than in pyroxylin powders.

3. Ballistic properties of powders. The ballistic proper-
ties of powders are evaluated by the muzzle velocity?® of tho pro-
jectile, maximum presnﬁre of the powder gases, and the probable
devietions of the muzzle velocities in » meries of firings.

The ability of a powder to preserve the sonstancy of thero
three qualities during its prolonged storage is called tho ballis-
tic stability of 8 powder.

The probable deviations of the muzzle velocities of a pro-
jectile upon being fired from ono and the same weapon deponds
upon the quality (homogeneity) of the powder, upon the accuracy
of weighing and arrangement of the charge. Consequently, with
acourate weighing and correct cherge arrangement, the probable

deviations characterizes the ability of the given powder to assure
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uniformity of muzzle velooities, i.e. accuracy of fire.?*®

4 Eleotrificetion of colloid powders. The ebility of pow-

der grains to hecome easily electrified during blockipg, where

the static electricity voltage can reach 10,000 volts, is of
practical importance from the point of view of safety engineering.
An electric spark can originate at such a high voltage. This
spark will not inflame the powder grains on account of the brevity
of the electric charge, but it ocan ignite the powder dust. The
burning of the dust can ignite the powder.

The hazard whioch 1s associated with electrification can be
removed by grounding the metal parts of the devices with which
powder operations are conducted, by removal of the powder dust
from the work chamber or from the very powder itself (by screen-

ing), and by graphiting the powder graius.

5. Comparison of the properties of powders on a volatile
and difficult-to-volatilize solvent.

a. pyroxylin powders can alter the moisture content and
lose a part of the zesfdual solvent to & much greater extent than
nitroglycerine powders, Both of these factors lower the ballisas-
tic stability of pyroxylin powders in comparison with the nitro-
glycerine ones,

b. the production process of pyroxylin powders is quite
long, which, in the case of graunulated powders, is from 6 to 10
days, and in the case of some shapes of powders with a big web

thickness, 1t can be more than a month, Couversely, in the
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oase of ballistite-type powders, fast prodnction is characteristic
(on account of the elimination of volatile molvent removal, sun
drying and soaking processes, the production time is around 6
hours).

¢c. The shrinkage of powder elements on a volatile solvent
is much greater than that of ballistite-type powders. Therefore,
the shape of ballistite powder elements is more regular than of
pyroxylin powders.

d. The powder elements of a balligtite type powder can be
produced with a bigger web thickness than pyroxylin powder sle-
ments.

8. The oalorific value of nitroglycerine powders can be
changed within limite from 650 to 1300 kilocal/kg by an appropri-
ate selection of the formmla, whareas the heat value in pyroxylin
powders can be changed within the relatively narrow limits of 700 -
1000 kilocal/kg.

£. Tho strength of some of the ballistite-type powders and
of all the cordite powders is greater than that of the pyroxylin
ones.,

g. The ocost of ballistite-type powders is 20 to 30% less
than the cost of pyroxylin powder.

h. An intrinsic defect of some formulas for some ballistite-
type powders and all cordite powders is the inereased barrel
erosion.

1. Nitroglycerine can, under certain conditions, ooze out
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of the powder (this is called exudation), whereupon the ballistic
properties are changed, and handling of the powder can become
dangerous. The exudation of cordite powders ocours more readily
and vigorously than that of ballistite-type powder. The pro-
duction time of cordite powders is the same as that of pyroxylin
ones,

jo A defect of nitroglycerine powders is the great danger
during production in comparison with pyroxylin powder: the gly-
cerine nitration and powder blocking operations are explosion-
hazardous, and rolling of the powder block is sometimes accom-

panied by ignition.

7. Characteristics 6f powder elements and powder brands.

1. Shape of powder elements. Depending on the fireamnm,
powders are preparad for them which are different from each other
by composition, shape, and size of the powder element. With res-
pect to shape of the powder elements, there are granulated, cord,
monoperforated, rings, and those in the form of spirale.

The web thiclkness, perforation diameter, outside diameter,
and length of the powder element are important charscteristics
of a powder element, The web thickuness is the smallest wall
thickness of a powder element: this is fixed this way so that a
complete combustion of the powder charge would take place upon
firing. The web thickness is the wall thiockneses in monoperforated
powders or the thickness of the tablet in laminar powders, and,

_188




fn the cnere of prains with seven perforations - the Aisgtance along
the diameter between the outside cylindrical surface of the grain
and circumference of the perforation, and also by the circumfer-
onces of the perforations nlong the dismeter, and along the
straight 1lines which connect the centers of the perforations (Tig-

ure 55).

a
Fig. 55 - Cross sections of powder grains
a. grain with one perforation (tube)

b, grain with 7 perforations
2 8, web thickness

Depending on the shape of the powder element, its burning
can be progressive or degressive.

Progroessive burning is suoch a combustion where the rate of
gas formation grows in proportion to the combustion of the pow-
der. Progressive burning provides the best conditions for utili-
zing the energy of the powder in the gun by making it possible to
get the highest muzzle velocity of the projectile at the lowest
maximum pressure of the powder gasses in the gun., Thisg last fact

makes it possible to reduce the wall thicknese of the tube and to
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l1ightan the mount,

Converrely, dpgressive burning is that combustion when the
rate of pgan formation decrearer in proportion to the Aeflagration
of the powder.

In degressive burning of the powder, the maximum pressure in
the gun has a much greater magnitude, but the work performed by
the powder gares 1a reduced with the result that the iive force
of the projectile upon leaving the tube algo decreases.

Progressiveness of burning can be obtained in colloid powders
by choice of the shapes of the powder elements. The ghapes of the
powder elementm, the surface of which ig reduced during burning
of the powder, is called degressgsive. When the surface of the pow-
der is increased during burning, then the shape of the powder ele-
ments is cnrlled progressive.

It is quite obvious thet, in the comburtion of a powder which
har & spherieal, cubic or prismatic shape, the amount of garer
being formed in a unit of time will be reduced in proportion to
the burning of the powder. This is due to the continuous reduc~
tion of the burning surface. There are degreggive.

During the burning of powder having the shape of long tubes
(Fig. 55a), the outeide surface of the tubes decreases, but the
inside murface increaser, thus compensating for the loss of the
outaide murface (the sum of the inside and outside diameters at
any moment of the powder's burning is a constant velue). Owing
to the small effect of a decreame in the length of the tube, the

burning surface of these powders remains praotically constant.
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Thim form of powder im on the borderline between progresrmrive and
tlegransive.

Strin-type powder (with a large velue for the ratio of the
length to the thickness) annroximates » powder with a constant
burning surface.

Finally, the grain with meven nerforntioﬁﬁ (vig. 55h) inm
characterized by an increame in the surfaca in proportion to burn-
ing of the powder, i.e. it is of the progresgive tyne. The center
perforation compendates the decrease of the ontside surface of the
grain, and, on account of burning in the remaining eix perfora-
tions disperred along the circumference, the burning surface in-
oreaper. lowever, when the powder burns through, the grains fall
apart and form 12 glivers: six smaller internal ones and gix ex-
terior ones of a larger mize (in Fig. 55 there prlivers are shaded
by diagonal linees). Evidently, these parts, consipting of about
20% of the grein, burn degressively.

The shape of the powder elemente for small arms (revolvers,
pistole, rifles, mechine gune) should provide for automatic cart-
ridege loading; therefore, the powder rhould possessr a matisfact-
ory friability. With gmall dimensions of the cartridge and =r
" ngad for long range fire, the powder should have a high gravi-
matric demsity (no lems than 0.7 ke/decimeter’).

In the case of short-barreled weapons (revolvers, pistols,
sub-machine guns), powder grains with a thin web (thin tabletsa)
ars uged, which arsure f quick deflagration of the powder. In
the care of long-barreled firesrms (rifles and machine guns),

single-perforated flegmatized grains are used (see page 196),
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which arsure progressive burning.

Thir-webbed (thin tablets) grains are most frequently used
for short-tubed trench mortar charges. In the crge of a longer
tubs, single-perforated grains are sruiteble.

Grainm with one or seven perforations are ured for mortars
and howitzerr. These shrpes enable a convanient matching and
suitable filling of the increments.

Grains with one or meven perforationn pra sultable sar chrrees
for both fixed and geparate-loading ammunition renging from 20 to
76 mm,

In the care of gune and howitzeras which are sbove 76 mm, the
monoperforated form of powder grrin ir used primarily. This shape
aspures gimnltaneous inflammation and rigidity of the charge.
These are neceseary in the fairly long nowder phambern in ecannon
of thirs type.

We shall mention that the granulated shape of the powder ele-
monte for semi~fixed ammunition prarents the disadvantaee that it
is necerrary to use powder bhags (containers) mado from ealico, sillk,
nitrocellulore, atc, TIn ceres, where it ir poreidble to have pro-
ecresrive burning of the powder, ringr, striper and tubas are uged.
Powrlder charges composed of there slemsuts can he tied togethsr
with cord. The defect of ruch a form of powder oelements ir thet
their filling cannot be automated. .

In the oase of rocket-firing aystems, monoperforated powdors

with a large weh thickness sre widely used.
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2. Powder Marking. Fvery powder har p mark ereigned to it
go that it could he distinguiehed Prom other types.

Formerly, the powder wae primerily marked in sccordance with
the first letter of the cannon or weapon for which it wae intended.
Tor instance, a powder intanded for licht-weight rifle ammunition
waug wmarked ag "VL"} powder used in hemvy-weight rifle ammurition
wer marked as "VT" ate. Thess markings of rifle powders have beoen
retained up to the present time.

At the present time, the characteristics defining its ballis-
tic quelities are primerily used in its marking. These character-
irtice are the composition and shape of the elements, and web
thickness. In this system, the brand of a granulated powder is
denoted by a fraction. The numerator indicates the web thickness
in tenths of a mm, and the denominator shows the number of per-
forations in the grain. Tor instance, 9/7 indicates a grain of
sevan perforations with & web thickness of 0.9 mm. We list some
powder markinget 4/1, 7/1, ?7/7, 9/7, 12/7, 14/7, 15/7.

For marking monoperforated pyroxylin powders, the initiele
Th are added after the fraction indicating those same character-
iptics ar for granulated powder. For instance, 10/1 TP eignifiss
that the powder is monoperforated with a web thickneas of 1 mm.

The letters TR are not added when marking nitroglycerine pow-
der bacause they are not produced in grains of oylindrical shape,
even 1f the production of such graing ims entirely feasible., There-
fore, the marking 10/1 N denotee a monoperforated nitroglycerine
powder with a web thickness of 1 mm,

Tablet-shaped powders are marked by the letters PL with two
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numerals meparated by a hyphen. The firet number shows the thick-
ness of the tablet in 1/100 mm, and the mecond number showe the
width in 1/10 mm,

Strip-type powderes are marked by the letter L with a number
srhowing the web thickness in 1/100 mm.

Powderr for use in naval and cosrt artillery are primarily
monoperforateds their merking is denoted by a2 fraction in which
the numerator shows the caliber of the gun in mm, ard the denomina.
tor showr the length of the rifled psrt of the tube in calibers.
Exemple: 75/50 is a powder for a 75 mm cannon of 50 caliber length.

A 1ot of resdy powder is given » conventional marking which
includes the powder brand, year of production, and neme of faotory.
For example, the conventional marking VP 2/40 ¥ means rifle pow-

der for heavyweight bullet, 2nd batch produced in 1949 by factory

»

8. Use of colloid powders.

Pyroxylin powdere were until recently widely used in a nume
ber of countries for all celibers with the exception of trench
mortars. Nitroglycerine powders were used more frequently in
trench mortarr on account of the ineufficient potential energy
of pyroxylin powders.

The area of application of nitroglycerine and diglycol pow-
ders, pogsessing n number of advantages over pyroxylin powders
(ree Section 6), hes been grestly expanded within the past 6 years.

Powder on a volatile solvent is not used in rocket-firing

gystems becausge it is practically impossible to remove the solvent
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from the thiock-walled cherges of roocket powderms, and the dimen-
gions of the charges cannot be maintainéd with suffioiqnt accu-

racy owing to shrinkage.

9. Special forms of pyroxylin powders.

1. Quick burnipg powderg. Quick powders can be obtained by

two methods:

6. by producing powder grains of a very small thickness
(around 0.1 mm) with a smell content of volatile substances. $uch
t powder is made from pyroxylin with a large content of nitrogens

b. by producing porous powders. Saltpeter is added to batch
during processing in the blenders in order to obtain porous pow-
ders. This salt is removed from the powder (after cutting) by
soaking it in hot water. After the seltpeter has been dispolved,

2 large number of fine pinholes remains in the powder. Depending
on the desired combustion rate, the saltpeter is imbedded into
the powder batch in amounts from 45 to 220 parts by weight per
100 parts by weight of the pyroxylin, |

Quick powdere are intended for use in short-barrelsad guns
and for blank artillery rounda. The shorter the barrel, the
quicker the powder mugt burn in order to attain the necessary
preesure at firing and complete burnout of the powder.

2, Flegmatized powders. Progression of burning of a powder f
can be attained by the introduotion-of flegmatizers into the out- |
side layer of a powder grain, The powder is treated with the |
flegmatizer soiution in revolving drums, The flegmatizer solu- |

tion is sprayed in by a force pump at a pressure of 2 to 2.5 at.
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This wets the powder greins uniformly with the solution as well
ag 4 corresponding uniform dietribution of the flegmatizer in
the surface layers of the powder grains.

With such a treatment of the powder grain, the flegmatizer
impregnates the wall of the powder to a depth of 15% of the web
thiﬁkneas whereupon the concentration of the flegnmatizer decreaser
gradually from the outside layers within the grain. Acccordingly
the combustion rete of the powder rises in proportion to the dis-
placement of the comhustion front from the outside layer into the

inner parts of the grain,

TABLE XXIX

Effect of flegmatization ou the ballistic qualities of rifle
cartridge powder

Muzzle P
Charge , loci m
Condition of powder g Vﬂm C}‘:etgo ' kg/em?
Unflegmatized 2.52 706 %0
. Plegmatized 3.2 840 2840

It is clear from Table XXIX that flegmatization of rifle-
cartridge powder makes it possible to incremse the weight of the
charge by 30% and the muzzle velocity by 8% without incressing
the maximum pressure in the bore. The flegmatization effeot oan

also be seen by the exemple of a flegmatized monoperforated powder
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which in progreeriveness is equivalent to powder grains with seven
perforations.

Only rifle-cartridge powders and, in exceptional casems, can-
non powders with a thin web thickness (for small caliber artillery)

are flegmatized.

3. Flashless powders. A large amount of combustion gares are
contained in the combugstion products of colloid powders.- These
are primarily carbon and hydrogen, which after ercaping from the
bore, intermix with air. The temperature formed by the combust-
ible mixture is higher than the ignition temperature. Therofore,
the mixture ignites and a bright flame eppeare in front of the
muzzle, which gives away the battery position at night. This flame
is called muzzle £lagh.

In order to eliminate this defect, special flashless pow-
de;s are usell, The powders are obtained by the insertion of ad-
mixtures into the powder composition which inorease the ignition
temperature of the gaseous mixtures or which reduce the combustion
temperature of the powder.

Admixtures whioch inerease the ignition temperature of tho
gaseous mixture have the greatest importance. Potassium salte,
XC1, Kﬂso‘, KBOOQ, and KHCQO‘ are ured for these purposes. !“largh=
less, flash-damping and flash-reducer powders are produced on a
basa of these salts.

Example of flashlees pdwders

pyroxylin (13.5% nitrogen) . . . B85 parts by weight
dinitrotoluene . . . . . . . 10 'par‘ts by weight
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dibutyl phtalete ¢« o » 3+ + 8 parte by weight
diphenyl amine . e ¢ o + o« 1 part of weight
potassium eulphate . . .+ , 0.3-0,5 parts by weight

In thise particular composition, dinitrotoluene and dibutyl
phtalate lower the temperature of the combustion products, and
thes potassium sulphate raises the ignition temperature of the
mixture of powder gases and air. In addition to this, dibutyl
phtalate reduces the hygroscopicity of the powder.

Flash-damping powders coentain up to 504 of inert salts such
as potassium chloride in their composition. Thie flash-damping
powder is added to the reégular powder in amounts from 10 to 20%
of the regular powder's weight when the oharge is prepared.

Flash-reducers coneist of inert substances whieh increase the
ignition temperature of the combustidle mixtures. Potassium selts
are primarily used for this purpose; These flasgh reducers are
Placed in the oharge prior to loading the gun. They can be used
only in guns firing eeparate-loading ammunition or in guns equipped
with special unfixed shell ceses.

A defect of the flagh-~damping media is the smoke escaping
from the muzzle which gives the battery position away during day-
light.

4. Ilarebagk. During a rapid tempo of fire, the so-called
flareback is observed sometimes, especially in heavy-caliber guns.
This flareback escapes from the breech when it is opened and it
can burn the breech detail serving the piece.

The cause of flareback ig the presence of burning gases in
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tha powder chember, which form A axplosive mixtura with nir,
Thera can flare up on account of insufficinnt coolineg Anring hesvy
fire, or they cen flrre up hacausra & emoldaring fragment of » now-
der bheg or the strap remaing in the bore after firine., This sec-
ond caure can ba aliminated by usine o nitrated ecloth in tha

charger which bhurne up completely upon firing,

10, OChereer and Tenitars

1. n d ion. A chargs for firing from
an artillery piece or small arm is that amount of powder arsembled
in a rAat requence and intanded for firing one time only.

The mark of the powder and weicht of the chearge is selocted
in accordance with ballistics cnleoulations and fired in such o
wey that the required muzzle velocity would he attrined with the
greatest powder ges pressures which have been ret for a given
weapon.,

Aceording to the kind of fire for which they are intanded,
charges are divided into npropelling, practice blank, and epecinl

charger which are ured in test Pirinege.

2., DPronslling charges. Propelling charges are divided into
unitized and multi-section charges.

nitized cherges have 8 constant service weight and pre in-
tonded Por imparting one preseribed muzzle velocity to the pro-
jectile,

Multi-rection charger congist of several previously-weighed

parts which are packed in separate sacks, called powder bags,
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namely: of a weighed portion of powder celled hage charge, or
simply base and rupplementary weighed portions of powder, called
increments, The bare charge makes certain that the minimum range
of fire for the given artillery system is sttained. The complete
charee, coneisting of the bese and all incrementes, makes certain
that the highest muzzle velocity is attained for the given eystem.
Multi-mection propelling charges meke it poseible during firing
to change the weight of the cherge by sdding or teking esway in-
cremente, which then changer the muzzle velocity, trejectory, and
range of fire,

Propelling charges Are subdivided into threa types: fixed,
gemi-fixed, and meparate loading.

rixed charges are congtant as a general ruls. They are placed
in the shell case loosely or in a paper hag (Figures 36 and 57),
If the powdsr does not 111 up the entire volume of the case, then
pecking is generally put in so that the powder would not move
around in the eere. The packing consimte of stops in the form of
fistance wads or trihedral priems which are inserted between the
charge and base of the projectile.

Propelling charges which consist of long tubes, rods, or
rtrips are generally tied in one (Figure 56b) or two (Figure 57¢c)
bundles which are then ingerted 1inserted into the ceme, They are
put in loorely very rarely (Figure 578). TFixed ocharges are
equipped with n mstandard cardboard cover (obturator) which is
placed betwesan the projectile and propelling charge. The obtura-
tor is intended to eliminate the pasming of powder garer paest the
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rotating band into the rifling a2t the initial moment of ienitior.

Multisection propelling chereer Are very rarely used for fir-
ing ammunition. In thir care, 1t would be necessary to-bn able
to have rocers to the inside part of the shell which means thet
either the rhell or complete round would have to be trkan apart.
This would complicats thoir production and handlineg dAnrine firine.

Charges for semi-fixed ammunition in the overwhelming major-
1ty of cares are multi-section; fixed propelling charges for use
in semi-fixed ammunition are used only for firing armor-piercing
and shaped-charge projectiles.

An example of a propelling charge for a gemi-fixed round is
shown in Figure 58. The weight of the charge ir ohepnged during
firing by the removal of the required numbsr of increments from
the shell oase. The increments can be of identical or dissimiler
weights. TIncrements of aliquot parts are widely umed in the
Soviet Aymy, while the German army urer increments of different
waights.

Propelling charges for semi-fixed eammunition which are in-
serted into the shell care are covered with a stendard reinforced
cnfﬂboard cover with the rims turned to the inside of the cers.
The obturator serves for the uniform sealing of the charge in
the case and for obturating the powder games. The cord wadr or
cap reinforcingr merve to make the chargas air-tight in the care.
When the charge is amssembled, it 1s semled on the outside with a
hermaticizer,

Separate-loading ammunition charges are multi-sectioned in
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1. projectile 2. fuze 3. propelling (powder) charge
4, case 5. vprimer cup G. obturator '
7. distance wad 8. cardboard disk 9. powder bag

Fig. 57 = Pixed rounds used by the former German Army

1. projectile 2. fuze 3. propelling charge
4. ocaee 5, primer cup 6. obturator

7. distance wad 8. igniter 9., powder bag
10. copper remover
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ths overwhelming majority of cares. In addition to strength, the
powder bag must be burned up completely torsather with the charge
upon firing (ree paragraph 4 of raction Q).

The bhare chares and inecrements are tisd togethar by the straps
which are of the mame matarial as the powder bag. An example of
nn arrangement of a seperate loading chargze is shown in Figure 59.

Propelling charges are made up of a powder of one mark or
from the powders of several marke., In the latter case, the pro-
pelling charres mre called combination chargas. The powders of
various marks in a combination charge are slweyr put into repnr-
ate brgs, whereupon the base charge is made up of » powder with
a smallar web thickness or from a fapter burning powdar ar com-
pared to the increment powder.

The following basic requirements sre ret forth for » pro-
pelling charees

a. sasgsuring the required muzzle velocity »t A maximum press-
ure not exceeding the ret limit;

b, & potancy of the explorive to be able to perform therwork
requiredy

c. the lowsst possible hore erosions

1., stability during prolonged rtorago.

3. Snecisl, practice and bleuk charges. Special charger

are used for the testing of artillery pileces and ammunition. Their
weight is determined by the technical conditions in use for the
appropriate artillery piece.

Practicoe charger are usred in heavy-cerliber naval and reacoart
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Fig., 58 - Stacked multi-soction propelling charge for semi-fixed

round,
1. baese cherge 2. 1ncrements 3. top increment
L, obturetor 5. vreinforeing cap

Fie. 59 - Multi-mection propelling charges for saoparate-loading
round

a., full d. reduced

1. base charge 2. 1norements 3. 1igniter
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pune during practiece (training) firinge. Thero charges are of
smaller weicht then the propelling charge, and they produce n
lowar pressure upon firing, which reduces bore erosion.

Blank cherges (Figure 60) are used primarily in guns of
medium caliber for blank firing during maneuvers, for cannon

aalutes, and for signalling.

A
h
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Pig. 60 - Blank Round

1. powder charge 2. case 3. closing plug
4. primer cup

4, Igniters. Special devices are used for igniting the
charge. Tatonatiing capr are used in separate-loading charges,
while primer cups are used in cared churges. Iowever, the flamesr
which originate through the action of the detonating cap or pri-
mer cup in the majority of cases are not muffieient to produce
a rapid and mimultaneous ignition of all the grains of the charge.

Ignition is made sure of by the use of an igniter made out of
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black or porous nyroxylin nowder, eersily ignited from the flame |
prodneced by the crp or primer cup.

The igniter is poritioned in the cherpge in such n woy thet
tha fleme from the cap or primer cun would hit it directly. Tn
the cerre of lone charees for harvy-celiber rune, rdditional ie-
riters can he used, which Are enaced amone the cherge comnonenta.

The wairht of the irniter is from 0.5 to 2.8" of the totasl

weight of the propelling cherree.

11. Perrel erosion.

Shortly after the transition from black to colloid powder,
a destructive action of the powder gases on the bore was noted
(nitting).

At firet, the pitting effect will noticeably lower the ne-
curecy of fire, end later on, after a rpecific number of rounds
hed heen fired, the gun will become completsly unfit for furthor
sarvice.

The firrt signs of pitting sre dull spots on the nolishad
surface of the hore, Thess spote are primarily in the powder
chamher. Thare gpots are cerusred by the apnesrance of hundreds
of fine end shallow crecke in the metel. 'Than the esun is firad
further, iha separrte cracks elonerte with 2 aimnlteneons in-
crapre in their width and denth., Thore ceracks whose dirnetionel
oriontation coincidos more or lesr with the Airecticn of the
axis of thn hore, hence, with the dirnction of travel of the

nowder gares, Bre increared in rize axnecinlly rapidly.
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Whan these longitudinal cracks beeoms sufficiently elongntad,
tha powder gares snd unburned particles of powder start to pasre
through the rotating band of the projectile and burned-out roc-
tion of the hore purface. Then & wearing-away of the metal and
stripping of the bende occurs.

In a pronounced cumse of abrasion, the rifling in the foreing
cone ies completely obliterated, owing to which, in guns firing
separste-loading ammunition, the projectile can bhe rammed in fur-
ther into the tube during loading then in the case where the tube
im not worn. Thimr advance of the projectile during loading in-
crearas the volume of the powder chamber, whiech couses & reduc-
tion in muzzle velocity and range. 1In conjunction with this ra-
mage to the rifling, accuracy of fire is decressad,.

The ahove-~dascribed phenomens, known as harrel erosion, teks
place slowly et the beginning, but, as the number of rounde fired
inereaner, the nitting increases all the more. The rule of thumb
in this erre is that if the velocity of 2 projectile drops by
10% on account of pitting, then this particular bore is no longer
fit for further service.

Barrel erosion is the result of a number of causes.

Effect of heat on the surface laver of the metal. According
to D, X. Chernov, the powder gases are able to heat the thin sur-
face layer of the bore wallg to a high temperature during firing.
This layer has a tendenoy to expand, which is prevented from do-
ing e0 by the adjecent cool layer of metal. 8tresses occur in
the heated layer which cause the ingide rurfacer of the wail to

crack.
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The origination of the cracke ir merde porrible by the harden-
ing of the surfroc leyer, which takes place on account of & ranid
cooling of the heated layer sfter firing. The coolinge rete ir in-
crapred even morea by the cold air entering the hore when the hreech
ir onenad for loading the next round. * chanee in tha mechanieanl
propertiers of the 1nner leyer metal, similer to quenching taker
nlace,

Nitroglycerine powders cause greater erosion than pyroxylin
nowrere, aven with equal celorifie valumrr., On the other haend,
blanded pyroxylin powders are more aroriva than nitroglycerine
powders. Powdors with the lowest posrible combustion temperature
must be ured so that the heat effect of the powder gases can he
reduced.

1 o £ _pow ' n W 0
lerosion). 4 conclurion, based on a number of tests, was also
drawn concerning the effeot of mechanical effect of vowder gnses
escaping from the powder chamber through the slite between the
rotating bhand and bore wallr, The weesr of the hore is incresred
with a rise in the powder ges pressure, and the most pronounced
burning of the bore occure where the rifling starts, i.0. in
that place where the rotating band is not completely erinped hy
the rifling, and where, consequently, the gases can escape more
readily.

The work of the gases can he comprred with washine by a
atream of water. GCalculations show that garer travel along the

bore at u velocity of approximately 600 m/gec. It is natural

_208 -




that, at such a high velocity, the glowing particles of gas hitting
the metal will demege it and form winding channels which, basrically,
follow the path of the bore's generatrix. Thesa channels deepen
gradually, and even eucroach into the forcing cone. &g the num-
har of roundas firsd iucreases, the zone of the channele gredually
elongates from where the rifling beging to the muzzle. In bedly
worn borer the width of this zone etirins several calibers. Dur-
ing the initial periods of wear of the bore, these channels dis-
tribute themeelves exclusively along the hottom of the groovesr,
but, as the wear increases, they begin to get into the ride wellrs
and lands.

The erosion rate of the bore can he reduced hy any measure
which eliminprtes the escape of powder games between the rotating
band and hore surface. |

Experiment showed that obturators of even the most ruli-
mentary kind, in the form of emall cups of sufficiently stiff
pasrteborrd, and seated in the care, oan decrease barrel erosion,
Obturators for fixed rounds are of partiocular importance to guns
because the position of the shell in them becomes invariable upon
loading with any degree of bore wear. Being rigidly crimped to
the cease, the projectile assumes one and the seme position in the
loaded gun, the position being dependent on the length of the
case, and the advance of tha projectile is limited by the center-
ing slope. In guns firing separate-loading ammunition, as the
bore wears away, the rifling at the forecing cone deteriorates;

thug the projectile ie forced home up to the stop in the rifling,
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oven if it is demaged. In the erse of guns firing fixed ammuni-
tior which heve ¢ worn hore, the projectile does not build up
against the rifling, This causes an extremely large gar aegcapn in
the initial moment.

Tn addition to cardbonrd obturators, the rotating band iwm
smearad with & special lubricant in order to eliminate gas es-
cape. "hen the round is fired, the 1lubricam fills up the head-
spoce and, by gresring the bore, protects it from the direct nc-
tion of the games.

Occlugion of Powder Gagag. An increase in the pressure in
the tube leads to an incrense of erosion in the bore not only in
conjunction with nn intensification of the mechanieel offect of
tho gas rtreams, but also under the effect of powder gas occlu~
sion.

Occlusion is the retention of geses by a metal. The ges is
abrorbed by the metal, forming a solid solution in it (variable
comporition phass), and which someatimes partially enters into o
chemical combination. The rate of occlusion end depth of pene-
tration of the gaser into the metal are increased with an increars
of temperature and presrure.

Yhen the tube arpumes its normal state after firing, the
garar which have penetruted into it remanin as if they were corked
up in the pores, and, by exertine pressure on the walls, they
damage the metal.

Borer (particularly in sporting rifles) rust after a certain

pariod of tims after firing in spite of the fact that they were
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cleaned und oilled immediately after being fired. This can be ex-
plained by the fact that the oceluded gases gradually come out
from the pores of the metal in which they were imbedded after fir-
ing, Gases of an acidic character are found in the combuastion
products of smokelers powder. Thesc gases react with moisture
and form acids which then cause rusting of metals.

Occlusrion not only rusts metals, but sleo dnmages the sur-~
face layer of the bore.

In order to reduce the effect of occlusion, measures can bhe
taken wherein the reguisite muzzle velocitiee can be obtained et
a loewer bore presrure in the piece. Such a pressure reduction,
as we have seen, can be attained by the use of progressive-burning

powders.

sl effec i f _th wiar.

The chemical action of some combustion produocts of a powder élso
has an affect on the bhore on a par with the mechanical and ther-
mal effects. It hae been discovered that the carbon content is
increared in the surfaoce layers of the metal, which is due to the
carbon being separated out as the result of the dissociation of
the combustion products when they are pushed up egainst the very
hot walls of the boro. Therefore, the layer of metal becowmos
harder and more brittle, and, on the other hand, its melting tom- _
perature is lowered.

The influence of the chemical factorr incremmer with rapid

rates of fire, when the tubes heat up to 300 - 500°,
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s h zo of owder charge. The amount of ramne
whiech are formed during the deflagration of powder aleo hag en
affect on the wear of the bors. This can be verified by the fact
that barrel erosion decreases when firing with reduced charges.
Frorion grows quicker than the weight of the charge, as can he
praan by the following data showing the affact of the size of the
charge on horn wesr of Tnglish howitzere with an identical number
of rounds fired:

number of increments in the charge 1 2 3 4 85 €
bore wear in % 6 9 14 27 48 100

Effect of caliber. The bore wear of sister rieces increrror
rapidly with an increase of the caliber. Thir is evident from
the following date concerning the bore life of long-berreled gunsa
which are part of the ordnance of the U. §. A.

gun celiber in mm e+« « + 120 152 208 254 1308
bore life (no. of rounds fired) . 200 166 125 100 83

It may bhe eldded that a piece whore caliber is lers than
100 mm can be fired a thousand times, and the bores of machine
gunrs of lesgs than 10 mm can fire more than 10,000 roundr.

. Where one and the epame caliber is usod, the bore of rela-
tively short renge picces (howitzers) have a longer rervice 1ifn
then bhores of long range pieces (long-barreled gung).

Barrel erosion can be reduced by the use of certain spocial

steels, and algo by a mensible design of the rifling.
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SECTION VI
BLACK POWDKR

1. Composition and Components of Black Powder

The average composition of black powder is: 75% saltpeter
(mostly potassium nitrate), 15% carhon, and 104 sulfur.

Potassium pitrate. Potassium nitrate is only slightly hyero-
scopic. Thie valurble property assures physical stability (abrence
of humidification) of the powder which is made out of it. The
melting temperature is 334°.

Chile Saltpetar is not muitable for the production of mili-
tary gunpoﬁders on account of ite high hygroscopicity.

Sulfur is a solid crystalline éubstnnce of panle yellow color,
not soluble in water, and having a melting temperature of 114.5 °,

Charcoal. Charcoal from soft types of wood is used for thoe
production of powder. More often than not, it is from buckthorn
or alder. The method of the charcoal production, primarily its
degree of roasting, has an important significance on the quality.

The degree of roesting has an effect on the inflammability
of the powder. The powder ignites the more easily when ths de-
gree of roasting of the charcoanl is lower. Couversely, the heat-
producing ability of the charcoal rises with an inereass in the
degree of roasting, 1.e. with an increase in the carbon content.
Congequently, the hygroscopicity ¢f the charcoal and of the pow-
der produced from it decreeases with an increpse of the degree of

roarting of the charcoal,
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Three baric types of coal sre usad in powder production:

Tgnition carbon
¥ind of Charcoal Temperature Content
in OC in 4
cherry 350 - 450 80 - B85
Lignite 280 - 320 70 - 75
Chocolate 140 - 1758 52 - 84

Nowadays, coal with a carbon content of 74-78% is chiefly

used.

A reaction between mo0lid substances teokes place very slowly, DBow-
den's study showed that, in the initial stage of the ignition pro-
cesa for black powder, melting of the sulfur ocecurs. The cloge
contact of the liquid sulfur with the potessium nitrate and other
organic substances which are contained in the charcoal lerde to
an acceleration of the reaction to A point which is cﬁnracteris-
tic for an explomive trangformation. After the powder atteinms a
normal rate of combustion, a quantity of heat is evolved with
which a direct oxidation of the carbon by tha notassium nitrate
becomes possible.

The more difficult ignition of a sulfur-free powder can he
oxplained by the fact that the 1iguld phase In thie kind of pow-
dar can originute only under conditions of melting of the higher-

molting saltpeter (melting tempereture of potassium nitrate is

334%).
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2, Properties of Black Powder.
Black powder has a slate-gray color and dull luster. The
larger grains veiy often can be from 2 blue-black to a grey-black
color with a metallic luster,

The denaity of the powder graine fluetuates from 1.5 to 1.93

]

g/cm3. The gravimetric deusity of rifie powder is from 0.900 1
0.980 kg/decimeter-,
A powder which hes been produced satisfactorily will not roil

the hands, no dust will remain on paper, and it is resistant to

mashing betwoen the fingers.

The moisture content in accordance with technical conditions
should he no more then 1%, When the moisture content is above
2%,fthe powder is difficult to ignite.

With respect to sensitivity to shock, black powder belongs to
that number which are safe in handling (duds with a 10 kg weight
Aropping on it from a height of 35 em, explosives when some
weight drops on it from a height of 45 cm).

A chest containing black powder cen be exploded by the impact
of o rifle bullet.

The scensitivity of black powder to flame or even a small
spark, which can originate when two metal objects strike esch
other is the cause of the great hazard associated with its hand-
ling.,

The ignition rate of a black powder charge (i.e. the rate of
propagation of the flemes from grain to graim), according to Bow-

den, is equal to 60 cm/sec At atomospheric pressure, and, under o
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pressure of 30-50 at., the ignition rate rimes to 2000 cm/s=ec.
The combustion rate of a powder grain 1s equal to 0.4 mm/rec, and,
under & pressure up to 30 - 50 at., it riser to 9 om/rec.

Acoording to Andreyev's date, the combustion rate of a time
fuze (in which the black powder graine are impressed as alike as
poegible elong the iangih of the fuze) At atmospheric pressure is
0.¢ em/sfc, and at a pressure of 31.3 at., it is 2.4 cm/sec.

The nature of burning of black powder depends upon its den-
sity. Powder elements which are made out of black powder, and
having a density of 1.65 z/cm3 and below, do not burn in parallel
layers., During firing with a charge of this powder, the grains
are scattered, and, for this reason, the burning time in the bore
of equal charges from identical elements can fluctuate greatly.

The sengitivity of black powdser to flame and good ignition
abilities are dependent, on the one hand, upon a high tempera-
ture of the flames, and, on the other hand, the presence of solid
or liquid particles in emounts up to 50% in the combustion pro-
duects. The eare of blocking bleck powder into time ring fuzes
in the shape of powder trains - dalay or booster elements - the
combination Jf thess properties in many cases makes black powder

indirpensible even today.

3. THE PRODUCTION OF BLACK POWDER
The production ¢f black powder consists of a number of opera-
tions, which have as their purporo:
a, a fine punlverization and an intimate blanding of the black

powder components;
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b. obtaining graine of the desired eize and "shapo ouf of
the blend which has been prepared in this way. This particular
blend is called mealed black powder.

The pulverizetion and blending of the components is ettained
by e .prolonged proceseing of the components in a number of machines
- in Aiesintegretors, tubs (spherical grindors), by milletones, etc.

The mealed black powder is pressed under millstones or in
presser, The powder press cakes are greired in special greining
machiness they are then buffed in drums so thot sharp edges could
be removerd and a smooth surface obtained. The powder is then

gifted and graing of uniform size are obtained,.

4. Grades of Black Powdsr

Rlack powders are subdivided into ordinary, irresulsrly shenod,
fuze, cord, sporting rifle, and powderes for mining purpoess,

Ordinery powder includes coarre-grainod artillery (rifle no.
1) rifle (shrepnol, or rifle no. 2), fine (rifle no. 3), and
sulfur-free. These powders, with the exception of the sulfur-~free,
differ frow each othor mainly by the grein size.

The composition of sulfur-free powder is 804 potaseium nitrato
and 20% charcoal.

Irregulerly-shaped powdars congists of prismatic (with one
perforation) and cubical.

Fuze powders. At the beginning of the 20th century, black
powder was used as a filler for time fuzes. By composition, it
wag analogous to the ordinary brands, but it wes distinguished

from the other in that 1t had additional requirements with respect
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to the quali%y of the components and method of production. This
powder war given the name of ordinary guze powder. The maximum

burning time of this powder was 22 geconds in the double-decker

time fuse used at that time,

However, in association with an increase in the range of fire,
1t was necessary to increase the burning time of the time fuze,
which, with retention of the double-decker fuze, could be attained
by using a powder which burned slower than the ordinary fuze pow-
der. This type of powder was called glow=buruing fuze powder.

Retarding the burning rate of a powder ocan be done in several
ways. Included are: the covering of the surfaces of the powder
graine by & flegmatizing film, inserting substances into the pow=
der which lower its combustion rate, and the use of low-wasted
charcoal. -

Some of the substances which reduce the burning rate are
shellac, paraffin, rosin, synthetic resins such as phenol-formel-
dehyde resin, hakelite, and others.

The common defect of all fuze powders is that their burning
rate depends upon the atmospheric pressure. This is particularly
manifested in antiaircraft fire. The effect of the stmospheric
pressure upon the burning rate is the lseger when the formation
of the gaseous products is the lesser. The burning rate of the
compogitions which burn up without forming gases for all practi-
cal purposes does not depend upon the pressure. In connection
with this, compositions were developed which burn up with the
formation of only a small amount of gases. These ooﬁpositions are

characterized by a small dependence of the buruing rate on the ex-
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terior pressure, and by a small gensitivity to the initial tem-
peratures. They are used in time fuzes, antiaircraft artillery
fuzes, and in the production of delsy elements.

Fuze powdere should satisfy the following basic requirements:

8., uniformity of the separats lots and constancy of the
burning time in the fuzes during firing;

b. non-extinction upon being fired;

c. high stability,i.e. the sbility to retain the constancy
of the burning rate after & more or less prolonged astorage under
varying atmospheric conditions (heat and moisture).

Coxrd npowder is used for the production of safety fuzes. Tt

is composed of 80% potassium nitrate, 10% sulfur, and 10% charconl.

5. Uses of Black Powder
Black powders are used nowadays:
a, for filling time fuzes (fuze powders);
b. for making the powder trains serve to transfer fire to
the_bursting charge in shrapnels;
¢. for bursting charges which are used in shrapnel, in-
cendiary, and illuminating shells;
d. for meking deley elements and flame hoosters in powder
trains and fuzes;
e, for making powder teblets ueed in primer cups;
f. for making igniters for charges of colloid powders, and
for making pyrotechnioc deviocess
g. for making safety fuses,
In addition, black powder is used in aporting rifles and for

certain types of mountain operations (making block rubble).
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SECTION VII

PYROTECHNICS

Substances and mixturcs which preduce illuminating, thermel,
smoke or mound effects during burning, and which are used for
militery purposes or in the national economy, rre called pyro-
technics.

In militaery science, pyrotechnic compositions are used for
the production and filling of illuminating, photo-illuminating,
signal, tracer, incendiary, camouflage and simulation devices.
These devices are used as ammunition fillers. Ammunition which
hes been filled with pyrotechnic devices bears the generasl name
of pyrotechnic medin.

The science in whioch the above-mentioned compositions and

media are studied is called pyrotechnics.??

1. Components of pyrotechnic compositions
Pyrotechnic compositionas are mechanical mixtures; they con=-
sipt basically of oxidizers and combustible substances, and they
contain admixtures which impert supplemeantary special properties
to the compositions. These properties include 2 coloring flame
which forms a colored powder, reducing the sensitivity of the com;
position (flegmatizers), increasing the mechanical stability of

the pressed compoeition (binders), s well as others.
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Oxidizerg. Nitrates, chlorates, perchlorates, oxideé and
peroxides of metals and certein chloro derivatives ore used as
oxidizers.

Nitrates of barium, potassium, sodium and strontium with the
galts of nitric aoid are used most frequently, The salts of
potassium and barium Ba (clos)znao are used with the salts of
chloric acid in pyrotechnics. The salt of potassium (potassium
perchlorate KCIO‘) is used with the salts of perchloric acid., Of
the oxygen compounds of metals, those are used which are capable
of giving up oxygen fairly easily: barium peroxide haoz, mangan-
ese dioxide (Mnos), lead dioxide (Pboa), minium (Pbao‘), cinder
(Fesoé), as woll as some others. Hexachloroethane (03013) is used

ag an oxidizer in addition to the oxygen-containing substances.

Combustihles. Orgenic es well ag inorganic substances are
used as ocombustibles in pyrotechnios.

0f the number of inorganic substances, highly-calorific metals
such as aluminum, magunesium, alloys of aluminum and magnesium, as
woll as otherg, are used as combustibles. In burning of aluminum,
7000 kilocal/kg is released. 6000 kilocal/kg are released when
megnesium is burned. The combustion temperature of these metals
and their alloys is higher than the combustion temperature of
other combustibles, organic as well ag inorganic. Magnesium has
a high reaction capability. It ignites readily and burns faster
than alumioum,

Aluminum is used in incendiary and illuminating compositions,

while magnesium is used in illuminating, photoilluminating, and
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tracer comporitions. Sometimes a small amount of magnesium is
added to signal compoeitions in order to increase the brightness
of the flame.

Aluminum hag 2 high duotility and this greatly hinders its
pulverization. Aluminum-magnesium alloys containing 30 to ?0%
magnesium can be easily pulverized. An aluminum-magnesium alloy,
containing 50% magnesium, ie corrosion-resistant in comparison to
other alloys and has a high degree of brittleness, which enables
it to be pulverized easily. The apecific gravity of this alloy
is 2,15 g/cm3. Aluminum-magnesium alloys which contain no less
than 90% magnesium are oamlled electronates, and are used for the
production of light-duty airoraft-bomb bodies. With a content
of 8-10% aluminum, the mechanical processing of the aluminum-
magnesium alloys is facilitated,.

The organic combustibles include hydrocarbons (gasoline, ben=-
zene, kerosine, petroleum, fuel oil, turpenjine, ete), carbohydrates
(atarch, sugar, sawdust and others), and resins (rosin, shellac,
bakelite, phenol-formaldehyde resin, drying o0il) which serve as
binders at the same time. The role of combustibles is aleso very
often fulfilled by mome smoke-formers (naphtalene and others). The
combugtibles are selected in such a way that they vroduce the maxi-
mum special affect reduired from a given pyrotechniec composition,

For instauce, in incendiary, illuminating, tracer, and photo
compounds, the best effect is attained with high temperatures of
combustion. Therefore, combustibles with a high heat-producing
capability are used in them. Conversely, in the case of smoke-

producing comporitions, a high temperature is not required, and,
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vary often, it is not even desired. Combustibles are put into
these compositions which have a low heat-producing abhility
(Carbohydrates, charcoal). Aluminum and magnesium are not used

in this instance, or else they are used in very small amounts.

ndin + Bindere serve to hold the composition to-
gother. They eleo give mechanical stability to the composition
or to the semi-finished products which are maede out of it (spi-
ders, segments). Binders have an effect on the combustion rate,
and the properties and performance of the compositions. Tor this
roason, various hinders and in varying amounts are added for veri-
ous coupositions., Many hinders protect the compositions from
humidification at the same time.

28 and natural and artificial resins are

Drying oils, dextrin,
uged ar binders.

Shellac and rosin belong to the natural resgins.?® Of the
artificial resins, phenol-formaldehyde resin, bakelite, and poly-

vinyl chloride are used.2°

1 = ' 1 « The bright flame is obtained when
certain elements (such as Va, Ba, Sr, and du) color the flames to
a specific color at a high temperatu:e.

Strontium compounds color the flame to a red hue. A greon
color is obtained with barium, while a bluo color is obtained with
copper compounds. Certain modium salts dissocieste at a tempera-
ture of 1000° and above, whereupon a nascent radiation of the

sodium vepors takes place, which is used to get yellow light.

Colored Smoke-Torwers. Intermediate products and coloring
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materials are used to get coloroed smokes. These nre colored or-
ganic compounds which traosform into a vaporous state unmon hurn-

irg. On fcecegion, inorpanric coloring substances sre usad.

Flogmatizers. TFlegmatizers are substances which lower the
gongitivity of pyrotechnie compounds to mechanicel eoffects. As
i rule, they also reduce the burning rate. DRersins, naraffinsg,

and oils are usged as flegmatizers,

2. GEYERAL RECUIREMENTS FOR PYROTECHNIC COMPOSITIONS AMD MEBIA

The following general requirements have beei: set for pyro-
teclhnie coupositions:

a. the vesigned pyrotechnic effect (signalling, illuminating,
incendiary, otc);

b, mnminimun seneitivity to mechanicel effect and sefety io
handling nnd uses

c. sufficiont phyesical and chemical strbility during pro-
longed storago;

d. etohility with respect to internal thermal effoets (spark
non=inflpmmability, ote.)s

0. wmimplicity of the production nrocess;

f. availability of the initinl products and availonbility of

a sourco of raw materials.

The following bagiec requirements havo bheen set for pyrotechnic
madia¢

a, producing the desired pyrotechnic effect:
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b. eafety in handling and storage;

c. uot sensitive to bullet shocky

d. unchengeability of the pyrotechnic effect during pro-
loiged stornge of the media (on the order of reveral yesers);

e. pimplicity end safety of production.

3. PROPERTIES A¥D TESTIVG OF PYROTECUNIC COMPORITIONS

1. ZProper £ achnic Cor itiorg. The groator part
of nressed pyrotechnic compositions is characterized by steady
burning. In many caser, oxygen from the air can take part in
the burning, and, for that reason, the mejority of the compositions
hase a negative oxygen balance which provides for a hetter pyrotech-
nic effect with the given weight.

T™he burning rate of pyrotechnic substances is of great im-
nortance. It depends upon the nature of thae oxidizer and coubust-
ible, upon the degree of grinding of the components, density of
the composition, and upon others. The greater part of chlorate
comporsitions burns faster than the nitrete compositions. Con-
versaly, nitrate compositions which contain magnesium burn festor
than the chlorete and perchlorate ones.

The volume of the combustion products, heat, and combustion
temperatures cau be determined by caleculation just as in the cese
of explosives. The combustion tempereture cen be establisghoed ex-
perimentally (thermocouple, optical pyrometer, spectroscopy) only
in certein compositions.

Geras or vapore are formed in meny pyrotechnic compositions
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whew they aro burnnd, with tha reesult that these comporitiour
will then noerarr axnlorpive proportiecs, and, in & monnor giniler
to explosiver, they are'nnpablﬂ of exnlodire or Antonatine t rouph
the affoct of one or snothar kind of imnulee,

Tvn addition, nyrotechinic commounnde have inherent anoeirl
nronarties eueh +r a hright lieht, colored *lema, iccendisry,

cenahility, smoke formetion, ate.

2. leetineg Pyrotechunie Qoupositions. Seusitivity to wmechani-

enl affact, The gensitivity to ehoek and friection ie determined
inalorourly to thut for hieh axploriver {(roe pDheor 51-56),

The chlorete coumporitions hrve the grantest eonsitivity to
rhock. 7The perchlorate ovas have p lasser rorsitivity, while the
iritrete comporitions heve the loast senegitivity.

"ha proctest sonsitivity to frietion is posrcsred hy thoese
compounds which contain chlorates together with sulfur end enti-
mony (Sbasa) pnd many of the oreenic substencor. Blands conterin-
ine nitretor are relertively littla-=ensitive to friection,

fanmitivity of pyrotechnice compositions to initisl hast im-
pulee is characterized by three veluas: spontaneous comhustion
touperaturo, igcnition temperature, and combustibility from flamn.

The physical nature and method of determination of the spon-
tanoous combnstion tempernture of pyrotechnie compositions are
analogousr to those which were describad in the chapter entitled
"Thoory of Explosives" for the ignition temperature of explosives.

lccording to Zhirov, the ignition temperature is the limit

-226 -




viilue of tho snontansous combumtion temperaturo at which the de-
1ry period is equal to zero (see page 46 ). It is found by extra-
polation of the delsy periods which were datermined for verious

sponteneous combustion temperatures, as can be seen in Figure 61,

TABLE XXX

Seusitivity of pyrotechnic compositions to flame
(rccording to date of I. I. Vyernidub and V. 4,

Sukhikh)!

- Upper | Lower
Composition lmit Hmit
inem | inem

Gunpowder No , 1 2 15

Incendiary 3 13

Red=colored fire 0 9

Illuminating 0 3

’Gopied from A,A, Shidlovekiy's book "Fundamentale of Pyro-
technics”, Oborongiz, 1954, page 94,

The flammability of a pyrotechnic composition from 2 flash of
fire is characterizod by the greatest distance bhatween the rnection
of tho time fuze and surfuce of the composition at which steady
inflammation (upper limit) takes place, and by the smallest dis-
tance botween the section of the time fuze and surface of the
composition st which 100% failure occurs (lower limit). ' Approxi-
mnte data concerning the mensitivity of certain compositions to
fleme are cited in Table XXX.

Stebility is of great importance in the storage of the roady
products., If the components of the composition react with the
evolution of heet, the composition will be capshle of spontaneous

combustion. If the composition conteine components wrich can

1
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ahrorh moisture from the circumembient air, then it ims ceaperble of
humidification and will turn out to he phyricelly unstable, and,
romotimas, chemically unstable alro.

Iv order to determine the bygroscopicity of a ecomposition,

# hyegrostat is used, which is most often in the Form of » desrica-
tor, ii:to whore hottom a ratureted rolution of salt is pouraerd in,
This solution containg a cortonin amount of the crystals of tho
rame palt., (Generelly, a ratureted solution of potassium nitrete
or comuon selt is used. A constant relative humidity (at a given
toupervture) ie established in the mpace above the saturated
solution. The tested substance is pleced into the dessicator
over the layer of liquid,

In relstion to the conditions, the tosting of the composition
for hygroscopicity cen last from 1" to 10 dey= up to 1 to 2 monthr.
The tested substance is periodically weighed during the course
of this time. After the testing is finishnd, a curve of the do-
pendencn of the degree of the composition's ﬁumidification nnon
the holding time of the cownorition at » given relative humidity

is plotted.

3. ompu ion of the deugit fa ad_go ign.
Somotimer it is necessary to know the density of a prossed nyro-
technic composition when designing pyrotechnic media. In the
avant there sre no corresponding experimental data, then an approxi-
mate valuo can be obtained by the following celeulation.

We shall determine the theoreticel value of the actual den-

sity of the composition, i.e. the compauect substance, without gaps,
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by tho following formnla:

a - 100
. actuul P an '

d dy " dy

where 7,4 4,y eeesdy - actual denmities of the componentr,

&1, Gyy seeeiy = parcontaga content of tharo components

in the composition,

F
2 .l
4
2 Ly
]

it

g llﬂ teégpgrag?re

§

'

wig, 61 -~ Graph for determining iegnition temperaturo

The obtained magnitude d har to be multiplied hy the

actual
coefficient of densgity, which ir a ratio of the magnitude of the
prectically attainable (i.6. unknown) density of the comporition

to the magnitude daotual'
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The coefficiant of donsity for the mejority of pyrotachnire
compositions fluctuatas within limite of 0,7-0.R, whiln the

fluectuatior ir 0.9-0,¢5 For traeor compopitions,

Yo TLLUMISATING COMPOSITTONS

and mwedia. Illumivating madia, which srn filled with articles
(illuminate, stere) mede out of illuminating compositiouns, Are
used to light up positions., A high power is required from the
illuminants and rtarse.

The lighf which ie radisated during their hurning had to pro-
vide for, 1in addition to a sufficient disrtinetnese of obsorva-
tion, slso an accurete discrimination of tha color. The lattor
can ba posrible if the radiation of the hurning pubstance approxi-
mates that of the sun's radintion to which the human aye can he=-
come accurtomad snd adepted,

In addition to the requirements for » high illuminativg nower
anfl a gpecific spectrel radiation, a third hagic requirement is
sot for theso articles: the linear burning rate should ba a unit
of millimeters por sacond. The luminous intensity and burning
rato are important characteristices of illuminatinrg compositions
and nrticles which are made out of them,

The illumineting compositions are cheracterized by the spoci-
fic light sum, i.e. the amount of light energy, which is vvolvad

in the combustion of 1 gram of the illuminating composition:
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L, = %f candle mec/g

whare m - weight of the article in grams;
T - 1luminority in candlesrs

t = burning time of the article in soconds.

Fxamnle. A star, prersed out of an illuminating comporition
and weighine 50 grame burns 9 seconds, generating a luminosity of
100,000 candler, The specific light sum of the composition im:

100,000 x O

Ly = % = 18,000 candles rec/g

Il1luminating media are characterizad by the luminosity which
is radiated upon their burning, and which is obteined by the illu-
mination of & locality. TLuminosity is detoermined by a photoolce-
tric photometer, consisting of m photocell and device for wmeasur-
ing the photoeloctric current. A direct proportionality exiests
between the luminomity and magnitude of the photoelectric current
(upon obgerving the rules established for photomstering illumina-
ting compositions). The required illuminetion of a locmrle by
illuminating medis should be on the order of 1-2 mater-cendler,

and duration of illumination should be no less than 10 seconde,

2. O y £ illumi in m ition co nentg with high
Lumingus _indexes. When selaseting the cowmponents for an illumin-
uting compomition matisfying the requirementa of a high specific

light sum, the well-known physice assumption that the radiation
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of solil and lieuid particlosr whieh srn hented to ¢ hiesh tempars-
ture will bagrically conform to the law of the radiation of ap

ahaolutely blick hoildy, i used e 2 puide. The intensity of redin-

tion of on ehrolutnly black hody, according to tha Stefrn-holtzmann
law, ir diroctly proportional to tha fourth power of the ahsolute
tempoarature. Such & radiation, dependant oun the oscillatory vioves
ment of eleetrons and ious which is accompanied by the novemont of
the molecules of solid or liquid bodies, heated to 500O aund above,
is called temperature or heat radiation,

In comparison with solid or liquid substances, the tempera-
ture radiation of games and vapors is very ingignificant.

The mechanism of the origination of tewmperature rediation
congimte of the following. Congtant collisions snd intersctions
of solid snd liquid particles, which are ohtained as the rosnlt
of a rapid and digorderly orecillatine movement, lead to continu-
ous and irresnlar changas in the velocity of movament of the
aloetrie charges (olectrons and ionsg) enterine into the composi-
tion of tho subatance's particler. The oscillations of the charres
ie tnr» nproduce eloctromapnatic waves of every kind of Frequraey,
which in turn are the conuse of the Formation of » dense rpectrim
(conearnine rediatiomwhiech ure eclose to monochromatiec, sao pase PL8),

“or getting the sreatest intensity of radiation durine the
hurning of 11luminating compositions:

n. they should contain compononts which, upon burning, will
forin aither solid or liguid subrtancer at combustion tempereturon.

b. tho highest posgible combustion tomperature of the coin-
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poeition is roquired,

These requirements are gatisfied by comporitions containing
aluwminum, maenesium, or its alloys ar the combustible. While
burning, the metals Torm oxides, which esre either in the solid
or liquid stete st combustion temperature. A large pumount of
heat is avolvad, owing to which a4 high combugtion tempersture is
obtained,

Becangs the humen aye ir most ransgitive to the yellow-areen
portion of the rpnoctrum, the illmminating comporsitions arn chosen
in such a way that n eroen or yellow lieht would be primarily

radinted during their burnine. Thie is obtained throurh the ngno

of barium nitrete oe an oxidizor, RBarium nitrate decomposns
fairly easily at «n elovated temperature., The barimm oxide which
is formed during the Jdecomposition of the barium nitrote producers
« deige rpectrum with tho yollow-groon part being predominont (alro
sea paga 246),

Salte of rodium, doacomposing during cowbustion anid rlosrine
sodium atoms which radiate yollow rays, incresasn the light powor

of the illumineting comporitions which contain bharium nitrerin.

3. Sengitivity of illumivnating compogitiong to mechunicel

offact and cheico of oxidizer. Illuminating compositions lave

particular requirencnt with respect to the ssnsitivity to mochnii-
cel offectir, which arn the rosult of the mprvice conditions of the
illuminating wmedia. The employmoent of artillery-type illumindtine~
shelle (primarily in wedimm-céaliber howitzers) imposes roouirrueaicw

which limit the shock songitivity ef the compositicons to thn prr-
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mitted mtresses which have been met for explosives upon firine.
AMleo, tpe employment of flare bombs and photo bombs makes it
necesgary to restrict the sensitivity of the compositions which
are used in them to blows, bullot shock, and penotration of the
bouwb by fragments.

These circumstances exclude the possibility of using cilorate
coupogitions in the sbove-listed munitions, and led to the naocess-
ity of uming lems-sonsitive compositions on a base of barium ni-

trate.

4. Effect of bindors on the properties of illuminating com-
pogitions. Binders reduce ithe brightness of flames; for that rea-
gon, their content in a comporition i1f limited within limits of
5 to (%, Substances which provide a sufficient mechanical gtabil-
ity for the prersed article when used in an insgignificant quan-
tity, are used ag binders. These subntnnqes inelude phenol-
formaldehyde resin, bakelite, and a solution of rosin in drying
oil.

The biunders also play ths role of a delay element, If the
combustion rate still remains high with a 67 binder contant, thon
n port of the combustibleo in the form oa a coarse-grained metcllic
powder is inserted. Thie will alaso delay burning. In case of
necessity, the burning rete ims roduced by an increanse in the block-~

ing pressure (i.e. by an increagoc in the density of the object).

5, FYormulag for illumiusting compogitiong. Fxamples of

illuminating compositions are shown in Table XXXI.
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TABLE XXXI
I1luminating Substances in %

Cuoinponents 1 1l 1t v

Barium nitrate 66 68 75 80

Aluminum - 28 . 18 15

Magnesium 30 -~ 4 —

Iditol or shellac 4 4 - -

Drying oil — -— 3 6 (over
100%)

Mealed black powder

The comporition listed in the last column of Table XAXT was
uged in Pogrebnyakov's shnll., The mealed black powder in it wns

intended for facilitoting ignition.

6. Counditigng of blocking illumina mpogitiong. 111

minetine compositions, which ere used as fillers for pyrotechnic
media, are gounerally blocked into jeckets under » pressure of

500-1000/kg/cm?, TIllumination "'stars' are blocked under a pressure of 2000-3000 kg/cin?.
The blocking pressure is sclected in relation to the properties of the composition and require-
ments of burning rate. Generally, the object is blocked into a cylindrical-shaped form,

and one face has a flammable composition added to it during blocking. A quickmateh for

ignition is also inserted into this face,
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Fig.

62 - 122

SERb 3

o

ma long-range illuminatineg howitzer projoctilo

shell caro 2., upper diaphragm
illuminant halfecyliunders

illuminant jacket 5. illuminating torch
parachute half-cylinders 7. Dparachute
folt gaskaot o, cardhoard gasket

load ohturator ring 11, Dbase

burster 13. screw top 14, sloeove

hold-down: screw for attncking head
timo-Tuze hold-down rcrew
time fuze
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7. IExauple of illuminating projectile. Wigure 62 sbows a

122-mm illuminating howitzer projectile, which lights up an aroa
of up to 1000 meters for 50 to 55 seconds at a bursting height
of about 500 meters. The luminosity is up to 500,000 candlos.
Burineg the projoetilo's flight, the guses of the burster
ctiarre, which have hoen ignited by a flash of flame from the timo
fuzo, c¢joct avd 1onvie the torehh. The torch z2ud parachute aro
placed into half-cyliuvders which protect them from damage at Lho
moment of ejoctior. Aftor flyine out of the projectilets cuee,
the half-cyliivtore Frll apart and free the parschute uwon which
tho burving torch is rusnendnd., To preavent tho parrchuto shron
lineg from twietine, thn torch is oquipped with a pivot yolr,

rotatine ou hall bosnrings,

5. PrOTO-ILLIMMITYATION COMPOSTITTONS (PIOTO RINYDS)

Special pyrotochnie compogitions - photo blends - are usnd
to light up an area for night-time aerisl photogranby nurnoses,

The roquiremrnt of o photo bland is to produce a Taren awonid
of lieht in the course of o short period of time, on thn order of
hundredths of a sacond, ‘When aerial pictures are taken from =
plane flying ot o altitude of 1000 meters or higher, the roanirad
luninority 1s obiained Crom s candle power of hundreds of williovs
or from scverel DLillion candles.

Photographic materials possoss a varying sonsitivity to the
rayr of differant longth wavesr, Therefore, the photo blende upou

burning should rodiate the light of & spectral composition which




is correspondent to the sonsitivity of the photo film.

On the basis of what has been mentioned above, the following
baslic requirements are nocossary for photo blends:

a. the photo blends upon burnine should emit a large amount
of light energy;

he they ghould burn un vary fast;

¢. the combustion protucts which are formoed during the do-
flagration of thersc blends should have » larges amourt of high-
meltine solid or Aifficult-to-volatilize liguid particles which

omit light well;s

1. the flame should hnve the highert possible teumperaturc.

There requiremonts aro satisfiod to the highest degree by
blends of magnesium powder or aluminum-magnesinm elloys with
various oxidizere. Aluminum without an admixture of magnosium
is not used in photo blends becausc its combusgtion rate would not
be sufficient.

Nitraters, but not chlorates, uro used asg oxidizers for tho
samo resgons ag in the selection of an oxidizer for illuminating
composritions,

Most of all, photo blends which are compossd of masnesium

powder, strontium or barium nitrnte are used.

G. TMACER COMPOSITIONS
Tracer compositions sre nsed for merking the flight path of
a bnllet or projectile (formation of a trail, track).

"eretofore, burning trrcer compositions (night onerations),
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aml smoke compositions (daylight operations) were usad. Fxporiouce
showed thuat smoks tracer composgitions did not assure the necoseary

vigibility ol tho flight trajectory of a bullet or projectile along

its entire pnth. Shevefore, only burning tracer compositions arn
usel today.

The Tundamentalrs of assembling tracer compositions {(white
trecers ospocially) ond their properiles oro vory closo o il i of
the illwidinatiine cortmogitions. "hie stems Trom the reguirenonls
#ot fortih lor then which, in wmnany roppecte, coiveide with the re-
aguiremcnts Tor illunainatiae compesitions. "™receor comnositions
shoudd:

o, roaloase tho oavimum rttainable quantity of tishi eneesy
nnon hurning s

b. Dburu atl & rot Tatos

¢. huawve prapnt stobility and be 2hle to be comprossed nmicr
loaree nrorearo {from 3000 to 2000 kg/nm?). Thir proecludee the
poseibility of o portinl or complete burn-out iu thn horng

A, unlfpiline ipnition from tho isnition composition;

e, to lecavo the naximmm poseiblo amount of slag in tho i
of the bhullet or nrojoctile. This is nocoessary for o wininu
chaugo in tho weicht of the bullet or projectile, which hLics an
effoct on the rigidity of the trajectory. Buch a requiremont is
get for those munitions in which the weight of the tracer cloe-
went ip quite large in comparison to the overell waight,

Bariuom nitrate ix primorily used as an oxidizar in white iviver

comporitions, whilre strontium nitrete is ured for red {rrcore.,




feble XXXII rhowr some oxemnles of burnine trrecer compositions.

TARLE XXX11

Tracor Comporitions

Components _ White fire Red fire
Barium nitrate 55 —
Stuontium nitrate - 60
Magnesium 35 30
Resins 10 10

Trocer commositions, conmisting of & blend of nitretes with
marnasium pnd resins, and hlockod under high pressurs, aRro not
relliably ignited by the powder ersag unon heing fired. Flowmmeblne
mixtures ore ured to ionite thom., “heesac mixtures burn under high
pressures during the trevel of the nrojectile or bullet »lonr the
hore. Su, in order to avoid ranid burning, slightly gFareous comn-
poritions such s a bhlond of harimm peroxide, bharium nitrete end
wagnosium with o minimmm amount of binder, are used. The addi-
tion of berium peroxide to thesec blends incressos theoir sensgiti-
vity to initial thermel imnulso eund nrovides for an unfailine
ignition from the nowdler eages at the momont of firing. e shell
cito two exaupler of flawasble compositions for trecers:

1. 807 Be0,, 19" Mz aad 2" bimder
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2. U8 Ba(n0_).,, 30 rao_, 135 Mg and ) pheunol Formalde-

hyvide resin,

I'sag of Tracar Compositions. Tracor comporitions are usend

ag lillors Tor trecoere in highexplose, high-explosive-incendioyy,
agrmor-pisrcineg and shaped-charge projectiles, and for prmor-ninre-
ing and bell tracer anpll-arme anmmunition.

"ha tracer comnosiftion is isrndited unon firine cither dirvenily
by the powder eaccs or by wmoans of a parcussion cen, whiceh je ceft
off hy »n percussion mochpnian,

The rdventacon of +thn firvst tvne of tracer is the simmlicity
of the srrangoment., The defects nre: tho possihilitv of &
corrosive affnet on dhe hore by the combustion prolicts; edivine
away the firine positiony the trncer charee con bhe deforaed dur.
ing its travel vloog tho bore by the prossure of the nowdor ceare,

which can ciuro o faet burn-ocut with resnltant "short tracer”

-

und an itneufficiont hormetization of the tracer cherco,

Trocors with » norcussion cap are dovoid of thowso dafoeis,
but, on the othor haud, thoy are more complex, owine to which
they epre rarcly usord,

A tracor of Ltho firet type is composod of a metellic hoilyv,
into which tho trocor composition is forcod. Thie is illustr ted
in Figure 63. The hoilty is cupped with e celluloid dislk i oxder
to wmeke the composition sir-tight. Tho tracor is inserted i to
a serew-on plue which ir attached to the fuze or irgevrted diveedl:

into the hudy of the projicetiln.  Tipure G4 shows » {raeer cow.
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Tig. 63 - Yrucer for -5 fuze

l. eecrew-on plug 2. tracer hiolder
3. ftracor comporition 4, celluloid disk

"ig, 64 - Tracer

1. +trecer body (stnnl) 2. tracer composition
3. ignition compomition e ring
5. nut 6., colluloid disk
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Tig. 65 - Viph-oxplogive znlf-deogtruction tracor projoctilo
1. ienitineg composition 2. tracaer covmmnmosition
3. projectile cran 4. TMaze 5. buretine chireo
. RUPPTOREOT 7. 7pin B, detonator
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posod of & molid metrl sloovo into which the trecer composition
is prersed., Tigure 65 shows a higheexplosive snlf-destruction
tracexr shell., After the expirstion of o certain period of time,
the trecer composition igaites the fuze end causes oun explosion
of the projectile, so that the unexploded anti-aircraft project-
ile would not fall on tho ground.

A tracer with a percussion mechanism is shown in Figure 66.
At the moment of firing, the percussion plunger heats up the
friction primer, a flash of flame goes through the powder delay
clement into the tracer composition, and the gases which aro
formad eject the srleove, thus opening up an origiece of the exit
of the flema. The vigible flame (trece) appeers at & distance
of about 150-200 meters from the weapon, which thus does not dis-

closo the firing pomition to the enemy.

7. NIGIT SIGNALLING COMPOSITIOVS

1. : mation a medias. Signal-
ling media are used for communicetions by means of giving off
gignals which are seen ot ¢ Adistance. They are subdivided into
day and night pirnallineg levices.

Night signalling devices give off colored flames. Three,
four, or five-colorod systems are usod for signalling. The bost
is the three-color because its colors - yellow, red, and greon -
ure the eariest to distinguish by the eye. When the four and
five-color syetems are used, blue or white color is used in uddi=-
tion to the other three. These two colors are difficult to make

out at a fairly long distance.
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Pig. 66 - "roecer with percussion mechnnism
}. ?rnco? holy 2. steol epagket 3. trocer compomition
+. dgnition composition 5. raskot 6. primer cup
7. Triction primer . =safoty cnme 0. percussion
plunger 10. sleove with powder flelpy olement

11. 1leed ring

2. ipht-nrodi

Signal dovices are T1lled with articles (stars) which havo heen
wade out of signallinge composmitions. The basie requiremcnts of
gipnalling couporitions with respnet to the charactor of cudiscion
of the flumes Ailfers frou tho corresponding requirement for
illuminating compositions; the emission should ha as closo to
monochromatic ams possible. The most important charncteristic of
compositions whiceh ore usnd for making signal stare isg the purity
of the flume's color, which is svaluated by tho ratic of the in-

tensity of wmonochromatic omiseion to the inteusity of the auntiro
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virible emisrion. This ratio 1s ordinarily expressed in percents,
and ghould be no less than 70% for the human eye to make a cleer

distinotion between the flome's colors.

3. 2] i f 11i ogiti .
The sharpest colored flame of the burning composition is obtained
owing to the illumination of the gaseous phase; the atoms and
molecules of this phase emit energy in a narrow rogion of the vi-
sible spectrum. for exmnple, yellow rays are obtained duriug
the atomic radintion of sodium. During the burning of composi-
tions contaiuing barium nitrates or strontium nitrates as woll
ag chlorine=containing substences (polyvinylchloride, hexachloro-
athane, chloretos), the oxides of strontium and barium convert
into ecsily volatized monochlorides SrCl and BaCl., The first ono
amits red color, while the second one emits green lipht.

Yo shall note that the veporous oxides of berium and stron-
tium also emit rays - the first onn green and the socond ono
omits rod reys. I'owever, the coneentration of the vaporous oxifles
in the flamo ief vory small on sccount of the small slagticity of
their vepors. Therefore, tho intense light of golid and liguid
oxides of berium or strontium, end heving n coupact spectrum,
damps the weak light of tho vaporous oxides. The emission of molid
substances (oxides of metals), which produce a compact spectrum,
gshould not take place 1un sigualling compositione, or elpe it
should be ingignificant in comparison with the emission of the
gageous phage.

Chlorates and vitreter are used as oxidizers in gignalling
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compositions. Bloude of potassium chlorate with the combustible
burn more intensely than bhlendg with nitrates.

The apecific light sum of signalling comporitions should he
exprosrnad by a veluo which is no less than several thousand condles
Rec/g. The luminosity whiech is omitted by tha flemas of the hurn-
ing star should be oxpressed in thousands, and evan moro profor-
ably, in tous of thousanids cendlos. The burnine of the nrossad
substanee should takn nplace with a speod of sevarsl milliveters

pnr sacond,

4. Cowpogitioug for rod fire. Strontium compounds, nriw-rily

in the form of curbonates or oxalates, ere insortod into the cou-
poritions iu order to ohtein & rad color of the flame. Lerthollei's
salt is used as an oxidizer., When these substsnces burn, stro:-
tium chloride ie formed, which, at an elevated tounernturn, liscoci-

ates according to tho renctions

SrCly22SrCl-}-Cls,

Strontium monochloride emits red reys., Ono exsmnle o & cotie
. : ST 1 ~ T ] .
position for rod fire: 60% WCl0., 25% Sr €, 0., 15" vhenol formel-
: ALY

dehyde rerin.

Compounds whieh contain strontium nitrate nre also uset. Tu
this particuler casro, wagnesiuwm is added in addition to ~n oreinic
combustiblo. TIn order to transform the oxides of strontimm which

are formed during burnineg, chlorine~containine substances rre .-

gortod into the monochloride.
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5. Green fire compositions. Barium compounds are usad to

got egreen flanes. The most favorable is barium chlorate, which
is an oxidizer et the same time. A defect of coupositions con-
taining berium chlorsto is their great sensitivity to mecheri-
cal offaect,

Wben # compound containing bharium ehloride burne, BnCl, ir
formad whieh then digrociatns with the formetion of DaCl, owitter
green rays. The composritions for esreaen fira are rhown 1u "able

XXXTIT.

TABLE XXXITI

Exanples of green fire compositions in %

Components l 1l
Barium chlorate 89 85
Phﬁnol formaldehyde 11 -

ellac — 15

Rarium chlorata cen be substituted by nitrate; this lowore
the sensgitivity of the composition to mechanicel affeot, bnt ot
at the same timo, the color of the flames worsens somawhat. The
following is releted to this type of signalling compositiont 637
KC10,, 25% Ba (NO,),, 12% phenol formaldehyde resin., Greon fire
compositions are #lso made on a bare of barium nitrate and chloro-

organic compounds.
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6. Yellow fire compopitiong. Sodium ealte - sodium oxalate,

sodium fluoride, and some othersm - are used to get yellow firas.
The selts shiould be non-hygroscopic and should dissocinate aneily
at elovatol temperaturn,

An exsmple of a yellow fire composition is: 607 RClo,, 257
Ng,1,0,, 15" phenol formaldehyde resin.

A small quantity of eluminum (up to 5%) or of an aluminum-

meeneeium alloy is rouetimes inssrted into the colored fleme com-

porsitions so that tho brightness of the flemes could bo incrasrad.

7. Iger of uight signnlling compesitions. ‘“ight eirunlling
compositionr aro usod in 26 ma shells, rifle gronades, end hicrh-
nowar ripnals.

26 mn rignal shells are uged for night signalling un to ¢
renge of 7 lam, ;heir construction is shown in Wiegure 67. "he
burning time of the signal "gtars" is about 6.5 seconds. 7Tho

luminosity 1s no wore than 10,000 candler.

£. Daylirht eignellineg Gompositious. The so=callnd dny-
light compositions are ugold for signalline durinege the daylirht
hours. These prodiuce tinted (colored) smokes during hurning.
Colored smokes are alao usad in artillery projectiles in thoe
Form of a snall charge which colore the explosion producte for
fucilitating fire correction,

Smoke is a colloid mystem consigting of finely pulverizod
solid particlos (dispereed phase) which are suspeandsd in air

(dispersion medium), If the dispersad phase is i liguid substrucce,
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1. cardboard cloring plug 2. Polt packing

3. paper shell case 4., signal star

5, folt wad 6. eardboard closing plug

7. gpuze disk 2. Tburstor 9. paner ring

10. anvil 11, friction primer 12, iron tube
13. brass hoad 1%, flangs 15, ignition
composition 16. auiclkmateh

then the syestem is cnllod fog. ®moks which her five colors is
ugod. These coloreg are: red, yellow, blue, green, and black.

In oxrder to obtein these colored smokes, semi-products end
coloring sgents are used, which convert into & vaporous state on
account of the reartion heat.

Derthollet'r ralt ia used as the oxidizer in rmoke composi-
tions. Sodium chlorate is used legs often, and, sometimes, ni=-

tratar are added in.

- 250 -




The burnine tempermrture of the colored smoke composition
with organic coloring substances should be sufficient to vapor-
ize the amoke-former and, at the same time, not that high where-
inlits decomposition would come sbout. Therefore, metsllic npow=-
dore are not satisfactory as combugtibles in thie cese. Tor in-
stance, mixtures of Berthollet's salt with milk-suger sre used,
They afe calculertad to burn the combustible only to carbon mon-
oxide. Even though the combustion temperature of this wmixture
is within the limitr of 800-12000, the smoke former does not de-
compore hut only sublimates, owing to the fest burning rete,

An example of hlue smoke is: 35% %C10,, 25% milk suger, and

40 indieo.

Uegog of daylight gignalling devices., mNaylight signslling
medis hy construection and operation are anslogous to thogs of tho
rbove~-dercribod nieht medin. The diffarence is that the "star”
in the daylight devices is o 11ttle bag of unhlnechrd cloth
which is filled with the colored smoke composition. When thn
comporition burns, the ecloth bag obstructs the passage of air
and incomplete combustion taker place within the bag, which pro-
vides for vaporization of the smoke-former.

When the 26 mm daylight shell is fired, the "etar" ias lifted
to a height of 70 meters. The cloud of smoke can be distingulshed
for a distance of up to 2 km for 10 seconds on & windy day and

for 30 seconds on A calm day.
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9. MASKING SMOKES

Masgking smoker are used for the formetion of a gmoke screen,
which is used to blind the firing porsitionr of the enemy's better-
ies, his emplacementr, obrarvation nnd command posrts., Smoke
screens are frlro used to maglk Priendly troope and reer aren ob-
Jects.,

White smokes cover the outlines of ohjects better than do the
black onns, Substances which form white smoke are used most often
ag fillers for smoke shallg. Thesn substances include white phos-
phorous, rulfur trioxidme, and chlorie tin.

When the phosphorous hurns, phorphoric anhydride is formed,
which reacts with the moisture in the sir and forme meta~ and
orthophosphoric acide, which form white smoke (fog).

Sulfur trioxide, being a very voletile mubstance, easily
trangformse into the vapbrous gtate and reacts with the moisture
in the air, forming sulphuric acid,

The sulphuric acid vapors, possessing a very rlight buoyancy
et ordinary temperature, supsrsaturate the area. At the rame timse,
the moisture in the nir resrcts vigorously with the sulphuric acid,
forming hydrates. 1'pon condensation, the individusl molecules,
combining themselves, form colloid particles, which constitute
the dispersed phese. White fop is formed,

Stannic chloride in a finely pulverized state remcts with the

moisture in the air according to the formula:

SnCl+3H;0==H,;$n0,+-4HCL.
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The orthostannic acid forms white smoke in conjunction with
the hydrogen chloride,

Yershov's compositions (204 KC10,, 10% carbon, 50% NI',C1,
20% naphtelens) are smoke producers. When the Yershov comnpo si-
tion burns, e volatization of the smmonium chloride and a part
of the naphtaleno tskes place, which then form white smoke,

Mixtures of the Yershov type ere designed for incouplots com-
bugtion, and the products of their combustion contein a lot of
the oxides of carbon, hydrogen, carbohydrntes pnd other combustibles.
Fleeh eliminatorr (carboneter - pode, chelk, magnesium cerbonntis)
are put into the smoke comporitions in order to prevent them from
flaring up whan mixed with air. A leree smount of heet is used
up in their composrition, owing to which the temparature of the
combustion products ir lowered., Regiders this, the carbon dioxide
which is formed rarifies the combhustion products, thus raising
the combustion temparature of the latter. Ammonium chloride elso
fulfille the role of flash eliminator.

Puring World War TI, smoka comporitions on & bhass of hexa-
chloroeathane and zinc dust ware usnd. They formad eray smokos,
bacause black carbon particles waro liberated together with the

white zinc chloride particles according to the equation
3ZH+CgClg=3anIg+2C.

A supplemsntary oxidizer such asr rodium chlorste ies put into
the mixture in order to eliminate the formetion of carbon. In

thir ecare, the combustion proceeds according to the reaction

9Zn4-3CsCle~-+2NaClOy=9ZnCly+-6CO-}-2NaCl
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and white Fsmoke is formed.

10, TINCEVNTADY QUBITANCES AND COMPOSTTTONG

1. Clesgificatigon. TIncendinry substancos and compositions
are dividad into two groups: oxidizer-containing compositions and
incendiary substances without oxidizors.

The compogitions of the firet group can bo further dividad
into the following groups:

#., thormites and thermite composgitions which contrin oxidar
of metale os oxiilizere and metuls as the combustibles;

b. compositions in which the oxidizer is an oxygeun-contain-
ing =sult.

The incendiary substances ol the =econd group inclurde elec-
tron, organic cowmburtiblos amnil spontaneous-combusgtion substances.
Substances of the sccond group can burn and effact en incandiary
oction only in the prerence of oxygen and with the free eccess of

the air's oxyegen.

2., Thermiteg nnd Thepmite Comnositions. Tor Inatmnce, the
combusgtion of an iron-aluminum thermite (conteining oxide of fron
and powdered aluminum) taker place pccording to the following

oquation:

FEQO;+2A1=A1203+2F€+198 ki 1() ﬂnl .

Thermite reactions are distinguighed by the followine singnlar-

ities:
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a, high combustion temperature (?‘400-2800o C)s

b. the combustion is flamelers because practically uo
garepuR products aro obtained;

¢c. liquid slags are obtained which are heated to a high
temparature. Their flow lucreases the radius of the incsendiary
offect.

Oxider of iron ero the best of the poesiblo oxidizers for prac-

tical use. Thay contnin a relatively lerge quantity of oxyeong
they have a high apccific eravity, arc inoxpnneive and readily
attainable. Irou scale (FPe,0) rather than Ve 0, is generally
usged,

Thermite normally consists of o mixturo of 28% aluminum anr
75% forric oxides. The combustion temperature of such a composi-
tion is 2500°,

The defect of thorwites is that theoir incendiary effecl is
limited by the smoll radius directly arountt the focns of burninem,
In additiou, thermites ure difficult to ignite. Thareforc, rathor
than thermite, thermito composgitions containing » numbor of nil=
mixtures puch ss raltipotor and orecanic combustibles, faciliteting
ignuition and increasine incondlery sction (owing to the Tormation
of [lamogr) are gonorally used ar fillers for incendinry medin.

Sometimer magnosium is used in tharmite compositions. It in-
croares their incendiary effect (on account of magnesimum's low
boiling temperature - 1107° - it avaporatos in burning of the con-
porition and hurns up in rlamegr),

As an example, the following incendiary composition ie usnd



for filling 76 mm projectiles: U4 Ba(¥0,),, 6% TT0,, 217 7,0,
13% Al, 127 Mg and 4% binder. For filling incendiary aircraft
bombs, a thermite composition was nmed which contained a supple-
mentary oxidizer - berimu nitrate. T™hir composition consistod o
249 A1, 50 Tea0, ami 267 Ba(¥0,),.

Thermito cowpositions are used for setting ohiects on fire
which are difficult to ipgnite. They are elso usod to knock out

metal objecte (canvon, tunks, ete.).

3. 1 diery compogitions with oxygeu-containi .
These couporitions protluce a high combustion temperature and
catch fTire fairly earily. Nitrotes and cechlorates serve rs oxid-
izers while metals such ns magnesrium, aluminum-magnesium alloys
and otherr are the comburtible.

Incendiary compositions on a bare of oxygen-containing salte
ars used primarily for filling small-caliber projectiles and
bullete intended chinfly for igniting liquid combustible materinls
(eapily ignitablo materials). The burning of ineendiary commosi-
tiong with oxyren-containine aalts takes place iv n fraction of
a moacond, in comparisgon to other forms of incendiary commoeitions

or sibrtances.

Y. JIpcendisry substnnces not containing oxidizers. The

aluminum-manganesn #lloy, elactron, which contains no less than
00% magnesium, was used during World War I for making smell
caliber incendiary airecraft bomb bodies. These bombs were filled
with thermite. Such bombs were devoid of dead load. Whon tie

alectrou bomb body hurns up, »a flame is formed which promotes a
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pood incendiary offect. The combustion tomperature is around
2000°.

Orgunic combustiblus such ar petroleum, kerosenc, gasoline,
piteh, and othars possces o high heat-producing abllity. 7or
instance, when 1 k¢ of korosene burns in air, cround 10,000
kilocels are ovolved, whareras ouly 800 kiloecals aro liboretoed
in the burning of 1 'z of thermito. Whon potroleum products ove
burned, & lereer flamn is ohtained, thorafore the redineg of ju-
condiary offoect of sruch substances is much groatear than in 1he
carn 0f thermito compositions., But, oun the other hand, the comr.
bustion teuperature of the potrolenm products is low (700-<007),
Soma of the drowhacks of the petroloum produets are the oxecosg-
ively laerge mobility and spreading out as well as the too-logt
svaporation rate,

Oresanic combustiible substancos ero usod for action areivnsd
ongily-flanmable ohjects and for anti-pereronnol nurposes,

Pardensil combustihbleos, The defects of 1he organic subsisneoy
can bho groatly reduced or oven eliminatoldl by using » combusiibte
in hardenod Corm, in comblination with thermite, or in & thickened
foru.,

In hardeuing, the combustihle is golatinized by soops, i.,0.
by the salte of hicvher organic acids of the aliphatic sorias. Whon
o potroleum produci is prohosted to a temporature of 75-207", the
organie acid ir disrolved, and then en equivalont smount of pon

aleoholic solution of coustie soda or some other hase ig added Q.
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After cooling, this mixturo hardens, assuming the conegistency

of & hard soap. It cao be cut by a knife and retaines its shape.
lardened combustibles are usnd in combination with thermite

in aircralt bombs, The head part of the bomb contains the ther-

mite charge. A wetal diaphragm is then put in, and then the

hardened combustible is put in.

Figure 68 shows tho construction of an incendiary bomb with
a combination combustible. The weight of the combustible is 50
¥g. When the bomb burns, the flemes ®each a height of 5 moaters.

A thickened combustible is & viscous, fluid, colloid naste.
Tackiness is sometimos imparted to this peste by moans of snpoci-
ul admixtures. On account of this, when the hurning paste felle
on some object, it will clineg to the object. A thickened com-
bustible is obtainod by moans of hleuding o liquid combustiblo
with aluminum szltr of naphtheniec and hichly molscular aliphatic
necilsg Suoh a blend obtanined the name gapalm.

Napanlm acquired inCfamy from the time of its barharic applica-
tion by the 17, §, forces in hoavywoieht aireraft bombs oarainst
the peaceful people of Korea, MThis napalm contained burning
motallic powders, mponegium nrimarily, owing to which an eleavatar
combugtion tomperature was obtained with the result that the in-

condiary effoct war incroaseidd.

5. Spontenooug-combustion incendipry subgtangeg. Of the
spontaneous combustion substances, the most important is white

phosphorous which readily bursts into flemes in eir. The incon-
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diary effect of phosphorous is not laree. Tts combustion tomnera-
ture is around 10000, thorefore it ignites only objeete which
can be pet afire oasily - hay, straw, gasoline, etc.

Hand grenades and mines which were filled with phosgphorous
ware uged in trench warfere. Whon they explodod, & large amount
of smoke was formed. The huruing droplets of phosphorous burn
through clothing and infli-t serious skin diseases which ars
difficult to cure. Cowmbustible substances such s petroleum oils,
tars, ete. are added to phosphorous in order to improve its incen-

diary properties.
¥

6., O of Inceudin Jomnositi nd _Subgtences. Incen-
diary compositions are usod in sviation wmunitions, in Cield and

anti-gireraft artillory, and in small arms ammunition,

11. TGNTTION COMPOSITIONS

Some pyrotechnic coupositions can he quickly and rcadily ie-
nited by a nuickmateli. But wmany compositions aro sot on Fire with
dirffioulty, and special ignition compositions iro useld to set thom
afiro. In the ecase of subgtances which aro ignitod with avon
groatar difficulty, intermeidinte compositions are necessary.

Those mixtures which contoin chlorates and organic combustiblos
or nitrates in conjunetion with mnrnesium ignite the easiest of
ull., Thesse compositions in powder form should be ignited by a
quickmateli, Dut the same compositions in a pressed form require

a special igniter for ignition.
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£

g

wig, 69 - Diagram of iuflammation of pyrotoehnic substances which
are difficult to ignito,

1. Meeled blaek powder

2. ignitiung composition

Y. fhlest ivtornodicte cowposition contanining 18
irnition composition and 25 Lare coumposition

W mocond intormediate composition containiae 50 .
ipaition composition and 507 haso cowposition

5. baps cowposition

Thermitors sre tentted with great difficulty. TIncroments £ ros
the ignition composition nro jusufficient in thisg erro, eod o
ure of an intarmodiary composition, congisting of ¢ mixtura of
flrmiable and igmilicn compogitions is required. Tr this fneuf*i-
ciant, ono more tntermadintio composition with a lareo coutant of
the ignition compowition ir put iv and distributed as ghown, oo
instance, in Viguro 60,

The numbor of components in tho intormediate composition ue

their ratio is ortablishad experimentally for oach cnse.
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Examplas, ¥Yor igniting illuminating compositions which con-
tuin magnesium, &n igniting composition of tha eunpowder type is
used (the sulfur is subgtitutod Ly phenol formaldohyde resin):

73% potassium nitreto, 15% charcoal and 107 phenol formaldehyde
resgin,

Tor compositions which ure more difficult to ignite end whieh
contain alumimm, tho charcoal is roplaced by magnesium in the
ignition composition., IFinally, in tho care of pyrotechnic sub-
gtances which are still herder to ignite, intermediate composi-

tions ere used.
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FOOTNOTES

1In the arbalost, the srrow travelled slong & trough wheu
fired. Iu thn arquchus, the trousgh was replaced by a tubn
which made it possiliio to firo bullets nm well as arrows.

PA1frod Yolbol - Swodigh eungiueser, and A. Noblo - <nglish
artillcery seicalint.

3The term "shot-holo” noansg & men-made cylindrical depression
in rock. The diawetor of this shot-holo cen bo up to 75 nm
and tho depth cun bo down to 5 metors. The shot-hole reorves
a8 a roceptaclo for ovplosive in Hlagting operations. Theo
froe pert of the shot-hole above the cherse is neclzad with
an inert materinl, collod "tamping”,

. .
The clasrilicotton shown horo includes only those preocticedly
employrble oxplosives., for this reason, it doos not inelwie
such oxplosives ae posoous mixturos, sunorrnngitive anbal snees,
cte.,

.}

Two different foerma for rnalogous concopts ~ro vsed In the
nartinent litoratora,  "Demolition” worl is naed by tho il
tary and the Lern "Dloasting” oporatiors is usod for netiov.d
aconomy purposos.  The lettor fera ir vesod for 11 cosne in
this boolr, Thig in in seccordance with the reocommontsdio o
of tho Cormifice ou Techonienl Tarminolopy of the dcodenyv oF
Scioncar, UGS,

‘Nitric vetore or nifrotes of hydrocarbons and alcohols, “or
roagong arerocialod with the historical develoomont o fhois
gtructural reprecoutation, havo bhoesn orronooualy nanmod
"nitrocollulos", “"nitropglycorine” ete., instaed of "niltr
of colluloge”, "elycorindrinitratie”, ate. Towever, fron (i
point of viow of the jrreenlar structuro of thoee econponnic,
tho asnmoe have bean presorved up Lo tho presont time ia
scionti('e ot tevhoical Titoraturn,

(-

TAL1-Tnion 810 to Staudnrd 2040-43 definos tho teet condilions
for pyrotochnic compogitions.

aFor a detailsd deweription of a method for determining the
gensitivity (o whock, see All-Union Stateo Standard 4sbs5.'i
“Explogiver. t aadhod for determining the seneitivity 1o
shock".
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-]
A charee is A quantity of explosive which is nsed for offect-
ing one explosion..

“rhig ig the name for ™7 which is obtsined aftor the nitra=
tion of toluone and washing away of &«cids from the products.
It containg a cortain amount of dinitrotolumne and other
substancos,

11 , vro s
"oy lovout of the sonneains for ahal test, sero 11-7nion Rtnte
Stondard 3566.07,
2, . . . .
1?ugr conatruction of {he tharmostat, sop A11-Tnion Strte Stand-
erd 7367-55,

3 . . .
Tor a deteilod desgeription of menometric aud nloctrorintrie
trrts, soe O, ', Nlimyveno, Test Methods for Powders.
Ohoroneiz, 1071,

Mig ia woll Ttnowiu, the thermal effect of a pProcegs which is

taking place with tlv particination of gesns or vepors can
be digtinguished iu relation to the faet thoat the process
gither vroceedrs or docs not procand in a constant volums.
In the caleuletion of detountion procosees, it is assumon
that the reaction cen ron ite course hefore the expansion
of its products berins. Accordingly, for this perticuler
caso, tho thermnl c¢ffect is couwputed ot a coustant volume
(denoted ;v). Counversoly, in examining the combustion nro-
cess, tho thormel o oet is computed at o constent prossurn
(denoted Ly ©y). JaHrcocding further, if condonsing sub-
stances (wator, for oxample) are formoed in this reaction,
then tho mapnitude ol tho thermerl effect will be changert in
relation to the stato inwhich +these rubstonces ocre obteined -
liquid or vaporous. In tho crleulation of explosive trang-
formations, it is ronoriIly neeumod that wator snd onelocous
substences aro obiained in thn Torm of vepors,
18%0r a dAnscription of o calorimetrie bomb and calorimeter,
sea K. ¥. Snitko, Ixplopivog, Publiecntion of the Artillery
Acadeny, 130, us wnll ag counrses in the thoory of explos-
ives.

8por tho derivation of thase and subsequont oxprossions, soe

a chomiecal texthook. e shinll only montion that the oounili-
hrium constants can bhe expressad through the squilihrium
concentrations of reactine substonces (denoted by Y,) or
through their equilibrium partial prossures (denoted by 'p).
The second of thesn methodg ia used hers. If we nare to con-
glder the produrts of tho explosive transformation as an
ideal gas, then, for the reaction aA + bB = cC + AV, the
tollowing relations can bo readily derived:
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) k] 5 An a ,h an
X poopl ahort, p) _ mxhg /el‘)
A U et \v )
Doy, w nn A\ ey J

where P 1r the ovorslil progsure of the explosion producte; ns s
vy, and T are the corresxponding number of molesg, volume, and =
tempersture of thneo prodiucts; and an = (r+h)=(c+d).

17
For ¢ dereription of shie ore meter and mathod for detormininge

the volume and compneition of the explorion producte, see 1, I,
Suitko, Explogiveg, Publicetion of the Artiller Acedemy re wel! ae
in courres devoted to the theory of explomiver.

lg
In contromrt to gapecony aonng, polid and liquid subhetencne are
celled condensod pubrtsncees.

18
Tho megr rate of combnaiion (or veaporizetion) ie equal to the mpo
of substance which i bLuened (or veporized) in 1 anc per 1 em® or

crors rection, The dimongions of mase rete nre g/gocecom?,

20
There is p distinetion botwaen the meltineg ond solidificotion

temparaturesr, The toempoarsture at which the test sampln, slowly
heatead in o copilliary tubn, melts complotealy is called the wmoltine
tempernturo.

The golidificotion (ewpersture is dovormined differontly. lor 1hi
detormination, uhont 15+ of the subgtenen ies hoated above (ho
melting temporsninre pod thou the melt is coolod, and thae (rop 1un
tomparature is obgarvod. at the heginning, an eveo drop in 1ho
tomperoture of tha coolod aubrtance ig obgerved, Alfter that the
tomporaturo egottlos nnd then rigsr.,  Finnlly, the temporoturo
drops once uore. b aucgiman temperature which is attalned nitor
the firet periovd of ocopmatore drop is called solidification
temperature.

Theoretically, th: matilor nud molidificstion temperaturor shonin
colnoldas.  Touder oy cdeicdiel conditigue, howsver,; tho weltiap
tempessiura ig npprocimantoly 1 4o 1.50 higher than the eolidificotion
temperature.

PH5




flpor details, see the commercisl requiremente of TNT as con-
tained 1n All-TUnion State Standarde 3471-U6 and 4117-48
(TNT for ammonitex}.

227rotyl oilis & mixturs of TNT with asymmetric 1somers of tri-
nitrotoluene, dinitrotolnol, and other substances. The melt-
ing tempersture of thig wixture is around 30=35",

®3gollection of recommsuded termes of the Committee on Techni-
cel Terminology, Academy of Seiences, USSR. Terminology of
blasrting operetiouns. Publication of Aceademy of Sciencee,
USSR. Moscow, 19573,

24prying the powder ~t low tempersture (20-30°) in an etmosphere
conteining the eolvent veporse. If this operation irs carried
out in sir not conteining the solvent vapors, it will then
form a crusrt on the surface of the powder on account of ra-
pid eveporetion, which will then slow down a further removel
of the rolvent from the dnep-geeted layers.

The length of the process is spproximately 24 to 48 houre,
depending on the thicknoss of the powder element.

28)\Muzzle velocity is that velocity which a projectile has upon
ooming out of the woespon at that moment when the base of the
projectile pameres the muzzle foce of the tube.

Q'For determinine the probable deviation of muzzle velocitinr
of a projectila, 5 to 10 rounds are fired, and the muzzle
velocity is determined cach tiwmn,

The prohable deviation ie computed according to the formula:

Ry
rom0,6745° / Bi—vel
' n—1

probable devirtion of muzzle velooity}

where r,
vy = muzzle voloclty of every separate round;

Yay = oavorege vnlun of muzzle veloeity for s meries of
rounds firod,

n = pumber of rounde Fired.in the seriesn,

27Phe word pyrotechnice comss from two Greek worde "piros" (fire)
and "texnos" -~ the art alro mesns “the ability to produce fire"




PPA defect of rogin ig ite low roftening temperature {60207,
Therafora, tlhe raaction prodnct of romsin and ceustic lime
{ceplcium rosinntn) ir used in eertein comporiticns. ite
gsofteuinpg tewmperature i 120-1500. Tha shellac soparaters
ont inv the form of an inerustaticon which is found on the
hranches of tropical plants. The softening tempersture of
ghellac is renerplly around 70-1007,

3%phenol-formnldoliviie rerin is a synthetic resin obtained hy
the condsngation of phenol with formesldehyde in the prosence
of an acid crtnalyst, The softening temparature is not lowsr
than ¢0-<7?, 11 i# not soluble in weter. Baknlite is an-
other form of synthetic regin., It ie obteined from the rame
gsubstances ¢ phenol-formaldehyde resin but under othor reo.
pction conditionw, Bakeltite civer pyrotechnir comporit:nns

a higcher mochanical stehility than meny other bindears., Polyv-

vinyl chlorida, or, #s it im other wiss celled, polyvinyl
chloride roein, is A product of the polymerizrtion of vinyl
chloride. 1%t ir lnmorted into comporitions whoreo flewes vo.-
quire the prosones of chloriue.

3 . . , . N
1¥or a doseription of +thn ingtramont pnd method of determion.

ing the luminoriiy of illumineting comporitionr, ree 1) A.A.
Shidlovekiy, ¥nuwdamnsntale of Pyrotechnicr,

207 -



LITERATURE

General

M. A. Budnikov, N, A. Levkovich, I. V, Bystrov, V. F, Sirotinskiy,
and B, I, Shekhter, Explosives and Gunpowders, Oborongiz, 1955.

G. K. Klimyenko, Methods for Testing Gunpowders. Oborongiz, 19Ul.
N. A. Shilling, Explosives ond the loeding of emmunition,

Obhorongiz, 1946,

Chapter 1 - “Theory of Explogivesr"

K. K. Andreyev, Explogion and Explogiveg. Popular Science
Librery for the Soldier and Sailor. Voyenizdat, 1956.

XK. K. Andreyev, d io h 0 f ives,

Gosénergoizdat, 1057,

Bowden and Yoffe. The initimtion and development of an explosion
uid sgubgtan . Tranglated from the English under

the editorship of A. I. Gol'bindyer, Foreign Languages Publishing
Housge, 1055,

0, E. Vlasov, mmwmmm_nm%m
Publication of the Military Eugineering Academy, 1045,

Ya. B, Zel'dovich. Theory of shock waves and introduction to
ges dynamicg. Publication of the Academy of Scliences, USSR, 1946,

Ya. B. Zel'dovich, A. 8, Xompaneyev, Theory of Detonstion.
Tekhteoretizdat, 1955,

V. A. Kregil'nikov, Sound Waveg. Tekhteoretizdat, 1954,
Collection of articler concerning the theory of explosives, under

the editorship of Prof, K. ¥. Andreyev and Prof., Yu, B, Khariton,
Oborongiz, 1940,

FTD-TT-63-281/1+2 ~ 268 =




K. XK. Snitko. Theo of logi , Parts T and TI. Publicetion
of the Artille® Acondemy. 1934 and 1936.

K. X. Snitko. IXxplogiveg, A Short Course, Part I. Publiecantien
of the Artillery Acndemy, 1¢39, A

N. A. Sokolov. 1Ihecgy of ¥xplogiveg. United Scientifice nnd
Technical Publiching House, 1937.

Chonrar IT - "ich Explogives"

A. I. Gol'"bionder a«ai L, ¥. Andreyeyv., Safety Explosives.
Ugletekhizdat, 1047,

A, G. Gorert. The icatiatrey ond technoloey of nitrocomnounds,
Ohorongiz, 1440,

e ¥o Snitko ana o, 1, iuduikove Explogivos, A Zhort Sonrs:,
pert IXI. Puobhlisai. .o u or the Artili=r Acadomy, 1¢3C,

T. Urbansgki. Cheoyetry ond techooloey of explosives. VYoiumes i,
11, and IIT, Wars:aw, 105l

Chepter (171 - "Initiating Fxplogives"

P. ¥, Bubnov,. Initi:-ingy explogiveg, Ohoroneiz, 1¢40,

Chapiecr ° - "lepiting and Initiatineg Medip"

P. F. Bubuov eand . P, S8uktov, Initiatinege Medio. Oborongriz, 1°°5.

I. P, Kerpov. l::..03iug Medie. Oborongiz, 1645,

"Colloid Powdere”

Te S Yorcrov, - coiugtion of smokelegs pyroxylin owder,

Goskhinizdai, 1 7

A. P, Zeakoehehii Srryoesiluloge.  Oborongiz, 19350,

Best Available Copy



I, A, Krylov,. £ il i ) ) . Gosizdat,
1¢22.

I. V. Tishunin. A_short courge in guopowders. Publication of
the Artillexwy Academy, 193C.

G. M, Tret'yekov. Artillerny snmunition. Voyenizdat, 1046,

Capter VI - "Gunpowder"

F, A, Beum, indri yowda end ) fuze iti
Oborongiz, 1940,

N. A. Shilling., wders, Oborongiz, 1040,

Ceptor VII - "Pyrotechnicae"

1. V. Bystrov., A _ghort course in pyvrotechnicg, Part 1.
Oborongiz, 1¢40,

N. %, Zhirov. The luminegcence of a pvrotechnic flame.
Oborongiz, 1939,

A. A, Shidlovskiy. Fundamentalg of nvrotechunics. Oborongiz,
1954,

FID-TT=63-281/1+ - 270 ~



DISTRIBUTION LIST

DEPARTMENT OF DEFENSE Nr. Copies MAJOR AIR COMMANDS Nr. Copies

AFSC

SCFDD

DDC 2

TDBTL
HEADQUARTERS USAF TDBDP

AEDC (AEY)
AFCIN~3D2 SSD (SSF)
ARL (ARB) 1 BSD (BSF)

AFFTC (FTY)

ASD ( ASFA)

—
VR VTR

OTHER AGENCIES

CIA
NS4
DIA
AID
0Ts
AEG
PWS
NASA
ARMY (FSTC)
NAVY
NAFEC
RAND

HEAW W FERFEICNDNDOISON

FTD-TT=- 63=-281/1+2 271




